'•5- 


Digitized  by  the  Internet  Archive 

in  2008  with  funding  from 

IVIicrosoft  Corporation 


http://www.archive.org/details/engineeringrecor49newyuoft 


r'-^i 


"f  THE  /^'^  ^3t. 

'  Engineering    Record 


BUILDING  RECORD  AND  SANITARY   ENGINEER 


VOLUME    XLIX 


January — June,  1904 


McQraw  Publishing  Co. 

1 14  Liberty  Street 

New  York 


IISIDEX.    TO    VOLUIVIE    XLIX 


UAMUARY— JUNE,    1904. 


L 


GENERAL    INDEX. 


Accounting  : 

Engineering   woilss.   065 
Municipal,  r>(i<i.  598,  62U 
AdKins.  1..  ('..  I'urti-ait  ot.  Sup.  .June  IS 
Air   brakes   on    Uussian    freiglit    cars,    35 
Air-cleansing    apparatus    at      Rnval     Victoria 

Hospital.    176 
.\ir  compressors  : 

Cincinnati-gear   compressor.   *113 
Hudson   River  tunnel   work.  632 
St.    Louis    Transit   Co.'s   station,    544 
Alr-litt  pumps  at  siphon  ot  new  Croton  Aque- 
duct,   *672.    'Tlo 
Air  lock  for  Harlem  River  tunnel.  *2«0 
Alcoliol    for   internal-combustion   engines,   597 
Alloys  Research  Committee,  Report  of,  206 
Almendares    Portland    Cement    Works,    Cuba, 

•36 
Alsing  tube  mill.  New  mounting  for.  »30 
Alternating-current    motors    and    the    N.    Y. 

Central   contract,   33 
Aluminum  compound  called  meteorite,  2U3 
Arabridge  plant  : 

Bending    and    forge   shop,    'SO 

Eye-bar  shop,   ♦77 

Heating  and  ventilating  of  oflice  building, 

•620 
Machine    shop    and    foundry,    •102 
Power   house,  boiler  house,' etc.,   •23 
Runways    for  yard   cranes,    'SO 
American  Cement  Co.,  Large  contract.   762 
American    Cigar    Co.,    Power   plant    of    Whit- 
lock   Branch,   •740 
American    Institute    of    Architects,    Fees    for 

professional    service,   319 
American    Railway    Engineering    and   Malnte- 

nance-of-Way   Association.   375,   400 
American  Society  of  Civil  Engineers: 
Annual  meeting,  91 
Relations      with      other      societies.        Fred. 

Brooks,  204 
Union    engineering    building.     Attitude    to- 
ward, 109,   144,   265,  346 
American  Society  of  Heating  and  Ventilating 
Engineers,  Tenth  anniversary,  114.  13.S 
American    Society    of    Mechanical    Engineers, 

637,   725 
American  Water-Works  Association.  .750,   757, 

775.  Sup.  to  June  18 
Anderson,    William    P.,    Biographical    sketch 

of,    ^202 
Annealing  steel,  206 
Appraisal  of  railways.  146 
Approximate  calculations,  634 
Aqueducts  : 
,  _    Croton  ; 

^H    Air-lift  pumps  at  siphon,  •672,  *715 
^^1   Mew  and  old,   •SIO 

^^Bltepairs  and  construction  on  the  old  •760 
^^■mportant  considerations  in  the  designing 
^■^     of  large,  638  ■ 

^■neston  pipe  arch,   18,  *480 
^Ec  lamp.  Magnetite,  667 

Arcade   Building  power  plant,    Dayton,    Ohio, 

•767 
Arch,  Pipe,  over  Sudbury  River,  ^480 
Arch  trusses  for  Aerial  Circus  platform,  •773 

(See  also   Bridge  arches.) 
Architects.    Registration  of.   470 
Architect's   picturesque  office.    ^754  - 
Architectural     competition     for     buildings     of 

Carnegie  Technical  Schools,  739 
Architecture.   Gothic,   207 
Armory   at   Baltimore,    •004 
Asbestos  curtain  at  the  Iroquois  Theatre,  144 
Asphalt : 

Discovery  In  South  Africa,  583 
Maintenance  of  pavement,   237 
Origin  of  asphalt.  471 
Association   of   Portland   Cement  Manufactur- 
ers. 342 
Automobiles  : 

Tests  of  service  wagons,  319 
Tractor  for  Industrial  plants,  ^532 


Bacterial    tests    of    water    supplies.    Value    cf. 

494 
Ballast,    Report   on,    400 
Ballast  spreading  car,   McArthur,  •312 
Baltimore   Are  : 

General     description,     ^212 ;    fl.    D      Bush, 

•218:    ^203,    207,   316,   •367,   436 
Investigation    by    National    Fire    Protective 

Association,  007 
Lessons   learned.   ^177.    ^201,    ^217     •367 
Report  by  S.  Ashford.   432 
Risk   in  lofty  buildings.  205 
Water  service,  A.    M.   Quick,   732 
Wire   glass    teat,    '388 
Beams  ; 

Brick,  with  cement  filler,   190 

Concrete,  Test  of.  Central  P'elt  &  Paper  Co, 

71 
Handling  long  and  heavy   beams,   .53 
(See  also  Concrete-steel  construction.) 
Bibb  Mfg.   Co..  Columbus.   Ga.,   •OO 
Bids   for  municipal    work,   406 ;   Alex.    Potter, 
4S6  ' 


Billet    mill,    Clairton,    •" 
Bins  : 

Coal  pile  flres.  461,  503 
Coal  storage,   •349 

Grain  bins  at  Port  Arthur.  Ontario.  ^450 
Lateral  pressure  of  granular  materials.  In- 
vestigations   by    Jamieson    and    Good- 
rich, 502,  599 
Blank   forms   for   reports   and   accounts   in    a 

large  engineering  oflice,  398 
Boilers  : 

De    Naeyer,    Tests  of,  483 

Explosion  of  water-tube  boilers,  St.  Louis. 
J.  C.  Higdon,  '198 

Holly   gravity   return  system,  56 

Oil-burning.      (See  Oil  as   fuel.) 

St.   Louis  Exposition  service  plant,'  •718 

Superheaters.      (See  Superheated  steam.) 

Tests  at  New  Bedford  pumping  station,  797 

Tests  with  coke  breeze,  587 

Tests  with  ordinary  and  pulverized  coal, 
342 

Tiieston    &   Hoillngsworth   Co.,    •lOS 

Utilization  of  waste  heat  from  rotary  kilns, 
346 

(See   also    Coal    consumption:    Feed-water; 
Oil   as   fuel;    Superheated  steam.) 
Book  reviews  : 

Annuaire  Statlstique  et  Descriptif  des  Dis- 
tributions d'Eau  de  France,  88 

Briquettes  and  Patent  Fuel.  P.  R.  Bjor- 
llng,  500 

Brown's  Estimates,  32 

Calendar  of  Invention  and  Discovery.  J, 
C.  Wait,  32 

Compendium  of  Drawing,   500 

Condensation  of  Steam  in  Covered  and  Bare 
Pipes.     C.  P.  Paulding.  468 

Design  of  Steel  Mill  Buildings.  M.  H. 
Ketchum,    175 

Directory  of  American  Cement  Industries, 
728 

Earthwork  and  Its  Cost.  H.  P.  Gillette, 
174 

Elements  of  Water  Bacteriology.  S.  C. 
Prescott  and  C.  E.  A.   WInslow.  663 

Experimental  Bacterial  Treatment  of  Lon- 
don   Sewage,    564 

Free-Hand    Lettering.      V.    T.    Wilson,   32 

Grapmc  Statics.     Jerome  Soudericker.  88 

Hendrlck's  Commercial  Register  of  the  U. 
S.,    728 

Index    to   Street  Railway   Journal.   728 

Irrigation    In    India.      II.    M.    Wilson,    32 

Irrigation  In  Utah.     Elwood  Mead,  32 

Manual  «'f  Marine  Engineering.  A.  E. 
Seaton,   403 

Metric  Fallacy.  F.  A.  Halsey  and  S.  S. 
Dale,   435 

•Moorland  Waters  In  Regard  to  their  Action 
on   Lead.      Dr.    Houston.   372 

National  Iron  and  Steel,  Coal  and  Coke 
Blue   Book,    728 

New  England  Cotton  Manufactuiers'  Asso- 
ciation. 435 

Non-Metallic  Minerals.      G.    P.   Merrill,   404 

Purification  of  Sewage  and  Water.  W.  J. 
Dlbdln,   174 

Ready  Reference  Tables.     Carl   Herlng.  064 

Relative  Volume  of  Ashes  and  Coal,  500 

Reminiscences  of  General  Herman  Haupt. 
F.  A.   Fowler.   531 

Steam  Boilers.     H.  de  B.  Parsons,  175 

Tables  for  Roof  Framing.     G.  D.  Insklp,  532 

Tenement  House  Problem  in  New  York,  468 

Testing  Electro-Magnetic  Machinery  and 
other  Apparatus.  B.  V.  Swenson  and 
Budd  Frankenfield,  372 

Te.xt-Book  of  Electrical  Machinery.  Ryan, 
Norrls  and  Hcple,  88 

Towers  and  Tanks  for  Water-Works.  J.  X. 
Ilazlehurst.  435 

Truth  About  the  Trusts.     .Tohn  Moody.  404 

Vectors  and   Rotors.      O.   Ilenrici  and  <;.   C. 
Turner,   88 
Boom,    Floating,    at    Eagle    &    Phenix    Mills, 

Columbus,  Ga.,  ^552 
Boring,   Large,   in   England,   581 
Boston     Navy     Yard,     Steam     turbine     power 

plant.  491 
Boston    Society   of   Civil   Engineers.    Sanitary 

Section.  60 
Brakes : 

Air  brakes  on  Russian  freight  cars,  35 

Apparatus  for  safety  cable,  Weehawken  in- 
clined elevator,    ^548 

Prony  brake  with  rope,  685 
Breakwater,  Buffalo,  Concrete  work  of,  62 
Brick,   Gas   lime,   Leeds,   Eng.,   60 
Bridge  arches  : 

Big  Rock   Creek,   Concrete-steel,   'IS 

Centers  for  stone  arches,   493 

C,  C,  C.  &  St.  L.  R.  R.,  '294 

Herkimer  viaduct.  Concrete-steel.  W.  J. 
Watson.    ^240 

Plate  girder.     F.  W.  .Skinner.  ♦22,  '47,  ^83 

Plauen.  Saxony,  Stone  arch.  C.  L.  Palen. 
•370 

Saving  a  sinking  concrete  arch  bridge.  *171 

Swiss  Railway,   Stone  arch.  493 

Trussed  arches.     F.   W.  Skinner,  ^228 

fwo-hlnge  steel  arch,  C,  P.  Ry-.  *228 


^'loated    on    scows. 


Bridge  arches  :    (Continued.) 

Waterloo,   Iowa,  Concrete-steel,   •ISS 
Briuge  hearings  for  plate  girder  bridges.  ^744, 

•779 
Bridge  erection  : 

Des  Moines  River  viaduct,  ^158 
Floating  span   Into  place,   ^394 
i^raser    River,    B.    C.       Floated 

•583 

Girna  bridge,  India,  170 
Marietta.  Ohio,  •SO,  264 
-Vlonongaheia   River,   Pittsburg,   •276,    ^424, 

•455 
Replacing  lattice  girders  with  plate  girders, 

524 
Shubenacadle   bridge.    Nova   Scotia,    ^394 
Vlllefranche,  Fr.,  cantilever,  77 
Bridge    floors  : 

Ballasted  plank,  ^643 
Marietta,    O.,    highway    l)ridge,    43,    '44 
Steel,  of  Williamsburg  bridge,  •466,  471 
.      Wooden,  Rochester,  N.   Y.,   ^647 
Bridge  works  :  Ambrldge  plant  ot  the  Ameri- 
can   Bridge    Co.,    •23,    ^50,    ^77,    ^102, 
•620 
Bridges  : 

Allfgheny  River  at  Pittsburg.   .Strain  sheet 

and  specifications.   ^170 
Bascule   bridges  : 

Coney   Island   Creek,   •502 
Mott  Haven,  ^772 
Big   Rock   Creek   concrete-steel  arch,   C,   B. 

&  Q.   R.  R.,  •IS 
Biackwell's     Island,     Masonry    construction 

for,  ^307 
Brooklyn,    Reconstruction     reported    on    by 

Lindenthal,   3 
Cantilever,  Kansas  City,   '467 
Cantilever,      without     a     suspended     span, 

France,   77 
Chain    bridges.   Old.   406 
Chicago  long-span  double-track  plate-girder, 

•491 
City  Island.  New  York,  ^732 
Clairton,  Pa.,  500-ft.  : 
Channel   span,    ^323 
I'late-girder  approaches,    ^383 
Travelers,  •487 
(.'oncrete-steel.    Breaking    test,    in     France. 

L.   S.  Molsselff.  •i(iv).   7.>7 
Conestoga  bridge  wrecked  by  ice,   •257 
Croton  Valley,  Highway  bridges  in.   •SIS 
Cuivre  River,  Pier  construction,   ^557 
Early    American    chain    and    wire    bridges, 

496 
Expansion   details   of  plate  girder  bridges. 

F.  W.  Skinner,  •65S.   •688,  ^744 
Ferrisburg,    Vt.,    Replacing    lattice    girders 

with  plate  girders,  524 
Eraser  River,  B.   C.  : 

Description,    approaches   and   plate-giriler 

spans,  ^544 
Fixed  truss  spans,  ^582 
Substructure,  •679 
Swing  span,    *010 
225-foot  span,  ^044 
Greenfield  street  railway,   ^402,  564 
Harvey    Ave.    bascule,    over    Coney    Island 

Creek.  ♦562 
Hunter's  Brook,  in  Croton  Valley.  ♦SIO 
Kansas  City  cantilever.   •407 
McComb's  Dam,  New  York,  321 
Mamaroneck,    N.    Y.,    Saving  concrete  arch, 

♦171 
Manhattan.  Lower  foundations,  ^332 
Marietta,  Ohio  : 

Approaches     and     short-arm      cantilever, 

•43 
Falsework    travelers    and    erection,     'SO, 
264 
Mingo  bridge  apiiroaches.  ^780 
Minneapolis  steel  arch.     F.  W.  Skinner,  •48 
Monocacv   River,    ^752 
Monongahela  River,    Pittsburg,   ♦276,    ^424, 

♦455 
Mott  Haven,  N.   Y.  City.  ^772 
N.  Y.   Dept.  of  Bridges  during  the  Low  ad- 
ministration,  34 
Newark,    Three-track,    plate    girder.    ^770 
Newark    Bay,   Rolilng-llft,   ^254,   431 
Old   iron'  railroad  bridge.   ^412 
I'aris.  Alexander  III  bridge.  ^83 
I'lttsburg,     over     Nine-Mile     Riui.      F.     W. 

Skinner,    ^47 
Plate    girder.      By    F.    W.     Skinner,    ^658, 

•088.   ^744.   "779 
Plate  girder   arches.      F.    W.    Skinner.    *22. 

•47.    ^83 
Plauen.   Saxony.     C.   L.  Palen.  ♦370 
Pony  truss  bridge  with  shalbiw  floor.  •427 
I'russlan    steel     and     Iron     railrcad,     Xo.es 

on,  019 
Scherzer  rolling-lift : 
England.    000 
Newark  Bay,  ^254 
Shul>enacadle.    Nova     Sctitia.      Siibstructiire 

work.    ^304 
St.    Louis   Exposition.   '578 
Stony  Creek  steel    arch.    C.    P.    Kv.      K.    W. 

Skinner.  •228 
.Suspension.    Long-span    unstiffened.    49 
Swing  span  of  Frascr  River  bridge,  ♦010 


Bridges:    (Continued.) 
Transporter  bridges  ; 
Bordeaux.    Fr..    463 
France.  169 

River  Mersey,  England,   154 
Troltsky,    St.    Petersburg.   610 
Trussed  arches.     F,  W.  Skinner,   ^228 
Types    and    details    of    bridge   construction. 
F.    W.    SKlnner,    ^22,    ^47,    ♦SS,    ^228, 
♦658,  ♦OSS,  ^744 
Vernalson  suspension,   Lyons,   France.  40 
Vlllefranche,    France.   Cantilever,   77 
Washington,    over    Harlem    River.       F.    W. 

Skinner,  ^22 
Washington,  I).  C.  Connecticut  Ave.,  91 
Waterloo,    Iowa.      M.    L.    Newton,   ♦ISo 
Williamsburg.    East    River  : 

Erection,  riveting,  measurements  and  ad- 
justments,  ^40 
'     Steel  paved  floor,  ^466,  471 

Tower  derricks  and  main  travelers,  ^14 
Tower  details,  ^70 
Wood  block   roadways,   530 
Wire  bridges.  Old,  490 
W'oodsvihe   railroad-  and    highway.    ^793 
Youngstown,   ().,    South    Market   Street.      F. 
Vf.   Skinner.  47 
Bubble   tube,    I'roper   curvature   of.    204 
Building  laws  : 

Fire  protection   ciaii-ses.   375,   401 
Indianapolis,  Discussion,  11 
Uniform,     proposed     by     International     So- 
ciety   of    Building   Commissioners.    267 
Buildings  : 

Architect's   picturesque   office,    ^754 
Baltimore  Armory,   ^004 
Brick   storehouse,   ♦049 

Caisson   foundations  for  N.   Y.   otBce   build- 
ing,  •2.84 
Cast-iron    columns    in,    317,    *Xi9:    W.    M. 

Farrar,   497 
Central  Felt  &  Paper  Co.,  ^67 
Central   station  supply  for  lighting,  power, 

etc.,   49 
Concrete  blocks  : 

Cranford.  N.  J.,  power  plant,  ^355 
OflJce  building,  ^141 
Concrete-steel  : 

Fire     effects     at     Baltimore,     ♦214,     218. 
♦218,    ^263,     267,    ♦367,    697 ;    A.    M. 
Quick,  732 
Kelly  &   Jones  factory,   ♦ISS,   ^195 
Long   Island   City   factory,    '67 
Stable,  ^309 
Store  in  Chicago,  ^713 
Darlington   Hotel   collapse,   317,  •3:59,   373, 

505 
Height  of.  In  Paris,  502 
Hotel    Jefferson,    St.    Louis.  Central   station 

supply,   49 
Imperial  Hotel : 

Floor    girders,     wall     columns,    chimney. 

•522 
Foundations,    columns,    girders,    bracing, 

•484 
.Supporting  old  wall,  '82 
Kelly  &   Jones   concrete-steel  factorv,   ^153, 

•195 
Kuhn-Loeb,    New    York,    Structural    details 

of,  •lO 
Loft   buildings.   Cost   of  operating.    782 
Lorraine    Hotel.    New    York.    Water   supply 

and  drainage  systems.   '57 
Mechanical   plant   operation.   Data  relating 

to.    438 
Minnesota  State  Capitol,   ^652 
Morris  High   School,  New  York,   393 
New   York  Times  : 

Beams  and  girders,  ^719 
Columns  and  wind  bracing,   ^742 
Description,  excavation  and  foundations, 

♦550 
Framework,   loads  and   stresses,  columns 

and  piers,  ^648 
Framework    erection,    derricks,    columns 

and  girders.  ^594 
General   design,   arrangement,   walls  and 

floors.  ^612 
Substructure    columns   and  girders,    ♦683 
Oflice  building  construction,   ^284,  622. 
Operating  figures   of   a   N.    Y.   office  build- 
ing.  622 
Rogers  Building,  New  York,  Foundations  of, 

♦362 
St.  Louis  Exposition.  TiGS 
Storehouse  at  Bock   Island  Arsenal.   ♦649 
Sturtevant  Hotel.  N.  Y.  CItv,  Foundations, 

♦623 
.Supporting  an   old   wall   from  a  new  bidld- 

ing.  ^82 
Underpinning.  Open  crll»  for.  ^135 
Union   Engineering.      (See    Union   Engineer- 
ing   Building.  I 
Wall   Street  Exchange.   New  York.   Erection 

of.    ^274 
(See  also  Fireproof  construction.) 
Burr,    W.    II..    Biographical   sketch    of.    ^59 
Business  side  of  engineering.     J.   W.    .\lvord. 
033.  655 


Cable  railroad  at   Palermo,   Sicily,  755 


*  Indicates  ilhistratecl  articles. 


IV 


THE  ENGINEERING   RECORD   INDEX   TO   VOLUME  XLIX. 


J  a: 


hiiu'.  11)04. 


^>u.  uirrt  Xambrki  Itiver.  :>!>3,  63:: 
.      arn  dam,  KnsMiKl.  '^-Il 
<  aui^a  dlwue.  11:^  UKS 
CaiSBoa  loata,  Sueijr  atHMratiu  (or.  *\1- 
CtiMPa*: 

tXMUidatloDa  (or  oAcc  bulldtnf.  *:M4 
Jolal  bctwccB  vtMMXB  calasoas,  *%»4 
JMBluilMD  bridsr.  '^tS:: 
\«ood: 

Kofrn  Bulldlns.  New  York.  •3UJ 

Woud  »ntl  '•     '     "    -!«>iii  RlTcr  tunnvl.  'OOU 
CMc«laik>Q>  >tp.  634 

("UBbria  :<i<'  l«  ■(  Johnstuvn,  Pa., 

doaU: 

(^  bicmco  dralnacr.  for  Calumet  district,  602 
Krle—C'Mt    or    trmnsportatloD    bjr    rail    and 

watrr.  345 
UarrlB's  Kall«.  N.  II..  'eSS 
lirnnrpln.  14U 

Mitrris.   .N.  J.,  nndvmDML  3Tr> 
Nr«    MIKord.   t'osn..    watrr  powt-r  develo|>- 

Beat.  •230 
I'aaaaa: 

Healib   (twdltloiiiu      W.    C.   Uortaa.    697, 

704.  753 
Mnabrrs  at  Commlasion,  230 
Work  aad  dnilrs  of  the  new  Commluloa. 
533.  623 
Vaaoo  Klrer  dlTcrstoa  cuiaL     W.   U.  Polk. 
•225 
(."■rMsle  Trchnlcal  Schools.  Architectural  com- 
pel It  lun.  739 
("^r  ahvpA  \>(  the  t'ambrla   Steel    Co.,  Johns- 
town. I'a^  •763 
ars : 

Rallatt  wteadlns.  MrArthar,  '312 
Dammy.  Rerlral  of.  In  Kngland.  535 
8l««pliis   can   of  a  new    tvpe   on    Midland 

Ry.,  127 
Vibration   of.  Japanese  Investigation.  503 
I  sM-adr*.    <'onstrurli<>n    of,    at    World's   Fair. 
•574 

•  'alch-baaioa  at  St.  Louis  Exposition.  •577 
Caulc  paM  on  Central  Uass.  R.  R.,  '6 

Aaalyaes  of.  criticised  by  Hillebrand.  3.1 
Coat  of  raw  materials  for  Tortland  cement 
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Portland.  Colo.     J.  D.  Schuyler,  •223.  •242 
promotors*  schemes,  2t)5 
<'>nrral  Felt  and  Paper  Co..  ^67 
•  ntral  station  for  suppl.Tlng  heat,  light  and 
Ice.  at  Gulfixirt.  MIrb,   '244 
(See  also  Heating  :  Power  plants.) 
Chieaco  Commercial   Club,  Work  of.  206 
CUmacjra: 

Concrete-steel,  n-lnforced  with  Tbars.   'lii.! 
Imperial   Hotel.   •r>24 
Saoky.     Hastwell  Urayson.  489 
Terba  Buena  power  house,  •.'J92 
CItU  eastaieer.     1  See  Kngineers. ) 
CtTlI  enxlneering.     iSee  Engineering.) 
Clrll   Serrlce  examinations : 

Engineers    in    l".    8.     Reclamation    Service. 

225    279 
New'vork  state.  731 
r.  8.  (>olo(flcai  Survey.  413 
Clalrtoa  billet  mill,  »7 
Coal: 

Discovery  near  Alberta,  Can..  693 
Palverised : 

Cement  works,  Portland.  Colo..  242 
Tests  bv  J.  M.  Sweeney.  390 
Tests  with  ordinary  coal  and  pulverized. 
S42 
'  "al  cnasumpllon  : 

Boiler  using  superheated  (team,  423 
Central  stations.   022 
Frankf'.it  on  Main.  Oer.,  plants.  290 
New  York  hospital  experience.  r>OI 
Temperature  changes.   Effect   nf,   ."lOl 
VieuBa  oower  ntslfon.  223 

•  ■ml  handling: 

Frenchman^  Bay.  ^123 

Providence,  R.  1..  power  station.  221 
Coal  pile  Area : 

ElTecU  of  a  lire,  r,03 

Prevention  of  Bres.  461 
Coal  storage  bin.  Cleveland  waterworks.  •340 
Coal  tar  pitch.  Value  of.  for  waterprooflng.  W-' 
Coal-testing  plant  at  St.  Ix>nls  Exposition.  6.'>7 
Coffer  dams : 

Fascine,  at  New   Mllford.  Conn..  'ISO 

Rogers  Pnlldlng.  New  York.  •.•»62 

Steel    piling.     I>M^«ml«    St.    bridge.    Chicago. 
•413 

Steel  sh.»t  nlles.  Culvre  River  bridge.  •.",57 

Toronto  k  Niagara  Power  Co..  •ISO 
'  .ike  breeze  in  boiler  tests.  .'>S7 

Inmns  : 

fsst-iron.    in    hnildlngs.   317.    *M0:   W.    M. 
Farrar.  4f<7 

New  York  Times  bnllding.  •eSS.  ^742 
'  '>mpressors      (See  Air  comprtaaors. ) 
("'oncrete  : 

Buffalo  breakwater.  62 

Crusher  dust.  I'se  of.  63  :  V.  A.  Hallett.  87  ; 
144 

(Jrand-stand  at   St.    I»nlii      J.  M.   Tan  Or 
num.  *67e 

.Msterials  and  oroi>orllons.     S.  n.  JJewberry 
164.  316:  H.  H.  Fox.  316. 


Concrete:  (Continued.) 

Pavemeut    luundailon    of    concrete.      O.    1.. 

Gearbeart.  ISU 
Streugiu  auo  cost  of  different  compositions. 

ISO 
(Sov  also  Concrete  steel  construction.) 
>  t.uorete  bulldini:  blocks.   •141.   '355 
Concrete  mlxt-r.  Stanley  prismatic,  •SIS 
I'ouv-reie  iiiixiug  pimus  : 

lilackw til's  Island  bridge,   *aoT 

Herkimer    viaduct,   241 

Ithaca  (law.  447 

Jersej*  City  c^uiduit,  74 

Kelly  &  Joui-s  factory,  195 

Kerwla  train  for  street  railway  work,  '421 

New  Haven  lilter  plant,  ^270 

I'enn.,   N.   Y.  *  L.   1.  K.  R.,  at  Long  island 

City  power  house,  •4,'>4,  483 
Philadelphia  nitration  works,  156 
I'ortman  dam.  S.  C,  409 
IVrresdale    conduit    construction,     ♦24!) 
WasblnKton.  !>.  C.  : 
I'nlon    l>epot.    •2S6 
Water  Alter  plant,  '788 
Concrete  molds  In 

Factory  construction,  'GO.  'l^O 

Sewer   construction.      P.     S.    Knittel,   •60 ; 

•1!12;  T.  C.   Hatton,  'USe 
Water  i-<mdult  construction,  '74,  •IDl 
Concrete-steel  construction  : 

Bridge    trusses    tested     in     France.      L.    S. 

.Uolsselff.  •709 
llulldlug   cons! ruction   with   reinforced  con- 
crete.     K.    G.    Perrot,     670,     783 ;   ,  H. 
Kruse.  783 
t'ommiltee  on.    proposed  by  Am.   Soc.  C.  E. 

It  F.  Tucker.  167 
Discussion.     Julius   Kahn.    •105:   117 
Experimental  work  by  Halt  and  Howe.  501 
Filter  tanks,   •444 
Floor  test  at  Cincinnati.  351 
Formula  for  beams.  672 
l.lghtbouses.  100.  •BU 
New   Haven  filter  plant.  •270.  '326 
Opinion    held   by    The    Engineering   Record. 

146 
Sewage  pumping  station  at  Newton,  Mass., 

•748 
Standplpe.  •382 
Store  building  in  Chicago,  '"IS 
Wall  girders  in  factory  building.  '774 
Condensation   In    an   underground   steam  plpt 

line.  Oil 
Condenser  plants : 

Cleveland  &  Southwestern  traction  system. 

202 
Glasgow   power  station,  560 
Condensing  water  screen  chamber.  •250 
Conduits: 

.lersev  City  water  supply.  •SS.  ^72 

Phil,  filtration  works,  Concrete  Steel,  •191, 

•248 
Steam    pipe  conduit  at    Purdue  University. 

•137 
(See  also  IMpe.) 
Construction.  MetlKKls  of  carrying  on,  40(i 
Contracting  work.  Engineers  In,  265 
Contraction  of  Jets  In  the  bottom  of  tanks,  408 
Contractors'  plants: 
East  River  tunnel.  SOC 
New  Haven  (liter  construction.  •270 
Philadelphia  filter  works.   '156 
Controller,  Motor  reversing.  '314 
Controller  of  mechanlcnl  filtration  plant.  'CsO 
Conveyor  bridge    at     Port    Arthur  grain    ele 

vators,  ^449 
Conveyors  : 

.Movable    derrick    belt,    for    delivering    con 

Crete.   ^280 
Two-tielt    conveyor    at    Washington    filters. 
•693 
Cooling  a  store  b.v  menus  of  Ice.  (104 
Cooling  tower  for  boiler  plant.  •718 
Coping   and    punching    machine,   Loug   &    .\ll 

statter.   •663 
Cotton  mills.  Electricity  In,  635 
Cranes  : 

.Alternating  current.      with      two      trolleys. 

Southern   Pacific  Co.,   558 
Ambrldge  plant  of  American  Bridge  Co.,  53, 

Cambria   Steel   Co..   SOI 

Canadian  Pacific  railway  shop  at  .Montreal. 

352 
l*ower  requirements  of.  720 
Special  pipe  ffMindry  crane.  •140 
Worthlngton  Hydraulic  Works,  14S 
Wrecking,  100-ton,  •SSO 
Cribe  : 

Foubdatlon.  Fraser  River  bridge,  •670 
Open,  for  underpinning  buildings.  •ISS 
Croton    River    works    for    New    York's    water 

supply,   •SSS 
Culverts  : 

Concrete,   Southern  Missouri  Ry.,  ^478 
Discharging   capacity    of.      W.    P.    Ireland, 

•420 
Standard  box.  ^207 
Current   meter   rating   stations.     C.   T.   John- 
ston. 86 
<  'iirves  : 

Ix>garitbmic  methods  of  plotting.  '781 
Itailway.  Double  truck,  on  single  (rack  rombi. 
63 


Dams: 

Annan,  Egypt.  48 

Atlanta,  6a..  power  plant.   '504 

Columbus.  Ga..  Boulder  concrete.  •(M 

Craig  Goch,   Birmingham,   Enp.,   ^120 

Croton.    Progress   renort,   •588.   •760 

Curved  masonry,  698 

Cylindrical     movable,      Schwelnfurt,     Ger., 

•390 
Earth.  Leeds,  Eng.,  382 
Floodgate  operated  by   means  of  oil  under 

pressure.  Columbus,   Ga.,   65 
Flush   boards.    Automatic,   on   James    River 

dam,   ^12 
Garvin's  Falls.  N.  H.,  ^668 
Howden.  Eng..  ^440 
Ithaca.  N.  Y..  '446 

.New  Mllford.  Conn.     W.  8.  Morton.  •187 
I'ortman.  near  Anderson,  8.  C.     J.  L.  Shep- 

pard.  ^408 
Rebuilding  Portraan  dam.     J.  L.   Sheppard, 

•408 
Richmond,  Va.,  on  James  River,  ^12 
Round     Hill.     Spring    Brook,     Pa.       M.     O. 

Lelghton,   •735 


Dams:    (Continued.) 

Steel-i-ore   dams   of  the   So.  Cal.    Mountain 
Water  Co.     E.  S.  Babcock,  47  :  A.  Mel.. 
Hawks.  173;  J.  A.  L.  Waddell,  316 
Wacbusett.  Mass..  •208 
Darlington  Hotel  collapse,  317,  •SSO,  373,  565 
Derricks  : 

.Monongabela  Klvcr  bridge,  '277 
Special  derrick  fittings,   '284 
.Steel   derricks  on  Williamsburg  bridge,  '14 
■rimes  Building.  N.  Y.  City.  •i>»4 
"Traveling.      (See  Travelers.) 
Discharging  capacity  of  culverts.     W.   P.   Ire- 
land.  •420 
IHvin.  J.  .M..  lortriilt  of.  Sup.    Iiinc   \s 
Diver,    .\ccldents    to,     at     Boouton    reservoir, 

N.  J.,  495 
Dome    framing   of    Festival    Hall    at    World's 

Fair,  ^571 
Drainage  canal  for  the  Calumet  district.  Chi- 
cago, 002 
Drainage   of    l)ulldlu);s.    Lorraine    Hotel,    New 

York,   ^57 
l>ralHage  of  New   Orleans,  3,   5G0 
Dredges : 

llvilraullc  dredge  for  reuiovlng  deposits  In 

Loch  Haven.     A.  .M.  Quick,  •288 
VIcksburg  harbor  work,    '227 
Dredging : 

Cost  of.  at  Loch  Kaven,  Bait.,  290 
Loch  Raven.  Baltimore.     A.  M.  Quick,  ^288 
Drills,  Rand  air,  '143 
Dry  dock.  Carena,   (Nov.  14,  1903),  59 
Drying  kiln,  329 
Dudley.    Charles    B.,    Biographical   sketch    of, 

•139 
Dummy  cars  revived  In  England.  535 


Earth  pressure.  Lateral.  033 

Earthwork      at     the     Washington     filtration 

works.     E.  D.  Hardy,  '493 
Kducutlon:     Eledrliiil  engineering  »uU  its  op 

portunltles.   438 
Egyptian  I'ortland  Cement  Co..   '320 
Electric  light.  The  new,  007 
Electric  lighting.     (Sec  Lighting.) 
Electric  lighting  Industry  of  the  world,  092 
Electric  motors  : 

Alternating-current,  and  the  N.  Y.  C.  R.  R., 

33 
Variable   speed    motor   driving   from    single 
voltage  supply,  315 
Electric  power.      (See  Power  plants.) 
Elevators : 

Floor  area  ratios,  in  oHice  buildings.  725 
Grain  alevators,   '448.  •400 
Inclined,  at  Weelmwken.  N.   J.,  '547 
Embankments.  Railway,  133 
Emery  wheels,  Destruction  tests,  416 
Engineering  : 

(!;ommou  sense  In.     A.  E.  Duckham,  173 
History   of  civil  engineering,  665 
Unsolved  problems,  89 
Engineering  profession.     Poster  Crowell,  709 
Englueering  reports.   Value  of,   439 
Engineering  schools  : 

College  graduate  as  an  engineer,  179 
Engineering    practice    and     the     technical 

school,   750 
Mathematics  in.   145 
Requirements  for  graduation,  000 
Engineering  societies.  Relative  growth  of  the 

national.     D.  L.  Turner,  235 
Engineering  text-books.  New,  90 
Engineers  : 

Civil    engineer,    Definition    of,    117;    J.    W. 

Burke,   173 
College  graduate  as  an  engineer,   179 
Contracting  work  and  engineers,   265 
i'Mucatlon  of  an  engineer,  729 
Electrical,    Opportunities    for.     G.    A.    Da 

mon's  investigation,  438 
(iovernment  engineer  in   "a   well-paid  posi- 
tion," 566 
Illinois   engineers   aud    the    road    problem, 

137 
Public   Library  and  the  engineer,  631 
Relation  of  the  engineer  to  finance.     J.  W. 

Alvord,  633,  655,  677 
Sales    engineer   and   bis    qualifications.      H. 
S.   Knowlton,  435 
Engines  : 

Comparative   cost    between    steam    and    gas 

plant,  310 
Comparison    of    reciprocating    engine    and 
steam   turbine,  by  J.  A.  Seymour,  471 ; 
602.  624 
Compound   non-condensing,  at   Clalrton  bil- 
let mill,  •7 
Condensing  vs.  non-condensing,  In  England, 

389 
(Jranford.   N.  J.,  power  plant,   •357 
Foundations,   111,  632 
Hamilton  Corliss  vertical,  •SIO 
Jackets  and  reheating.     Tests.     L.  S.  Murks. 

722 
Lubrication  under  pressure,  489 
Oiling  system  In  I'rovldence  power  station, 

•257 
Reeves,  Improvements  In,  '314 
Steam  consumption   In  central  station,    138 
Tests  by  New  York  Edison  Co.,  'flOO 
Water-rate  curves  of  steam  engines,  501 
(See  alsoi  Gas   engines;    Pumping  engines; 
Superheated   steam.) 
Excavating    machines     for     Brooklyn    sewer, 

•474,  •515 
Excavation : 

Roadbed  excavations.   133 
Steam  shovel  performance  at  Wash.,  D.  C, 
493 
Explosion  In  Chicago  sewer,  772 


Factories.      (Sec  Industrial  plants.) 
Falseworks  for  masonry  arcfi  nt    I'luumi.  Sax 

ofiy,   ^377 
Fan  Installation  In  a  Berlin  commercial  house, 

335 
Feed-water ; 

Feed  pump  performance  In  England,  388 
Feed    8.y8tem,     Providence    power    station, 

•2!J5 
Heating  from  gas  engine  exhaust,  686 
Measurement  of: 

Rurhorn  apparatus  for,  658 
By  means  of  open  tanks,  685 


Feed-water  :    (Coullnued.) 

Piping   in    I'rovldence  power  station.  •25ti 
I'tlllzlng  transformer  cooling  water,  090 
Fenlmore  sulphite  pnlj)  mill.  •530 
Ferry  bridges.      (Sec  Bridges.  Transporter.) 
Field  bonks.   Forms  (or  engineers',  ♦,504 
Filter  galleries  at  Laredo,  Texas.     A.  L.   Mc- 

Lane,   41 
Killer    tanks.     Concrete-steel,     Ithaca,    N.    Y , 

♦444 
Filters,  Oil  ; 
Burt,  ♦090 

I'rovldence  power   station,    •250 
Filtration  of  sewage.      (See   Sewage  purifica- 
tion.) 
I'lltratlon  of  water.     (See  Water  purification.) 
Fire  protection  : 

Building  laws.   375,  401 

.Mills.    Exoerleuce  of  cert.iin.   :;ii) 

New    York.    Report    by    N.    S.    Hill,    Jr.,    on 

high-pressure   water  service,  347,  370 
riilladelphia    pumping  station.    ♦309 
I'lilladclpbla  special  water  service.   i:!4 
I'rlmte  tire  system  at  Duluth,  751 
St.  Louis  water  service,  703 
Special   water-works,   207 
Fire  risks  : 

investigation  of.   In   American  cities.   035 
Lofty   buildings.   205 
l''lreproof   construction  : 

Baltimore  fire,   ♦214.  210,   ^218,   ♦203,  207, 

♦,'{67,  007 ;   A.   M.    Quick,   732 
Partitions,  Wooden,  478 
Standard  regulations  for,    375,  401 
Tests     of     ferroconcrete    steel-frame    con- 
struction.  264 
Fires  : 

Adirondack  fires  of   1903,  635 
Baltimore,    177,    201.    205,    ^212,    ♦217;    II. 
D.    Bush.    ^218:    ♦203,   267.   310.    ♦3117. 
.'t8.S  ;  S.  Ashford.  432  ;  430,  697  ;  A.    M. 
Quick.   732 
Coal  pile  fires,  401.  SO.'i 
Iroquois  theatre.  33,  ^54,  115 
Rochester.   207 
i'lagpoles.    Steel,   on    Imperial    Hotel,    •."i'.;:'. 
Floods  : 

Kansas  City,  406,   699 
New  Jerse.v.    Report.   :i:U 
York    Haven.    I'a.,     power     plant     iliiiiiHueil. 
(>.    I'.   Waters,   ♦:<01 
Floorbeain    and     lateral-strut    coniie<ilons    to 

riveted  trusses,  410 
Floors ; 

Collapse  of,  in  Cincinnati  warehouse.    ♦I'.io 
Concrete-steel.    Test  at  Cincinnati,  351 
lleav.v    loading  for  shops,  234  J 

Storehouse  at  Rock  Island  Arsenal,   ^049  •■ 
(See  also  Bridge  floors.)  * 

Florida    Everglades,   Railway  location  In.     W. 

J.  Krome,  ♦428,  ^452 
Forests.  Relation  of,  to  water  supply,  486 
Forms  for  engineers'  field  note  books,  ^504 
Forms    used    in    concrete   construction.       (See 

Concrete  molds.) 
Foundations  : 

Elastic,  for  hammers,  engines,  etc.,  632 
Frost.  Action  of,  on  walls  in  Maine,  492 
Rogers   Building.    New. York,   ♦362 
Testing,  for  buildings,  430 
•  Fiiundrles  : 

Railway  shops  at  Montreal,  378 
Worthlngton  Hydraulic  Works,  ^194 
I'leeman.   John     R.,     Biographical   sketch     of,' 

♦433 
Freezing  method  for  sub-aqueous  work.  237 
Frenchman's  Bay  naval  coaling  station,  ^123 
Freight  rates ;  Cost  of  transportation  by  rail 

and  water,  345 
I'"ro8t,   Action  on  foundation  walls,  402 
Fuel.      (See  Coal;  Fuel-gases;  Oil  as  fuel.) 
Fuel-gases.  Calorific  values  of,  10 
Furniture,   Metallic,  Fire   test  of,  .399 


Garbage  cremation.    (See  Refuse  destruction.) 
Gas  distribution.  High  pressure,  by  gas  power, 

141 
Gas  engines : 

Alcohol  as  fuel.  597 
Allls-Chalmers-Nurnberg,  *17fl 
Comparative    cost   between    steam    and    gim 

plant,  310 
Elsenhuth  compound,    ^407 
Formula  for  brake  horse-power,  615 
Fuel-gases,  Calorific  values  of.  10 
Future    Improvements    In.      Dugald    Clark, 

660 
Power  plants    operated    bv,    in     the    U.    S. 

Costs.     J.  R.  Blbbln.  8 
Pumping  plant  at  Philadelphia,  *:mO 
Standard  of  comparison  proposed,  720 
Test  of  a  175  H.-P.  engine,  092 
Vogt  engine,  147 
<ias  mains.  Laying  across  a  river,  589 
Gas   producer   plant    for   Italian   electric    rail 

way,  564 
General  Electric  Co. : 

Drafting  room  apprentices,  179 
Trade-mark  ruling,  335 
( i 1 rders  : 

Chicago  elevated  railway,  ♦OSS 
Concrete-steel  wall  girders  In  factory  Imilci 

Ing,  *774 
I/oaded  on  three  steel  cars,   '491 
New  York  Times  building.   ^719 
Pockets   for   longitudinal   girders,    ♦090 
Hoof.    Fifty-two-toot,   ^07 
Substructure,  in  New  York  Times  biMlding, 
♦083 
Governor  hearing,  Reeves  automatic  revolving, 

♦314 
Graham.    .Morton  &  Co.,  New  shf)ps  of.  ♦095 
Grain   elevators  : 

Port  Arthur,  Ontario,  ^448 
Stuyvesant  docks.   New  Orleans,  ♦460 
(Jranrl-stand.   Concrete,    at    Washington    Unl 

verslty.      J.    L.   Van  Ornum,  ^070 
Grand  Central  Depot  yard  improvements,  ♦300 
Granular  materials.   Lateral  presstire  of.      In- 
vestigations by  Jaraleson  and  Goodrich. 
.502,  .599 
Gutters  In  Salt  Lake  City.  TTtah,   ♦SSS 

H 

Harbor.    VIcksburg,   and  the    Yazoo   River  dl- 
version  canal.      W.   H.   Polk,   ^225 


*  Indicatet  illuttrated  articles. 
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atlng: 

Ambrldge  plant  office  biiUding,  *620 

Battery   of   hot-air   furnaces   for   realdencc, 
•136 

Central  station  supply  : 

Experience  In  various  cities,  682 
(Julfport,  Miss.,  •244 
Purdue  University,  'IST 

I  ombined   steam   and   hot-water    radiation, 
•464 

Costs  of  various  systems.     B.  T.  Child,  87  ; 
115 

Hirect    steam    radiation.    Early    history    of, 
615 

Greenhouse,  Wetteren,  Belgium.  339 

Heat  transmission  data  for  calculating  the 
proportions  of  heating  systems,  100 

Hot-air   radiation    test.      G.   M.   Aylsworth, 
115 

Hot-blast  systems.   Instructions  for  operat- 
ing, 391 

Hot-water.  Pounds  of  water  required.  233 

Hot-water  heating  by  use  of  steam,  75,  138 

Hotel   Jefferson,   St.  Louis,  49 

Minnesota   State  Capitol.   *652 

Moisture.   Necessity  of.    In    heated    houses. 
K.   C.  Carpenter,  96 

Penobscot    County    Court    House,    Bangor, 
Me.,    ^29 

Reck    circulator   for   hot-water   system,   75, 
138 

Ueport  on  district  heating.  602 

Smith  Premier  Typewriter  Co.,  *337 

Theater  at  Worcester,   Mass.,  •392 

Vacuum   exhaust  hot-water  system,  337 
Ilermany.     Charles,    Biographical    sketch    of, 

•111 
Highways.      (See  Roads.) 

llospital    building.    Coal   and   water    consump- 
tion' in  a.  561 

I 

Incinerator.     (See  Refuse  destruction.) 
Inclined  elevator  at  Weehawken.  N.  .!..  *547 
Indiana  Engineering  Society,  21 
Indianapolis    Engineers'    and    Architects'    So- 
ciety,  111 
Indianapolis  testing  laboratory.     Walter  Bueh- 

ler,   142 
Industrial   plant  promotion,   731 
Industrial  plants: 

Ambrldge  plant,  '23,  •SO.  •77.  •102.  '620 
.\merlcan  Cigar  Co..  Richmond,  ^740 
Bibb  Mfg.  Co.,  Columbus,  Ga.,   *60 
Cambria  Steel  Co..   •763.  'SOI 
Central  Felt  &  Paper  Co.,  *67 
Clairton  billet  mill.    ^7 
Fenimore  sulphite  pulp  mill.  ^536 
Graham.  Morton  &  Co.,  Leeds,  Eng..  •695 
Kelly  &  Jones  Co.'s  factory,  •153,  'lOS 
Passaic  Metal    Ware   Co.,   '774 
Sackett  &  Wllhelms  Lithographing  &  Print- 
ing Co.,   •166.   'lOO 
Smith     Premier    Typewriter    Works,     •298, 

•337 
Textile  mill.  Test  of  power  plant,  4.30 
Tlleston  &  Iloillngsworth  Co.,  steam  plant, 

•165 
Union  Bag  &  Paper  Co.,  ^536 
Worthington  Hydraulic  Works,   •148,  'lOS, 

•233  ;  H.  W.  Brinckerhoff,  436 
(See  also  Cement  plants;  Power  plants.) 
Inspector  of  Asphalt  and  Cements  of  the  Dis- 
trict of  Columbia,  Action  of  the  U.  S. 
Senate  against,  437 
Instrument  for  finding  pinhole  centers,  '728 
Internal   combustion  motors.      (See    Gas.  en- 
gines. ) 
International  Engineering  Congress,  .345 
International  Harvester  Co.,    Boiler    tests  at 

the  McCormIck  Works,  342 
Iron  alloys,  90 

Irrigation  In  Alberta,  Canada,  61 
Isthmian  Canal  Commission,  239,  533,  623 


Jack,  Ball-l)earing,  for  heavy  service,  •143 
James  Watt  Memorial,  319 
Joints,    Pipe  sewer,   A   sulphur-sand  composi- 
tion for.     Alex.  Potter.  33a 

K 

Kelly     &    Jones    Co.'s    concrete-steel    factory 

building.  'ISS,  ^195 
Kilns.  (See  Cement  kilns.) 
Kotten   pneumatic    stone    dressing    machines, 

•307 


Laclede   Gas    Light   Co.     of     St.     Louis,    High 

pressure  gas  distribution,  141 
Land  reclamation  : 

I'lood-damaged    lands     In    the     ICaw     River 
Valley,  503 

Hackensack    Meadows,   New  Jersey,   95 
Landslide  at   Portland,   405 
I>athe  for  facing  pipe  flanges,  '716 
Legal  decisions: 

Gloucester   Water-works.   471 

Northern   Securities  case.   347 
Ijibrary,   Public,  and  the  engineer,  O.'il 
Lighthouses,  Concrete-steel : 

Black   Sea,    100 

.Mile    Rock,   Cal.,    '614 
Lighting: 

Gulfport,    Miss..    Central    station    supply    to 
certain  buildings.    ^244 

Minneapolis.   Municipal   electric,   207 

Purdue  University.  Central  statiim.  I.'i7 
Lightning  arresters  : 

Cleaning  and  repainting  of,  688 

Efficacy  of.  682 
Loading  bridge  girder  on  three"  steel  cars,  ^491 
I^ociis  : 

Air  lock  for  Harlem  River  tunnel,  ^260 

Kentueky  River  lock,  63 
Locomotive   shop,   Canadian   Pacific,   at   Mon- 
treal, •378 
Locomotives  : 

Contractor's  narrow-gauge,  'SIS 

Electric,   In   N.  Y.  C.  R.   R.,  •727 

Tests    oi;   highspeed,   at   Zossen,    Germany, 
756 
Lodging  house.  Municipal,  London,  116 
Loft  buildings.  Cost  of  operating.  782 
Logarithmic  methods  of  plotting  curves.  •781 
Lorraine  Hotel,  New  York,  Water  supply  and 
drainage  system  In,  •57 


Louisiana     Purchase    Exposition.       (See     St. 

Louis  Exposition.) 
Lunkenhelmer  furnace,   ^32 

M 

McArthur  Brothers  Co.,  Repair  shops,  313 

Machine   tools,  Motor  driven  : 
Cambria  Steel  Co.'s  shops,   .SOI 
Commercial  IDIectric  Co.  s  system,  315 
Sackett  &  Wllhelms  Printing  office,  •200 
Shear  In  Boston  Navy  Yard,  ^495 

Magnollum,  a  new  alloy,  225 

Magnetite  arc  lamp,  667 

Manholes  on   Brooklyn  sewer,  554,  ♦SSG 

Maps  : 

Baltimore.    213 
Brooklyn.   737 
Pequannock  watershed,  747 
St.  Louis.  702 

Massachusetts    Institute    of    Technology   tape 
apparatus,    261 

Maw,  W.    H..  on  the  unsolved  problem  in  en- 
gineering,  89 

Mechanical  plants  : 

Arcade  Building,  Dayton,   *767 
Data  relating  to  operation  of,  438 
Minnesota   State  Capitol.   ^474 

Melting  furnace.  Lunkenhelmer,  ^32 

Merchants'    Association,     New    York,    and    its 
attacks  on  water-works  officials.  374 

Meteorite,  an  aluminum  compound,  203 

Meters.      (See  Water  meters.) 

Mills  : 

Electricity  In   cotton,  535 

Fire  protection.  Water  sunnlles  for,  319 

Rope  transmission  In  textile,  562 

Minnesota    State   Capitol,    Mechanical    plant, 
•474 

Moisture  In  heated  houses.   Necessity  of.     R. 
C.  Carpenter.  96 

Motor   reversing  controller,   ^314 

.Molds.      (  See  Concrete  molds. ) 

Municipal   accounting,   566,  ut)8.  626 

Municipal  affairs  : 

Assessment  for  sewerage.    118 

Kate  decision  at  Owensboro,  Ky., '61 

Municipal    improvementf*   in    New  York.  7:U) 

Munl,cipal   lodging  house,   London,    116 

Municipal  trading,  2 

N 

National  Board  of  PMre  Utiderwrittu's  and  tire 

protection    clauses     in     building     laws, 

375.  401 
National    Electric    Light    Association.   Boston 

meeting,  666,  690 
National  Meter  Co.,  Testing  plant  of,  ^777 
Natural   gas   used   at   power  plant   of   electric 

railway,   632 
New  York  : 

Municipal  Improvements   in.  730 

Water  front.  Suggested  improvements  In,  by 

C.   R.  Lamb:  ^525 
New  York  Department  of  Bridges  during  the 

Low   administration,   34 
New  York  Edison  Co.,  Test  of  generating  unit, 

•690 
Nichols,  O.  F.,  Biographical  sketch  of.  ^499 
Northern     New    Jersey    Flood    Commissioner, 

Report,  331 
Northern  Securities  decision,  347 


Oil  as  fuel  : 

Pacific  Electric  Ry.  Co.,  Los  Angeles,  412 
Railway  power  plant,   San  Francisco,  115 
Yerba  Buena  power  tiouse,  591 

Oil   filters  : 

Burt,  •eoe 

Engine  oil  system.   *256 
Oiling  roadbed  of  San  Fran.,  Oak.  &  San  ,Tose 

Ry.,   616 
Owensboro,  Kentucky,  rate  decision,  61 


Paint,  Durability  of,  on  steel  frames,  503 
i'auama.  Health  conditions  at.    W.  C.  Gorgas, 

697,  704.   755 
Paper  mill  of  the  Union    Bag  &    Paper  Co., 

•536 
Partitions.    Fire-resisting  wooden.  478 
Passaic  Metal   Ware  Co.'s  building,   ^774 
Pavements  : 

Asphalt,   Maintenance  of,   237 
Brick  ; 

t^oncrete  foundation  and  cement  filler.    O. 

L.  Gearheart,  189 
Gas  lime  brick,  Leeds,  Eng.,  60 
Chert  toads  In  Atlanta.      H.   L.  Collier,  86 
Chicago,   Report  by   Alvord.  206 
District   of  Columbia.    Inspector  of  Asphalt 
and  Cements.   Action   of   U.    S.    Senate, 
437 
Foimdatlons  of  concrete.     O.  L.   Gearheart, 

189 
London,  Notes  on,  553 
St.  Louis  Exposition,  577 
Salt  Lake  City,  Utah,  Details.  •385 
Stone.  Salt  Lake  City,  386 
Wood  blocks  on   Williamsburg  bridge,   530 
Pensions :, 

Disabled  workmen,  730 
Teachers,  374 
Pequannock  watershed.  Data  concerning,  746 
Philadelphia   filtration  system,   'ISS,  ^191 
Photography     in     engineering     work.      H.    S. 

Knowlton,  695 
Piers : 
Concrete : 

Cuivre  River  bridge.   ^557 
Passaic  factory,   '775 
Cylindrical   pile   piers   at   Greenfield,    '463, 

564 
Fraser   River  bridge.    '679 
Manhattan   bridge,  ^332 
Pile  drivers,   Various  Improved  and  combina- 
tion collapsible,  for  railroad  work,  ^358 
Piles  : 

Concrete,  for  liulldlng  foundations,  •596 
Concrete-steel.     Frenchman's     Bay    coaling 

station,   •124 
Interlocking  steel  sheet,  for  bridge  pier  cof- 
fer dams.  *557 
Tests  of.     E.  P.  Goodrich,  696 
Pipe: 
Arch  over  Sudbury  River,  '480 


I'Ipe:   (Continued.) 
Concrete-steel : 
.Terrey  City,  •72 
Phil,  filtration  works,  •191 
Condensation  In  an  underground  steam  pipe 

line,  611 
Connection  between  steel  pipes,  Jersey  City, 

•39 
Growths  In  water  mains.  Freeport.  HI.,  751 
Jersey  City  Water  Supply  Co.,  •38,   ^72 
Life  of  cast-Iron  water  pipe,  180 
Providence.  R.   I'.,   water  pipe,  442 
Relief  device  for  pressure  pipes,  •766 
Relocating  large  main  under  pressure,  Phil. 

S.  M.  Van  Loan,  *101 
Riveted  steel,  as  condenser  circulating  pipe, 

731 
Size  of  pipe  bells.  442 
Steam  piping  In  Providence  power  station, 

222 
Steel  conduit : 

Flood  test  at  Newark.   ^97 
Jersey  City  water  supply.  •SS 
Thawing  water  pipes    by    electricity,    434, 

726 
Tightness  of  service  pipes.   142 
Pipe    joints.     Sulphur-sand     composition    for 

pipe  sewers.     Alex.    Potter,   336 
Pipe   laying : 

Across  a  river,  589 

Relocating   large   main   under  pressure.     S. 

M.   Van  Loan,  '101 
Sewers  crossing  rivers.  New  Jersey,  •281 
Pipe  strainer  ;  a  continuous-service  foot-valve 

screen,  ^498 
Piping.   Steam  : 

Cranford  power  station.  *356 
Minnesota  Capital,   ^476 
Pltot  tube.  318 
Plaster   of    Paris.    Manufacture    at    Portland, 

Colo.     J.  D.   Schuyler,   •243 
Plastering  In  winter.  Difficulties  and  methods. 

D.   L.   Haigh,  293 
Plumbing    system     In    Lorraine     Hotel.     Ni'w 

York.  ♦57 
I'ower  plants  : 

Arcade   Building.   Dayton,   ^767 

Atlanta,  Ga..  •504 

Boston  Navy  Y'ard.  491 

Canandalgua.    N.    Y.,    Roch.   &     East    Ua|iiil 

Ry.,  •71 
Canton.  Ohio,  electric  riiilwa.v.  •sii.'i 
Columbus  Power  Co..  Georgia.  '64 
Cost   of   generating  electric  power   in   Eng- 
land. 381.  388 
Costs.    Relative,    for    3    different     types   of 

electric  plants,   411 
Cranford,  N.  J.,  railway  plant.  ^355 
Econom.v.  Comparative,     of    steam   and  gas 

power,   11 
Garvin's  Falls.   N.  H.,  •668 
Gas-engine  equipments  In  the  U.  S.     Costs. 

J.   R.  BIbbIn,  8 
(See  also  Gas  engines.) 
Interborough  Rapid  Transit  Co.,  New  York, 

•98 
Neuchatel,   Switzerland,   electric  plant.     A. 

Steere,  *706 
New   Mllford.  Conn.     W.   S.   Morton,   •187, 

207,  •230 
New  York   Edison   Co.,   Test  of  generating 

unit.    ^690 
Oakland.  Cal.,  Key  Route  electric  railway. 

•591 
Office  building  plants,  725 
Penn..  N.  Y.  &  L.   I.  R.  R.  at  Long  Island 

City,   *454.  483 
Port  Huron  Light  &  Power  Co.,  ^458 
Providence.   R.   I.,   Manchester   Lt.   station. 

•221.    ^255 
Richmond.  Virginia  Passenger  &  Power  Co.. 

•11 
Rockland  Light  &  Power  Co.,  448 
St.   Louis  Exposition.  107.   *251 
Steam  consumption   when    electric    current 

and   steam   heating  are  both   supplied, 

138 
Steam   turbines   In.      (See   Steam  turbines.) 
Test  of  a  generating  imit  at  Lincoln  Wharf 

Power  Station.  Boston,  242 
Toronto  &   Niagara   Power  Co.,  ^180 
Twin  Branch,  In  Northern  Indiana,  ^95 
Yerba  Buena.  Cal.,  ^591 
York  Haven,  Pa.,  *340  ;   Flood  damage.     O. 

P.    Waters,    •361 ;    495 
Zanesvllle,  Ohio,  •366 
(See   also   Water  power.) 
I'resses  driven  by  elecjtrlc  motors,  *200 
Pressure  head  measurement,  707 
Printing  :  uses  of  the  Vandyke  negatives.  '783 
Pumping  engines  : 
Cleveland.   Ohio,   349 
.New  Bedford  water-works.  •797 
New   Zealand    mines,    427 
Slip  of,  407 

Test   at   Atlantic   City    water-works,   628 
Pumping   plants  : 

Chatham.  England,  for  dock.  389 
Cleveland.    KIrtland    St.       Charles    Gofflng, 

•348 
Concrete-steel      sewage      pumping      station, 

Newton,  Mass.,  •748. 
Geheva.  Ohio.    ^414 

Mobile,   Ala.,   Electrically  operated,  •127 
.New    \(}vk    tire    service.    I''stlmate    of    cost. 

371 
Philadelphia   high-pressure  station    for   fire 

service.  134,  •.309 
Oulttacas.   at    New    Bedford.   ♦797 
St.  Lonis  waterworks.  W.  E.  Rolfe,  ^700 
Pumps  : 

Air-lift,  at  siphon  of  new  Croton  Acpieduct. 

•672.    ^715 
Davis    duplex.    ^142 
Dayton  Arcade  Building,  •768 
High-pressure,    at     Phil,    pumping    station. 

•.309 
Overflow   valve  at   Phil,     pumping    station. 

311 
Slip  of  pumps.  444.  603 
Steam  pumps.  Duty  of.  In  England.  388 
Purdue  Unlversit.v  central  heating  and  power 

station.     J.  D.  Hoffman,   ^137 
Pyrometers  : 

Some  forms  of,  682 

Use  of.   In  the  engine  room.  597 


Q 


Quarry  railway,  ^627 


Ra<kcleaning    device     at     Richmond     power 

plant,  •12 
Radiators.     Test     of    hot-air.     G.     M.     Ayls- 
worth,  115 
Rails,  Estimating  weights  of,  2.36,  aH5,  372 
Railway   construction  : 

Notes    on.    from      the     resident    engineer's 

standDolnt.     F.  C.  French,  132,  160 
Rules  for  work.  III.  (;ent.  R.  R.,  513 
Railway  curves.  Double-track,  on   single-trae'i 

roads.   63 
Railway    eoulunient.    Electric,    tests     at     St 

Louis  Exposition.  119 
Railway   location  : 

Florida    Everglades.      W.    J.   Krome.    •428. 
•452  ' 

In  a  flat  country.     R.  E.  Hardaway.  55 
Reminiscences   of   the    Western    plains    390 
Union  Pacific  R.  R..  In  1H98.  388 
Railway  shoos  of  Canadian   Pacific,  at  Mont- 
real. '352.  ^378.   '417 
Railway  station  at  Washington.  D.  C.    •162 
Railway   terminals  : 

Grand    Central    Depot   yard    Itnprovements. 

Oklahoma  City.   ^296 
Raliwa.ys  : 

ADpr'aisal  of  railways.   146 
Canadian    Pacific    Irrigation    project   In    Al- 
berta. 61 
Canton.  Ohio,  electric  power  nlnni.  •80."i 
Central       Massachusetts.      Relocation      of, 

aroimd  the  Wachusett  reservoir.  ^4 
Chic.  Bur.  &  Oulncv  Arch   bridge  over  BIc 
Rock  Creek.   'IS  '' 

C.   C..   C.  &   St.   L..   Sunman-Lawrencebure 

Improvements.    ^292 
China.    Work   In.   2 
Dummy  car  revived  in  Eneland.  535 
Illinois  Central.  (Jeneriil  rules  for  construc- 
tion work.  513 
Lancashire    &    Yorkshire.    Electric    servbe 

147.   405.   495 
National,    of   Mexict).    Wldetiing  gauge       J 
L.   Bothwcll.   211  >.     ft         J. 

N.  V.  Central : 

-Uternatlng-current   inolois.   33 

lOxtent     of    electrically-operated    section. 

601 
Yard  Improvements.  .New  York,  •:!00 
N.    V.  rapid  transit : 

East  River  tunnel.  •:(()t.   •3'29 
Section  5A.   Second   Division,   •'290 
Westchester    viaduct.    ^287 
North    Eastern.     Enc .    electric    equipment 

Oiling  roadbed  of   San    Fran..   Oak.  &  Ran 

.lose  Rv..  617 
Providence.   R.  I..  Power  station.   ^221 
Quarry    railway    of    llcht.    nortable    tracks. 

•627 
Rochester    &     Eastern     Rapid     Ry  .     Power 

Plant.   •71 
Russian.  Leneth  of.   727 
San  Antonio  &  Aransas   Pass,   Location  In 

a  flat  country.     R.  E.   Hardaway.  55 
Southern  Missouri.     C.  A.  Sheppard,  '478 
Studebaker  plant  at  South  1  end.  Ind  .  ♦.SON 
Texas.  Appraisal  methods.   146 
Texas  &  Oklahoma.  Construction  of.     R    V 

Powell.   ^296 
Union  Pacific.  Relocation   In  1898,  388 
Wabash  : 

Pittsburg.   758 
St.  Louis  Exposltlim.  ♦131 
Widening  gauge  of  National   R.   R.   of  Mex- 
ico.    J.   L.   Bothwell.  211 
Rainfall  on  the  Pequannock  watershed,  747 
"Rake-offs.  Regarding."  699 
Rates  for  public  service.   Power  of  cities,   61 
Records  In  railway  construction.  132 
Refrigeration  : 

Arcade  Building.   Dayton.   ^769 
Comoressed-air    motor.    Refrigeration   from. 

Paris.  411 
Gulfnort.    Miss.,    central     station     systc:n, 

•244 
Hotel  Jefferson.  St.  Louis.     Central  station 

supply.  40 
Power  and  water  consumiiticn.   782 
Test  of  plant.  In  Germany.  388 
Refuse    destruction  : 
Burnley.  Eng..  627 

Destruction  by  burning,  in   England.   748 
Destructor  as  a  steam  producer,  ()96 
New    York    Cltv.    Rubbish    Incineration    in. 
•128 
Rensselaer  Polytechnic  Institute.  7.59 
Repair  shops  of  the  McArthur  Brothers  Co.. 

313 
Reports   and   accounts.    Blank   forms    for,    in 

an  engineering  office.  398 
Reservoir  level  Indicators.  147 
Reservoirs  : 

Boonton.  N.  .L.  Accident  to  diver.  495,  532 
Cleaning   the   bottom    of.    in    Central    Par't. 

420 
Concrete  steel.    East  Orange.   N.   J.,   •386 
Covered: 

Concrete  groined  arches.  2 
Concrete-steel.   Hovlake  and  West   Klrby. 

England.   258 
East  Orange.  N.  J..  387 
Dredging   at    Loch    Raven.    Baltimore.      A. 

M.  Quick.   •288 
East  Orange.  N.  J..  Concrete-steel.  ^386 
Howden.    Eng..    ^440 
Hoylake  and  West  Klrby.  England.  258 
Inlet  well  In  clear  water  reservoir,  ••32B 
Jerome  Park.  Progress.  •510 
r-andsllde  at  Portland.  405 
New   Haven   fllter   plant.   '327 
Sebago  Lake.  Maine.     E.  M.  Blake.  ^92 
Itlver  surveys  of  U.  S.  Geological  Survey,  635 
Rivers  : 

Chicago.  Navigation  difficulties.  91 
Yazoo  River  diversion  canal.     W.   H.  Polk. 
•225 
Riveted   trusses.   Floorbeam   and    lateral-strut 

connections  to.  416 
Koad    building.    A    difficult    piece     of,     from 
I'leasantvllle   to    Atlantic   City.     3.  J. 
Altwrtsou.    651 
RoiKl   materials.   Investigation  <if.  by   Dept.  of 

.\grlcullure.  759 
Roads : 

Cuban  state  roads.  451 
Drainage  for  good  roads.  460 


•  Indicates  illustrated  articles. 
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Koadi-   (CMitteMd.) 

lUlaoia.  Good  nad  Divblca.  137 
HUlauaaBcc.  Ib  Um  Svrtac  S93 
Marrltad.  B<9art  OB  ImDroTMBcau.  63 
KaUDaal    aid  for    road    coutrucitua.    1)9. 

OacMk  OooUT.  N.  T..  ExpwImc*  Id  build- 
lax.  3S 

iSm  atao  l^rraeaia.) 
Rod  for  tapr  acaaamBvats.  *3TI 
~     *  gfi^Bt*.  FUlj'Ciro-foat.  for  factorr.  •67 


•«M 
Steal.  Waahiactoa  ratlwaT  station.  'IS: 


Caa  plant.  BBtlaad.  Ucb(  ctofl.  •4S4 
Ttabcr    roof   of   a    public   abrlter    In    Van 

Cartlaadt  Park.   *iS9 
TIa  roofa  la  tlw  Balttmorc  flrr.  316.  436 

drirr: 

Bibb   yilK.  Co^   ColDBbOB.    Ga..   66 
Rnptlaa  PBrtlaad  Omrat  Co..  •321 
TMaaaOatoa  oiMstloa  In  trxtll«  mllla.  562 


Sackctt  *   Wllkelnta   Utbosraohlns   *i   Print- 

IHK  CO..  'ISB.  '190 
St.  Loali  Espoaitlon  : 

iMW^f  of   a    World's    Pair:    how   It    baa 
been  rOBstnioted.  565.  •SSS 

BaiidUues.  Daia  ruao-mlDC  larscat.  SSO 

Coal-tcatlac  plant.  65T 

CaaprnwH-.   Cincinnati,    'lia 

Coacrrlr  balldbuc  421 

laumatlonal  Rns1n««rine  CunsrvsK,  .145 

XacklBwr  iKillilIni:.  'lo? 

Khticnk  as  runiot*.  T.'i!* 

Tkrvlaal  of  ibr  WaUisb  R.  K..  •ISl 

TCata  of  rlrctrlc  rallwajr  niutpmcnt.  110 

WcatlaclMMiae  a«rnce  plant.  Iu7.  '251.  •718 
Salts  fOKlBMr  and  his  gualiaratioiu.      II.   S. 

Kn<>vlti>n.    435 
Saadblast  aDiiaratia  for  cl«anlDg  steel  In  the 

Held.    •407 
ScaColdlBS.  Clatke's  patent.  '275 


CPaatrortKia  In  N.  Y.  Cltr.  393 

Vratllatlon.  Ledslatlon  In  N.  V.  stale.  547 
Scow  for  floating  brldce  span  Into  place,  *3IMi 
Serewaplkr*.   Machine  for  driving.   *753 
8«oilc  tanks : 

AndoTcr.  Mass..  •527 

EzDcriBMauL  Mass.  Sute  Board  of  Health. 
IM 

Kotcs.  tao 

Saaracc  dtaooatl: 

AadoTcr.  Maaa„   •52ii 

Miaaaaou   State  Board  of   Health.    Kesola- 

tlOB  br.  207 
rrawtaa  In.  453 

Worceater.    Maaa..    Nutea    on    conatruction 
work.   •528 
Sewajce  pampinc  statlona: 
Newton.  Mass..   •748 
World's   Pair.    ^576 
Srwase  pnrtacatlrn  : 
Aerobic  (liter.   •IM 
Allls  (-halmem  (°<>.  •IM 
,\n<l<>v*T.   Ma^i?..    •.%*JG 
t'llDton.  Maiw..  Kmultii  ur  nitration.  7.H4 
Coat  of  cleaning  Alters  at  Worcester.  529 
Paaaage   of   patholoelcal    bacteria    through 

niters.  564 
Prartiral   Dolnts  In  sewase  diapoaal  works, 

030 
Sand  filtration.     W.  S.  Shields,  •ISS 
Wanwatnaa.  Wla..    •ISS 
Worcester.  Maas..  Ooeratlon  figures.  529 
Scwace   strainer.    Anthracite   coal,    167 
Sewage    testing    apparatus.      Scott-MoncrlefT, 
444 
<r.    Sewerace  at  Taunton.  Mass..  Aaaessment  for, 

y  lis 

'       Sewers: 

Brooklm  extensions : 

Are.  n  trunk  sewer.  ^472.   'SlD 

Coat.  Estimated.  730 

Faater  Arenne.    •687 

9M   8t    work.    •554.    •585. 

Scheme  of.  •TS* 

60th  Street.  ^650 
UiiWfUt.K  antund  roliiniDH  of  viaduct.  •7N3 
Cast  lr'>n  pipe  across  Elizabeth  River,  N.  J., 
•2«;t 

chii-aK"  fxplff^ioD.  772 

Cleaning    and    fiushlnc    341.    663 

Concrete  : 

Brcoklrn.    •eS? 

Steel    forms   for   construction    wotk.      P. 
S.    Knittel.   •eo 
Concrete  and  hrlck.  Newark.  N.  J..   •334 
Concrete   and    steel.    Wilmington,    Del.      T. 

C  Hattoo.  •636 
Ka-ahane.  for  Brooklm.  •474 
Greenwich.   Eac.,   107 
Lecal  reauirementa  for  atorm  water.  6.35 
New    Ix>Dd'<D.    Wood-stave  outfall.    •25« 
Newark.    N.    J..   Large  concrete  and   brick, 

•334 
Rabwav  and  Elizabeth  River  Vallejra.  New 

Jersev.  •280 
Blver  croaslnn.  New  Jersev.  ^281 
St.    I^oola.    Leaal    reoulremenls    for     storm 

water.  635 
Sulphur  sand    compoaltlon    for  pipe  joints. 

Alex.  Potter.  336 
Ventllarlnn    iif.    by    roeaos    of   surfai'e  grid. 

661 
Wilmington.   Del..  Reinforced  oncrete.     T. 

C  Hatton.   •636 
Woodstave  outfall,   at    New   Ix>ndon.   ^258 
Worcenter.  Maaa..   Repairing  aewer,   •SZS 
Skcar.    Motor  drive   for.    •495 
Mherrerd.  M.  It..  Portrait  of.  Sup.  Jane  18 
Sblelda.    Tunnel : 

East    River   tunnel   shields.    ^320 
Haatlngs.    for  soft   material*.   •]:{ 
Steel  cvllndrlcal.  for  soft  material.  423 
Shopa.      (See    Industrial    plants;    U>coBotlve 

shop:  Kallwar  sbooa.1 
Silicate  atone    Vf: 
HIpboB     of  "fi     Aqnefluct     airlift 

pnmi  71.'; 

flaitth  Prenj;  iter  Works.  •298,  •3.37 

Smoke  prevfuUon.   'l.':7 
SodctT  of    Orman    Portland    Cement    Mann- 

faeinrera.  344 
Sony  Smith.  William.  Biographical  sketch  of, 
•31 


Si>anlsh  War  Veterans'  Athletic   .\asocIatlon, 

131 
Stable.   Reinforced  concrete.  •369 

StandDlt>e8  : 

St.  l>onls  water-woika.   ^701 
Steel-concrvte.    Milford.   Ohio,    ^382 
Steam  shovels : 

(Irand  Central  det>'>t  vard  work,  •301 
Sewer  trenchiiur.   New  Jersey,   ^283 
Wa.oblngton    [liters,    '493 
Stram    turbines  : 

Boston  Navy  Yard  plant.  491 

ltrii.t.v.  mine  pTaiit.  MtS 

Comparison    with    reciprocating    engine   by 

J.  A.    Sevmour.  471  :  G02.  a'24 
De  l.aval.  Effect  of  pressures  on.  581 
Port   Huron    Light  &  Power  Co.,   •4,'5S 
Rateau   turbine  an    exhaust-steam    utilizer, 

508' 
Riedler-Stumof.   *S6S 
Steamships  of  the  Cunard  -Co..  469 
Tests: 

Curtis  turbine  at  Newport  station  of  Old 

Colony  St.  Rv..  602.  624,  765 
Neuebatel.   Switzerland.  70C 
N.    Y.   Siitiwav   lightlnR  system,   232 
Various   turlilnes.    740 
Vacuum.  Irooortanee  of  the.  731 
Water  rate  of  low-oresaiire  turbine.  509 
WestinghouseParsons  hlgh-powor.    *27 
Xanesville.  O..   electric  station,   •,366 
ZoellT.   Tests  of.   ^707 
Steamshliw.   Turbine  eouloment.  469 
.Steel : 

.\nneallns  steel.   200 
Heat  treatment  of  brittle  steel,  '247 
I'IcklIng  structural  steel.  471 
Preservation  of.  In  concrete.  532 
Sand  blast  apparatus  for  cleaning.  '497 
iTesIs    for    deKMtlug    brittle    steel.       W.    U. 
Webster.  S04  :  J.  I'.  Snow.  Si  I 
Steel  tapes  for  measurement  of  base  lines.  261 
Steel  work.  The  design  of  light,  147,  315 
Stoking : 

Economr  of  automatic.  47 
Mechanical  stokers  a  failure  In  India.  78 
Stone.   Silicate.  302 
Stone  crushing   plant  lor  Torresdale   conduit 

construction.   '249 
Stone   dressing  machine.    Kotten    pneumatic, 

•3(V7 
Stop-valve.   Hubner-Maver  dotible-actlng  auto- 
matic. ^174 
Storage  battery.  Insulating  supports  of  a.  667 
.Storage    battery    as   a    water-wheel    governor, 

694 
Strain   sheet   for   Alleehenv    River    bridge   at 

Pittsburg.  •170 
Strawboard  waste  disposal.  754 
Street   grades.    System  of.     Havre.     .Montana, 

728 
Street  sprinkling,  f^alt  water  for.  264 
Stress  diagrams.   How  to  make.     C.  J.  Bock ; 

I..  8.  Molsseiff.  096 
Studebaker  power   plant    remodeled.   '808 
Subaqueous  work.   Freezing  method  for,   237 
Subways  of  London,  New  system,  407 

(Sec  also  Railways.  New  Y'ork  rapid  tran- 
sit. I 
Sulphur-sand    composition     for      pipe    sewer 

lolnU.     Alex.  Potter.  330 
Superheated  steam  : 

Krooklyn  pumping  station  experience.  •397 
Ecimorav  of.  1  :  E.   H.  Foster.  116;  498 
Effect  of  superheat  on  steam  consumption, 

625 
Experience  In  England,  389 
Specific  heat  of.     Investigations  In  England. 

503.  623 
Tests  in  the  use  of.     L.  S.  Marks,  722 
Superheater.  Poster.  •397 
Survey  system.  D.  S.   Land,  Origin  of,  309 
Surveys : 

Philippine  Islands,  127 
Stadia  survey  In  the  Everglades  of  Florida, 
453 
Switch,  Ball-bearing  overhead  track,  •142 


Tanks : 

Concrete-steel,  for    filter  plant,    at  Ithaca, 

N.   Y..   ^444 
Cottancln  system  of  construction.  •HO 
Tanneries,    Engineering  problems  In,  541 
Tape  line  measurements.   Experiments  In.     C. 
W.  Swearlngen.  •204:  R.  H.  Keays,  371 
Teachers.   I'enslons  for.  374 
Teclinolexlcrin,    331 
T<'l>-iihone  tunnels  In  Chicago.  099 
Tenement  houses.  Model.  In  N.  Y.  City,  580 
Terminal  yard.  Oklahoma  CItv.  •290" 
Testing  liureaus.  Manlcinal.  178 
Tt-stlng   latmratorv    of     Indianapolis,    Walter 

Biiebler.   142 
Testing  Plant  of  the  National  Meter  Co.,  '777 
Text  books.  New  engineering.  90 
Tbawlne  covers  of  water-works  service  boxes, 

468 
Thawing  frozen  ground,  419 
Thawing  water  pipes  by  electricity,  434,  726 
Theaters: 

Asbestos    curtain   at   the   Iroquois   Theatre, 

144 
Chicago  flre.  33.  •54.  115 
Gllmore.   I'hII..  Fire  protection,  344 
Worcester,  Mass.,  Ventilating  and  heating, 
•392 
Thermit,  a  welding  compound.  410 
Tlea: 

I.,eather  ties  In  freight  vard.  468 
Treated  ties.     Hermann  von  Schrenck,  381, 
412 
Tile   works   of  the   Almendares    Portland   Ce- 
ment Co..  Cuba.  •SO 
Tlleston  &  Hollln^nworth  Co..  Steam  plant  of, 

•165 
Timlter  : 

Preservative      treatment.        Hermann     von 

.Schrenck,  3S1,  412:  W.  W.  Curtis,  558 

L'tlllzation  of  Inferior  timber.  729 

Timber  tests  nroi>osed  bv  Bureau  of  Forestry. 

.373  ' 

Tools.  Caat-lron.  269 

(See  also  Machine  tools.) 
Trsck  : 

Double  track  curves  on   aingle-track   roads, 

63 
Drainage  of.  133 
Tractor  trains   for  Industrial  plants,  ^532 


Trade-mark  ruling,  385 
Transmission,    Variable-speed,    •SOS 
Transmission   line    steel-tower   in  Mexico,  639 
Trausporiatlou.    Cost   of.    bv    rail    and    water, 

345 
Travelers : 

Clalrton  bridge  erection.  '487 
IKiminion  Itriilge  Co.'s  shop  vard,  •175 
Marietta.  Ohio,  bridee.  '80 
Monongahela  River  bridge.  •277,  •424,  ^455 
Simple  traveler  for  orectinc  a  viaduct,  •200 
Steel,  on  Wllllamsluin:  bridge,  'lO 
Westchi'Ster  viaduit.    •287 
Trenching    machine    on    .lersey    City     conduit 

construction.  72* 
Trinity    Church   spire.     .Safcguurdltig   founda- 
tions of.  152.  •465 
I'riisses.   Arch,   for     Aerial    Circus    platform, 

•773 
Tul>e.  The   Pltot.   :fls 

Tube  mill.   Alsing.  New  mounting  for,   •30 
Timnri  linings : 

(Concrete.  Central  Mass.  U.  |{..  *4 
Iron  linini;  In   East   Ulver  tunnel.  •,'t(l,"> 
Masonry.   In   Torresdale  conduit,   '250 
Timber  : 

Brooklyn  sewer  tunnel.  ^554,  •SSS 
East  River  tunnel.  •304' 
Special   forms  of.    In  Torresdale  conduit, 
•260 
Tunnels  : 

iMIiespeyre       tunnel      venlilatlim.        .\ltred 

(Jradenwitz.   •711 
Central   Mass.   R.  R..   •4 
Chicago    River   tunnels.    Lowering  of,    002, 

«!l».    SO" 
Chicago  telephone.   690 
East    River : 
Accident.  35 

Rapid  Transit  K.  R..  *304.  •320 
Harlem  River,   N.   Y.   Rapid  Transit  R.   R., 

•008 
New  York  City  works.  347 
I'hII.  water  supply.  '248 
Sewer  work  in  Brooklyn.  •554,  ^585 
Steam    pipe    tunnel    at    Purdue    University, 

•137 
Suliaqueous.     S.  G.  Artlng.stall,  116 
Timbering.      (See  Tunnel  linings.) 
Ventilation  of  railway.  220 
Turbines  : 

.lullette.  Ga..  corn   mill.   •168 
Starting  a  4.000  II.-P..  691 
Zanesvllle  electric  station.  •360 
I. See  also  Steam  turbines.) 
Turntable  of  Sturtevant  Co..  at  Hyde  Park,  30 
Tvnhold  fever : 
Epidemics,  534 

Value  of  water  tests  for  bacteria,  494 
Waterloo,  la..  584 
Watertown.   N.    Y..   23!) 

U 

Cnderplnning  a  corner  column    on  a  slender 

Pier,   •SO 
I.'nion  Bag  &  Paper  Co.'s  plant,  'SSO 
I'nion   Engineering  Building: 

.\m.  Soc.  C.  E.,  Statement  Issued  by  Board 
of    Directors,    109,    144 ;    Rejection    of, 
265,  346 
Architectural  competition,   507 
Bill  in  Legislature,  471 
Boston    engineers'    vote.    236 
Cost  of  running  building.      F.  S.  Odcll.   173 
Opinions     by     C.      F.      Scott,      143;      Fred. 
Brooks,   172  ;   Alex.'  Potter,   172 ;   L.    L. 
Tribus,  203:  PI.  S.  Haines,  236;  W.  G. 
Raymond,  203 
San  Francisco  members  of  Am.   Soc.  C.  E., 

203 
Suggestions  by   G.  B.   Francis,   •143;  T.   S. 

White,   235 
Washington,    D.    C,    members   of  Am.    Soc. 
C.    E..    203 
r.  S.  Steel  Corporation,  Report,  35,  347 
Universal     Gas    Co.,    of    Chicago    vs.    A.    B. 

Smythe,    099 
University  of  Maine,  759 

University   of  Wisconsin,    Summer  school   for 
artisans.  503 


Valves ; 

Automatic   stop-valve.    Ilubner- Mayer.    •174 
Nine-foot    diameter    check   valve,    *419 
Overflow    valve  on  high-pressure  pumps  at 

Phil..    311 
Reeves   compound  engine.    •,314 
Van  Cortlandt   Park,  New   York,   Pnbllc  shel- 
ter In,   •o.TO 
Vand.vke  negatives,    I'ses    of.      F.    'I,'-    Daniels, 

783  , 

Variable-speed   transmission,   •SOS 
Ventilation  : 

Alrcleansing  apparatus  at  hospital   ,17»! 
Aibespeyre     tunnel,    France.       Alfred    Ora- 

denwltz,   •711 
Ambrldge  plant  ofBce  building,   •OSO 
(Massing  rooms  In    textile   mills,   410 
Hotel  Jefferson,   St.  Louis,  40 
Minnesota    State   Capitol,    •052 
Mont  Cenis  tunnel,  340 
Penobscot    County    Court    House,    Bangor, 

Me.,   ^20 
Railway    tunnels,   220 
SChoolhouse.    39.3.   047 
Theatre  at   Worcester,   Mass.,   •392 
Viaducts  : 

Des     Moines    River,    Chic.    Gt    West.    Ry., 

•120,    'ISS 
Herkimer   viaduct.     W.   J.   Watson,   •240 
"Indestructible"  viaduct  on  the  C.  P.  R.  R., 

517 
Nasbua    River.    Central    Mass.    R.    R.,    •4 
Westchester  elevated   railway.    '287 
Yellowstone  National   Park,  Concrete  work, 
430 
Vibration    of   railway   cars,   Japanese   Investi- 
gation   of,  503 
Vlcksburg  harlwr  and  the  Yazoo  River  diver- 
sion canal.     W.   II.  Polk.  ^225 

W 

Water.  .Mgae   in.  Sulphate  of  copper  cure  for. 

003 
Water  analyses  at  I^aredo,  Texas,  42 
Water  consumption  : 

Boston   Metropolitan  district,    ,303 

Columbus,  Ohio,   604 


Water  consumption  :•  (Continued.) 
Hospital    building.    ,501 
Pittsburg,    and    the    probable    effect    of    lue- 

tcrlng,   (J(I3,   017,    004 
Providence,   K.   I.,  443,  004 
Various  cities,  3(j0 
Water  meter  rates,  750 
Water    meters  : 
.\tlanta.   Ga.,   750 

liusiou  .Metropolitan  district,  303,  759 
Brooklyn,    I'se  In,   opposed,   344 
Cleveland,   O.,   003,   750 
Costs  of  setting.   751 

Effect   of   meters   on    use   of  water    In   vari- 
ous  cities,  619 
.Madison.   Wis..    750 
Newark.  N.   ,1..    KfFect  of  meters,  740 
Per    ceut.    of    services    metered    In    various 

cities,  300 
Pittsburg,    Probable    effect    on    water    con- 

sumption,   003,    617,   004 
Premier : 

Description    of.    •(i(>2 
Tests  of  a  30-Inch   meter.  •777 
Providence.   R.    I..   443 

Testing   plant   of  National    Meter  Co.,   •777 
Thawing  by  electricity,  751 
Venturl,    Largest    In    use,    Jersey    City,     10 
Webster  Groves.   Mo.,   Meter  plant  with   au- 
tomatic  metered   by-pass,    ♦025 
Water  pipe.      (See  Pipe.) 
Water   pollution  : 

Mass.  cities  and  towns.  247 
Strawboard  waste,  754 
Value  of  bacterial  tests,  494 
Water  power : 

Atlanta,   (Ja.,    •504 

JuUetlo,  (Ja.,  A  low-head  mill  power,   'lOH 

Klamath    Hot  Springs,   Cal.,  183 

New    Milford.    Conn.      W.    S.    Mortcui.    •1S7, 

207,   ^230 
York    Haven,   Pa.,  ^340 
Waterprooling,    Value    of    coal    tar   pitch    for, 

003 
Water  purlQcatlon : 

Brooklyn.  Unusual  filters,  375 
Chester,  Pa.,  Rapid  filter  plant.   •245 
Cornell   University  filter  plant,   ^444 
Electrolytic  purification  of  oU-laden  water, 

739 
Geneva,   Ohio,    Filtration  plant,   ^414 
Harrlsbnrg,  Pa.,   Filtration.  360 
Laredo.  Texas,   Filter  galleries.     A.  L.  Mc- 

Lane,  41 
Louisville,  Ky..  Progress  report,  552 
New     Haven,    Conn.,    Concrete-steel    flltra- 

tlon  plant.    •270.   ^320 
Philadelphia.   Torresdale  filters.    •155.   'lOl 
Pittsburg.   Rei)ort  by  experts,   206 
Poughkeepsle,    N.    Y..    covering    the    filters, 

501 
St.    Louis,    Dlflicultles,    502 
Trieste,  Austria.      E.  A.   Gleseler.  ^208 
Vlcksburg,   Reports  on,   207 
Washing  and  handling  sand.  Novel  metho<l, 

328 
Washington,    I>.    C  : 

Concrete  work,      K.   I).   Hardy,  ^788 
Karthwork,  •493 
Watertown,     N'.     Y..     Mechanical    filtration 
plant,   '040,  'OSS 
Water  rates,  442 

Standard  for.     G.  H.   Benzenberg,  775 
Water   softening  plants.    Municipal,   177,    202 
Water  supply  : 

Bacterial   tests.   Value  of,  494 

Baltimore's   flre  service.   732 

Derbyshire,     England,     Extensive    projects, 

•440 
Forests,  Relation  of,  to  supply,  466 
London,  Notes  on,   553 
Lorraine   Hotel,   New  York,   ^57 
Mills  and  flre  protection,  319 
New  York  : 

Legislation,    507,    634 
"Plague    of    Investigations"   by    the    Mer- 
chants'  Association,  374 
Report  by   N.    S.    Hill,   Jr.,  on   high-pres- 
sure water  service   for  flre  protection, 
347,    370 
Work  by  Col,  Fanning,  3 
Penzance,   Eng.,    Underground,  481 
Philadelphia  fire  service,   134,  •SOO 
Portland,   Maine.     E.   M.  Blake,   ^02 
I'rovldence,  R.   I.     J.  H.  Shedd.  442 
Requisite   amount    of   water     for  a    publlq 

supply.     J.  H.  Shedd,  442 
St.    Petersburg,    682 
Springfield,   Ohio,   Natural  filters.    119 
Trieste,    Austria.      E.    A.    Gleseler,    ^208 
Underground,    for    Penzance,    England,    481 
Water  tower  failure  at  Abilene,  Texas,  533 
Water  waste : 

Boston    Metropolitan  district,  363 
Detection    and    prevention     of,     at   Marlon 

Ohio.      E.    H.   Cowan.   694 
Newark,  N.  J..  Effect  of  meters.  740 
Water-wheel  governor.    Storage  battery   as  a, 

694 
Water-wheels : 

Measurement  of  water  used,   187 
I'elton,  In   South  Wales,  30 
Water-works  : 

Atlantic  City,    N.  J..   627.   664 

Baltimore,    Dredging   at   Loch    Raven.    •288 

Cleveland.    Klrtland    St.    pumping    station. 

Charles   (Jofllng.   ^348 
Croton  River,   for  New  York  water  supply. 

Progress   report,    •SSS 
Derwent  Valley.   England,   ^440 
(Jeneva,    Ohio,    ^414 
Ithaca,    N.   Y.,   ^444 
New  Bedford.   Mass..  ^797 
St.  Louis  system.     W.   B.   Rolfe.  ^700 
Trieste,   Austria.      E.    A.   Gleseler.    ^208 
Weirs,    Overflow,    of    St.    Louis    water-works, 

•703 
Westlnghouse   service  plant  at  the    St.    Louis 

exposition,    107 
Whlttemore,    D.    J.,    Biographical    sketch     of, 

•303 
Wind   bracing   In    New    York   Times  building, 

•742 
Wire  glass  test  In  Baltimore  fire,  •SSS 
World's   Fair.      (See  St.   Louis   exposition.) 
Worthington      Hydraulic      Works.      Harrison, 
N.  J..  •14^.  •lOS,  •233;  H.  W.  Brlnck- 
erhoff.  436 
Wrecking  crane,   lOOton,   ^5,30 
Y 

Yellowstone     National     Park,     Concrete     con- 
struction in,   480 


*  Indicates  illustrated  articles. 


January — June,  1904. 


THE  ENGINEERING  RECORD   INDEX   TO   VOLUME  XLIX. 


Vll 


AUTHOR    INDEX. 


Aiken,  W.  A.  Some  attempts  to  limit  tke  per- 
sonal etiuation  In  cement  testing,  8U» 

Albertson.  .1.  J.  A  difficult  piece  of  road 
liuiUling,  651 

Allen.  Kenneth.  Atlantic  City  water-works, 
(i(>4 

AlTord,  J.  W.  The  relation  of  the  engineer 
to  finance,   655,  677 

Artlngstall.   S.  G.      Subaqueous  tunnels,   118 

Ashcrot't.  G.  B.  Instrument  for  finding  pin- 
hole centers,  •728 

Ashfoid.   S.     Baltimore  fire,  432 

B 

Balicock,  E.   S.      Steel-core  dams  In   Southern 

California,  87 
Baker,  I.  O.     Illinois  engineers  and  roads,  137 
BiMizenberg,    G.    H.      Report    of   a    Committee 

on  standard  for  water  rates,  775 
Hilibins,    J.    K.      Gas-power     for     central   sta- 
tions. 8 
Blake,  E.  M.     Sebago  Lake  reservoir,  92 
Bothwell,   .1.    L.      Widening   the   gauge  of   the 

National    Railroad  of  Mexico.    211 
Brackett,  Dexter.      Union    engineering    build- 
ing. 236 
BrinckerhoCE,  H.   W.  : 

Salter  water  for  street  sprinkling,  264 
Testing  foundations,  436 
Brooks,  Fred  : 

Hospitable   relations  between   diverse  engi- 
neering societies,   204 
Union   engineering   building,   144,   172 
Buehler.   Walter.     Municipal    testing    labora- 
tory of  the  City  of  Indianapolis,    142 
Burke.   J.   W. : 

Estimating  weights  of  rails.  316 
Who  Is  a  civil  engineer?  173 
Bush,    H.  D.      Baltimore  fire,  218.  263 


<  arpeuter,  R,  C.  Moisture  in  heated  houses, 
1)6 

Child,  E.  T  Heating  costs  of  various  sys- 
tems, 87 

Clark.  H.  W.     Value  of  tests  for  bacteria.  494 

Cleveland,  F.  A.  Uniformity  in  municipal 
accounts  and  reports.   598,   626 

Collier,  H.   L.     Chert  roads  in  Atlanta,  86 

Cowan,  E.  H.  Detection  and  prevention  of 
water  waste.  694 

Crowell,  Foster.  The  engineering  profession, 
769 

Curtis.  W.  W.  Timber  treatment  and  timber 
treating  plants,   558 


liuniels.  K.  T.  Uses  of  Vandvke  negatives. 
7h:! 

Uuckham.  A.  E.  Common  sense  in  engineer- 
ing,  174 


P 


Kdily,  IT.  P.     Crusher  screenings  for  concrete. 
144 


Farrar.  W.  M.     Cast-iron  columns,  498 
Forbes,      .Murray.       Water     construction    and 

meters,   664 
Foster,   E.  H.     Superheated  steam,   116 
Fox,  H.   H.     Proportions  of  concrete,   316 
Francis,  G.  B.     The  Union  Engineering  build- 
ing, 143 
French,  F.  C.     Railway  construction,  132, 160 


Gage,  S.  DeM.    Value  of  tests  for  bacteria,  494 

Gearheart,  O.  L.     Concrete  foundation  and  ce- 
ment filler  for  brick  pavement,  189 

Gerhard,  W.   P.     Theater  fires,  115 

Gleseler,   E.   A.     Water   works   and   filtration 
system  at  Trieste.   Austria,  208 

GoflJng,     Charles.       Klrtland    street    pumping 
station,  Cleveland,  348 

Goodrich,    E.    P.  : 

Pressure  of  granular  materials,   600 
Test  of  piles,   696 

Gorgas,    W.    C.      Health     conditions     on     the 
Isthmus  of  Panama,  704 

Gould,     E.     S.        Health    conditions    on    the 
Isthmus  of  Panama,  756 

Gradenwitz,   Alfred.      The   ventilation    of    ther 
Albespeyre  tunnel.  France,  711 

Grayson,  Hastwell.     Smoky  chimneys,  489 

Green,  M.  M.     Cost  of  raw  materials  for  Port- 
land cement,  108 

H 

Halgh,  D.   li.     Plastering  in  winter,  293 
Haines.    H.    S.      Union   Engineering   building. 

236 
Hallett,  N.   A.      Crusher  dust  for  mortar  and 

concrete,  88 
Hardaway,    R.    E.      Kailway   location 'in    flat 

coimtry,  55 
IIar"(ly,   E.   D.      Earthwork  and   concrete  work 

at    the    Washington     filtration     works. 

493.   '-SS 
Hatton,  T.  C.     A  reinforced  concrete  sewer  at 

Wilmington,  Del.,   •636 
Hawks,  A.  McL.     Steel-core  dams,  173 
Higdon,   J.   C.      Explosion  of   water-tube  boil- 
ers,  198 
Hill,   N.    .S.      Fire  protection   service   in   New 

York.  370 
Hoffman,    J.    D.      Purdue   University    heating 

and  power  station,  137 


Ireland.   W.  P.     Discharging  capacity  of  cul- 
verts,  420 


.Tamieson,  J.   A.     Pressure  of  granular  mate- 
rials. 599 
Johnson,  W.  S. : 

Newport  steam  turbine  tests,  755 
Sanitary   Section  of  the   Boston   Society  of 
Civil   Engineers,  60 
Johnston,    C.   T.      Current   meter    rating   sta- 
tions, 86 

K 

Kahn,    Julius.      Plea   for   reinforced   concrete, 
105 


Keays,  R.  H.     Tape  measurements,  372 
Knlttel,  P.  S.     Forms  for  sewer  construction, 

60 
Knowlton,   H,   S. ; 
Photography,   695 

The  public  library  and  the  engineer,  631 
The  sales  engineer.  436 
Krome,    W.    J.        Railway     location     in    the 

Florida  Everglades,  428,  452 
Ivruse,    H.       Concrete-steel    in     building     con- 
struction, 783 


Leigbton,   M.   O.     Round    Hill    dam.    Spring 

Brook,   Penn.,   •735 
Leopold,    F.   B.     Municipal    water    softening 

plants,  262 

M 

McLane,    A.    L.      Filter   galleries   for   Laredo, 
Texas,  41 

Marks,  L.  .S.     Use  of  superheated  steam,  722 

Marx,  C.  D.     Union  Engineering  building,  203 

Marx,  C.   W.     Tests  of  fireproof  building  con- 
struction, 264 

Mazuel,     E.    G.    du.      Estimating   weights   of 
rails  and  connections,  236 

Meade.  K.  K.     Fallacy  of  the  ordinary  cement 
tests,  422 

Merrill,   A.   S.      Estimating   weights  of   rails, 
372 

Merrill,  G,  F.     Piers  of  the  Greenfield  Street 
Railway  bridge,  564 

Michiiells,    W..    Jr.      Efficiency   of     rotary    ce- 
ment kilns,   ^717 

Moisselff,  L.    S.  : 

French  breaking  test  of  reinforced  concrete 

bridge  trusses.  ^709 
Stress  diagrams,  696 

Morris,    H,    C.      Laying    gas    mains    across    a 
river,  589 

Morton.  W.  S.     Water  power  development  at 
New  Mllford,  Conn.,  187,  230 

N 

Newberry,   S.   B.  ; 

Proportions  of  concrete.  316 
Theory  of  concrete,  164 
Newton,  M,   L.     Fourth  Street  bridge,  Wa- 
terloo,  Iowa,   185 


Odell,  F.  S.     Union  Engineering  building.  173 


Palen,  C.  L.     Masonry  lyrldge  at  Plauen,  Sax- 
ony, 376 
I'errot,   E.   G.     Reinforced  concrete   in   build- 
ing construction.   *67o,   783 
Polk,  W.   H.      Vlcksburg  Harbor  and  the  Ya- 
zoo  River  diversion   canal,  225 
Potter,   Alexander  : 

Sulphur-sand    composition    for    pipe    sewer 

joints.   336 
Union  Engineering  building.  172 
Value  of  tables  of  bids  received  for  public 
work,  436 
Powell.  R.  F.     Construction  of  Texas  &  Okla- 
homa R.  R.,  296 


*  Indicates  illustrated  articles. 


Quick,  A.   M. : 

Dredging  at   Loch  KaVen,  Baltimore,  288 
Water  service  at  the  Baltimore  fire,  732 


Itankln.   E.  S.      Building  a  sewer,  '783 
Raymond,    W.    G.      Union    Engineering  build- 
ing, 264 
Rolfe,    W.    B.      Water   supply   system   of    St. 
Louis,   •700 

S 

Scbrenck,   Hermann   von.     Treated   ties,   381, 

412 
Schuyler,   J.   D.      Cement  works  at   Portland, 

Colo.,  223,   242 
Scott,  C,  K.     Union  Engineering  building,  144 
Shedd,  J.  H.     Requisite  amount  of  water  for 

a   public  supply,   442 
Sheppard,  C.  A.     Southern  Missouri  Railway, 

478 
Sheppard.  J.  L.     Rebuilding  the  Portman  dam, 

408 
Shields,   W.    S.       Small     sewage    purification 

plants,  183 
Skinner,   F,   VV.     Types  and  details  of  bridge 

construction,  22,  47,  83,  228,  658,  688, 

744.    •770 
Snow.  J.   1'.     Proi)08ed  test  for  detecting  brlt- 

tleness  In   structural   steel,  811 
Spackman.     H.    S.     Discussion    of    published 

data   on    the   thermal   efficiency   of   the 

rotary   kiln,   and  possible   reduction  of 

fuel  requirements,  628 
Spratt,   C.    A.      National  aid    for  good    roads. 

284 
Steere.    A.       Electric     works     at    Neuchatel, 

Switzerland,   ^706 
Swearingen,   C.   W.     Tape  line  measurements, 

204 


Tell,  D,  O.  Proper  curvature  of  a  bubble 
tube,   264 

Trlbus,  L.  L.  Union  Engineering  building, 
204 

Tucker,  R.  F.  I'lea  for  a  committee  on  steel- 
concrete,   107 

Turner,  D.  L.  Relative  growth  of  the  na- 
tional engineering  societies,  235 


Van  Loan,  S.  M.  Relocating  a  pumping  main 
under  pressure,    101 

Van  Ornum,  J.  L.  An  all-concrele  grand- 
stand, •676 

W 

Waddell,  J.  A.  I,.     Steel-core  dams.  310 

Waters.  O.  P.  Flood  damage  to  the  York 
Haven  power  plant,  361 

Watson,  W.  J.     The   Herkimer  viaduct,  240 

Webster.  W,  l{.  Tests  for  detecting  brittle 
steel,  804 

White,  T.  S.  Union  Engineering  building, 
236 

Wilson,  H,  F.,  Jr.  Railroad  field  cross-sec- 
tion books,  564 

Wilson.  H.  M.  Union  Engineering  building, 
203 


^ 


The    Engineering     Record, 

BUILDING  RECORD  AND  THE  SANITARY  ENGINEER. 


Volume  49. 


NEW  YORK.  JANUARY  •>,  1904. 


NCMBBS  1. 


THE      ENGINEERING      RECORD  Economy  of  Superheated  steam. 

Published  Werekly  by  the  ,„    „,„         ,    .,                 '.                    ,               .       ^    , 

In   view  of  the  growing  use  ot   superheated 

McGEAW  PUBLISHING  COMPANY.  steam  in   this  country,   and   the   wide  interest 

MAIN  OFFICES :  taken  in  the  subject,  it  is  surprising  that  there 

114  Liberty  Street,  New  York.  are  so  few  data  available  regarding  its  actual 

BE.iNCH  OFFICES :  economy  in  coal  consumption.     The  advocates 

Philadelphia:  929  Chestnut  Street  °'  superheating  have  claimed  for  it  great  econ- 

Chicago:  1140  Monadnock  Block.  omy,  and  they  rely  on  the  tact  that,  in  Buro- 

Cleveland  :  Cuyahoga  Building.  pean  practice,  compound  engines  have  been  run 

LoNi^N  OPKicE,  Hastings  House,  Norfolk  St.,  Strand.  ^^h   superheated  steam   on   a  consumption   as 

low  as  9  pounds  of  steam  per  indicated  horse- 

SUBSCKiPTION  RATES  :  power  per  hour,  and  even  lower,  whereas,  corn- 
United  States,  Canada  and  Me.\ico $3.00  a  year  pound    engines    using    ordinary    steam    seldom 

Foreign  subscription 6.00  a  year  consume   less  than   13   pounds.     The   inference 

25  shillings,            25  marks.            31  francs.  from  such  figures  seems  on  the  surface,  to  be 

!•  orelgn  8ul)seriptlons  may  be  sent  to  our  London  office.        ..jj..,,,  ,         .  

decidedly    favorable    to     superheating.       Those 

who  realize,  however,  that  it  takes  coal  to  heat 

NOTICE  TO  ADVERTISERS.  jjjg  Steam  to  the  required  degree,  look  with  sus- 

•    "^^*°f  '."i  ^''^''■■"^''"'^''f^  intended  for  a  particular  pi^.jon  upon  any  comparison  based  upon  steam 

issue   should   reach    the    office    of   The    E.nuineebing  ..           .                  ....          .... 

Record  by  10  A.  M.  Tuesday  of  the  week  of  issue.  consumption   alone,   maintaining  that   it   IS   no 

New   advertisements  can  be   received  up   to   noon  of  criterion  whatever  of  the  real  economy.     It  is, 

Wednesday  of  the  week  of  Issue.  therefore,  gratifying  to  be  able  to  refer  to  some 

pertinent  data   covering   this   important   point. 

Remittances  should  be  made  by  check.   New   York  i^  the  paper  read  by  Professor  Jacobus    at  the 

draft  or  money  order  in  favor  of  The  E.nuixeerinu  last  meeting  of   the   American    Society   of   Me- 

Kecokd.     No  responsibility  is  assumed  for  payments  chanical  Engineers,  which  gives  the  results  of 

made  otherwise,  except  those  for  subscriptions  to  the  .      ^                                      ...                     ,       x    j 

International  News  Company.  London,  or  our  London  ^^^^^  °n  *  compound  engine  using  superheated 

office.  steam.     An  abstract  of  this  paper  appeared  in 

^ The  Engineering  Record  of  Decfember   12. 

Entered  at  the  New  York  Post  Office  as  Second  Class  These  tests  were  made  on  a  plant  having  a 

mail  matter.  boiler   of   the   water-tube    type,    rated    at    370 

Copyright  1904.  by  the  McUraw  1-nblishing  Co.  horsepower,   with   a   superheater   placed   in   an 

independent  furnace,   and  a   Corliss  compound 

TABLE   OK   LEADING  ARTICLES.  .         .          u-   u    *v.           >•    j                       i  <•         j    oo 

engine  in  which  the  cylinders  were  lb  and  28 

inches    in    diameter   by   42   inches   stroke,    the 

Kconumy    of    Superheated    Steam 1  j    .    .         ,„„             ,    ..,                         •       ^         t,   « 

.Municipal  Trading                                                         ■>  speed  being  102  revolutions  per  minute.     Ref- 

Raiiway  Work  in  South  China 2  erence  will  be  made  to  two  of  these  tests;   one 

Covered   Reservoirs 2  niade  with  saturated  steam,  the  engine  indicat- 

Relocation   of    the  Central   Massachusetts    Railroad  ,_„  a(\-7   hni-ao  iiawpv    nnrl  nno  rnaflB  with   snnpr 

Around  Wachusett  Reservoir.      (Illustrated) 4  '"^  *"'    "Oise-power,  ana  one  matle  witn  supei- 

The  Clairton  Twehiy-eight-Inch  Three-High   Steel  heated  steam,  the  engine  indicating  420  horse- 

Billet  Mill.     (Illustrated) 7  po^er.     On  the  latter  tests  the  temperature  was 

Oa«-Power  for  Central  Stations.      (Illustrated) S  „„.     .                  ,.   .          ...         u-   i,    •       ....     i 

The   Steam  llydraulh-    I-Iant    of   the   Virginia    Pas-  ^^^    degrees    Fahrenheit,    which    is    443    degrees 

senger    &    Power    Company.    Richmond.      (Illus-  above    the    normal    temperature    of    the    steam. 

trated)    11 

An  Improved  Tunneling  Shield.      I  Illustrated)  ...  ,    i:j  P^^   "^   "^^   ^^^^^   ^^^  carried    through    a   coil 

The  Main  Span  of  the  Williamsburg  Bridge  ,\cross  in   the   receiver,   and   by   this  means  the  steam 

tmed?".. ".';'^!'\  .-"!■'**. '^■:'!*.. ''.'**'::■";..  A^  was   highly    superheated    for    the    low-pressure 

Big  Rock   Creek   Concrete-.Steel   Arch  on  Chicago,  cylinder  as  well  as  for  the  high-pressure  cylin- 

Burlington&  yuincv  Railway      (Illustrated)          18  „g,       Qn    this    test   the    consumption    of    steam 

Structural     Details     of     the     Kuhn-Loeb     Building.  ,            ,   , 

(Illustrated)   1!)  was  9.56  pounds  per  indicated  horse-power  per 

Types   and   Details   of   Bridge    Construction— XVI.  hour.      On    the    saturated    steam    test,    the    con- 

(Illustrated)    21 

The  Ambridge  Plant  of  the  American  Bridge  Com-  sumption  was  13.84  pounds.     There  is  a  differ- 

pany— VII.     (Illustrated)    23  ence  here  of  31  per  cent,  in  favor  of  the  super- 
High-Power  Westinghouse-Parsons  Steam  Turbines.  i.      .   j     t               „j   ti,i„  ,ii«>„..„„,.„  k„„„„  „.,*   t>,o 
(Illustrated)    ...   27  heated  steam,  and  this  difference  bears  out  the 

Ventilation  and  Heating  in  the  I'enobseot  County  claims    just    noted.      No    such    difference,    how- 
Court    House,    Bangor.      (Illustrated) 29  ,    ■       .v.             i                      ^•„       «        tt 

A  New  .Mounting  for  Tube  Mills.     (Illustrated)...   30  ^''^''-  ^PPeared  in  the  coal  consumption,  for  It 

General  William  Sooy  Smith 31  required    a    much    larger    quantity    of    coal    to 

A  .New  Metal-Melting  Furnace.     (Illustrated)....   32  evaporate   the   water   and   superheat   the  steam 

Book  Notes 32  j^^j,  ^  ^jj  j,,  simply  evaporate  the  water.     The 

'  actual  evaporation  per  pound  of  dry  coal  with- 

Announcement.  out   the   superheater   was   8.59   pounds.     When 

the  superheater  was  in  use,  however,  the  evap- 

The  Engineering  Record  has  made  more  oration  was  only  7.09  pounds.  Using  these  flg- 
rapid  advancement  in  the  past  twelve  months  ures  of  evaporation  in  connection  with  the 
than  has  any  other  technical  journal  during  steam  consumption  of  the  engine,  the  actual 
a  similar  period.  This  achievement  is  a  guar-  amount  of  coal  consumed  was  1.35  pounds  per 
antee  of  the  purpose  of  the  publishers  to  in-  indicated  horse-power  per  hour,  when  the 
crease  the  usefulness  of  the  paper  and  main-  steam  was  superheated;  and  1.61  pounds  when 
tain  its  high  character,  so  that  it  will  be  in-  it  was  saturated.  The  economy  of  superheating 
dispensable  to  the  engineer.  The  annual  sub-  referred  to  coal  consumption,  therefore,  is  re- 
scription  rate  will  be  hereafter  three  dollars  duced  to  about  16  per  cent.  This  economy  was 
per  year.  Subscriptions  at  the  old  rate  will  obtained  by  superheating  the  steam  443  de- 
be  extended   proportionately.  greea.     If  this  result  is  used  as  an  Indication 


of  what  may  be  expected  In  practice  for  smaller 
amounts  of  superheating,  it  appears  that  about 
5  per  cent,  economy  is  to  be  obtained  for  each 
150  degrees,  when  the  superheating  Is  effected 
in  an  independent  furnace. 

How  far  it  is  desirable  to  carry  superheat- 
ing in  practice,  is  a  question  that  experience 
alone  can  settle,  for  whatever  the  economy 
realized,  there  is  the  offsetting  effect  of  wear 
and  tear,  on  both  the  superheater  Itself  and 
the  engine,  which  only  time  can  measure.  To 
be  conservative  in  this  matter,  if  the  super- 
heating Is  limited  to  150  degrees.  It  Is  reason- 
able to  expect  from  the  results  of  these  tests 
that  the  total  saving  in  coal  consumption  will 
amount  to  only  5  per  cent,  and  the  net. saving 
will  be  whatever  is  left  after  deducting  from 
the  cost  of  fuel,  the  interest  on  the  additional, 
investment  and  the  cost  of  repairs  and  depi-e- 
ciation.  As  these  items  of  expense  must  amount 
to  a  considerable  sum,  it  must  be  allowed  that 
the  showing  in  favor  of  superheated  steam  Is 
rather  disapiJointlng. 

It  is  Interesting  to  examine  this  subject  from 
another  point  of  view.  As  already  stated,  the 
actual  consumption  when  the  superheater  was 
in  use  was  1.35  pounds  per  Indicated  horse- 
power per  hour,  and  this  result  was  obtained  on 
a  high-grade  compound  Corliss  engine,  equipped 
with  a  high-grade  boiler  and  using  highly  su- 
perheated steam.  Those  who  expect  excellent 
results  from  superheated  steam  would  natur- 
ally look  for  the  best  economy  in  such  a  plant; 
or,  in  other  words,  an  unusually  low  consump- 
tion of  fuel.  It  is  disappointing,  therefore,  to 
find  that  the  result  obtained  does  not  bear  out 
these  expectations.  It  is  true  that  the  plant 
did  not  have  the  benefit  which  would  come 
from  a  feed-water  heater  in  the  exhaust  pipe, 
and  the  boiler  was  fed  with  comparatively  cold 
water.  On  the  other  hand,  the  steam  used  by 
the  air..pump  of  the  condenser  was  not  Included 
in  that  supplied  to  the  engine,  and  in  this  re- 
spect it  was  favored.  However  these  things 
may  be,  the  man  who  is  paying  the  coal 
bills  does  not  like  to  make  allowances,  and  it 
is  best  to  accept  the  figures  actually  obtained. 
There  have  been  published  In  The  Engineering 
Record  the  results  of  tests  on  two  plants  In 
which  there  were  no  superheaters,  where  the 
results  were  considerably  better  than  the  one 
in  question.  In  these  two  plants,  vertical  boil- 
ers were  used  which.  It  should  be  stated,  super- 
heated the  steam  a  few  degrees.  In  both,  also, 
the  feed  water  was  heated  by  means,  of  econ- 
omizers in  the  flues,  which,  no  doubt,  favored 
them  to  some  extent;  and  in  both  the  ratio  of 
volume  between  fhe  two  cylinders  was  greater 
than  in  the  engine  using  superheated  steam, 
which,  also,  contributed  in  some  degree  to  a 
more  favorable  result.  Taking  the  result  actu- 
ally obtained,  one  plant  gave  a  consumption  of 
1.21  pounds  of  coal  per  indicated  horse-powef 
per  hour,  and  the  other,  1.26  pounds.  These 
figures  of  superior  economy  cannot,  for  the  rea- 
sons given,  be  fairly  compared  with  those  ob- 
tained from  the  engine  using  superheated 
steam,  but  they  cannot  help  having  some 
weight  with  the  layman,  and  possibly  with  the 
engineer  also,  in  showing  that  the  advocates 
of  superheated  steam  have  yet  to  prove  that  a 
high  degree  of  superheating  is  always  neces- 
sary for  maximum  efficiency  in  steam  plants. 
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Municipal  Trading. 

Th«  CiUaens'  Vnlon  of  N«w  York  has  under 
eaiiBid«niUon  k  schenM  of  legislation  tor  bring- 
!■(  about  the  municipal  ownership  of  all  plants 
(or  public  aerrlce.  A  special  committee  of  this 
organlsatfoB  reports  in  favor  of  laws  permiCtiug 
the  clt7  to  undertake  the  control  of  railways, 
•lectric  plants  and  similar  undertakings  now 
in  the  bands  of  private  owners.  While  it  Is  Im- 
probable that  any  Important  action  will  result 
from  the  report,  the  document  is  of  some  in- 
terest as  Indicative  of  the  feeling  of  a  certain 
class  of  public-spirited  citizens,  the  same  feel- 
ing which  actuated  Commissioner  Monroe  to 
adriae  the  city  of  New  York  to  build  a  plant 
for  municipal  electric  lighting  purposes.  The- 
oretically It  has  much  to  commend  it,  but  prac- 
tically It  Is  open  to  so  many  grave  objections 
as  to  be  of  academic  interest  alone  at  the  pres- 
ent time.  Nevertheless  the  growing  favor  In 
which  municipal  trading  is  regarded  renders  it 
•aaentlal  for  all  who  take  an  interest  in  public 
affairs  to  keep  In  touch  with  the  arguments  ad- 
vanced on  both  sides  of  the  subject. 

Speaking  generally.  It  Is  doubtless  true  that 
municipal  trading  has  its  greatest  foothold  In 
Great  Britain.  There  Is  a  reason  for  this  which 
is  recognized  by  very  few  people.  The  obliga- 
tion to  take  part  in  public  affali-s  felt  there  by 
educated  men  Is  marked.  The  average  American 
man  of  business  or  professional  eminence  shuns 
any  political  office  as  he  would  the  plague.  In 
Great  Britain  many  of  the  members  of  a  city 
councfl,  for  example,  are  successful  merchants 
and  professional  men.  Some  of  them  have  re- 
tired from  active  work  and  find  in  their  official 
duties  a  certain  measure  of  the  enjoyment 
which  comes  with  some  regular  employment. 
Councils  of  this  class,  having  among  their  num- 
ber men  of  exceptional  sagacity,  have  been  able 
to  manage  public  service  undertakings  in  a 
manner  that  is  wholly  beyond  the  capacity  of 
the  average  council  in  the  United  States.  But 
even  In  Great  Britain  municipal  trading  has 
often  been  unsuccessful.  Everybody  knows 
that  it  is  an  easy  matter  to  juggle  with  figures 
which  have  been  compiled  without  system,  and 
thus  produce  a  desired  result  which  remains 
convincing  only  until  these  statistics  are  care- 
fully analyzed.  Aparliamentcommittee  has  been 
investigating  this  subject  in  Great  Britain  and 
has  reported  on  the  great  lack  of  suitable  book- 
keeping in  certain  departments  of  municipal 
governments.  The  accounts  of  receipts  and  dis- 
bursements have  been  kept  correctly  enough, 
but  In  their  final  grouping  there  seems  to  be 
too  little  regard  paid  to  such  subjects  as  depre- 
ciation, sinking  fund  allowances  and  the  like. 
It  is  largely  time  wasted  to  base  arguments  for 
or  against  municipal  trading  on  figures  that 
are  not  properly  collected. 

The  purpose  of  the  advocate  of  municipal 
trading  seems  to  be  a  saving  in  money  to  the 
citizens,  which  will  come  from  the  public  owner- 
ship of  street  railways,  electric  lighting  plants 
and  such  enterprises.  Little  attention  seems 
to  be  i>aid  to  the  fact  that  such  ownership  can 
only  result  from  very  large  expenditures  for 
plant.  Commissioner  Monroe  recommended  but 
a  few  months  ago  thelnvestmentof  a  large  sum 
for  a  lighting  system  for  New  York,  and  yet  the 
city  is  too  poor,  according  to  its  own  authorities, 
to  build  and  manage  enough  schools  to  give  all 
the  children  of  the  city  even  elementary  in- 
■traction.  In  most  cities  and  small  towns,  the 
hospital  service  is  a  farce,  the  streets  are  large- 
ly unpaved,  the  fire  department  Is  a  sort  of 
social  organization,  and  the  sewerage  system 
is  in  need  of  many  additions.  In  the  average 
city  the  accounts  of  such  works  as  are  now 
managed  by  public  authority  are  kept  in  a  man- 
ner which  would  reduce  a  private  concern  to 


bankruptcy.  The  legal  lax  limit  is  so  closely 
approached  thai  money  absolutely  essential  for 
public  purposes  can  be  obtained  only  with  diffi- 
culty. Under  such  circumstances  the  control 
of  railways  and  lighllug  plants  seems  to  be  en- 
tirely beyond  the  capacity  of  the  city. 

Many  of  the  enterprises  of  this  nature  un- 
dertaken in  Great  Britain  have  been  paid  for  by 
an  increase  In  the  bonded  debt  of  the  munici- 
pal corporations  which  would  horrify  the  aver- 
age American  tax  payer.  It  is  true  that  some 
of  these  British  undertakings  yield  some  re- 
turn, but  they  are  managed  in  a  manner  which 
it  is  hopeless  to  expect  under  the  present  con- 
ditions In  most  cities  on  ihis  side  of  the  At- 
lantic. The  experience  of  certain  Massachu- 
setts and  Ohio  cities  in  building  and  operating 
lighting  plants  will  doubtless  recur  to  many 
readers.  For  some  time  these  plants  were  held 
up  to  the  public  as  examples  of  what  could  be 
done  by  municipal  ownership  when  conducted 
by  careful  methods  and  public  spirited  men. 
An  analysis  of  the  accounts  of  some  of  these 
plants  by  competent  accountants,  which  some 
strange  figures  on  the  balance  sheets  called  for, 
revealed  the  fact  that  instead  of  being  success- 
ful, the  works  were  complete  failures  and  the 
citizens  would  have  to  spend  large  sums  to  con- 
tinue their  ventures  in  municipal  trading. 
Looking  at  the  subject  in  a  broad  manner,  it 
will  be  seen  that  Its  theoretical  advantages  can 
only  be  secured  by  the  highest  degree  of  busi- 
ness stigacity  in  planning  and  conducting  muni- 
cipal works,  and  with  ample  funds  for  carrying 
out  the  projects.  With  all  respect  to  the  many 
excellent  men  in  municipal  service.  It  is  main- 
tained that  the  time  is  not  y^t  ripe  for  Ameri- 
can cities,  which  need  many  public  Improve- 
ments, to  enter  upon  this  new  field  of  public 
undertakings. 


Railway  Work  in  South  China. 

Railway  engineering  work  in  China  has  al- 
ways offered  considerable  excitement  to  those 
taking  part  In  it,  and  the  accounts  of  the  early 
construction  of  what  is  now  the  Imperial  Rail- 
way have  Interested  many  readers.  To-day  the 
obstacles  to  be  overcome  are  actually  not  much 
more  serious  than  those  presented  occasionally 
by  an  Independent  Tennessee  mountaineer,  yet 
they  may  take  a  form  which  is  unexpected. 
The  work  on  the  line  of  the  American  China 
Development  Company  from  Canton  to  Han- 
kow has  presented  few  difficulties  in  Hunan,  the 
province  where  the  people  were  heretofore 
strongly  opposed  to  foreigners,  but  In  the  pro- 
vince of  Kwangtung  there  has  been  a  certain 
amount  of  hostility  and  dilatory  official  action. 
This  record  is  an  encouraging  one  on  the  whole, 
lor  it  shows  that  China  can  be  developed  by 
American  methods  without  the  serious  opposi- 
tion which  we  have  been  taught  to  expect.  In 
view  of  the  treatment  accorded  to  Chinese  in 
the  United  States  the  American  engineers  in 
Hunan  and  Kwangtung  have  little  reason  to 
complain. 

Some  months  ago  mention  was  made  In  th« 
newspapers  of  an  attempt  to  kill  some  of  the 
surveyors  of  this  enterprise.  To  show  how  lit- 
tle different  was  the  attack  on  them  from  the 
experience  any  laundryman  must  expect  in  an 
American  city  It  Is  worth  while  stating  the 
facts  of  the  encounter,  as  given  in  a  correct 
report  of  them  in  the  "China  Mail,"  a  Canton 
daily  paper.  It  seems  that  some  of  the  laborers 
near  Yuangtang  objected  to  the  presence  of  the 
railway.  An  old  woman  succeeded  in  exciting 
them  so  deeply  that  they  made  an  attack  on 
the  party,  which  retreated  across  a  river  and 
finally  found  refuge  in  a  temple.  It  was  mere- 
ly an  affair  of  a  few  Ignorant  field  laborers, 
with  which  the  villagers  had  no  sympathy. 


Incidents  just  as  serious  are  described  In  ac- 
counts of  early  railway  surveying  in  Great 
Britain,  and  are  comparable  with  the  amenities 
exchanged  between  two  American  railway  com- 
panies when  one  tries  to  cross  the  other's  line 
at  grade. 

'  Tact  is  of  course  necessary  in  dealing  with 
the  Chinese  people,  particularly  during  the 
progress  of  surveying  operations,  but  there 
seems  to  be  little  reason  for  believing  that  the 
difficulties  are  so  great  as  reports  of  early  ex- 
plorers would  lead  one  to  anticipate.  Even  the 
graves  of  the  ancestors  cause  little  of  the  trou- 
ble which  was  anticipated;  on  this  American 
line  in  South  China  large  sums  were  demanded 
at  first  for  moving  a  grave  but  the  price  has 
been  beaten  down  to  a  nominal  amount  at  pres- 
ent. The  quotation  is  now  about  three  dollars, 
which  sum  Is  paid  to  a  relative  who  attends  to 
the  work.  This  subject,  said  at  one  time  to  be 
so  Important  that  a  good  railway  location  was 
impossible  in  thickly  populated  China,  thus  be- 
comes insignificant. 

A  more  important  factor  in  Chinese  railway 
construction  proves  to  be  the  handling  of  labor 
on  construction.  This  assumes  an  importance 
that  surprises  those  whose  idea  of  China  is  a 
country  so  overpopulated  that  daily  wages  for 
unskilled  labor  are  nominal.  The  American 
China  Development  Company  was  forced  to 
abandon  its  attempt  to  work  through  native 
contractors  on  some  portions  of  its  completed 
road.  They  had  no  apparent  intention  of  com- 
pleting their  contracts  at  the  agreed  date,  and 
so  the  company  organized  its  own  forces.  The 
laborers  were  paid  forty  cents  a  day  and  were 
neither  efficient  nor  cheap,  when  the  result  ac- 
complished by  a  given  expenditure  was  con- 
sidered. Occasionally  some  of  them  struck,  but 
on  the  whole  such  troubles  were  not  of  much 
moment.  The  fact  that  the  company  endeavored 
to  get  Its  labor  from  villages  along  the  route 
may  have  had  some  effect  in  producing  a  favor- 
able attitude  toward  the  railway  on  the  part  of 
the  people  of  the  districts  traversed. 

Very  little  work  outside  of  surveys  has  yet 
been  done  on  the  main  line  of  this  enterprise, 
but  a  short  branch  has  been  in  operation  for 
some  weeks.  It  seems  well  assured,  however, 
that  the  difficulties  of  location  and  of  native  op- 
position, about  which  so  much  has  been  said 
in  some  quarters,  are  really  of  little  weight. 
Hoth  engineering  difficulties  and  the  troubles 
which  arise  from  work  in  localities  where  there 
is  a  prejudice  against  an  enterprise  can  be  sur- 
mounted If  there  is  no  open  hostility  shown, 
and  fortunately  this  last  does  not  exist. 


Covered  Reservoirs. 


Concrete  groined  arch  covers  for  reservoirs 
built  to  hold  filtered  water  are  connected  In 
such  a  marked  manner  with  the  filtration  of 
water  in  modem  public  water  supply  practice 
that  they  are  considered  wholly  as  a  modem 
construction.  This  view  is  not  to  be  criticised 
as  a  matter  of  substantial  accuracy  and  yet 
there  are  some  reservoirs  with  masonry  cov- 
ers that  are  at  least  as  old  as  Spanish-Amerl' 
can  masonry  In  Porto  Rico,  if  not  Central  and 
South  America.  Obviously  such  masonry  de- 
signs were  matters  of  convenience  or  for  the 
purpose  of  securing  a  necessary  water  supply 
in  fortresses  or  other  similar  locations,  the 
matter  of  the  preservation  of  water  in  good 
sanitary  condition  with  light  and  air  excluded 
not  having  been   recognized  at  that  time. 

The  introduction  of  filtration  for  the  im- 
provement of  municipal  water  supplies  has 
rendered  absolutely  necessary,  in  many  loca- 
tions at  least,  Its  preservation  under  conditions 
more  or  less  similar  to  that  of  deep  under- 
ground storage.     It  is  not  intenaed  by  this  ob- 
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■servation  to  imply  that  nitered  water  may  not 
sometimes  be  properly  stored  in  open  reser- 
voirs, for  that  has  been  done  and  is  being  done 
without  materially  prejudicial  consequences 
utider  favoring  conditions.  As  a  broad  and 
general  principle,  however,  it  may  be  stated 
■that  where  the  filtration  of  water  supplies  is 
contemplated,  covered  reservoirs  must  also  be 
considered  as  an  essential  part  of  a  properly 
designed  system.  The  pressing  need  of  proper 
storage  of  filtered  water  is  forcibly  illustrated 
by  the  report  lecently  made  by  the  Commis- 
sion on  Additional  Water  Supply  for  the  City 
of  New  York,  in  which  the  distributing  or  equal- 
izing reservoir  for  receiving  filtered  water  at 
the  northern  limit  of  the  city  is  recommended 
to  be  covered  in  the  usual  manner  with  con- 
crete masonry  arches,  although  the  full  capa- 
city of  the  reservoir  is  over  2,000,000  gallons. 
Again,  concurrently  with  the  strong  recommen- 
dation of  Immediate  filtration  of  the  present 
or  Croton  supply  is  the  recognition  of  the  ad- 
visability of  covering  not  only  the  new  Jerome 
Park  reservoir,  still  uncompleted,  but  also 
those  now  In  use  In  Central  Park.  These  ex- 
pressions of  opinion  by  experienced  engineers, 
based  upon  the  best  practice  of  the  present 
time,  show  unmistakably  that,  as  a  general 
proposition,  any  public  body  devising  plans  for 
a  supply  of  pure  water  should  incorporate  in 
them  the  masonry  covered  reservoir  for  the 
storage  of  filtered  water  to  preserve  the  bene- 
ficial effects  of  filtration. 

This  particular  field  of  water-works  con- 
struction does  not  involve  the  formidable  ex- 
pense which  a  few  years  ago  was  associated 
with  it,  nor  are  there  so  many  unknown  ele- 
ments as  were  supposed.  Probably  not  less 
than  twenty  reservoirs  covered  with  groined 
arches  have  been  built  in  the  United  States 
within  the  last  six  or  eight  years,  or  are  now 
being  built,  and  the  experience  gained  from 
these  structures  shows  that  under  proper  de- 
sign and  supervision  of  construction  the  groined 
arch  covering  above  the  springing  line  of  the 
arches  need  not  cost  over  about  50  cents  per 
^fluare  foot  of  area,  unless  unusually  heavy 
loads  are  to  be  carried.  A  considerable  number 
■of  instances  of  less  cost  are  on  record.  With 
further  Improvement  in  methods  and  materials 
it  Is  practically  certain  that  the  present  cost 
will  be  sensibly  reduced. 

The  groined  arch  has  ordinarily  been  used 
for  this  purpose,  as  it  is  admirably  adapted 
for  execution  in  concrete.  Manifestly  any  Im- 
T)rovement  in  the  quality  or  resisting  power  of 
"the  concrete  will  correspondingly  enhance  the 
excellence  of  the  reservoir  covering.  The 
spans  have  ordinarily  ranged  from  10  to  16 
feet,  or  even  more,  and  the  size  of  piers  from 
18  to  30  Inches  square.  The  concrete  used  has 
seldom  been  leaner  than  one  cement,  three 
sand  and  five  gravel  or  broken  stone,  the  pro- 
portions of  one,  two  and  four  having  been 
used  In  a  number  of  cases.  With  a  thorough 
"balance  of  the  materials  employed,  however, 
the  voids  being  reduced  to  a  minimum,  there 
seems  to  be  no  reason  why  concrete  as  lean  as 
•one  of  cement  to  ten  of  sand  and  gravel  or  brok- 
en stone  should  not  be  employed.  There  are 
instances  where  concrete  as  lean  as  one  to  ten 
and  a  half  has  been  used  for  similar  purposes 
with  complete  success,  and  without  more  care 
or  a  higher  degree  .of  inspection  than  Is  en- 
tirely practicable  In  ordinary  work.  As  a  mat- 
ter of  fact,  the  capacity,  so  to  speak,  of  lean 
concrete  when  suitably  mixed  and  placed  In 
work  is  scarcely  yet  developed.  A  thorough 
mixture  of  well-balanced  ingredients  suitably 
wet  will  produce  results  In  such  applications 
as  groined  arch  work  surprising  even  to  many 
experienced  .  engineers  at  the  present  time. 
There  is  in   this  direction  ample  room   for  a 


higher  degree  of  excellence  and  economy  than 
has  yet  been  attained  in  covered  reservoir  con- 
struction. 

It  is  also  probable  that  the  development  of 
re-enforced  concrete  as  applied  in  covered 
reservoir  construction  has  yet  seen  only  its  be- 
ginning. The  carrying  capacity  of  relatively 
thin  rectangular  plates  of  that  material  sup- 
ported along  their  four  edges  is  not  yet  fully 
realized.  When  such  plates  are  made  contin- 
uous, so  as  practically  to  render  the  masonry 
cover  of  a  reservoir  a  continuous  plate  over 
its  entire  area,  or  over  large  portions  of  its 
area,  and  reinforced  by  relatively  thin  arch  ribs 
springing  between  piers,  the  carrying  capacity 
is  so  greatly  increased  as  to  reduce  the  requir- 
ed quantity  of  material  sensibly  below  that 
necessary  for  the  groined  arch  of  concrete  with- 
out the  steel.  It  is  clearly  a  question  of  the 
balance  between  the  additional  strength  given 
by  a  small  amount  of  steel,  a  relatively  high- 
priced  material,  and  the  use  of  a  larger  amount 
of  the  lower-priced  concrete.  As  experimental 
investigations  are  pushed  farther  into  the  field 
of  reinforced  or  armored  concrete  its  greatly 
increased  carrying  capacity  becomes  more  ap- 
parent and  the  possibility  of  corresponding 
economy  more  clear. 

Groined  concrete  arches,  as  they  are  at  pres- 
ent constructed  for  reservoir  purposes,  are  fre- 
quently and  perhaps  usually  not  more  than  6 
inches  thick  at  the  crown  with  the  spans 
ranging  from  10  to  15  feet.  It  is  obviously  Im- ' 
practicable  to  make  even  a  re-enforced  con- 
crete plate  much  thinner  than  that  amount  for 
such  spans,  but  there  may  be  an  economical 
gain  in  avoiding  the  masonry  in  the  spandrels 
of  the  groined  arches.  At  any  rate,  there  are 
yet  some  undetermined  elements  in  this  par- 
ticular line  of  construction  in  reference  to 
which  farther  investigations  will  yield  results, 
both  interesting  in  character  and  of  substantial 
economical  value.  Much  progress  has  already 
been  made,  so  that  at  present  the  construction 
of  the  masonry  reservoir  covering  is  no  longer 
a  formidable  consideration  and  farther  ad- 
vances, bound  to  be  made,  will  not  only  in- 
crease the  excellence  of  the  work  but  render 
still  higher  economy  attainable.  ■ 


grades  and  under  moderate  heads,  so  as  to  offer 
as  much  flexibility  in  location  as  a  railway 
line.  The  system  of  construction  he  worked 
out  permitted  a  material  saving  in  length  and 
often  in  tunnels  and  embankments. 


Notes  and  Comments. 


The  Additional  Water  Supply  fob  New  Yobk 
has  attracted,  JBo  much  attention  of  late  among 
englneei's  that  it  may  be  of  interest  to  revert  to 
the  work  done  on  this  subject  a  good  many 
years  ago  by  Col.  J.  T.  Fanning.  Among  those 
who  have  made  a  close  study  of  the  needs  of 
the  city  in  the  matter  of  water,  his  predictions 
made  twenty  years  ago  concerning  the  growth 
of  the  city  and  its  consumption  of  water  are 
well  known  for  their  exceptional  accuracy. 
When  the  new  Croton  aqueduct  was  planned, 
Colonel  Fanning  strongly  advised  making  it 
capable  of  carrying  water  under  suflicient  pres- 
sure to  supply  the  high'  service,  the  rapid 
growth  of  which  he  deemed  inevitable.  He  had 
previously  designed  for  a  similar  purpose  a 
conduit  made  of  brick  of  special  form  which 
adapted  the  masonry  for  tensile  resistance.  Had 
such  an  aqueduct  been  constructed  for  the 
Croton  supply  the  execution  of  the  proposed 
works  for  an  additional  supply  would  now  be 
much  facilitated.  The  reason  for  the  develop- 
ment of  this  type  of  masonry  conduit  Is  worth 
mentioning.  When  Colonel  Fanning  was  at 
work  on  his  scheme  for  bringing  water  to  the 
cities  of  the  Hudson  River  valley  from  the 
Adirondacks,  it  was  desirable  to  provide  a 
masonry  covering  for  portions  of  the  conduit, 
as  in  the  crossings  thi-ough  villages.  For  such 
places  his  idea  was  to  construct  an  aqueduct  of 
masonry,    which    could    be    laid    on    moderate 


The  Drainaue  System  of  New  Orleans  la 
the  subject  of  an  important  report  by  Messrs. 
Hering,  Harrod  and  Richardson,  the  advisory 
board  of  the  commission  originally  in  charge 
of  this  work.  The  drainage  system  as  planned 
cannot  be  carried  out  with  the  money  available 
for  the  purpose  and  the  report  has  been  made 
to  indicate  the  best  way  of  spending  the  limited 
funds  which  may  be  used  on  this  great  work. 
The  completed  drainage  works  are  efficient  and 
answer  the  purpose  for  which  they  were  de- 
signed. Local  areas  are  nevertheless  flooded, 
and  there  is  complaint  that  the  drainage  sys- 
tem is  a  failure.  The  report  points  out  that 
this  view  has  no  basis  in  fact  The  surface 
water  must  be  conducted  to  the  canals  in  suit- 
able drains,  which  were  planned  so  as  to  con- 
duct the  rainfall  away  without  trouble.  The 
construction  of  these  street  drains  has  not  been 
kept  in  the  hands  of  the  commission  entrusted 
with  the  construction  of  the  drainage  works, 
but  has  been  delegated  to  another  branch  of 
the  local  government.  Consequently  it  is  found 
that  the  gfades  of  these  drains  have  been 
changed  in  some  cases,  so  that  the  rainwater 
does  not  reach  the  canals  as  proposed.  This 
tends  to  discharge  into  some  of  the  canals  a 
volume  of  water  they  were  not  proportioned  to 
carry,  while  others  do  not  receive  enough.  In 
addition,  the  inlets  to  the  drains  are  not  satis- 
factory, and  there  are  not  enough  manholes  to 
render  the  cleaning  as  easy  as  it  should  be  in 
a  city  with  as  flat  grades  as  New  Orleans.  The 
report  of  this  committee  of  eminent  engineers, 
coming  so  soon  after  a  similar  report  on  the 
plumbing  of  the  city,  ought  to  lead  the  city 
officials  to  a  recognition  of  the  importance  of 
placing  the  entire  drainage  and  sewerage  under- 
takings in  charge  of  one  commission. 


The  Brooklyn  Bridge  Superstructure  is  the 
subject  of  a  report  recently  made  by  Commis- 
sioner Lindenthal  to  Mayor  Low.  It  concerns 
the  reconstruction  of  the  suspended  system  so 
as  to  increase  its  capacity  while  avoiding  any 
overloading  of  the  masonry  or  increase  in  the 
nuriiber  of  the  cables.  The  old  single-deck  struc- 
ture is  tO'be  changed  to  double-deck,  with  ac- 
commodations for  four  elevated  and  two  trolley 
tracks,  the  latter  entirely  Independent  of  the 
two  17-foot  roadways.  In  the  new  designs  the 
cables  are  to  carry  practically  the  entire  live 
load  and  the  weight  of  the  floor  construction 
proper,  while  the  stiffening  trusses  will  carry 
their  own  weight  and  that  of  the  wind  and 
lateral  bracing.  The  trusses  are  designed  to 
be  continuous  over  the  towers,  with  anchor 
posts  under  the  middle  of  each  end  span.  Ex- 
pansion joints  will  be  placed  near  these  posts, 
which  will  act  as  supports  for  the  live  loads  on 
the  end  spans.  Nickel  steel  is  proposed  for  use 
in  the  stiffening  trusses.  The  reconstruction  is 
estimated  to  cost  about  $5,500,000  and  to  afford 
facilities  for  double  the  present  rapid  transit 
traffic  as  well  as  a  greater  movement  of  vehi- 
cles and  pedestrians.  It  is  stated  that  the 
plans  are  submitted  as  a  basis  for  more  detailed 
studies,  which  can  be  perfected  by  the  time  th« 
proposed  Manhattan  bridge  is  flnlshed.  The 
project  is  an  interesting  one,  but  to  amount  to 
anything  it  involves  the  Improvement  of  the  ter- 
minal facilities.  At  the  present  time  these  are 
beyond  doubt  the  main  cause  of  the  congested 
traffic  over  the  bridge  during  rush  hours.  Un- 
less the  terminals  can  be  Improved  it  is  not 
worth  while  reconstructing  the  suspended  sys- 
tem so  extensively. 
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Relocation  of  the  Central  Massachusetts 

Railroad     around     the     Wachusett 

Reservoir. 


The  breadth  and  variety  of  engineering  oper- 
ations involved  in  a  water-works  undertaking 
of  the  first  magnitude  can  be  fully  compre- 
hended only  by  those  who  have  been  intimately 
connected  with  such  works.  The  Massachu- 
setts Metropolitan  Water-Works  have  been  in 
an  unusual  degree  an  e.\empliflcation  of  this 
statement.  Among  the  problems  contingent 
upon  the  construction  of  the  Wachusett  dam 
and  reservoir  was  the  relocation  of  a  portion  of 
the  single-track  Central  Massachusetts  Rail- 
road, one  of  the  leased  lines  of  the  Boston  & 
Maine  system,  about  6  miles  of  which  were  lo- 
cated in  the  bottom  of  the  valley  forming  the 
main  part  of  the  reservoir.  As  the  major  part 
of  this  piece  of  track  would  be  under  a  great 
depth  of  water — about  100  feet  at  the  maximum 
— with  the  reservoir  Oiled,  a  material  change  of 
location  was  necessary. 

Owing  to  the  number  of  interests  concerned, 
some  difficulty  was  experienced  in  reaching  an 
agreement  as  to  the 
most  suitable  route. 
and  some  thirteen  or 
fourteen  lines  were  sur- 
veyed and  studied.  The 
consequent  delays  con- 
sumed several  years 
and  an  arrangement 
waa  finally  reached 
only  at  a  date  uncom- 
fortably near  the  time 
at  which  the  stoi-age  of 
water  in  the  reservoir 
and  the  resultant  flood- 
ing of  the  tracks  was 
to  begin.  Construction 
M  the  new  location  be- 
gan in  May,  1902,  and 
was  to  have  t>een  finish- 
ed last  spring.  Trains 
began  running  over  the 
new  tracks  on  June  15 
and  on  the  afternoon  of 
that  day  the  water  was 
nearly  up  to  the  rail 
I«Tel  on  the  old  track. 
On  the  17th  of  June 
the  water  was  between 
3  and  4  feet  deep  on 
the  old  roadbed.  The 
needs  of  the  Metropoli- 
tan   district     urgently 

required  the  use  of  all  the  storage  available  in 
the  partially  finished  reservoir. 

Departing  from  the  old  line  at  a  bridge 
carrying  the  Central  Massachusetts  tracks  over 
one  of  the  branches  of  the  New  York,  New  Ha- 
Ten  t  Hartford  Railroad,  the  new  line  swings 
northerly,  crosses  the  south  branch  of  the 
Nashua  River  about  800  feet  below  the  Wachu- 
sett dam,  traverses  the  north  dike  and  in  4 
miles  reaches  the  double  track  of  the  Worces- 
ter, Nashua  &  Portland  division  of  the  Boston 
A  Maine  system,  which  is  utilized  for  about  4>4 
miles,  to  Oakdale.  Here  connection  is  made 
with  the  undisturbed  portion  of  the  road,  but 
short  stretches  of  the  tracks  of  both  divisions, 
as  well  as  the  freight  and  passenger  stations, 
have  been  relocated  in  order  to  avoid  submer- 
gence to  a  depth  of  several  feet  and  for  the 
purposes  of  making  suitable  connecting  curves. 
The  new  route  is  only  one-third  mile  longer 
that  the  old.  Prom  near  the  easterly  end  of 
the  north  dike  a  Y-branch  4/5  mile  long  di- 
verges to  the  Worcester,  Nashua  &  Portland 
tracks  leading  to  the  Clinton  station.  The 
carved  location  of  this  line  Is  almost  wholly  on 
the  outer  slope  of  the  dyke  at  Its  widest  part. 


The  new  part  of  the  relocation,  although 
short,  involves  some  heavy  construction  for 
that  section  of  the  country.  Within  a  mile, 
near  the  Wachusett  dam,  there  are  a  tunnel 
1.110  feet  long,  a  steel  viaduct  917  feet  long 
with  a  maximum  height  of  133  feet,  a  1,500-foot 
rock  cut  with  a  maximum  center! Ine  depth  of 
56  feet  and  an  embankment  having  a  maximum 
height  of  over  30  feet.  Grade  crossings  with 
highways  are  avoided  by  two  bridges  carrying 
the  railroad  and  two  carrying  highways.  The 
easterly  end  span  of  the  viaduct  also  crosses 
one  of  the  main  highways  leading  into  Clinton. 
and  another  highway  will  lie  carried  across  the 
easterly  portal  cut  of  the  tunnel  by  a  concrete 
arch  between  the  rock  abutments.  The  steepest 
grade  is  1.10  per  cent,  and  the  sharpest  curve 
4  degrees. 

In  accordance  with  the  agreement,  the  Board 
has  done  all  engineering  and  construction  work 
excepting  the  design  and  erection  of  the  steel 
structures  of  the  bridges  and  viaduct  and  the 
furnishing  and  laying  of  the  ties  and  rails, 
and  has  borne  the  expense,  except  for  the  con- 
struction of  the  Y-branch.  For  construction 
purposes   the    line   was   divided    into   four   sec- 


Viaduct  across  Nashua  River,  at  Clinton,  Looking  Downstream  from  Wachusett  Dam. 

tions.  Section  1  embraces  the  first  7,740  feet 
and  was  let  to  the  Crary  Construction  Com- 
pany, of  New  York  City.  Section  2,  being  inti- 
mately connected  with  the  Wachusett  dam  and 
so  located  as  to  interfere  with  the  construction 
of  the  dam,  an  agreement  was  made  with  the 
McArthur  Brothers  Company,  of  Chicago,  the 
contractors  for  the  dam,  thus  taking  advantage 
of  the  extensive  plant  already  installed  and 
available  for  the  construction  of  the  tunnel, 
heavy  rock  cut  and  viaduct  masonry,  making 
possible  better  disposal  of  some  of  the  exca- 
vated materials  and  avoiding  the  complica- 
tions which  would  have  been  inevitable  with  a 
second  contractor  in  this  territory.  For  similar 
reasons  Section  3,  on  the  north  dike,  was  let 
to  Messrs.  Nawn  &  Brock,  of  Boston,  contractors 
for  the  dike.  Contract  for  Section  4,  embrac- 
ing the  work  at  Oakdale,  was  let  to  Messrs. 
George  M.  Atkins  &  Company,  of  Palmer.  Mass. 
The  tunnel  excavation  is  1,080  feet  long,  790 
feet  at  the  easterly  end  being  through  hard 
close-grained  granite,  comparatively  free  from 
seams.  For  200  feet  of  the  next  290  the  sur- 
face of  the  rock  is  slightly  below  the  top  of  the 
tunnel,  so  that  a  part  of  the  heading  was  in 


earth,  and  for  the  remaining  90  feet  it  is  only 
a  short  distance  above  the  top  of  the  tunnel. 
This  formation  made  this  stretch  of  290  feet 
difficult  of  excavation,  requiring  heavy  timber- 
ing for  228  feet,  and  necessitating  the  use  of 
a  concrete  lining.  For  a  few  feet  at  the  east- 
erly end  also  the  tunnel  is  lined  in  order  to 
prevent  injury  to  the  rock  by  frost.  The  lined 
portions  are  22  feet  high  and  16  feet  wide  in- 
side, and,  where  unlined,  the  excavated  cross-sec- 
tion has  been  made  large  enough  to  permit  lin- 
ing if  found  necessary  in  the  future.  The  lining 
masonry  has  been  carried  a  few  feet  beyond  the 
tunnel  excavation  and  finished  with  portals  of 
cut  granite  baclted  with  concrete.  The  track 
Is  on  an  0.8  per  cent,  grade  through  the  tunnel. 
The  headings,  comprising  the  upper  third  of 
the  cross-section,  were  excavated  through  prac- 
tically before  any  bench  was  taken  out,  with 
an  average  progress  of  60  feet  per  week  at  the 
easterly  end  and  16  feet  per  week  at  the  west- 
erly end  where  timbering  was  required. 

Concrete  for  lining  was  mixed  in  the  propor- 
tions of  l:2Vj:4%  in  the  arch  and  the  interior 
facing  and  1:3:6  in  the  backing.    The  work  of 
placing  concrete   masonry  began  in  the   latter 
part  of  February.   Dur- 
ing the  whole  progress 
of  placing  concrete,  the 
excavating  of  the  lower 
two-thirds   or   bench   o^' 
the  tunnel  was  in  prog- 
ress and   it  was  neces- 
sary    to     arrange     the 
work  so  that  the  teams 
hauling    out    the     rock 
could  pass  through  the 
forms    supporting     the 
concrete  masonry;    con- 
sequently   the    arrange- 
ment shown   in  one   of 
the     illustrations     was 
adopted.     The   car   car- 
rying the  concrete  ran 
on  a  track  on  the  top 
strut     of      the      frame- 
work, as  is  quite  clear- 
ly   indicated   in   one  of 
the    views,    while     an- 
other   view    shows    the 
framework  for  support- 
ing   the    forms   erected 
to    the    mouth    of   the 
tunnel.      At    the     time 
work    was     commenced 
on  the  concrete  mason- 
ry,    the    weather    was 
quite   cold,   and    it   was 
necessary     to     provide     a     building     to     mix 
the  concrete  in,  also  to  provide  steam  for  heat- 
ing the  water  and  taking  the  frost  out  of  the 
sand  and  stone.     This  building  was  located  at 
the  portal  of  the  tunnel  on  a  level  with  the  top 
strut  of  the  framework. 

The  side  walls  were  built  to  half  their  height 
at  one  operation,  both  sides  being  carried  up  at 
the  same  time;  then  the  upper  halves  of  the 
side  walls  were  built,  and  finally  the  concrete 
arch.  The  concrete  of  the  arch  was  built  up  on 
both  sides  on  the  centers,  additional  pieces  of 
lagging  being  added  as  necessary,  up  to  a  key 
about  2  feet  wide  on  top,  the  place  left  for  key 
being  finished  to  radial  planes.  After  the  con- 
crete on  both  sides  of  the  key  had  set  some- 
what, the  key  was  filled  in  from  the  end,  and 
this  part  of  the  work  was  very  tedious.  The 
stone  packing  above  the  concrete  was  filled  in 
as  the  concrete  progressed.  All  the  lagging, 
placed  when  the  tunnel  was  excavated,  below 
the  springing  line  was  removed  and  the  con- 
crete extended  to  the  ledge  rock.  Posts  were 
removed  if  nearer  than  4  feet  on  centers. 
Above  the  springing  line,  the  lagging  was  re- 
moved    where     possible,     although     probably 
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more  than  half  was  left  in,  but  holes  were  cut 
through  the  lagging  and  concrete  worked 
through  the  holes  to  the  rock  on  both  sides  be- 
tween the  timbers  of  at  least  every  second  set. 
One  of  the  illustrations  gives  a  very  good  view 
of  the  timbering. 

Emerging  from  the  tunnel  the  trains  go  at 
once  on  to  the  viaduct,  which  crosses  the  river 
valley  diagonally,  approaching  the  Wachusett 
dam  at  the  westerly  end  so  that  the  track  just 
beyond  the  viaduct  crosses  the  waste  channel 
from  the  reservoir  and  passes  within  a  few- 
feet  of  the  end  of  the  waste  weir.  A  heavy 
skew  arch  of  concrete  faced  with  granite  hav- 
ing a  span  of  62  feet  and  a  rise  of  2ii  feet  4 
inches  is  proposed  to  carry  the  railroad  over 
the  channel  when  the  dam  is  completed,  but 
temporarily  the  track  is  laid  on  a  modified  loca- 
tion in  order  to  avoid  the  towers  of  the  Lidger- 


land  cement  concrete,  faced,  where  exposed 
above  the  surface  of  the  ground,  with  quarry- 
faced  granite  ashlar.  One  abutment  and  six 
pedestals  are  founded  on  schist  ledge,  four 
pedestals  on  boulder  clay,  four  on  sand,  and 
one  abutment  and  eighteen  pedestals  on  gravel. 
Several  of  the  fourteen  pedestals  in  the  river 
bed  had  to  be  built  to  the  height  mentioned  in 
order  to  have  their  tops  above  the  surface  of 
the  mill-pond  below  the  Wachusett  dam,  which 
is  to  be  restored  when  the  dam  is  completed. 
These  pedestals  are  7  feet  square  under  the  cap 
stones,  which  are  4  feet  6  inches  square  and  20 
inches  thick,  the  remaining  eighteen  pedestals 
are  6  feet  square  under  the  caps,  which  are 
usually  4  feet  square  and  20  inches  thick.  All 
pedestals  are  battered  li^  inches  per  foot. 

The    towers,   with   one   exception,   have   four 
posts  built  of  two  plates  and  four  angles,  lat- 


pin  shoe  is  fastened  to  the  tower  by  four 
1  13/16-inch  turned  bolts.  In  the  shoes  for  the 
fixed  ends  these  bolts  pass  through  1  27/32-lnch 
drilled  holes,  and  in  those  for  the  expansion 
ends,  through  slots  2%  inches  long.  The 
method  of  anchoring  the  fixed  end  of  the  girder 
at  the  abutment,  used  both  for  the  viaduct  and 
the  other  bridges,  by  notching  the  bottom  flange 
of  the  girder  to  engage  two  projections  on  the 
cast-iron  shoe,  and  the  detail  of  the  end  of  the 
girder  for  the  viaduct  are  clearly  shown  In  an- 
other drawing. 

The  most  easterly  tower,  No.  8,  is  special. 
It  stands  close  to  Boylston  Street  and  receives 
at  one  side  the  end  of  the  through  span  over 
the  highway  and  at  the  other  the  end  of  the 
first  deck  span,  the  tower  girders  also  being 
deck  girders,  as  usual.  To  accommodate  both 
through  and  deck  girders  the  easterly  bent  has 
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wood  cableways  used  in  the  construction  of  the 
dam. 

The  viaduct  has  eight  towers  about  38  feet 
long  between  centers  of  posts,  seven  72-foot  in- 
termediate spans,  one  53-foot  span  at  the  west 
abutment  and  one  63iA-foot  skew  span  at  the 
east  abutment.  It  has  but  few  unusual  fea- 
tures. The  spans  are  deck  plate  girders,  ex- 
cepting the  one  at  the  east  abutment,  whicfi  is 
a  through  girder  span  in  order  to  afford  head 
room  over  Boylston  Street  for  trolley  cars. 
There  are  expansion  joints  at  the  east  abut- 
ment and  at  the  west  side  of  each  tower.  There 
is  a  2»/fex3-foo*  safety  landing,  with  railing,  at 
the  middle  of  each  tower,  at  track  level.  The 
four  middle  towers  are  about  108  feet  high 
above  the  granite  caps  of  the  pedestals;  the 
pedestals  in  the  river  are  about  25  feet  high. 
The  pedestals  and  abutments  are  of  1:3:0  Port- 


tlced,  battered  1:6  transversely,  with  diagonal 
braces  alone  in  the  transverse  planes  and  both 
X-bracing  and  horizontal  struts  in  the  battered 
sides.  Each  of  the  four  post  bases  is  anchored 
to  its  pedestal  by  two  1%-inch  bolts,  usually 
10  feet  long.  Two  diagonally  opposite  bases  in 
each  tower  have  %-inch  bronze  sliding  plates, 
and,  to  provide  for  expansion  movements,  the 
bolt  holes  in  the  shoe  are  made  2%  Inches  in 
diameter,  while  in  the  shoes  of  the  fixed  bases 
the  bolt  holes  are  1%  inches  in  diameter.  The 
legs  of  each  transverse  pair  are  connectfid  at 
the  top  by  two  30x%-inch  plates  with  four  3x3x 
%-inch  flange  angles.  The  ends  of  the  tower 
girders  rest  on  and  are  riveted  to  the  post  caps. 
The  intermediate  girders  are  pin-connected  to 
the  towers,  with  pins  4%  Inches  in  diameter, 
as  shown  in  one  of  the  detail  drawings,  which 
also  shows  the  details  of  the  pin  shoes.     Each 


vertical  legs  with  web  plates  projecting  inside 
having  edges  cut  to  the  1  to  6  batter  of  the 
regular  towers  and  reinforced  with  3x3x%-lnch 
flange  angles.  Accompanying  diagrams  and  de- 
tail drawings  show  the  construction  of  this 
tower  and  the  manner  of  connecting  the  two 
girders. 

The  method  adopted  for  erecting  the  viaduct 
was  to  raise  the  posts  of  the  towers  by  means 
of  a  very  large  derrick  set  on  the  ground,  the 
three  sections  of  each  post  being  usually  bolted 
together  and  raised  as  one  piece  and  to  place 
the  spans  by  means  of  a  traveler.  After  be- 
ing raised,  each  post  was  secured  temporarily 
by  means  of  guy  ropes  until  the  remaining 
posts  of  the  tower  and  the  diagonal  braces  were 
in  place,  the  derrick  at  one  setting  raising  all 
four  legs  and  filling  in  most  of  the  braces.  The 
traveler  used  was,   essentially,  a  derrick  with 


two  booms,  one  of  which  was  67  and 
the  other  57  feet  long,  fastened  by 
BMftns  of  heavy  bolta  to  girders  al- 
ready in  place,  and  was  guyed  with 
two  steel  cables  which  were  anchored 
about  200  feet  on  each  side  of  the  via- 
duct. All  field  rivets  were  driven  by 
means  of  compressed  air  furnished  by 
the  compressor  in  use  in  connection 
with  the  Wachusett  dam. 

The  other  bridges  have  no  unusual 
faatures.  Two  cattle  passes  were  built 
entirely  of  Portland  ce- 
ment concrete  accord- 
ing to  the  design 
shown.  There  Is  one 
large  arched  culvert  8 
feet  wide,  7  feet  6 
Inches  high,  of  Port- 
land cement  concrete 
with  granite  ashlar 
head  walls  flared  1  to  6 
from  the  direction  of 
the  axis  and  granite 
arch  facings.  There  are 
alao  several  smaller 
cBlrerts. 

4n     interesting     fea- 
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ture  of  the  work  was  the  use  of 
the  rock  taken  from  the  deep  cut  just 
west  of  the  Wachusett  dam  to  riprap  the  north 
dike.  This  dike,  as  has  been  previously  de- 
scribed in  this  journal,  is  composed  principally 
of  the  earth  stripped  from  the  bottom  of  the 
reservoir.  It  is  protected  on  the  water  side  by 
,a  thick  layer  of  unscreened  gravel  on  a  2  to  1 
slope,  on  which  has  been  placed  a  layer  of 
broken  stone  or  screened  gravel  1  foot  6  inches 
thick  at  full  reservoir  level  and  6  inches  thick 
at  a  berme  13  feet  below.  On  this  have  been 
dumped  fragments  of  rock  less  than  IV^  cubic 
feet  in  size  to  a  horizontal  thickness  of  about 
16  feet  at  an  elevation  4  feef  below  full  reser- 
voir level,  with  a  face  slope  of  about  1^,4  to  1. 
As  the  final  layer,  exposed  to  the  waves,  the 
larger  fra'gments  of  rock  were  dumped  and 
roughly  placed,  by  the  aid  of  a  little  barring, 
to  a  slope  not  steeper  than  %  to  1.  It  was  re- 
quired that  the  face  of  the  larger  stones  should 
have  a  steeper  slope  than  that  of  the  smaller 
fragments  at  any  given  place,  so  as  to  afford 
a  greater  thickness  of  the  large  stones  at  the 


for  the  construction  and  erection  of  the  via- 
duct and  the  two  plate-girder  bridges.  The 
work  on  Sections  1  and  2  was  in  charge  of  Mr. 
T.  F.  Richardson,  engineer  of  the  dam  and 
aqueduct  depaitment  and  that  on  Sections  3 
and  4  in  charge  of  Mr.  Hiram  A.  Miller,  until 
recently  engineer  of  the  reservoir  department. 
Mr.  Frederic  P.  Stearns,  as  chief  engineer  of 
the  Metropolitan  Water  and  Sewerage  Board, 
had  supervision  of  the  whole  work. 


The    Clairton    Twenty-eight-inch  Three- 
High  Steel  Billet  Mill. 

The  Clairton  Steel  Company  has  recently 
built  a  new  open-hearth  steel  plant  at  Clairton, 
a  few  miles  above  Pittsburg  on  the  Mononga- 
hela  River.  The  product  of  the  plant  is  intend- 
ed at  present  to  consist  of  steel  billets  and 
blooms  which  will  be  finished  by  the  purchas- 
ers. A  28-inch  mill  designed  by  Mr.  Julian  Ken- 
nedy and  Mr.  G.  G.  Thorpe,  manager  of  the 
Clairton  works,  and  built  by  the  Mesta  Ma- 
chine Company,  has  just  been  installed  to  roll 


Compound   Non-Condensing   Engine   at   the    Clairton    Billet   Mill. 


top  of  the  riprap.  All  these  protective  layers, 
including  the  gravel,  were  carried  to  an  eleva- 
tion 5  feet  above  full  reservoir  level.  The  ex- 
cavated rock  was  loaded  into  skips  having  a 
capacity  of  about  1%  yards  of  solid  rock,  which 
were  lifted  by  derricks  to  flat  cars.  The  cars 
were  hauled  to  the  place  desired  at  first  by 
mules  and  later  by  a  locomotive,  and  the  skips 
were  hoisted  by  a  traveling  derrick,  swung  over 
the  slope  and  dumped.  This  very  heavy  pro- 
tection has  been  built  because  of  the  impor- 
tance of  the  dike,  its  exposure  to  waves  where 
the  reservoir  is  about  2  miles  wide,  and  be- 
cause of  the  ice  action. 

The  steel  structures  required  for  the  reloca- 
tion of  the  railroad  wer^designed  by  the  bridge 
department  of  the  Boston  &  Maine  Railroad, 
Mr.  J.  P.  Snow,  engineer,  and  were  inspected 
and  erected  under  Mr.  Snow's  direction.  The 
bridge  and  track  work  was  done  under  the  gen- 
eral, supervision  of  Mr.  H.  Bissell,  chief  en- 
gineer of  the  Boston  &  Maine  Railroad.  The 
American  Bridge  Company  was  the  contractor 


billets  from  7x9-inch  blooms  delivered  to  it  di- 
rectly from  the  roller  table  of  the  blooming 
mill.  The  mill  has  a  three-high  train  of  rolls 
28  inches  in  diameter  arranged  for  seven  passes 
and  designed  to  deliver  four  sizes  of  square 
billets  and  one  size  of  flat  billets  if  required, 
thus  being  adapted  to  furnish  material  suitable 
for  any  finishing  mill  that  may  be  hereafter 
erected  in  connection  with  it.  The  mill  Is  driv- 
en by  a  compound  non-condensing  engine  built 
by  the  Mesta  Machine  Company.  Its  design 
combines  standard  features  and  improvements 
and  is  especially  intended  to  secure  durability 
and  accuracy  and  to  endure  rapid  and  contin- 
uous operation.  It  is  capable  of  receiving  a 
second  and  third  billet  before  the  first  one^as 
received  its  last  pass,  and  when  rolling  two 
5,200-pound  billets  simultaneously,  can  finish 
them  in  one  minute.  Allowing  for  ordinary  de- 
lays and  interruptions,  the  mill  has  a  capacity 
of  2,000  gross  tons  every  24  hours,  and  is  now 
in  satisfactory  operation. 
The  construction  of  the  mill  is  massive  and 


the  details  are  carefully  finished  to  secure  ac- 
curacy and  smooth  operation.  It  is  provided 
with  hydraulic  lifting  tables  on  both  sides  car- 
rying electrically-driven  roller  beds.  Special 
devices  are  provided  for  the  fleeting  and  turn- 
ing of  the  blooms;  the  pinion  bearings  are 
"flooded  in  oil  and  the  housings  are  made  in  sec- 
tions with  finished  joints  and  special  anchor- 
ages. 

The  roller's  and  the  catcher's  tables  are  sub- 
stantially alike,  excepting  that  the  former  has 
special  fingers  for  turning  the  billets  90  degrees 
at  each  pass  and  transferring  them  laterally. 
The  tables  have  rollers  on  cast-steel  frames  and 
driven  through  miter  gears  by  a  Westinghouse 
50-horse-power  motor  of  the  street-car  type, 
which  is  seated  on  springs  on  the  cantilever 
ends  of  transverse  beams  bolted  across  the  un- 
der side  of  the  table  bed,  as  shown  in  the  cross- 
section.  A  pair  of  heavy  cast-iron  brackets  are 
bolted  to  the  under  side  of  each  table  and  have 
full  length  bearings  for  horizontal  shafts 
which  engage  double  bell-crank  steel  castings. 
These  castings  have  a  fixed  upper  pivot 
through  cast  pedestals  seated  on  the  fioor.  The 
long  arms  of  all  four  bell  cranks  under  both 
tables  are  pivoted  to  eye-bars  connected  with 
the  hydraulic  operating  cylinders.  These  cyl- 
inders are  double  as  shown  in  the  detail  of  the 
catcher's  table.  A  constant  pressure  is  main- 
tained In  the  one  nearest  the  table  sufficient  to 
about  half  balance  the  weight  of  the  table.  The 
pressure  in  the  other  cylinder  is  regulated  by  a 
valve  and  suffices  to  operate  the  cranks  and 
raise  the  table.  The  table  descends  by  gravity 
and  pulls  the  piston  back  to  its  initial  position 
ready  for  another  stroke. 

The  catcher's  table  is  similar  to  the  roller's 
table,  except  that  it  has  no  fingers  for  turning 
the  billets,  and  that  it  is  arranged  to  move 
transversely  so  as  to  fleet  the  billets  from  one 
pass  to  the  next.  This  motion  is  secured  by 
a  pair  of  connecting  rods  shown  in  the  trans- 
verse section  CC.  At  each  end  they  have 
cross-heads  engaging  spherical  bearings.  That 
at  the  lower  end  is  fixed  to  the  bed  plate  and 
that  at  the  upper  end  is  fixed  to  the  frame  of 
the  table.  The  bearing  of  the  table  on  the  bell- 
crank  shaft  is  loose  and  as  the  table  rises  ver- 
tically, the  connecting  rods  revolve  about  their 
lower  fixed  pivot  into  the  oblique  upper  posi- 
tion shown  by  dotted  lines.  This  gives  the 
table  a  positive  fleeting  of  9  inches  and  restores 
it  to  its  original  position  as  it  descends,  thus 
making  the  operation  entirely  automatic  and 
providing  for  the  transfer  of  the  billet  to  a  new 
set  of  grooves  at  every  second  pass. 

The  pinion  housings  are  made  In  four  sections 
separated  on  the  center  lines  of  the  rolls.  The 
horizontal  contact  faces  are  machine  finished 
and  a  sheet  of  paper  is  inserted  between  them 
when  the  bearings  for  the  pinions  are  bored. 
Afterwards  the  paper  is  removed  and  the  pin- 
ions are  thus  provided  with  a  pinch  fit  The 
bearings  are  lined  with  bushings  bored  to  re- 
ceive oil  pipes,  through  which  a  constant  sup- 
ply of  oil  is  automatically  pumped  to  flood  the 
bearings.  The  sections  of  the  mill  housing  are 
bolted  together  by  twelve  vertical  bolts  5  Inches 
in  diameter,  and  are  seated  on  a  pair  of  heavy 
shoes,  to  which  they  are  secured  by  Improved 
clamps  which,  as  shown  In  the  detail,  have  a 
C-shape  cross-section  with  faces  engaging  the 
flanges  of  the  housing  and  of  the  rails.  The 
contact  faces  are  machined  so  that  when  the 
clamps  are  bolted  up  they  engage  a  large  area 
very  tightly  and  secure  adjustment  and  perfect 
solidity  of  bearing.  The  rolls  reduce  the  bil- 
lets' from  7x7  to  7x6,  6x6,  6x5,  6x3y2,  5x5,  5x4 
and  4x4  inches  successively,  thus  giving  at  the 
back  of  the  mill  four  square  sizes  varying  1 
Inch. 

The  engine  is  shown  in  an  accompanying  re- 
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pruduc-tion  from  a  photograph.  It  has  a  blgh- 
preasore  crlinder  of  40  inches  diameter,  a  low- 
preosure  cylinder  of  6S  inches  diameter,  and  a 
stroke  of  60  inches.  It  is  of  the  compound  type, 
one  cylinder  horisontal  and  the  other  verticaj, 
and  is  operated  non-condensing,  a  condition 
which  is  not  regarded  as  the  most  favorable 
one  for  an  engine  working  with  an  extremely 
rariable  load.  It  runs  at  90  revolutions  per 
minute  with  steam  varying  from  133  to  150 
pounds  pressure.  It  is  intended  to  drive  two 
mills,  the  first  of  which  is  that  descritmd.  The 
raire  gear  Is  of  the  Corliss  type:  a  single  ec- 
centric actuates  the  valves  of  the  high-pressure 


Gas-Power  for  Central  Stations. 

Abstract   of  a   paper  presented  by   J.   K.   Itibbins 
III    the    .\inerlcan     Institute    of    Kleetrlral    Knglneers. 


Heretofore  the  Interest  taken  in  gas-engine 
plants  seems  to  have  been  confined  chiefly  to 
those  operating  in  foreign  countries,  but  as 
there  are  a  number  of  successful  Installations 
of  this  kind  In  the  United  States,  it  might  be  of 
Interest  to  present  a  tew  facts  about  their 
operation. 

It  Is  intended  to  offer  testimony  upon  four 
contentions,  viz.:  (A)  That  present  gas-power 
machinery   Is    suitable   for   central-station   ser- 


as  their  principal  motive  power.  Table  1  pre- 
sents the  most  Important  data  upon  the  general 
equipment  and  service  rendered  by  the  first 
twelve  plants  considered.  The  Identity  of  the 
exhibitors  is  withheld,  in  most  cases  by  request, 
thus  making  available  more  complete  and  val- 
uable data.  These  plants  are  located  in  cen- 
ters ranging  from  2,000  to  20,000  Inhabitants, 
and,  in  most  cases,  where  the  cost  of  fuel  is 
high.  The  equipments  average  about  315  brake 
horse-power  capacity  and  operate  every  stand- 
ard form  of  generator  for  arc  and  incandescent 
lighting  and  for  railway  or  general  power  ser- 
vice. All  the  generators  are  belted,  the  ■majority 


B*ll  Cranks  for  Lifting  fables. 

Billet  Mill  with  Improved  Housings,  Hydraulic  Lifting  Tablea  and  Electrically-Driven  Rollers,  at  the  Clairton  Steel  Plant. 


cylinder,  while  separate  eccentrics  are  employ- 
ed for  the  steam  and  exhaust  valves  of  the  low- 
pressure  cylinder.  The  engine  can  be  reversed 
by  simple  means.  The  fly  wheel  is  22  feet  in 
diameter  and  weighs  180,000  pounds.  The  total 
weight  of  the  engine  Is  630,000  pounds. 


The  Sl'bstitltiox  or  Steak  Wagons  for 
mule  teams  in  the  transportation  of  mine  prod- 
ucts to  the  railroad,  In  connection  with  the 
big  borax  mines  of  Calico,  San  Bernardino 
County,  Cal.,  la  reported  by  the  "Pacific  Coast 
Miner"  to  be  entirely  successful. 


vice.  (B)  That  a  well-equipped  gar.-power  elec- 
tric-plant can  operate  with  far  better  economy 
than  a  steam-plant  under  similar  conditions. 
(Ct  That  its  operation  is  much  simpler  and 
requires  less  running  expense  for  the  same  re- 
sults. (D)  That  gas  works,  laboring  under  low 
load  or  output-factor,  can  profitably  install  a 
gas-power  electric  generating  station,  and  be- 
come Its  own  largest  customer,  selling  both  gas 
and  electricity  at  competitive  rates. 

The  basis  of  this  paper  consists  of  data  col- 
lected from  various  electric  light  and  power- 
plants  in  the  United  States  using  gas-engines 


directly,  but  a  few  through  a  medium  of  a  jack- 
shaft. 

Plants  13  to  3  5  are  somewhat  larger  and 
generate  polyphase  power  for  Industrial  works. 
These  three  plants  average  approximately  57ft 
brake  horse-power  and  the  units  are  all  direct- 
connected  and  run  in  parallel.  Operative  re- 
sults have  been  obtained  from  plants  1  to  11  in- 
clusive, the  first  and  last  furnishing  excellent 
data  upon  the  comparative  economy  of  the  pres- 
ent gas-engines  and  the  steam-engines  which 
were  replaced. 

In  considering  the  subject  in  hand  from  ah 
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unbiased  standpoint,  it  is  Important  to  enumer- 
ate the  qualifications  imposed  upon  the  gas- 
engine,  in  order  to  determine  its  actual  merits. 
(1)  Continuity  of  service  at  any  cost.  (2)  Sim- 
plicity of  operation.  (3  Reasonable  cost  of 
equipment.  (4)  Economy  of  fuel  and  supplies. 
"-A  65-horse-power  two-cylinder  vertical  engine 
of  the  type  employed  in  the  plants  here  con- 
sidered has  made  the  following  record:  Load, 
fan  blower;  total  elapsed  time,  8,472  hours; 
hours  run,  97.0  per  cent.  Hours  shut  down, 
changing  igniters,  38  hours;  taking  up  bear- 
ings,  13  hours;   painting,  179  hours;   repairing 
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The  skill  required  for  operating  a  gas  plant 
is  apparently  no  greater  than  for  steam  plant. 
In  several  instances  where  the  latter  have  been 
replaced,  the  old  employes  have  been  retained. 
In  plant  No.  11  weekly  inspection  of  bearings, 
igniters,  and  valves  were  at  first  carried-  out. 
This  was  found  to  be  unnecessarily  frequent 
and  is  now  done  once  a  month.  The  cylinders 
are  inspected  occasionally  throughout  the  year. 
This  plant,  SOO-horse-power  capacity,  is  operat- 
ed by  three  day  men  and  one  night  man,  ten 
hours  to  a  shift. 

In   cost,  the   gas-engine  equipment  is  quite 
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Housing  and  Lifting  and  Turning  Mechanism  of  the  Clairton  Billet  Mill. 


blower,  5  hours;  changing  gas  supply,  7  hours. 
Total  242  hours.  The  total  amount  chargeable 
to  the  engine  was  0.6  per  cent.  During  this 
period  the  engine  ran,  without  stopping,  1,157 
hours,  and  was  then  shut  down  to  repair  a  brok- 
en belt.  In  a  pumping  |^tion  located  on  the 
Allegheny,  a  short  distance  from  Pittsburg,  five 
85-horse-power  engines  of  the  same  type  oper- 
ate regularly  at  full  load  through  the  week  with- 
out stopping,  except  on  Sunday,  when  the  units 
are  shut  down  in  rotation  for  inspection  and  re- 
pair. Each  engine  operates  from  96  to  98  per 
cent,  of  elapsed  time. 


comparable  with  that  of  a  steam  plant.  The 
engine  itself  costs  more  than  a  steam-engine  of 
corresponding  size,  on  account  of  the  increase 
in  metal  required  by  the  higher  pressures  dealt 
with.  With  the  cost  of  condensing  machinery 
charged  to  the  steam-engine,  however,  this  dis- 
parity is  much  reduced.  With  natural  or  illum- 
inating gas  supply  available,  the  equipment  cost 
would  fall  considerably  below  that  of  a  steam 
equipment  of  boilers,  engines,  condensers, 
heaters,  pumps,  etc.  In  the  case  of  a  producer 
gas  plant  installed  to  supply  the  gas  engines, 
the  cost  of  the  respective  equipments,  each  of 
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1,000-horse-power  is  at  a  parity,  although  de- 
pending somewhat  upon  the  gas-storage  capa- 
city provided.  This,  however,  amounts  to  much 
less  than  electric  storage.  For  producer-gas 
the  former  costs  in  the  neighborhood  of  |7.35 
per  horse-power-hour  ($100  per  1,000  cubic  feet 
capacity),  and  the  latter  $100.  Considering  the 
increase  in  productiveness  of  labor  which  is 
stated  by  a  prominent  gas  engineer  to  be  fully 
100  per  cent,  (owing  to  the  fact  that  one  man 
can  handle  twice  the  amount  of  coal),  the  ad- 
vantage, if  any,  held  by  the  steam  plant,  dis- 
appears. 

In  economy  of  fuel,  the  gas-engine  admitted- 
ly has  no  rival.  The  present  limit  of  steam-en- 
gine practice  is  10  pounds  water  per  indicated 
horse-power,  or  11  pounds  per  brake  horse- 
power. With  an  evaporation  of  10  pounds  of 
water  per  pound  of  good  coal  (14,000  thermal 
units  per  pound)  a  performance  of  1.1  pound 
coal,  or  15,400  thermal  units  per  brake  horse- 
power is  realized.  The  gas-engine  at  present 
delivers,  at  full  load,  a  brake  horse-power  upon 
10.5  to  11  feet  of  gas  (of  900  to  1,000  thermal 
units  per  cubic  foot,  calorific  value)  which  is 
equivalent  to  10,000  to  11,000  thermal  units  per 
brake  horse-power. 

Table  1. — Gas-Power  Plant  Equipment. 

Engines. 

Transmission.  Gsneratora. 

5        3^       s         g        _g    ^^^  . 

S  =5-1  I  "-2     agtcg' 

S                 feM  S  H      -  S=  M»«W 

1 685  Belt  82.5  370            .845> 

2 170  Belt  80  112  1.00" 

3 110  Jack-shaft  75  75  1.2 

4 90  Belt  80  40  0.93 

5 320  Jack-shaft  75  232  1.18' 

6 340  Jack-shaft  75  215  1.14 

7 305  Belt  82.5  260  1.38 

8 280  Belt  80  152  0.91 

9 Belt  ...  

10 85  Belt  80  60  1.17 

11 803  Belt  82.5  476  0.97* 

12 255  Belt  80  116  0.78» 

Av'ge.    314 

13 375         Direct-  85  75         0.94* 

connected 

14 491  Direct-  85  75  0.96* 

connected 

15 840         Direct-  85  150  .85' 

connected 

Av'ge.    568 

'Largely  railway  load — running  15-18  hrs.  per  day. 
•Exclaslvely  arc.  'Monocyclic  system — runs  24  hrs. 
per  day.  'Plants  operate  24  hrs.  per  day.  'Natural 
gas.  "Operates  in  parallel,  natuial-gas.  Plants,  gener- 
ally, Incandescent  load.     Plant  11,  natural  gas. 

An  important  source  of  economy  in  gas  plants 
is  the  fact  that  as  soon  as  an  engine  is  shut 
down  all  heat-losses  cease,  and  the  plant  is  not 
hampered  by  ineflScient  auxiliaries  such  as 
steam-pumps,  condensers,  return-traps,  etc. 
Steam-pipe  and  cylinder-condensation  losses, 
radiation,  leakage  in  piping  and  fuel-loss  in 
banking  fires,  have  no  parallel  in  the  gas  plant. 
The  only  auxiliaries  required  are  the  igniter- 
generators  an3  air-compressors.  The  former 
are  negligible  as  affecting  the  economy  of  the 
station,  and  the  latter  operate  at  full  capacity 
at  regular  intervals. 

In  quick  starting,  the  gas-engine  fulfils  every 
requirement.  The  280-horse-power  pumping 
units  of  the  Philadelphia  high-pressure  fire 
system  have  been  repeatedly  started  cold, 
brought  up  to  speed  and  the  pumps  loaded  to 
the  required  pressure  (300  pounds  per  square 
inch)  within  a  period  of  40  seconds  from  the 
starting  signal.  In  plant  No.  11,  employing  133- 
cycle  high-speed  generators,  the  units  are  reg- 
ularly started  in  two  minutes,  and  this  may  be 
reduced  to  one  minute  in  case  of  necessity. 

A  number  of  plants  make  use  of  hot  jacket- 
water  for  heating  offices  and  buildings,  ordi- 
nary cast-iron  or  coil-pipe-radiators  being  used 
for  this  purpose.  One  station  supplies  a  muni- 
cipal heating  system  resembling  the  Yaryan, 
thereby  deriviBg  direct  revenue  from  a  waste 
product.  Part  of  the  return-water  is  sent  again 
through  the  jackets,  the  temperature  being  low- 
ered to  the  proper  degree  by  adding  fresh  water 
from  the  station  supply-main.     Station  No.  14 
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returns  hot  jacket-water  to  a  large  cistern  where 
it  putlaUjr  cools  and  is  again  pumped  through 
tb«  ]«ck«ts  emerginir  at  a  temperature  o(  200 
degrees  Fahr.  before  being  discharged  into  the 
aewer.  As  return  water  from  a  heating  systeir 
is  also  discharged  into  this  well,  a  small  amount 
of  cold  water  from  artesian  well  or  city  water 
ajTstem  is  added  from  time  to  time  to  reduce  the 
general  temperature  of  the  circulating  system. 
In  another  plant,  the  Jacket-water  is  utilized 
in  winter  for  warming  the  water  in  the  gas 
holders  to  prevent  freezing.  This  was  former- 
ly done  by  using  live  steam  from  a  boiler  used 
in  making  water-gas.  It  is  estimated  by  the 
manager  that  a  saving  of  $250  per  year  is  ef- 
fected. In  locations  where  water  is  expensive, 
a  small  cooling  tower  may  profitably  be  install- 
ed to  cool  the  Jacket-water  which  may  then  be 
saved. 

Several  distinct  fuel-gases  suitable  for  gas- 
engine  use  are  available.  When  reduced  to  cal- 
orific values  per  foot  of  explosive  mixture  of 
proper  constituency,  the  ratings  are  nearly 
equal  as  shown  in  the  accompanying  table: 

Approximate  Komlier  of  Beat   Units  p«r  Cubic  Foot. 

Gas.  Mixture. 

.Natnralgas   lOOtt  91 

Co«lg«»   650  01.7 

Water-gas 300  88 

Carbnretted    water-gas    600  92 

Producer-gas    120 — 143  60 — 68 

Coke-OTen    gms    600  90 

Blmst-famace  gas 90  53 

The  power  to  be  developed  by  an  engine  of 
given  proportions  does  not  therefore  vary  with- 
in appreciable  limits,  except  on  producer-gas 
and  blast-furnace  gases,  when  larger  engines 
are  required,  or  larger  cylinders  on  the  same 
engine  frames.  The  rate  of  combustion  is,  how- 
ever, less  rapid  with  these  than  with  other 
gases,  and  the  compression  may  also  be  carried 
much  higher  without  risk  of  pre-ignition  or 
"back-firing."  thus  increasing  the  efliciency  of 
the  cycle.  With  water-gas  the  high  percentage 
of  hydrogen  occasions  quicker  combustion  and 
higher  flame  temperatures  with  so  considerable 
a  tendency  to  pre-ignition  and  back-flring  that 
this  gas  is  not  well  adapted  to  gas-engine  work. 
Tsble  2.— Cost   of  Operation— Fuel   Only. 


o 
'A 

I 

a. 


o 

12 


■  4t  £  s 

sS_g 


1. "  ii. 


1 Mixed 


2 Coal 

8 Coal 

4 Water 

B Mixed 

6 Coal 

8 Coal 

• Mixed 

10 Coal 

11 Natural 


54 


31 
30 
37.3 
26 
5 
19.5 
15.0 
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29.5 

20 

15.0 
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33.9 


"Ft. 

43.7.'i 

28.40 

46.57 

33.64 

53.2 

41.6 

4'8.4 
28.5 
41.7 
41.9 
12.4 
21.5 
39.0 


Ct*. 

1.65 

1.07 

0.84 

0.61 

3.3 

2.46 

1.93 
0.94 
1.22 
0.98 
0.18 
0.34 
1.4 
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Arerace  coat  per  kilowatt-hoar  at  20-cent  gas 

<  excluding   No.    II) o  828 

Manufacturing   cost    of  gas.   per   1.000   cubic  feet: 

Noe.  1  and  2.  18  cts. :  No.  8.  19  cts. :  No.  11,  10  cts. 
..Coat  per  cent,  of  steam  station,  per  kilowatt :  No.  1. 

all  day  run.  81 ;  gas  at  cost,  63.5 ;  No.  2,  24.5 ;  No.  11. 

average  of  six  months.  26. 

In  Plant  No.  I.  the  figures  of  the  first  line  are  the 

•J«rage  of  6  months :  those  on  the  second  the  results 

.     ?S  al'-iay  run ;  those  on  the  third  for  gas  at  cost. 

In  Plant  No.  11,  the  first  line  gives  figures  of  special 

In  water-gas  plants  a  great  saving  may  be 
made  and  the  gas  rendered  much  more  suitable 
for  the  operation  of  gas-engines  by  providing 
additional  holders  for  the  air  or  blast-gas  made 
dnring  the  period  when  the  producers  are  un- 
der blast.  This  gas  is  equivalent  in  calorific 
value  to  blast-furnace  gas — 90  thermal  units — 
and  is  generally  allowed  to  go  to  waste.  It 
may  be  used  alone  or  mixed  with  a  proportion 
of  water  gas,  which  it  renders  less  snappy. 

L«aving  out  of  consideration  the  by-product, 
or  waste  coke-oven  and  blast-furnace  gases,  as 
occupying  a  field  of  power-development  some- 
what foreign  to  the  subject  in  hand,  producer- 
gas  offeis  at  present  the  greatest  possibilities  in 
the  field  of  power  for  use  in  manufacturing  cen- 


ters. This  is  due  to  its  comparative  cheapness, 
simplicity  of  installation  and  general  efficiency 
when  gas  for  power  purposes  is  alone  con- 
sidered. 

A  comparison  of  the  approximate  thermal  effi- 
ciencies of  the  various  processes  gives  the  fol- 
lowing results:  Coal-gas  (without  coke),  0.24; 
coal-gas  (with  coke),  0.60;  water-gas,  0.60; 
water-gas,  special  quick-blast,  0.75  to  0.80;  pro- 
ducer-gas, 0.80  to  0.85.  Assuming  the  calorific 
value  of  coal  as  14,000  thermal  units  per  pound, 
and  the- efficiency  of  the  gas-making  process  80 
per  cent,  the  heat  available  at  the  engine  is  11,- 
250  thermal  units,  which  is  equivalent  to  about 
one  brake  horse-power.  ThU  duty,  one  brake 
horse-power  per  pound  of  coal,  should  be  ex- 
pected from  a  well-equipped  gas-power  plant. 
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Cost  of  Gas  Power  in  Plant  Number  Six. 


Cost  of  Gas  Production  in  Relation  to  Output. 


The  average  station  economy  observed  is 
shown  In  Table  2.  Averages  for  several  months' 
operation  have  In  most  cases  been  given  so  that 
the  results  represent  the  efficiency  of  the  entire 
station,  day  in  and  day  out,  with  various  gen- 
erating outfits  running  at  varying  load-factors 
and  including  errors  of  measurements  encount- 
ered in  every-day  operation.  The  average  gas 
consumption  per  kilowatt-hour  is  39.0  cubic 
feet.  Assuming  an  average  calorific  value  of 
625  thermal  units  per  foot  for  coal-gas,  water- 
gas,  or  mixed-gas,  the  heat  consumption  is  24,- 
400  thermal  units  per  kilowatt-hour,  18,200  per 
electrical    horse-power,   and    14,500    per   brake 


horse-power-hour.  The  average  cost  of  gas 
charged  to  the  engine  is  33.9  cents  per  1,000 
cubic  feet,  which  is  in  nearly  all  cases  con- 
siderably above  the  cost  in  the  holder  to  com- 
panies operating  both  plants,  with  the  result 
that  the  gas  works  realizes  a  handsome  profit 
from  the  electric  station  in  addition  to  the  de- 
crease in  cost  per  unit  with  increased  produc- 
tion. Assuming  an  average  production-cost  of 
20  cents  per  1,000  cubic  feet,  the  average  cost 
of  power  is  0.83  cents  per  kilowatt-hour,  equiva- 
lent to  0.495  cent  per  brake  horse-power-hour 
at  80  per  cent,  combined   efficiency. 

The  comparative  cost  of  steam  and  gas- 
power  is  well  shown  in  Table  3.  Two  inde- 
pendent stations  were  operated  during  1902, 
together  with  the  gas  works.  The  cost  of  coal 
in  the  steam  plant  was  1.38  cents 
per  kilowatt-hour  against  0.75 
cent  in  the  gas  plant,  represent- 
ing a  saving  of  45.5  per  cent, 
although  the  cost  per  1,000  ther- 
mal units  of  gas  was  3.4  times 
that  per  1,000  thermal  units  of 
coal. 

In  plant  No.  11  a  steam  plant 
that  was  formerly  operated,  em- 
ployed horizontal  tubular  boilers 
fired  by  gas.  The  saving  in 
total  operating  cost  effected  by 
change  to  gas  engines  amounted 
to  40.5  per  cent.  In  the  face  of 
a  30  per  cent,  increase  in  station 
output,  the  gas  consumption  has 
been  reduced  by  93  per  cent. 
Previous  to  the  replacement  of 
the  steam-equipment  an  econ- 
omy-test was  run  on  the  station, 
throughout  24  hours.  The  gas 
consumption  at  the  boilers  was 
51.09  cubic  feet  per  indicated 
horse-power  developed  at  the  en- 
gines, equivalent  to  about  86 
cubic  feet  per  kilowatt-hour.  All 
engines  were  of  the  simple  high- 
speed type  running  non-condens- 
ing. During  the  six  months  end- 
ing August,  1902,  the  total  gas 
consumption  of  the  station,  in- 
cluding heating,  was  23.8  cubic 
feet  per  kilowatt-hour.  Deduct- 
ing approximately  7.5  per  cent, 
for  heating,  the  net  consumption 
was  21.5  cubic  feet,  which  is 
about  24  per  cent,  of  that  re- 
corded on  the  steam  station.  It 
is  equivalent  to  a  duty  of  14,100 
thermal  units  per  brake  horse- 
power. 

The  gross  station  economy  in 
the  case  of  plant  No.  6  is  shown 
on  curve  sheet  No.  1.  These  ob- 
servations were  taken  when  the 
station  was  first  started  and  op- 
erating under  an  extremely  low 
load-factor.  The  results  may  be 
considered  as  representative  of 
conditions  about  as  unfavor- 
able to  high  economy  in  the 
as    is    usually    encountered.     In 


prime  mover 
plant  No.  9  the  average  cost  of  gas  is  1.22  cents 
per  kilowatt-hour,  and  the  total  operating  cost 
3.18  cents  per  kilowatt-hour.  Considering  this 
to  be  a  plant  of  but  135  horse-power  capacity, 
these  results  are  good. 

Curve-sheet  No.  3  shows  the  cost  of  coal-gas, 
water-gas,  and  mixed-gas  for  approximately 
500  gas  plants  in  the  United  States.  These  fig- 
ures were  taken  from  a  report  of  the  Commis- 
sioner of  Labor  on  gas  and  electric  plants, 
1899.  The  curves  were  determined  by  the 
method  of  moments  from  a  "shot-gun"  dia- 
gram, and  bring  out  the  following  points:    (1) 
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■Cost  i)er  unit  decreases  as  output  Increases, 
most  rapidly  in  coal-gas  plant  and  less  rapidly 
in  water-gas  plants.  (2)  Decrease  in  cost  per 
unit  in  small  plants  ot  two  to  ten  milHon  per 
jfear  output  is  very  marked,  being  greatest  in 
water-gas  plants  and  least  in  mixed-gas  plants. 
(3)  The  greatest  opportunity  for  increasing 
revenue  from  combined  gas  and  electric  sta- 
tions appears  to  be  in  the  case  of  small  coal 
and  water-gas  plants  under  ten  million  output. 
The  smaller  the  plant  the  greater  the  profit. 

In  Table  2,  plants  1  to  10,  inclusive,  operate 
combined  gas  and  electric  works  and  all  suc- 
cessfully. Although  production-cOEt  ( net  cost  af- 
4er  deducting  value  of  residuals) .  of  gas  is  not 
in  all  cases  available,  in  most  cases  the  power- 
gas  is  charged  to  the  engine  at  such  a  rate  as 
to  insure  a  handsome  profit  to  the  gas  works. 
J'lant    No.    1    the    electric    plant    was    chargsd 


a  result  of  the  increased  output  due  to  the  gas- 
engines,  which  is  60  per  cent,  of  the  present 
production  cost.  The  total  saving  amounted  to 
30.8  cents,  nearly  twice  the  prodtiction  cost, 
and  but  little  under  that  charge  to  engines. 

In  plants  Nos.  1.  2,  3,  6  and  10,  the  average 
savjng  r<3corded,  due  to  ga.s-engines,  was  5.2 
cents  per  1.000  cubic  feet,  or  6.8  per  cent,  of 
works-cost  (gross  cost,  including  maintenance 
and  without  deducting  residuals).  This,  how- 
ever, is  less  than  the  actual  saving  by  reason 
of  the  general  increase  in  cost  of  coal  at  the 
time  the  last  observations  were  taken,  due  to 
general  stringency  of  fuel. 
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were  discussed  at  a  meeting  of  architects 
called  recently  by  Building  Inspector  Stanley 
to    consider    plans    for    securing    better    laws 


Engine  Room,  Showing  Generators  and  Shafts  from  Turbines,  at  Richmond. 


with  gas  at  twice  the  cost  of  production.  The 
gas  works  also  realized  a  saving  of  8.5  cents 
per  1,000  feet  nominal,  or  10.3  cents  actual,  as 
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Load 
KVVH  per  Mo 


Comparative     Operating 
No.   1. 
G  mos. 

lly. 

Incan 

arc. 

1  •J273.S 


Kconomy  —  Plant 


Lbs.  coal  per  KVVII      6.55 


•Cost  coal  per  ton..     *4.n2 

Handling 10 

Total   4.21    <'o«t 


(ias.  GS.%  Blir  5  mos. 

Load.  Hallway. 

KWII   pel-  Jfo .'.-irtod.S 

Cii.  ft.  gas  pfr  KWH  43.75 
(Jas    cliai'gpd   per   M 

ft.» $.3767 

<;as  per   KWII 0165 


■Cost  coal  per  KWII  .01375 

Watt-hours    i)er    lb. 

coal-  A.    M 134.65 

Do— I".  M 166.02 


.18 
.0075 


Do — 24  houra. 


15i).(l« 


BTU  per  lb.,  est.  .  140on 
Watt  hours  per  M.     11.35 

HTP   24  hours 

HTIJ  per  KWH 02000 

HTII  ner  EHP-hour  68600 
.BTU  ner  RHP  hour  5500ii 

Hoth   plants  run    15   to   1« 


fas.    actual .  . 
cost  KWH. 
Per  fcnt.  savlnif  per 

KWII   45.5 

Watt-hours     cu.     ft. 

gas— A.    M 24.33 

Do — P.   .M 21.40 

Do — 24    linurs 22.23 

liTI"  per  cu.  ft.,  est.      625 
Watt-hour's     per     M 

HTl"— 24  hiiurs.  .      35.6 

nrr  per  kwh 20100 

HTf  per  KIIP 21700 

Per  imp  at   85*. .  .  1840O 
P(  r  cent,  waving  heat      66.5 
hours  per  day. 


The     Steam-Hydraulic     Plant     of     the 
Virginia  Passenger  &  Power  Com- 
pany, Richmond. 


governing  architecture  and  building.  The  meet- 
ing was  well  attended  and  an  organization  ef- 
fected with  Mr.  O.  D.  Bohlen,  president,  and 
Mr.  J.  T.  Johnson,  secretary.  Mr.  Stanley  asked 
the  co-operation  of  architects  in  the  considera- 
tion of  ways  and  means  of  making  what  he 
considers  greatly  needed  changes  in  the  Indian- 
apolis building  laws,  to  conform  with  Improved 
ideas  in  architecture  and  the  growth  of  the 
city.  All  present  were  greatly  pleased  with  the 
plans  presented  and  the  interest  shown  by  the 
architects  is  evidence  of  their  willingness  to 
assist  in  bringing  about  the  desired  change. 
The  council  will  be  asked  to  pass  a  new  build- 
ing ordinance  providing  that  all  applications 
for  permits  to  build  structures  large  or  small 
shall  be  made  to  the  building  inspector  Instead 
of  to  the  comptroller.  Factory  Inspector  Mc- 
Abee  was  present  and  commented  on  the  move- 
ment for  better  building  laws. 


On  November  9,  1901,  The  Engineering  Rec- 
ord printed  a  description  of  the  plant  of  the  Vir- 
ginia Electrical  Railway  &  Development  Com- 
pany, at  Richmond,  Va.,  now  the  property  of 
the  Virginia  Passenger  &  Power  Company. 
Since  that  time  the  plant  has  been  extended 
under  its  new  ownership,  and  in  its  enlargement 
some  departures  have  been  made  from  the 
plans  as  outlined  at  the  beginning.  It  was  orig- 
inally laid  out  for  an  ultimate  development  ot 
10,000  horse-power  and  the  initial  installation, 
which  was  the  subject  of  the  account  two 
years  ago,  was  4,000  horse-power.  The  work 
was  started  in  1898  to  furnish  electric  power 
for  all  classes  of  service,  in  competition  with 
companies  already  established.  On  account  of 
the  variable  supply  of  water  in  the  James 
River,  an  auxiliary  steam  plant  was  arranged 
for,  with  the  full  capacity  of  the  hydraulic  de- 
velopment. The  passage  ot  the  property  into 
the  hands  of  the  Virginia  Passenger  &  Power 
Company,  which  is  the  title  of  the  corporation 
now  controlling  the  electric  railway,  power 
and  light  business  of  Richmond,  was  early  fol- 
lowed by  arrangements  for  the  completion  of 
the  plant  to  the  full  10,000  horse-power;  and 
the  promising  demand  for  electric  power  in- 
fluenced the  extension  of  both  the  hydraulic 
and  steam  plants  to  the  same  capacity. 
Changes  were  made  in  the  canal  and  the  in- 
takes to  the  wheel  chambers,  but  the  most  in- 
teresting innovations  are  the  new  type  of  dam 
that  was  built  in  completing  the  old  dam,  which 
had  not  been  entirely  extended  across  the 
river,  and  a  rack-cleaning  mechanism  for 
clearing  the  intakes  of  obstructions. 

The  power  house  and  the  hydraulic  features 
of  the  original  plant  were  designed  and  con- 
structed under  the  supervision  of  Mr.  Reuben 
Shirreffs,  M.  Am.  Soc.  C.  E.,  as  chief  engineer. 
The  contractors  for  the  dam,  canal  and  power 
house  foundations  were  Messrs.  Winston  & 
Company,  of  Chicago,  Mr.  J.  H.  Apsey,  superin- 
tendent. The  steam  and  electrical  details  were 
designed  by  Mr.  Edward  J.  Willis,  M.  Am.  Soc. 
M.  E.,  of  Richmond,  who  resigned  in  the  spring 
of  1900  and  was  succeeded  by  Mr.  J.  P.  Pope. 
Messrs.  Sargent  &  Lundy,  of  Chicago,  were 
consulting  engineers  on  the  steam  plant.  Af- 
ter the  consolidation  of  interests,  of  which 
Mr.  Prank  Jay  Gould,  of  New  York,  is  now  In 
control,  Mr.  Wm.  C.  Whitner,  of  Rock  Hill,  S. 
'C,  was  retained  as  chief  engineer  of  the 
water-power  developments  of  the  company, 
which  include  both  the  enlargement  of  the 
James  River  property  and  the  development  of 
20,000   horse-power  on  the  Appomattox  River. 

According  to  Mr.  Whitner,,  the  average  rain- 
fall for  the  watershed  of  the  James  River, 
which  comprises  6,900  stjuare  miles,  is  42  inches 
per  annum,  but  it  is  not  advisable,  on  the  basis  of 
the  records  of  the  Geological  Survey,  to  figure 
that  the  minimum  flow  of  the  river  at  Rich- 
mond exceeds  700  cubic  feet  per  second,  or  0.1 
cubic  foot  per  square  mile  of  the  catchment 
basin.  It  will  be  remembered  that  a  diversion 
of  the  water  takes  place  through  the  Chesa- 
peake and  Ohio  Canal,  amounting  to  about  100 
cubic  feet  per  second,  which  is  not  available 
for  power,  and  also  that  on  the  opposite  side 
of  the  river  from  the  power  station  there  is 
a  power  canal,  known  as  the  Manchester  Canal, 
along  which  there  are  several  tenants  depend- 
ing on  hydraulic  power.  This  canal  has  been 
acquired  by  the  Virginia  Passenger  &  Power 
Company,  but  the  contracts  under  which  the 
water  is  furnished  cannot,  practically,  be 
clianged.     It  is  estimated   that  600  cubic  feet 
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«r«  ordinarily  disposed  of  in  this  way,  under 
•  head  of  19  feet,  but  at  periods  of  low  flow, 
the  Manchester  Canal  tenants  are  only  en- 
titled to  half  the  water  in  the  river.  On  the 
aforementioned  minimum  flow  basis,  and  on 
the  operating  head  of  25  feet,  for  which  the 
station  is  designed,  the  following  schedule  of 
available  power  has  been  prepared  by  Mr. 
Whitner,  assuming  a  combined  efficiency  for 
the  wheels  and  generators  of  75  per  cent,  and 
allowing  for  the  diversion  to  the  Manchester 
Canal:  for  5  months  of  the  year,  8.846  horse- 
power; for  6  months,  6,242  horse-power;  for 
8  months.  4,012  horse-power;  for  9  months,  2,- 
182  horse-power;  for  lli^  months,  1,065  horse- 
power; minimum,  639  horse-power.  This  sum- 
mary shows  the  necessity,  if  It  is  desired  to 
supply  10.000  horse-power  continuously  from 
the  plant,  for  the  steam  engine  adjunct  It 
shows,  for  example,  that  if  9,000  horse-power 
Is  the  demand,  the  engines  would  not  have  to 
be  operated  at  all  for  5  months,  that  for  one 
month  they  would  have  to  supply  2,758  horse- 
power, for  2  months  they  would  have  to  supply 
4.988  horse-power,  and  so  on.  For  15  days 
they  would  have  to  meet  practically  the  entire 
demand.  It  must  be  remembered  that  these 
results  are  based  on  the  minimum  flow,  which 
is   not  necessarily  an  annual   occurrence. 

As  was  described  in  detail  in  the  former 
article,  the  power  development  is  of  the  type 
in  which  the  water  is  diverted  by  a  dam  into 
a  canal  and  passed  through  wheel  chambers 
in  a  power  house,  this  being  located  parallel 
to  the  axis  of  the-canal  and  at  its  end  between 
the  canal  and  the  river  proper.  A  particularly 
interesting  feature  of  the  work  was  the  re- 
striction as  to  the  height  to  which  the  dam 
could  be  extended.  Owing  to  the  probable 
damage  to  property  above  the  dam  in  times 
of  freshets  which  are  of  no  inconsiderable  mag- 
nitude, contracts  covering  the  water  rights 
stipulated  that  the  dam  proper  should  not  rise 
above  an  elevation  of  40.5,  which  gives  the 
dam  an  average  height  of  5  feet  above  the 
granite  bed  of  the  river,  but  further  provided 
that  flashboards  could  be  employed  to  main- 
tain a  level  in  the  impounded  pond  at  44.5. 
Corresponding  to  this  is  the  normal  tail  water 
level  at  17,  but  in  the  design  of  the  canal  re- 
strictions as  to  its  width  called  for  a  compara- 
tively high  velocity,  9  feet  per  second,  and  it 
was  calculated  that  the  head  water  level  at 
the  power  house  would  be  reduced  12  or  15 
inches,  dropping  to  43,  so  that  the  gross  head 
is  26  feet  It  may  be  remembered  that  these 
flashboards  consist  of  heavy  timber  gates  at- 
tached at  each  end  to  a  lever  and  arranged  to 
be  swung  upward  and  fastened  in  a  position 
above  high  water  level.  For  this  purpose  at 
Intervals  of  40  feet  concrete  piers  4  feet  wide' 
rise  upward  from  the  concrete  dam  and  span- 
ning them  a  continuous  bridge  extends  the 
length  of  the  dam.  The  bridge  carries  a  nar- 
row-gauge track  on  which  a  hand  car  can  be 
pushed  from  gate  to  gate  and  utilized  to  haul 
op  the  gate  by  means  of  a  motor  mounted  on 
the  car.  The  flashboard  is  fastened  in  its  up- 
permost position  and  the  car  moved  on  to  the 
next  flashboard. 

About  1.200  feet  of  the  dam  had  been  com- 
pleted on  these  lines,  leaving  about  560  yet 
to  be  built  For  this  work,  the  type  of  mov- 
able crest  shown  in  one  of  the  accompanying 
lllustratlong  has  been  substituted.  It  was  de- 
signed by  Mr.  Whllner  and  Is  planned  to  be  au- 
tomatic, consisting,  as  shown,  of  a  hinged  apron 
inclined  in  the  direction  of  flow  so  that  there 
is  a  downward  pressure  of  water  on  it,  which 
pressure  can  be  counterbalanced  In  such  a  way 
tliat  when  the  weight,  that  is  the  height,  of 
water  reaches  a  snfllcient  amount,  the  down- 
ward pull  of  the  counterbalance  Is  overcome 
and  allows  the  apron  to  drop  and  thus  lowers 


the  roUway  crest  This  type  of  flashboard  has 
also  been  calculated  to  maintain  the  elevation 
of  44.5.  The  concrete  dam  proper  has  a  differ- 
ent shape  top  to  that  of  the  old  portion,  on  ac- 
count of  the  clearance  required  for  the  new 
type  of  flashboard.  The  apron  consists  of 
6xl0-inch  pine  limbers  8  feet  long,  bolted  to- 
gether betweeu  Iron  plates  at  the  bottom  and 
top  and  strengthened  at  the  top  by  a  15-inch 
42-pound  I-beam.  There  are  two  levers,  one 
at  each  end,  from  which  the  apron  and  the 
counterweights  are  hung,  and  these  consist  of 
12-lnch  SlV^-pound  I-beams  15  feet  long,  with 
lever  arms  of  4  and  10  feet.  The  apron  is  sus- 
pended from  each  lever,  as  indicated,  by '  a 
heavy  chain.  Each  counterweight  is  a  mass  of 
concrete   measuring    about    26   cubic   feet.     A 


of  flow  through  them  has  been  increased  S\^ 
times,  it  is  stated.  The  racks  are  composed 
of  3%x%-inch  steel  bars  spaced  on  1%-lnch 
centers  and  each  rack  structure  protects  an 
opening  18  feet  wide,  which  is  tlie  mouth  to 
the  wheel  chamber.  In  the  interest  of  preserv- 
ing as  high  a  head  as  possible  at  all  times,  a 
mechanical  rack-cleaning  device  has  been  pro- 
vided, as  already  stated,  to  keep  the  spaces  be- 
tween the  racks  free  from  obstructions  and  to 
give  the  largest  possible  free  waterway.  The 
cleaning  device  comprises  a  number  of  large 
combs,  so  to  speak,  the  projecting  teeth  of 
which  fit  in  between  the  bars  of  the  racks,  and 
of  endless  chains  on  which  the  combs  are  fixed, 
and  by  which  they  are  moved  upward  along  the 
rack  bars.    The  comb  consists  of  an  angle-bar 
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Automatic  Flush  Boards  on  the  James  River  Dam. 
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Part  Flan.    The  Rack-Cleaning  Device  at  Richmond. 


signal  station  is  maintained  at  Columbia,  Va., 
about  50  miles  up  stream,  from  which  reports 
can  be  sent  to  Richmond  by  telephone  of  the 
water  level  at  that  point.  By  this  means  notices 
of  floods  are  received  12  hours  In  advance  of  a 
rise  at  Richmond,  and  men  immediately  start 
raising  the  gates  in  anticipation  of  the  high 
water.  Of  course  with  the  automatic  type  of 
flashboard  this  is  unnecessary,  and  it  was  to  do 
away  with  this  work  on  the  new  part  of  the 
dam  that  It  was  designed. 

At  the  power  house,  the  end  of  the  canal  has 
been  enlarged  as  much  as  the  width  of  the 
property  would  allow  so  that  as  large  a  fore- 
bay  as  possible  could  be  obtained.  Formerly 
the  racks  were  set  across  the  canal,  but  now 
they  have  been  placed  immediately  in  front  of 
the  wheel  chambers  and  in  that  way  the  area 


with  teeth  of  U'Xl-inch  iron  riveted  to  the  angle 
on  1%-lneh  centers  and  pointed.  The  chains 
pass  over  sprocket  wheels  which  are  carried  by 
a  shaft  at  the  top,  driven  by  a  10  horse-power 
motor. 

One  of  the  striking  features  of  the  power 
house,  it  may  also  be  remembered,  was  the 
large  use  that  was  made  of  concrete  in  its  con- 
struction. Not  only  were  the  foundations  of 
the  building  formed  of  concrete,  but  the  walla 
and  the  roof,  the  switchboard  gallery  floor  and 
even  the  outer  shell  of  the  chimney.  Owing  to 
the  high  floods  the  foundation  work  of  the  sta- 
tion had  to  be  very  heavy  and  these  are  mono- 
lithic. The  walls  of  the  superstructure,  how- 
ever, were  formed  of  concrete  blocks,  previous- 
ly moulded  In  boxes  and  laid  up  in  the  walls 
like  stone  ashlar.    It  is  said  that  the  stone  front. 
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the  excavations  was  unsuitable  for  stone  ma- 
sonry and  this  was  one  of  the  reasons  for  the 
choice  of  concrete.  Incidentally,  it  made  ar- 
chitectural effects  possible  at  a  comparatively 
low  cost.  In  the  extension  of  the  superstruc- 
ture of  the  building  the  walls  consist  of  brick, 
but  to  have  it  conform  with  the  earlier  portion, 
the  brlckworlc  is  faced  with  concrete, 
marked  off  to  represent  the  block  work  already 
existing, 

The  generating  equipment  of  the  station  as 
now  enlarged  includes  six  pairs  of  water  wheels 
of  the  Victor  cylinder  gate  type,  built  by  the 
Stllwell-Bierce  &  Smith-Vaile  Company,  and 
the  remainder  of  pairs  of  Hercules  turbines 
built  by  the  Holyoke  Machine  Company.  Each 
wheel  is  51  inches  in  diameter  and  the  pair 
is  designed  to  develop  about  1,200  horse-power 
under  the  25-foot  head.  They  are  all  controlled 
by  Lombard  governors.  To  recall  the  general 
arrangement  of  the  station,  it  may  be  worth 
while  to  state  that  each  pair  of  turbines  is  sub- 
merged in  a  wheel  chamber  and  the  wheel 
chambers  are  arranged  side  by  side  and  over 
them  Is  located  the  boiler  room  for  the  steam 
plant.  From  the  wheels  the  draft  tubes  ex- 
tend to  the  tail-race  underneath  the  generator 
room.  As  usual  In  plants  of  this  type,  the 
vheel  chamber  ends  In  a  metal  plate  in  the 
partition  wall,  and  the  shaft  from  the  pair  of 
turbines    extends    into    the    generator    room, 
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Power  Company  are  as  follows:  President,  Mr. 
P.  Sitterdiiig,  of  Richmond;  first  vice-president, 
Mr.  Frank  Jay  Gould,  of  New  York,  who  holds 
the  controlling  interest;  second  vice-president, 
Mr.  Augustus  Wright,  of  Petersburg;  secretary 
and  treasurer,  Mr.  Guy  Phillips,  of  New  York; 
assistant  secretary  and  treasurer,  Mr.  William 
Northrop,  of  Richmond.  The  late  construction 
work,  except  the  extension  of  the  power  house, 
which  was  erected  by  Mr.  John  Mann,  Jr.,  was 
done  by  the  company's  own  forces. 


An  Improved  Tunneling  Shield. 

In  an  article  on  the  intercepting  sewers  of 
Chicago  printed  in  this  journal  August  12,  1899, 
there  was  a  description  of  a  shield  used  in  con- 
structing the  Thirty-ninth  Street  conduit,  hut 
no  illustrations  of  this  shield  were  given  in  timt 
issue.  This  shield  was  designed  by  Mr.  Cor- 
nelius G.  Hastings,  of  Chicago,  who  since  that 
date  has  developed  this  type  of  shield  for  appli- 
cation to  tunnels  of  a  considerable  range  of 
sizes  through  various  classes  of  materials,  seek- 
ing to  produce  an  apparatus  that  will  success- 
fully overcome  the  numerous  difficulties  en- 
countered in  submarine  tunneling  as  well  as  In 
some  land  tunneling,  particularly  beneath 
streets  lined  by  heavy  buildings  whose  stability 
may  be  imperiled  by  the  tunneling.  Several 
improvements  have  been  made  in  details  since 


sion  of  the  earth  against  the  outer  surface  of 
the  shield,  while  the  bell-shaped  reducing 
plate,  as  indicated  in  the  drawings,  can  pro- 
duce a  very  considerable  compression  of  soft 
materials  in  reducing  the  diameter  of  the  In- 
tercepted cylinder  of  earth  from  that  of  the  cut- 
ting edge  to  that  of  the  inner  shell.  This  con- 
solidation is  intended  to  render  such  materials 
much  easier  to  excavate  and  also  to  increase 
their  resistance  to  the  escape  of  compressed 
air  at  the  working  face.  Thus  if  the  soft  mat- 
ter has  a  tendency  to  move  in  advance  of  ex- 
cavation the  forward  movement  of  the  shield, 
owing  to  the  provision  just  explained,  causes 
it  to  be  deflected  against  the  bulkhead  and  held 
intact  until  excavated,  it  is  claimed. 

In  shields  of  large  size  this  reducing  or  com- 
pressing space  in  front  of  the  bulkhead  can  be 
subdivided  by  vertical  and  horizontal  partitions 
extending  part  way  from  the  bulkhead  to  the 
cutting  edge,  and,  as  these  partitions  are  'de- 
signed to  have  curved  plates  on  one  or  both 
sides,  they  accomplish  still  further  compacting 
of  the  soft  earth.  These  partitions  are  placed 
to  correspond  in  position  with  vertical  and  hor- 
izontal partitions  inside  the  shield,  which  carry 
the  working  platforms.  These  interior  verti- 
cal and  horizontal  dividing  walls  are  of  heavy 
steel  plate  held  in  position  by  suitable  framing 
of  steel  angles,  and  are  arranged  to  divide  the 
space  inside  the  shield  into  as  many  working 
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An  Improved  Shield  for  Tunneling  through  Soft  Materials  in  Submarine  or  Land  Work. 


where  it  is  directly  attached  to  the  electric 
machine.  Each  generator  Is  of  700-kilowatts 
■capacity,  of  the  General  Electric  make,  six  of 
the  continuous-current  type  and  the  remaining 
unit  installed,  of  the  alternating-current  type. 
On  the  other  side  of  the  generator,  in  each  case, 
as  explained  in  detail  in  the  former  article,  the 
crank  shaft  of  the  steam  engine  is  located  and 
connection  can  be  made  so  that  the  generator 
can  be  driven  from  either  source  or  both.  The 
engines,  which  are  of  the  Allis  steeple  tandem 
compound  type,  arranged  to  be  run  condensing 
or  non-condensing,  are  noteworthy  from  the 
fact  that  while  capable  of  delivering  1,500 
horse-power  their  economical  rating  is  750 
horse-power.  The  reason  for  this  is  that  they 
are  not  depended  on  to  operate  alone  for  very 
much  of  the  year.  Instead  they  are  intended 
principally  to  supplement  the  wheels  In  times 
of  low  water  and  to  maintain  the  proper  speed 
In  the  turbines  at  high  water.  The  boiler  instal- 
lation now  consists  of  four  1,000  horse-power 
batteries  of  Babcock  &  Wilcox  water-tube  boil- 
ers, but  the  general  characteristics  of  these, 
together  with  the  interesting  Worthington  non- 
denser  installation  and  the  steam  piping  sys- 
tem, were  described  In  the  account  already 
mentioned. 
The  officers  of  the    'Virginia    Passenger    & 


the  Thirty-ninth  Street  shield  was  built,  and 
besides  improving  the  shield,  Mr.  Hastings  hap 
designed  a  system  of  tunnel  lining  consisting 
of  segmental  concrete  blocks  and  steel  rein- 
forcement. These  designs  are  the  result  of 
long  practical  experience  in  difficult  tunnel 
work. 

Each  shield  is  essentially  a  double  tube  hav- 
ing an  outer  shell  of  heavy  plate  and  an  inner 
shell  of  plate  of  about  half  the  thickness  of  the 
outer  shell,  with  a  bell-shaped  reducing  plate 
extending  from  the  beveled  cutting  edge  to  the 
forward  end  of  the  inner  shell,  bulkheads  and 
controlling  gates  of  special  design  and  interior 
partitions  and  framework  which  can  be  left 
out  if  desired.  The  two  shells  are  con- 
centric and  are  connected  and  rigidly 
braced  apart  by  radial  steel  plates  with  steel 
angle  connections,  so  spaced  and  proportioned 
that  the  tube  of  the  shield  is  strong  enough 
to  resist  without  sensible  deformation  all  pres- 
sures from  without  as  well  as  the  force  of  the 
hydraulic  jacks  used  to  drive  it  ahead.  These 
jacks  are  carried  in  the  cells  formed  between 
the  shells  by  the  stiffening  plates  by  means 
of  bent  plate  carriers  connected  to  the  shells 
through  the  same  angles  as  the  stiffening 
plates,  as  shown.  The  cutting  edge  has  a  small 
bevel  outward  so  as  to  cause  a  slight  compres- 


chambers  as  the  size  of  the  tunnel  may  require. 
This  interior  framework  and  the  partitions, 
however,  are  so  attached  to  the  inner  shell  that 
they  can  be  readily  adapted  to  any  condition  of 
tunneling  or  size  of  bore,  without  impairing  the 
strength  and  rigidity  of  the  double  tube.  Of 
course  in  small  shields  such  partitions  would 
not  be  required  as  the  excavating  could  all  be 
done  from  one  level. 

The  bulkhead  is  pierced  by  one  or  more 
doors,  according  to  the  size  of  the  shield,  corre- 
sponding to  the  working  chambers,  hung  on 
heavy  hinges  and  arranged  to  swing  back 
against  the  interior  partitions,  or  in  small 
shields,  against  the  Inside  of  the  shell,  so  as  to 
cause  the  least  practicable  obstruction  In  the 
working  space.  These  doors  are  provided  with 
strong  latches  so  that  they  may  be  securely 
fastened  shut  when  necessary.  In  order  to  ex- 
clude Inflowing  soft  materials  or  for  other  pur- 
poses, and  each  has  several  narrow  vertical 
slots,  as  shown,  controlled  by  a  sliding  gate. 
By  these  means,  when  passing  through  soft 
running  material,  the  inflow  can  be  well  regu- 
lated, while  the  wide  opening  of  the  doors 
makes  possible  the  more  rapid  excavation  of 
compact  earth  or  an  effective  attack  upon  a 
boulder,  a  buried  log  or  other  troublesome  ob- 
structions.    Over  one  or  more  slots  in  each 
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working  chamber  noules  may  be  lilted  into  the 
•Uding  gate  to  provide  for  the  attachment  of  a 
centrifugal  pump,  which  can  be  brought  into 
play  in  case  a  considerable  amount  of  water  or 
irery  soft  flowing  material  is  encountered. 

To  aid  In  breaking  up  strata  of  tough  clay  or 
similar  more  solid  formations,  when  met,  a 
number  of  radial  4-inch  steel  tees,  bent  to  the 
proper  curvature,  are  riveted  to  the  face  of 
the  bell-shaped  reducing  plate,  from  the  cutting 
edge  to  the  plane  of  the  partitions  In  front  of 
the  bulkhead.  These  tees  also  serve  to  stiffen 
this  plate  and  to  reinforce  the  cutting  edge. 
Wherever  the  tunnel  is  in  a  formation  suffi- 
ciently stiff  to  be  self-sustaining,  the  bulkhead 
may  be  entirely  removed  to  permit  of  blasting, 
if  this  should  be  necessary,  and  is  so  arranged 
as  to  be  easily  and  quickly  taken  out  and  re- 
placed. The  shield  is  followed  by  an  apron 
or  hood  made  of  steel  plates-  of  one-half  the 
thickness  of  the  outer  shell,  so  attached  as  to 
make  the  outer  surface  flush.  This  apron  is 
pierced  by  numerous  narrow  slots,  as  shown, 
which  give  it  a  slight  degree  of  flexibility.  The 
jacks  are  designed  to  be  connected  to  the  main 
hydraulic  pressure  feed  in  such  a  manner  as 
to  permit  each  Jack  to  be  operated  independent- 
ly or  all  the  Jacks  to  be  operated  in  unison.  By 
means  of  a  special  group  of  cocks  supplied 
with  a  gauge  the  pressures  exerted  on  individ- 
ual Jacks  may  be  ascertained,  thus  making  it 
possible  to  so  direct  the  application  of  pres- 
sure as  to  keep  the  shield  to  line  and  grade. 

The  tunnel  lining. previously  alluded  to,  con- 
sists of  segmental  concrete  blocks,  reinforced 
with  steel  rods  or  expanded  metal,  cast  in 
molds  and  allowed  to  set  thoroughly  before  be- 
ing taken  into  the  tunnel.  These  blocks  will 
be  placed  so  as  to  break  joints  at  the  middle 
of  a  block.  In  each  course  there  will  be  a 
key  block  at  the  crown.  The  joints  be- 
tween the  blocks  will  be  made  with  asphalt  or 
some  other  suitable  elastic  waterproof  sub- 
stance. By  this  method  of  construction  it  is 
expected  that  the  blocks  as  rapidly  as  placed  in 
position  will  be  able  to  receive  the  pressure  of 
the  shield  jacks,  and,  indeed,  this  pressure  is  to 
be  ntilized  to  assist  in  retaining  the  blocks  in 
position  until  the  key  is  set  and  the  ring  com- 
pleted. As  the  blocks  will  be  large  and  heavy 
a  power  device  has  been  designed  for  placing 
and  forcing  them  into  position.  There  are  placed 
in  each  block,  when  the  concrete  is  put  into 
the  mold,  two  steel  lugs  with  pinholes  through 
them  for  the  purpose  of  attaching  circular  steel 
rails  or  beams,  and,  inside  these,  a  cylin- 
der of  expanded  metal  or  other  suitable  steel 
fabric.  Concrete  mixed  with  small  crushed  . 
■tone  or  gravel  is  then  to  be  applied  to  any 
designated  thickness. 

Strength  to  resist  great  external  pressure. 
not  only  ultimately  but  Immediately  after  the 
placing  of  the  blocks,  or  to  withstand  consider- 
able bursting  pressure,  as  in  a  conduit  carrying 
water,  as  well  as  great  permanence  are  claimed 
for  this  tyiie  of  lining.  Furthermore,  by  using 
blocks  of  concrete  molded  and  set  under  favor- 
able conditions  outside  the  tunnel,  the  difficul- 
ties Incident  to  the  use  of  fresh  concrete  un- 
der pneumatic  pressure  are,  to  a  large  extent, 
avoided.  The  finish  inside  the  blocks  may  be 
applied  at  any  convenient  time  after  the  blocks 
are  placed,  and  in  many  cases  would  prefer- 
ably not  be  put  in  until  after  other  parts  of  the 
work  were  done  and  the  air  pressure  dispensed 
with.  The  type  of  shield  .descrlbe<1  can  also  be 
adapted.  It  is  claimed,  to  cross-sections  of  the 
honeaboe  or  similar  shapes.  United  States 
and  foreign  patents  have  been  granted  to  Mr. 
Hastings  covering  broadly  the  features  of  this 
type  of  shield  and  system  of  tunneling,  and 
other  i>atents  are  pending.  The  drawings  and 
notea  for  this  brief  description  were  kindly 
famished  to  this  journal  a  few  weeks  ago. 


The    Main    Span    of    the    Williamsburg 

Bridge,  across  the  East  River, 

New  York  City. 
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Travki.krs. 
Details  and  Rigging  of  Steel  Hoisting  Der- 
ricks.— The  stiff-leg  derricks  in  the  main  towers 
were  of  .special  construction  designed  for  this 
work,  but  intended  for  future  service  in  any 
heavy  erection.  They  have  a  capacity  ot  30 
tons  at  the  extremity  of  a  52-foot  boom.  The 
mast  was  about  45  Vi  feet  high  seated  at  the  in- 
tersection of  a  36V4-foot  sill  parallel  to  the 
bridge  axis  and  a  36-foot  sill  perpendictilar  to 
it.  These  sills  were  supported  outside  the 
tower  face  on  steel  cantilever  beams  parallel 
to  the  bridge  axis  and  carried  across  the  tops  ot 
the  main  portal  girders.  The  top  of  the  mast 
was  braced  by  heavy  steel  struts  which  were 
pin-connected   to   the  ends   of   the    sills.     Each 
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derrick  was  rigged  with  twenty-nine  18-inch 
sheaves  including  the  snatch  blocks  for  the 
leads  to  the  hoisting  engines.  The  hoisting  and 
topping-lift  tackles  were  rove  with  1,745  feet 
and  1,053  feet  respectively  ot  %-lnch  plow  steel 
cable  with  an  ultimate  .strength  of  50,000 
pounds.  The  sheaves  were  arranged,  as  shown 
in  the  diagram,  so  as  to  provide  two  hoisting 
tackles  at  the  end  of  the  boom.  Each  derrick 
had  a  total  weight  ot  about  28  tons,  including 
the  rigging  and  excluding  the  cantilever  beams 
and  the  extra  62foot  boom  which  was  provided 
for  special  service. 

The  two  lead  lines  were  carried  down  in  the 
usual  way  through  the  center  ot  the  mast,  and 
thence  were  run  In  an  approximately  horizon- 
tal plane,  diagonally  to  the  bridge  axis,  to 
snatch  blocks  attached  to  one  of  the  cantilever 
beams,  thence  down  vertically  about  43  feet  to 
the  floor  level  and  through  another  snatch 
block    to   the    hoisting   engine.    The    hoisting 


tackles  commanded  a  height  of  182  feet  at  the 
Brooklyn  tower  and  167  feet  at  the  New  York, 
tower  with  the  boom  at  an  angle  ot  about  45 
degrees  and  lifted  a  26-ton  chord  section  about 
ISO  feet  in  three  minutes.  The  mast  has  a  %- 
inch  horizontal  base  plate,  and  riveted  to  It 
there  is  a  2V4-inch  east-iron  bearing  plate  and 
a  phosphor-bronze  disk  1  inch  thick  which  has 
a  spherical  polished  bearing  surface  ground  tO' 
a  radius  of  about  6  feet.  This  is  seated  In  the 
concave  top  of  a  cast-steel  base  plate  to  which 
the  mast  is  secured  by  a  hollow  vertical  pin 
with  a  collar  at  the  upper  end  engaging  the  base 
plate  and  a  nut  at  the  lower  end  engaging  the 
base  casting,  which  is  seated  on  the  apex  of  the 
sills  to  which  it  is  securely  bolted.  A  pair  ot 
jaw  plates  i^  inch  thick  project  from  the  side 
of  the  mast  just  above  the  base  plate,  and  are 
stiffened  with  heavy  horizontal  angles  to  re- 
ceive the  boom  pivot  pin.  Vertical  sheaves  are 
placed  Inside  the  mast  near  the  lower  end  to 
guide  the  tall  lines  through  the  bottom  pin,  and. 
boxes  are  built  up  on 
the  outsides  of  the  mast 
near  the  upper  end  to- 
receive  the  sheaves,, 
over  which  the  lead 
lines  are  run  from  the- 
tackles.  The  upper  end 
of  the  topping-lift  is. 
connected  to  the  mast  5 
teet  below  the  top  with 
a  link  made  with  a  pair 
of  4-inch  bent  eye-bars 
IVi  inches  thick  and  the 
mast  is  reinforced  tO' 
resist  bending  from  this, 
connection.  The  top  of 
the  mast  is  stiffened  by 
a  horizontal  diaphragm 
about  22  inches  from 
the  end  and  by  a  heavy 
U-plate  and  flange  an- 
gles at  the  end.  Both 
are  bored  to  give  upper 
and  lower  bearings  for 
the  7  7/16-inch  gudgeon 
pin  3V4  feet  long  which 
is  notched  at  the  lower 
end  to  prevent  it  from 
twisting.  The  pin  en- 
gages two  14x5i4-inch 
annealed  cast  -  steel 
goose  necks,  which  are 
bolted  to  the  upper  ends 
of  the  stiff-legs  and  take 
bearing  on  a  convex 
washer  plate  on  top  of 
the  mast. 

Tfie  boom  has  a  rec- 
tangular cross  -  section 
made  with  tour  4x%- 
inch  angles  with  their 
flanges  turned  inwards  and  latticed  on  all  sides. 
It  is  2  teet  square  in  the  center  and  tapers  to  1 
foot  at  the  outer  end,  where  the  sides  are  cov- 
ered with  long  tie  plates.  At  the  heel  two  of 
the  plates  project  to  form  jaws  tor  the  pivot  pin. 
At  the  point  there  are  two  small  sheaves  on  the 
outside  ot  the  boom  and  one  large  sheave  in- 
side with  an  axle  which  also  engages  a  pair  of 
5x%-inch  bent  links  tor  the  connection  to  the 
auxiliary  hoisting  tackle.  The  main  hoisting 
tackle  and  the  topping-lift  tackle  have  shackles 
engaging  pins  through  vertical  jaw  plates  riv- 
eted across  the  point  of  the  boom.  The  sills  are 
18x24-lnch  horizontal  struts  about  38  and  40  feet 
long  and  have  rectangular  cross-sections  made 
with  four  3%x3%-inch  angles  with  their  flanges 
turned  out  and  latticed  on  all  sides.  They  are 
connected  at  one  end  by  horizontal  gusset  plates 
bolted  to  the  upper  and  lower  flanges.  Near  the 
intersection  ot  their  center  lines  one  strut  Is 
stiffened  by  a  pair  of  reinforced  vertical  trans- 
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verse  diaphragms  which  at  the  upper  ends  are 
milled  to  bearing  for  the  lower  base  casting  of 
the  mast.  At  the  opposite  ends  long  web  end 
flange  plates  make  a  closed  cross-section,  and 
the  top  and  bottom  horizontal  plates  are  bored  - 
for  four  2-inch  anchor  bolts  which  secure  the 
silla  to  the  permanent  tower  girders  or  to  the 
temporary  cantilever  beams.  At  these  points 
the  strut  is  stiffened  by  vertical  transverse  dia- 
phragms and  vertical  bearing  angles  fitted 
against  the  upper  tie  plate  which  receives  the 
bearing  of  the  nuts  on  the  anchor  rods. 

The  web  plates  are  bored  for  the  horizontal 
pins  through  the  ends  of  the  stiff-legs.  The 
trough-shaped  stiff-legs  are  about  57  feet  long 
over  all  and  are  made  with  two  built  channels 
with  latticing  on  the  top  and  a  cover  plate  on 
the  bottom  of  the  flanges.  The  webs  of  the 
channels  are  in  vertical  planes  and  between 
them  at  the  upper  ends  are  fitted  the  cast-steel 
goose-neck  plates  which  are  secured  by  sixteen 
Ti-inch  turned  bolts  passing  through  them  fiat- 
wlae  and  screwed  up  on  heavy  bent  plates  riv- 
eted to  the  Btitt-leg.  The  beams  which  carry  the 
derrick  sills  on  the  tower  girders  have  closed 
rectangular  sections  and  are  made  with  four 
3x3x%-inch  flange  angles,  two  14x%-inch  web 
plates  and  several  14-inch  cover  plates  of  differ- 
ent lengths  and  thicknesses.  The  cover  plates 
are  bored  for  groups  of  four  2-inch  anchor  bolts 
and  are  reinforced  by  vertical  angles  riveted  to 
the  Insides  of  the  webs  to  form  pockets, 
through  which  the  bolts  pass.  The  connection 
of  the  sill  A  to  the  cantilever  beam  2  and  the 
support  of  the  latter  across  the  permanent  por- 
tal girders  is  shown  by  the  detail  marked 
"tower  derrick  anchorage."  This  anchorage  is 
typical  of  the  other  anchorages  connecting  the 
beams  and  sills  to  the  framework  of  the  tower. 

Details  and  Rigging  of  Steel  Travelers. — The 
duplicate  travelers  for  the  main  span  erection 
each  weighed  about  50  tons  and  consisted  of  a 
rectangular  tower  about  60  feet  square  and  30 
feet  high  which  carried  one  stiff-leg  derrick  in 
front  and  two  behind.  The  frame  was  made 
as  Indicated  in  the  general  diagram,  with  four 
transverse  bents  with  horizontal  struts  and  di- 
agonal braces,  in  the  longitudinal  faces  and 
In  the  horizontal  upper  face.  Each  bent  con- 
sisted of  two  Inclined  posts  and  kneebraces  sup- 
porting an  overhead  transverse  truss  with  a 
clearance  of  about  14  feet  above  the  track.  The 
travelers  were  first  assembled  with  only  the 
large  derricks  in  front.  The  two  smaller  der- 
ricks in  the  rear  were  not  erected  until  the  trav- 
eler commenced  the  fourth  movement.  The 
transverse  bents  in  the  traveler  were  lattice- 
girder  trusses  with  battered  end  posts,  which 
were  continued  beyond  the  lower  chord  line 
and  bolted  at  the  lower  ends  between  Jaw 
plates  projecting  from  the  upper  sides  of  the 
longitudinal  sills.  The  ends  or  the  top  chords 
were  connected  by  longitudinal  horizontal 
struts,  and  the  panels  thus  formed  were  braced 
by  diagonals  so  as  to  practically  form  longi- 
tudinal lattice  girders  In  the  side  faces  of  the 
tower.  The  top  chords  were  X-braced  in  a 
horizontal  plane  and  supported  the  sills  of  the 
derricks.  All  the  tower  members  were  ship- 
ped separately  and  bolted  at  connections.  Most 
of  the  members  had  rectangular  cross-sections 
made  up  of  four  angles  or  of  two  channels  lat- 
ticed, and  were  connected  by  pairs  of  Jaw 
plates  shop-riveted  to  one  of  the  members.  The 
lateral  diagonals  were  single  angles. 

The  large  derrick  had  a  62-foot  boom,  30 
Inches  square  at  the  center,  which,  with  the 
mast,  stiff-legs  and  sills,  were  similar  in  de- 
sign and  detail  to  the  tower  derricks.  The 
small  derricks  were  built  of  timber  with  riveted 
and  forged  steel  fittings,  and  were  arranged  as 
Indicated  in  the  diagram  elevation  of  the  rear 
of  the  traveler.    The  stiff-legs  were  lapped  and 


spliced  with  fourteen  %-lnch  bolts  and  two 
4x6-inch  oak  keys.  The  lower  ends  of  the  stiff- 
legs  were  pin-connected  to  vertical  plates  with 
angle  flanges  which  enclosed  the  lower  corners 
of  the  sill.  The  sills  were  blocked  up  from  the 
top  chords  of  the  traveler  trusses,  to  which  they 
were  anchored  by  yokes  made  with  transverse 
wooden  beams  and  vertical  tension  rods,  as 
shown  in  the  detail  for  the  front  sills.  The  an- 
chorage Of  the  rear  sill  was  similar,  but  con- 


extremity  of  the  transverse  sill  the  uplift  was 
13,500  pounds  when  the  boom  was  horizontal 
in  the  same  plane. 

Each  of  the  steel  derricks  on  the  travelers 
had  twenty-seven  18-inch  sheaves  Including 
those  attached  to  the  traveler  to  lead  the  lines 
to  the  hoisting  engines.  The  main  hoisting 
tackle  had  a  total  length  of  1,725  feet  and  the 
topping-lift  1,620  feet.  The  lines  were  led  from 
the  foot  of  the  mast  to  a  double-sheave  snatch 


Anchorage  of  Rear  Derrick  to  Traveler. 

The  Vniliamsburg  Bridge  across  the  East  River:  Some  Details  of  the     Main  Traveler. 

slsted  of  two  pairs  of  1%-lnch  rods   5%   feet  block  attached  to  the  sill  or  lower  chord  of  the 

long  which  had   bottom  nuts  engaging  trans-  traveler  at  the  foot  of  the  rear  bent,  and  were 

verse  bearing  angles  under  the  flanges  of  the  thence  carried  through  the  suspended  span  near 

traveler  chords.    The  derricks  were  proportion-  the  lower  chord  to  the  hoisting  engine  at  road- 

ed  for  a  load  of  10,000  pounds  with  the  boom  in  way  level  in  the  tower  adjacent  to  the  engine 

a  horizontal  position.     This  gave  a  computed  which  operated  the  tower  derrick.    At  Intervals 

maximum  reaction  of  30,000  pounds  at  the  foot  of  about  50  feet  the  lines  were  intended  to  be 

of  the  mast  and  an  uplift  of  20,000  pounds  at  supported  In  hangers  made  with  a  hinged  horl- 

the  extremity  of  the  longitudinal  sill.    At  the  zontal  latch  and  a  gas  pipe  roller,  as  Indicated 
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•In  the  sketch,  but  It  was  found  unnecessary  to  those  mentioned  for  the  tower  derricks,  were 
use  them.  Riveted  steel  boxes  about  3  feet  made  of  thick  plates  and  angles  and  bolted  to 
Jong,  2  feet  deep  and  2  feet  wide,  similar  to     the  sills  of  the  steel  derricks  at  the  foot  of  the 


mast  to  receive  pairs  of  oblique  18-lnch  sheaves, 
around  which  the  fall  lines  were  led  to  the 
snatch  blocks  at  the  rear  ends  of  the  travelers. 
These  snatch  blocks  had  eyes  engaging  I-bolts 
through  wooden  yokes  clamped  to  the  traveler 
sills  as  close  as  possible  to  the  anchors  which 
secured  the  latter  to  the  track  stringers.  These 
clamps  had  wooden  cushions  carefully  fitted  to 
the  sills  so  as  to  give  solid  bearing  and  avoid 
any  distortion,  as  shown  by  the  detail  sketch. 
Equal  precautions  were  taken  wherever  snatch 
blocks  or  lines  under  heavy  strain  were  attach- 
ed to  the  steel  work  and  various  special  draw- 
ings for  these  connections  were  detailed  In  the 
office  for  the  use  of  the  erectors. 

Each  traveler  was  mounted  on  eight  double- 
flanged  cast-steel  wheels  with  2%-lnch  tread  12 
inches  in  diameter.  These  wheels  were  bushed 
with  phosphor  bronze  %-inch  thick,  and  had  a 
driving  fit  on  3  3/16-inch  axles  which  took 
bearing  in  the  vertical  side  plates  of  cast-steel 
blocks  bolted  to  the  insides  of  the  web  plates 
of  the  traveler  sills.  The  horizontal  lower  edges 
of  the  side  plates  of  the  wheel  boxes  were 
planed  to  engage  the  surfaces  of  pairs  of  fold- 
ing wedges  which  were  driven  under  them  to 
raise  the  traveler  bearings  oft  from  the  wheels 
when  hoisting  was  being  done.  Each  traveler 
was  anchored  to  the  track  stringers  by  eight 
sets  of  hook  clamps,  which  engaged  -their  top 
flanges  and  were  adjusted  by  the  ordinary  ver- 
tical screw  rod  operated  by  a  lever  nut  with 
bearing  on  a  cast-iron  pedestal  washer  seated 
across  the  top  flanges  of  the  traveler  sill. 

As  the  traveler  was  required  in  the  first  move- 
ment to  advance  to  the  last  floorbeam  erected, 
it  was  necessary  to  provide  a  reliable  stop  at 
that  point  to  prevent  danger  of  the  forward 
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wheels  mnnlDg  off  froai  the  end  o{  the  track. 
This  consisted  of  a  set  of  four  castings  bolted 
together,  as  shown  in  the  detail  drawing,  and 
haring  Tertical  screw  hooks  to  engage  the  un-  ■ 
der  side  of  the  flange.  These  hooks  were  seat- 
ed in  heavy  brackets  to  which  their  heels  were 
braced.  The  stops  were  provided  with  han- 
dles pivoted  through  the  center  of  gravity,  and 
simpler  stops,  composed  of  pairs  of  cast-iron 
plates  were  provided  for  material  tracks. 
(To  be  continued.) 


The  Westo.v  AgvEorcT  of  the  Metropolitan 
Water  Works,  Boston,  was  formally  put  into 
commission  by  the  Board  and  its  engineers  on 
Tuesday,  December  29.  This  aqueduct  which 
was  described  and  illustrated  in  this  journal 
May  4,  1901.  and  October  18  and  25,  1902,  has  a 
nominal  capacity  of  300,000,000  gallons  per  day, 
and  is  designed  to  deliver  from  the  impounding 
reservoir  to  the  Metropolitan  district  a  large 
additional  supply,  supplementing  tfye  now  out- 
grown Sudbury  and  Ck>chituate  aqueducts. 
Furthermore,  this  additional  quantity  will  be 
delivered  at  a  sufficient  elevation  to  dispense 
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Big  Rock  Creek  Concrete-Steel  Arch  on 

the    Chicago,    Burlington   &    Quincy 

Railway. 

The  Chicago,  Burlington  &  Quincy  Railway  is 
replacing  a  steel  bridge  on  its  main  line  near 
Piano,  111.,  with  a  concrete-steel  "arch  which  will 
be  the  longest  structure  of  its  kind  ou  the  line. 
The  bridge  which  is  being  displaced  is  a  95- 
foot  double-track  steel  deck  truss  span  on  ma- 
sonry piers,  with  two  approaches  each  consist- 
ing of  two  32-foot  and  one  24-toot  deck  girder 
spans  on  trestle  bents  resting  on  small  cais- 
sons. The  old  stone  piers  founded  on  grillages 
of  piles  are  retained  and  incorporated  In  the 
abutments  of  the  new  arch.  The  trestle  bents 
and  caissons  will  not  be  removed,  although  the 
girders  will  be  used  elsewhere.     The  founda- 
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walls  to  tie  them  together  as  an  aid  in  resist- 
ing the  tendency  to  move  outward. 

The  new  structure  is  a  75-foot  three-center 
arch  3  feet  thick  at  the  crown  and  44  feet  wide. 
The  stresses  were  computed  by  Prof.  C.  E. 
Greene's  method  for  a  circular  segmental  arch 
with  fixed  ends.  A  segment  of  a  circle  with  a 
radius  of  50  feet  very  closely  approximates  a 
neutral  axis  and  was  used  as  the  elastic  line, 
with  a  limiting  angle  of  45  degrees.  The  por- 
tion of  the  arch  ring  below  a  section  cut  by  a 
radial  line  making  an  angle  of  45  degrees  with 
the  vertical,  was  considered  abutment.  The 
neutral  axis  was  divided  into  segments  of  10 
degrees  and  the  loads  due  to  the  filling  and  the 
weights  of  segments  of  the  arch  ring  were  com- 
puted and  considered  concentrated  at  those 
points.  The  dead  load  was  computed  consider- 
ing the  weight  of  concrete  as  140  pounds  and 
of  the  filling  as  125  pounds  per  cubic  foot.  The 
live  load  was  assumed  at  1,000  pounds  per 
linear  foot  per  foot  of  arch  ring.  Stresses  were 
computed  for  two  conditions  of  loading,  one  a 
full  live  and  dead  load  and  the  other  a  live 
load  from  abutment  to  crown.       The  pressure 
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Half  Plan,  Sections  and  Elevation  of  the  Big  Rock  Creek  Concrete-Steel  Arch  Bridge  on  the  Chicago,  Burlington  &  Quincy  Railway. 


with  a  part,  and  perhaps  ultimately  all,  of  the 
low-service  pumping  now  done  at  one  of  the 
Chestnut  Hill  pumping  stations.  For  the  present 
about  35,000,000  gallons  will  be  sent  through 
the  Weston  aqueduct  and  delivered  into  the  dis- 
tribution system  through  a  60  and  4S-incb  pipe 
line.  Contract  construction  work  was  begun 
in  the  spring  of  1901  and  the  aqueduct  with  its 
appurtenances  is  now  substantially  completed, 
having  been  built  in  all  details  practically  In 
exact  accordance  with  the  designs.  It  is  said 
that  the  total  payments  to  the  contractors  will 
exceed  by  only  some  ten  to  twenty  thousand  dol- 
lars the  sum  of  the  contractors'  bids  as  com- 
puted on  the  basis  of  the  engineers'  estimated 
quantities.  This  Is  a  noteworthy  result  in  such 
large  works.  Mr.  Frederic  P.  Steams  Is  chief 
•nslneer  of  the  Metropolitan  Water  and  Sewer- 
age Board,  and  these  works  have  been  designed 
and  executed  under  bis  supervision.  Mr.  Hor- 
ace Ropes,  engineer  of  the  Weston  Aqueduct 
Department,  has  had  Immediate  charge  of  the 
work,  and  the  pipe  line  from  the  terminal 
chamber  was  laid  under  direction  of  Mr.  Dexter 
Brackett.  engineer.  Distribution  Department. 


tlons  have  been  extended,  new  piles  being 
driven  as  shown  in  the  accompanying  drawing. 
The  drawing  also  shows  the  use  of  riprap  be- 
.  neath  the  arch  but  this  possibly  will  be  dis- 
pensed with  as  the  bed  of  the  stream  is  solid 
gravel.  The  concrete  abutments  are  built 
around  the  old  masonry  piers,  every  other 
course  of  which  has  been  notched,  although  not 
across  the  entire  face  of  the  pier  In  every  case. 
To  prevent  any  tendency  ■  of  the  concrete  to 
separate  from  the  piers,  %-inch  corrugated 
steel  bars  4  feet  long  have  been  set  in  cement  in 
holes  drilled  2  feet  into  the  masonry  on  4-foot 
centers.  The  bars  have  been  set  approximately 
In  the  direction  of  the  lines  of  stress  in  the 
arch.  Four  expansion  joints  have  been  pro- 
vided between  the  wing  and  the  spandril  walls, 
as  shown.  These  are  about  %  inch  In  widtt 
and  filled  with  asbestos,  and  head  caps  are  pro- 
vided at  the  tops  and  sides  for  the  protection 
of  the  joints.  The  wing  walls  extend  back 
from  the  abutments  parallel  to  the  tracks  in 
the  manner  shown,  this  being  the  most  eco- 
nomical arrangement.  Steel  rods  are  em- 
bedded at  their  ends  In  the  concrete  of  these 


line  for  a  partial  load  was  found  to  be  inside 
the  middle  third  at  the  critical  section,  thus 
giving  no  tension  at  any  point  in  the  arch  due 
to  live  and  dead  load.  The  pressure  line  for 
the  latter  was  continued  to  the  foundation 
course  by  an  approximate  method  and  the  lat- 
ter was  designed  so  that  the  resultant  pressure 
fell  inside  the  middle  third. 

As  the  concrete  in  the  structure  is  of  such 
volume  as  to  take  care  of  temperature  and  other 
stresses,  the  corrugated  steel  bars  introduce  an 
additional  factor  of  safety.  They  are  disposed 
In  lines  around  the  barrel  of  the  arch  and  trans- 
verse to  the  same.  The  latter  are  %-inch  bars 
laid  6  Inches  from  the  intrados  and  4  inches 
from  the  extrados  on  2-foot  centers.  Parallel 
with  the  barrel  of  the  arch  at  distances  of  4 
and  6  Inches  from  both  the  intrados  and  the 
extrados,  on  6-lnch  centers  but  staggered,  are 
%-inch  bars.  The  spandrel  walls  are  tied  to 
the  arch  by  %-inch  bars  set  into  the  latter  ra- 
dially on  2-foot  centers.  The  corrugated  steel 
bars  were  made  by  the  St.  Louis  Expanded 
Metal  Flreproofing  Company  and  were  fur- 
nished by  Mr.  T.  L.  Condron,  Chicago  agent. 
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The  concrete  in  the  foundations,  wing  walls 
and  spandrel  walls  was  mixed  in  the  propor- 
tions of  1  part  Portland  cement,  3  parts  sand 
and  6  parts  crushed  stone,  although  in  part  of 
the  wing  walls  the  mixture  was  1  cement,  3 
sand,  2  gravel  and  4  crushed  stone.  For  the 
arch  concrete  of  1  part  cement,  2  parts  sand  and 
4  parts  crushed  stone  was  used.  The  cement 
was  of  the  Marquette  and  Owl  brands  and  the 
mixing  was  done  by  machine,  Drake  and  Olsen 
mixers  being  used. 

The  arch  is  being  erected  with  the  present 
structure  in  place,  the  traffic  being  interrupted 
in  nowise.  The  bottom  laterals  of  the  trusses 
were  removed  and  for  such  members  as  inter- 
sect the  arch,  openings  have  been  left.  These 
are  of  radial  wedge-shaped  form  and,  when 
filled  with  concrete,  will  not  detract  from  the 
strength  of  the  arch.  After  the  latter  is  com- 
pleted, the  top  chords  of  the  trusses  will  be  sup- 
ported on  falsework  resting  on  steps  on  the 
arch  ring  at  points  directly  over  posts  in  the 
centering.  The  truss  members  intersecting  the 
arch  will  then  be  taken  out  as  well  as  the  re- 
maining parts  of  the  trusses.  The  falsework 
under  the  arch  will  be  kept  in  position  until 


Structural    Details    of    the    Kuhn-Loeb 
Building,  New  York. 

The  73x91-foot  Kuhn-Loeb  building  at  tho  cor- 
ner of  Pine  and  William  streets.  New  York,  Is 
a  twenty-story  steel  cage  structure  which  rises 
to  a  height  of  about  275  feet  above  the  curb. 
The  basement,  cellar  and  first  story  occupy 
the  whole  of  the  nearly  rectangular  lot,  but 
part  of  two  of  the  walls  is  offset  in  the  upper 
stories  so  as  to  provide  for  a  32i/ixl8-foot  air 
shaft  at  one  corner,  as  indicated  by  the  general 
floor  plan. 

The  main  columns  are  seated  on  I-beam  gril- 
lages which  cover  about  half  the  total  area  of 
the  lot  and  are  proportioned  to  diminish  the 
foundation  loads  to  about  3  tons  per  square  foot 
on  the  fine  sand  above  ground-water  level.  The 
lot  was  enclosed  by  sheet  piling  and  was  ex- 
cavated to  a  depth  of  about  20  feet  below  the 
curb.  On  the  level  surface  of  the  bottom, 
planks  were  braced  edgeways  to  divide  the  lim- 
its of  the  separate  footings;  and  in  the  moulds 
thus  formed,  concrete  was  rammed  to  a  uniform 
depth  of  15  inches,  extending  continuously  un- 
der certain   groups   of   columns   and   the  adja- 
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Building  Concrete-Steel  Arch  under  Existing  Steel  Span,  at  Big  Rock  Creek 


the  concrete  is  thoroughly  set.  The  filling 
at  the  crown  of  the  arch  will  be  6  feet  in  depth, 
on  which  the  usual  rock  ballast  of  the  line  will 
be  laid.  The  plant  of  the  contractor,  Mr.  Gil- 
bert H.  Scribner,  Jr.,  of  Chicago,  presents  no 
unusual  features  other  than  the  use  of  center 
dump,  drop-bottom  steel  cars  of  IV2  cubic 
yards  capacity.  These  permit  of  a  most  eco- 
nomical handling  of  concrete. 

Mr.  W.  L.  Breckinridge  is  the  chief  engineer 
of  the  Chicago,  Burlington  &  Quincy  Railway, 
and  Mr.  C.  H.  Cartlidge,  the  bridge  engineer,  in 
charge  of  the  design  and  erection  of  the  arch. 


Chi.nehk  Railway  Co.n.struction  is  now  be- 
ing carried  on  somewhat  more  actively  than 
hitherto,  according  to  "Engineering."  The  line 
from  Pekin  southward  to  Canton,  which  will  be 
about  1,300  miles  long,  was  opened  in  Septem- 
ber for  242  miles  from  Pekin  and  work  is  pro- 
gressing on  further  extensions.  Other  connect- 
ing lines  are  under  construction  and  it  is  hoped 
that  unbroken  communication  will  be  establish- 
ed from  Pekin  to  Hankow,  a  distance  of  about 
750  miles,  by  the  close  of  1905. 


cent  wall  footings  and  forming  separate  foun- 
dations for  interior  columns.  On  these  footings 
a  second  course  of  concrete,  12  inches  or  15 
inches  thick,  with  its  edges  set  back  from  those 
of  the  lower  course,  was  laid  for  some  of  the 
interior  columns  and  most  of  those  in  the  street 
walls.  The  upper  surfaces  of  these  footings 
were  made  with  pairs  of  transverse  concrete 
ribs  5  inches  wide  which  projected  1  inch  above 
the  general  surface  of  the  footing  and  resem- 
bled chipping  pieces  left  on  castings  to  concen- 
trate the  bearings.  These  ribs  were  arranged, 
as  shown  in  the  sketch,  to  support  the  grillage 
beams  near  the  ends  and  leave  their  lower 
flanges  generally  clear  of  the  footing.  The 
beams  were  set  in  place,  bolted  together  and 
carefully  leveled  on  these  ribs.  A  clay  dam 
was  then  built  around  the  edge  of  the  footing 
enclosing  the  grillage,  Portland  cement  grout 
was  poured  inside  it  to  fill  the  space  between 
the  top  of  the  concrete  and  the  lower  flanges  of 
the  grillage  beams  and  afford  a  solid  continuous 
bearing  for  the  latter.  The  grillage  beams 
were  painted  two  coats  of  graphite  paint,  and 
the   interstices  between  them  were  filled  with 


concrete  and  grouted  and  the  concrete  waa  ex- 
tended 4  inches  beyond  them  on  the  ends  and 
sides. 

Ten  of  the  columns  have  extended  bases 
seated  on  cast-iron  pedestals,  wide  enough  to 
reach  across  the  distributing  beams  which  form 
transverse  tiers  across  the  centers  of  the  sin- 
gle column  footings  and  are  made  stiff  enough 
to  distribute  the  column  loads  equally  on  the 
centers  of  all  of  the  grillage  beams.  The  col- 
umns adjacent  to  the  lot  lines  were  required  to 
be  supported  wholly  inside  the  building,  so  that 
it  was  impossible  to  provide  for  them  concen- 
tric symmetrical  center  footings  which  would 
have  projected  into  the  adjacent  buildings. 
They  are  therefore  carried  at  the  extremities 
of  distributing  girders  perpendicular  to  the  wall 
and  supported  on  the  centers  of  transverse  gril- 
lage beams  covering  the  continuous  footings  of 
two  or  more  columns. 

One  or  two  other  columns  are  seated  on  each 
distributing  girder,  ^nd  the  loads  and  dimen- 
sions are  such  that  the  center  of  gravity  of  the 
girder  and  its  combined  loads  coincides  with 
the  center  of  gravity  of  the  footing,  while  the 
plane  of  the  girder  web  is  in  the  longitudinal 
axis  of  the  footing,  fn  some  cases  the  gitders 
are  only  as  long  as  the  footings  and  carry  two 
columns,  one  at  each  end.  In  other  cases  the 
girders  carry  one  column  at  each  end  and  a 
third  one  near  the  center,  but  do  not  require 
footings  of  as  large  area  as  would  be  provided 
by  extending  them  full  width  to  the  ends  of  the 
girders.  It  was  therefore  considered  more  sat- 
isfactory to  make  the  footings  of  the  full  width  , 
and  terminate  them  inside  the  inner  ends  of  the 
girders,  thus  leaving  the  latter  to  act  as  canti- 
levers with  overhangs  of  from  414,  to  5%  feet  on 
centers,  and  having  their  lower  flanges  uniform- 
ly supported  by  the  remainder  of  their  lengths. 

The  two-column  girders,  about  22%  feet  long, 
were  each  made  with  three  60x%-inch  webs 
and  have  two  6x4x%-inch  and  two  6x6x9/16-lnch 
angles  and  three  24x%-inch  cover  plates  in  each 
flange.  The  webs  are  stiffened  by  vertical  an- 
gles and  fillers  from  about  3%  to  4l^  feet  apart, 
except  under  the  columns  where  double  pairs  of 
them  are  placed  close  together  to  resist  the  con- 
centrated shear.  The  inside  web  has  stiffening 
angles  on  both  sides,  the  outside  webs  have 
them  on  the  outside  only.  The  three-column 
girders  are  about  5  feet  deep,  32  inches  wide 
and  38%  feet  long.  They  have  three  webs  9/16 
inch  thick  in  the  middle  and  reinforced  to 
13/16  inch  at  the  ends,  where  the  flange  angles 
are  riveted  between  the  double  thickness  of  the 
•web,  and  the  reinforcing  plate  is  flllered  out 
from  the  main  web  so  as  to  leave  a  space  be- 
tween. The  outside  webs  are  reinforced  on  the 
outside  only;  the  center  web  reinforcement 
plates  are  riveted  together  with  single  vertical 
lines  of  rivets  through  narrow  filler  plates  about 
2  feet  apart,  as  indicated  by  dotted  lines  in  the 
elevation.  Each  flange  consists  of  two  8x8x%- 
inch  and  two  6x6x%-inch  angles  and  three  32x 
13/16-inch  cover  plates.  The  chord  angles  are 
continuous  for  the  full  length  of  the  girder,  and 
the  webs  are  spliced  by  single  vertical  rows  of 
rivets  through  narrow  cover  plates  over  the  cen- 
ter of  support  on  the  grillage  beams  where  the 
shear  is  minimum.  These  splices  are  arranged 
to  come  just  beyond  the  stiffening  angles  and 
to  be  Independent  of  them. 

The  columns  are  seated  on  bearing  plates 
countersunk-riveted  to  the  top  flanges,  and  the 
girders  are  reinforced  at  each  of  these  points 
with  eight  pairs  of  angles  riveted  together  back 
to  back  and  riveted  to  the  girder  webs  and 
milled  for  bearing  against  the  insides  of  the 
horizontal  flanges,  thus  virtually  extending  the 
column  sections  through  the  girder  to  the  gril- 
lage beams.  In  both  the  two-column  and  three- 
column  girders  the  bottom  flange  cover-plates 
are  all  full  length  and  none  of  their  rivets  are 
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countersunk.  The  bearing  on  Ihe  grillage 
beams  was  secured  by  grouting,  the  flanges  of 
the  girders,  being  large  enough  to  reduce  the 
load  to  a  safe  unit  pressure  on  grout.  The  dis- 
tributing girders  are  painted  two  coats  of 
graphite  paint,  filled  with  grout  and  concrete 
and  plastered  on  their  outer  surfaces  with  ce- 
ment mortar  In  which  hollow  terracotta  blocks 
are  set  to  enclose  them  where  they  project 
above  the  cellar  floor.  After  the  grillages,  col- 
umn pedestals  and  distributing  girders  were 
set,  back-fill  was  rammed  and  leveled  to  the  re- 
quired height  and  the  concrete  cellar  floor  was 
laid  on  it,  covering  all  the  space  between  the 
footings. 

The  walls,  floors  and  roof  are  carried  by  twen- 
ty-eight main  columns  about  275  feet  in  total 
height,  uniformly  built  with  pairs  of  15,  12  and 
10-lnch  channels  and  18,  16  and  14-lnch  cover 
plates,  making  closed  rectangular  cross-sec- 
tions. They  are  spaced  from  about  15  to  20  feet 
apart  on  centers  and  carry  I-beam  girders, 
beams  and  joists,  arranged  as  shown  In  the  typ- 
ical plan,  which  gives  the  framing  for  the  11th, 
12th,  13th,  14th,  15th,  and  16th  floors.  The 
other  floors  correspond  in  general,  except  that 
at  the  17th  story  the  walls  recede  inwards  and 


to  the  regulations  of  the  building  law  to  pro- 
vide for  the  full  roof  load  of  50  pounds  live  and 
75  pounds  dead  per  square  foot,  and  have  flie 
estimated  floor  loads  diminished  by  successive 
increments  of  5  per  cent,  of  live  load  each, 
going  down  until  the  10th  floor  from  the  top, 
which,  with  those  below  it,  was  assumed  to 
transmit  only  50  per  cent,  of  the  live  loads  plus 
total  dead  load  to  the  columns.  It  is  assumed 
that  the  lower  faces  of  the  building  will  be  pro- 
tected from  the  wind  up  to  the  4th  floor,  above 
which  a  wind  pressure  of  20  pounds  per  square 
foot  is  assumed.  The  wind  stresses  are  pro- 
vided for  by  making  very  deep  and  rigid  con- 
nections between  the  floor  girders  and  the  col- 
umns in  the  four  transverse  rows  below  the 
17th  floor.  Similar  connections  are  also  made 
for  the  intermediate  columns  In  the  two  nar- 
row ends  of  the  building.  In  the  corner  columns 
these  braces  are  omitted. 

The  kneebrace  connection  is  virtually  a 
double-web  gusset  plate,  with  inclined  flange 
angles,  which  Is  shop-riveted  to  the  end  of  the 
I-beam  girder.  The  lower  flange  of  the  I-beam 
is  coped  to  clear  the  plates  and  the  vertical  edge 
of  the  plates  is  field-riveted  between  a  pair  of 
vertical  connection  angles  shop-riveted  to  the 
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A  Floorbeam  Plan  for  the  Kuhn-Loeb  Building,  New  York  City. 


the  wall  girders  are  nearly  on  the  center  lines 
of  the  columns  instead  of  being  carried  beyond 
their  outer  faces,  as  in  the  lower  stories.  At 
the  17th  floor,  4x4-inch  transverse  horizontal 
angles  22  inches  apart  are  cantilevered  out  from 
the  wall  girders  to  carry  a  projecting  terracotta 
course.  At  the  20th  floor,  a  similar  construction 
is  provided  to  carry  the  terracotta  cornice, 
which  projects  about  3  feet  beyond  the  face  of 
the  wall.  The  first  floor  is  essentially  different 
from  the  typical  floors  in  the  sizes  of  the 
I-beams,  and  their  connections  to  the  wall  col- 
umns and  from  the  fact  that  it  is  extended  be- 
yond the  limits  of  the  upper  stories  to  cover 
the  sidewalk  vaults  and  the  back  corner  of  the 
lot  occupied  by  the  air  shaft.  These  variations 
do  not,  however,  materially  change  the  charac- 
ter of  the  construction  or  the  details  of  the 
connections. 

The  floors  throughout  the  building  are  built 
with  hollow  terracotta  flat  arches  of  from  4  to 
5  feet  span  leveled  up  above  the  beam  flanges 
with  cinder  concrete.  The  first  story  is  cal- 
culated for  a  total  dead  and  live  load  of  225 
pounds  per  square  foot,  the  other  floors  for  150 
pounds.    The  columns  are  calculated  according 


web  or  cover  plate  of  the  column  on  its  center 
line.  In  the  lower  stories  some  of  the  interior 
columns  have  this  connection  on  three  sides 
and  have  no  other  connection,  excepting  hori- 
zontal shelf  angles  to  receive  a  floor-beam  on 
the  fourth  side,  as  shown  in  the  elevations  for 
the  lower  two  stories  of  column  8.  The  upper 
and  lower  sections  of  all  columns  are  two 
stories  in  height,  the  intermediate  sections  are 
three  stories  in  height,  all  splices  being  made 
with  pairs  of  cover  plates  shop-riveted  to  the 
upper  end  of  the  lower  section  of  the  column 
just  above  the  finished  floor  line. 

Where  the  cross-sections  of  adjacent  column 
sections  differ  materially,  horizontal  diaphragm 
plates  are  inserted  between  the  milled  ends  of 
the  columns  so  as  to  distribute  the  bearing  uni- 
formly from  the  less  to  the  greater  section. 
Where  there  is  no  material  difference  in  cross- 
section,  these  bearing  plates  are  omitted.  All 
floor-beams  and  girders  are  at  right  angles  to 
the  faces  of  the  columns,  and  In  most  cases  they 
are  located  on  the  center  lines  of  the  interior 
columns  and  loaded  symmetrically.  In  some 
cases,  as  in  the  first  floor,  the  girders  are  made 
with  double  I-beams  which  require  special  con- 


nections offset  from  the  center  line,  and  In  th» 
wall  columns  there  are  various  Irregularities 
caused  by  the  use  of  double  I-beams  to  carry 
the  floor,  wall  and  projecting  courses  and  to 
provide  for  the  special  beams  at  the  comers. 
In  the  16th,  17th  and  18th  stories  of  the  wall 
columns  7  and  13  regular  beams  are  connected 
to  the  columns  by  horizontal  transverse  shelf 
angles  engaging  the  top  and  bottom  flanges  of 
the  beams  and  riveted  to  both  webs  and  cover 
plates  of  the  columns  with  vertical  reinforce- 
ment angles  under  the  beam  seats  where  re- 
quired. This  constitutes  the  standard  method 
of  connections  and  Is  modified  as  necessary  to 
provide  for  special  positions  of  the  I-beams,  a» 
at  the  17th  story  where  wall  girders  are  car- 
ried beyond  the  outer  face  of  the  column  to  sup- 
port the  projecting  course.  These  beams  are 
seated  on  brackets  riveted  to  projecting  tie- 
plates,  which  form  short  cantilevers  on  both 
sides  of  the  column.  In  other  cases  where  It  I» 
necessary  to  carry  beams  beyond  the  face  of 
the  column  and  tfiey  would  Interfere  with 
beams  in  the  opposite  direction,  which  are  car- 
ried on  the  bracket  shelves  rlvoted  to  the  flange 
plates,  a  tleplate  Is  provided  parallel  with  the 
channel  web  and  projects  beyond  the  column 
flange,  as  shown  in  the  drawings  of  column  8. 
This  detail  dlstribufes  the  weight  of  the  beam 
over  both  sides  of  the  column  and  avoids  the  In- 
tersection of  the  fioor  girders.  These  details 
and  those  shown  for  other  columns-  illustrate 
the  principal  variations  In  the  methods  by 
which  the  connections  are  made,  and  with  their 
combinations  provide  for  all  the  different  cases 
encountered  in  this  building.  All  connections 
of  beams  and  girders  to  columns  are  riveted; 
all  other  beam  connections  are  bolted.  Beam 
connections  are  made  to  conform  to  the  stan- 
dards of  the  American  Bridge  Company.  Field 
rivets  were  driven  by  hand  and  were  twenty 
per  cent,  in  excess  of  the  number  which  would 
have  been  required  if  shop  driven. 

Mr.  James  B.  Baker  was  the  architect  of  the 
building,  and  Thompson-Starrett  Company  was 
the  general  contractor.  The  structural  steel 
weighs  about  2,000  tons,  including  400  tens  of 
grillage  beams  and  foundation  girders.  It  was 
fabricated  at  the  Pencoyd  shops  of  the  Ameri- 
can Bridge  Company,  and  was  erected  by  the 
Thompson-Starrett  Company.  Mr.  S.  C.  Weis- 
kopf  was  the  consulting  engineer  and  Mr.  Geo. 
Simpson,  assistant  engineer  In  charge  of  detail 
designs. 


The  Asphalt  Deposits  of  Trinidad  were  re- 
cently examined  by  Prof.  Henry  Louis,  of  New- 
castle, England,  who  is  reported  as  declaring 
that  the  celebrated  pitch  lake  is  not  Inexhausti- 
ble, as  sometimes  stated,  but  that  Its  surface 
has  sunk  correspondingly  to  the  quantity  taken 
from  it. 


The  Indiana  Engineebing  Society  will  hold 
its  annual  convention  In  the  Commercial  Club's 
rooms,  at  Indianapolis,  Ind.,  January  14  to  16. 
An  excellent  program  has  been  provided  Includ- 
ing enjoyable  social  features.  Papers  will  be 
presented  on  the  following  subjects:  The 
Sewer  System  of  Connersvllle;  The  Pollution  of 
White  River;  Sewage  Purification  at  Jackson, 
Milwaukee  and  Easthaven;  Railway  Construc- 
tion; The  Central  Power  and  Heating  Plant  of 
Purdue  University;  Brick  Tests;  Timber  Tests; 
Strawboard  Refuse  Purification;  Economy  In 
Road  and  Street  Construction;  Surveys  for  Elec- 
tric Railroads;  Curves  and  Pavements  for  Inter- 
urban  Tracks;  Bridge  Abutments  and  Piers; 
Specifications  for  Bridge  Masonry;  More  Light 
on  the  Theory  of  Concrete;  Interurban  Rail- 
ways In  Small  Cities.  Mr.  Charles  C.  Brown, 
of  Indianapolis,  is  the  secretary. 
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T)rpes     and     Details     of     Bridge     Con- 
struction.— X  V  I. 
B7  Frank  W.  Skinner,  C.  E. 

Plats  GtBiwa  Abcues  (Co-ntimio)). 

The  WashiiiKton  Bridge  carries  ISlst  Str««t. 
New  Tork,  across  the  Harlem  River  on  two 
two-hinge  plate  girder  arch  spans  about  133^ 
feet  high  in  the  clear,  above  mean  high  water. 
The  bridge  is  notable  for  its  handsome  and 
masslTe  design,  the  symmetry  of  outline,  and 
especially  for  the  dimensions  of  the  arch  spans, 
which  are  the  largest  of  their  kind  yet  con- 
structed. It  is  also  interesting  as  on«  of  tho 
first  long-span  steel  plate  girder  arches,  and 
for  the  excellent  character  of  the  details  and 
workmanship,  which  are  typical  of  advanced 
practice  and  modem  methods.  The  design  is 
an  admirable  combination  of  masonry  and 
steel  which  gives  mass,  beauty  and  dignity  to 
a  monumental  structure  and  still  preserves 
structural  efficiency  in  a  measure  seldom 
found  in  large  American  bridges.  Nineteen 
competitive  designs  were  submitted  by  emi- 
nent American  bridge  engineers  and  contract- 
ors, and  two  prizes  were 
awarded  to  them,  although 
none  of  them  met  all  the 
requirements  or  were 
adopted.  They  included 
two  designs  with  800-foot 
suspension  spans:  four  de- 
signs with  cantilevers  of 
spans  up  to  560  feet;  three 
designs  with  steel  arches; 
three  desigms  with  steel 
arch  trusses  of  spans  up  to 
345  feet,  and  three  designs 
with  stone  and  concrete 
arches  with  spans  up  to 
280  feet  A  design  having 
three  198-foot  full-centered 
masonry  arch  spans  over 
the  river  and  a  series  of 
smaller  shore  spans  on 
slender  piers  was  consid- 
ered the  most  meritorious, 
but  was  not  accepted  be- 
cause it  failed  to  meet  the 
requirement  that  the  main 
span  should  be  of  metal. 

Another  plan  was  subse- 
quently submitted  for  a 
bridge  with  two  508-foot 
plate  girder  arch  spans. 
heary  masonry  piers  and 
solid  masonry  wall  ap- 
proaches. This  was  modi- 
fled  to  have  510-foot  spans 
and  masonry  arch  approaches  and  the 
contract  was  awarded  for  |2,055,000  for  a 
structure  having  a  total  length  of  2,373 
feet,  which  carries  a  50-foot  carriage  way  and 
two  15-foot  sidewalks  at  a  grade  of  1.33.  The 
three  main  piers  are  founded  on  solid  rock,  the 
center  one  being  sunk  in  the  river  channel  by 
the  pneumatic  caisson  process  to  a  depth  of 
about  41  feet  below  mean  high  water.  The  end 
piers  and  the  abutments  have  arched  Interior 
chambers  enclosed  with  face  walla  8  feet  thick 
at  the  base.  Each  approach  has  three  full-cen- 
tered 60-foot  arches  and  there  is  one  56-foot 
flat  elliptical  arch  over  the  roadway.  The  ends 
of  the  piers,  cornices  and  parapets  are  granite; 
the  side  faces  of  the  piers,  spandrel  and  abut- 
ment walls  are  of  light  gray  gneiss,  and  the 
face  masonry  is  backed  with  concrete. 

The  bridge  is  proportioned  for  a  dead  load 
of  225  pounds  per  square  foot  and  a  distribut- 
ed live  load  of  100  pounds  per  square  foot  or  a 
20-ton  road  roller.  The  steel  arches  are  pro- 
portioned for  an  assumed  dead  load  of  15,000 
pounds    per    linear    foot    of    arch    and  18,000 


pounds  per  linear  foot  of  floor  system  and  pav- 
ing, for  a  live  load  of  8,000  and  a  wind  load  of 
1,200  pounds  per  linear  foot.  Allowance  was 
made  in  all  parts  of  the  structure  for  a  varia- 
tion of  75  degrees  Fahrenheit  in  the  tempera- 
ture. The  arch  rib  flanges  were  proportioned 
for  maximum  stresses  of  15,000  pounds  per 
square  inch  of  gross  section  in  compression, 
and  for  18,000  pounds  per  square  inch  of  net 
section  in  tension.  The  arch  ribs  are  made 
principally  of  open-hearth  steel  with  an  ulti- 
mate tensile  strength  of  from  62,000  to  70,000 
pounds  and  an  elastic  limit  of  32,000  pounds 
per  square  inch.  The  computed  rise  of  the 
crown  due  to  maximum  temperature  variation 
is  about  2Vj  inches.  The  computed  maximum 
deflections  are  2.3  inches  vertical  and  1.3  inches 
horizontal. 

Each  main  span  has  six  two-hinge  plate  gir- 
der arch  ribs  of  510  feet  clear  span,  and  about 
91.8  feet  clear  rise  on  centers  of  skewback 
pins.  The  ribs  are  spaced  14  feet  apart  on 
centers  and  are  braced  by  horizontal  trans- 
verse struts  at  the  panel  points  of  the  top  and 
bottom  flanges.    There  are  pin-connected  sway- 


The  web  plates  are  %  inch  thick  in  the  euJ 
segments  and  %  inch  thick  elsewhere.  Tho 
flanges  are  double  with  an  H-shaped  cross-sec- 
tion composed  of  six  6x6-inch  angles  and  12- 
inch  and  20-inch  cover  plates,  with  varying 
thicknesses,  which  have  a  maximum  of  3  1/16 
inches  for  the  20-inch  plates.  Each  segment  is 
divided  into  three  equal  subpanels  by  pairs  of 
5x3^-inch  radial  web-stiftener  angles,  which  at 
the  ends  serve  as  splice  flanges.  Tho  web 
plates  are  shop-spliced  with  two  vertical  rows 
of  rivets  at  each  intermediate  stiCCener  and  the 
stiffener  angles  are  slightly  crimped  at  the 
ends  and  have  their  web  flanges  turned  in  op- 
posite directions  on'opposite  sides  of  the  gir- 
der web  so  that  their  combined  cross-section 
la  Z-shaped.  The  field  splices  of  the  arch  seg- 
ments are  made  with  20-inch  flange  plates  and 
with  58  rivets  through  the  end  web  angles. 

In  the  end  sections  the  flanges  are  curved  so 
that  their  center  lines  intersect  on  the  center 
of  the  18-inch  skewback  pins.  The  webs  are 
also  reinforced  and,  with  the  ends  of  the  flange 
angles,  are  planed  to  a  semi-hexagonal  bearing 
lor  the  cast-steel  socket  which  has  a  pin  bear- 


Washington  Bridge  across  the  Harlem  River,  New  York  City:   Falsework  for  Erection  of  Channel  Span. 


brace  rods  in  the  transverse  planes  through 
the  struts,  and  single  zig-zag  lateral  angles  in 
each  panel  of  the  struts  and  arch  ribs  in  tho 
planes  of  the  top  and  bottom  flanges.  Bach 
rib  is  divided  Into  34  equal  horizontal  panels 
of  14  feet  11%  inches.  At  each  panel  point 
there  is  a  floor-beam  supported  on  the  caps  of 
six  vertical  spandrel  posts,  each  of  which  has 
an  oblique  base  plate  riveted  to  the  top  flange 
of  one  of  the  arch  ribs.  The  spandrel  posts 
are  braced  by  longitudinal  and  transverse  hori- 
zontal struts  and  have  pin-connected  sleeve- 
nut  diagonal  sway-brace  rods.  There  are  no 
spandrel  posts  at  the  seven  panel  points  at 
the  crown  of  the  arch,  and  the  floor-beams  there 
are  seated  on  short  pedestals  riveted  to  the 
arch  ribs. 

Each  arch  rib  has  a  uniform  depth  of  13  feet 
and  is  made  In  34  nearly  equal  segments  with 
lengths  varying  slightly  to  give  equal  horizon- 
tal projections.  The  segments  have  straight 
sides,  and  their  center  lines  are  chords  and 
their  ends  are  parts  of  radii  of  a  parabolic 
curve. 


ing  of  about  170  degrees,  34  inches  long.  Tri- 
angular extensions  of  the  web  plates  with  their 
upper  and  lower  edges  stiffened  with  narrow 
flange  angles  are  riveted  to  the  curved  ends 
of  the  girder  flanges  to  carry  the  parallel 
lines  of  the  flanges  to  the  pedestals  which  con- 
tinue them  to  the  pier  masonry  so  that  the 
effect  is  that  of  a  square  ended  rib  with  a  full 
width  base  on  the  masonry.  The  lower  pin- 
bearing  casting  has  a  rectangular  seat  against 
the  reinforced  quadruple  webs  and  inclined 
stiffener  angles  of  the  pedestal. 

The  Inner  webs  of  the  pedestals  are  triangu- 
lar plates,  but  the  outer  webs  are  rectangular 
plates  extended  beyond  the  inclined  flange 
angles  to  maintain  the  full  width  of  the  arch 
rib,  and  correspond  with  the  web  extensions 
of  the  end  segments  to  which  they  are  spliced 
by  bolts  in  slotted  holes  through  jaw  plates 
shop-riveted  to  the  girders.  The  4M>xl3-foot 
pedestal  bases  are  made  of  double  %-inch 
plates  seated  on  telt  packing  and  anchored  to 
the  granite  with  four  2-inch  expansion  bolts. 

In  the  shops  great  care  was  taken  to  plane 
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tlie  ends  of  the  segments  to  the  exact  angles 
■of  the  radial  joints  of  the  parabolic  arch  curve, 
which  differed  for  every  segment  in  the  semi- 
arch.  Each  segment  was  put  on  the  planer 
with  its  web  horizontal  and  one  end  was  planed 
to  the  approximate  angle.  The  segment  was 
reversed  and  the  edge  of  the  finished  end  was 
carefully  aligned  with  a  fixed  point  several 
hundred  feet  away,  outside  the  shop,  at  the 
intersection  of  the  two  radii  through  the  ends 
of  the  segment,  the  other  radius  being  drawn 
through  the  cutting  line  of  the   tool. 

The  horizontal  transverse  struts  between 
the  arch  ribs  are  composed  of  two  pairs  of 
angles  riveted  back  to  back  and  latticed,  one 
pair  of  web  flanges  being  turned  in  and  the 
other  pair  turned  out.  One  pair  is  riveted  to 
horizontal  connection  plates  on  the  outer 
flange  of  the  girder  and  the  other  pair  is  riv- 
eted between  a  pair  of  vertical  plates  riveted 
to  the  outstanding  flange  of  a  vertical  web 
stiffener  angle.  These  plates  form  jaws  to  re- 
ceive the  loop  end  of  the  sleeve-nut  sway  diag- 
onal rod,  which  is  pin-connected  to  them.  The 
wide  base  plates  of  the  spandrel  posts  project 


beam  grillage  anchored  to  the  masonry  so  as 
to  transmit  the  lateral  stresses  to  solid  reac- 
tions. At  the  outer  edges  of  the  sidewalks 
there  is  a  wide  cast-iron  cornice  on  a  founda- 
tion of  5/16-inch  steel  plates,  bolted  to  the 
ends  of  the  floor-beams  and  to  two  intermediate 
brackets  in  each  panel.  The  massive  cast-iron 
parapet  has  bronze  ornaments  and  lamp  posts. 
The  arch  segments  were  shipped  from  the 
bridge  shops  with  the  webs  vertical  and  sus- 
pended through  slots  cut  in  the  floors  of  flat 
cars  so  as  to  clear  the  tunnel  roofs.  The  arch 
spans  were  erected  on  trestle  falsework  with 
bents  having  six  vertical  posts  supported  in 
the  river  by  piles  and  on  land  by  transverse 
sills.  The  falsework  was  seven  stories  high 
in  the  middle  and  had  sway  bracing  between 
the  first  and  second,  the  third  and  fourth  and 
the  fifth  and  sixth  posts.  Every  panel  had  a 
single  longitudinal  brace  except  the  two  panels 
under  the  crowu.  Each  semi-arch  rib  also  had 
two  raking  braces  from  the  haunches  to  tho 
ground  near  the  center.  The  land  span  had 
three  openings  to  clear  intersecting  railroads 
and  streets  spanned  by  plate  girders  about  4.5 


wheels  rolling  on  round  steel  bars  which  in 
turn  rolled  on  the  flanges  of  the  horizontal 
spandrel  struts.  The  two  spans  weigh  about 
3,342  tons.  Their  erection  was  commenced 
September  1,  1887,  and  finished  May  11,  1888, 
by  an  average  force  of  about  200  men.  Work 
on  the  foundations  was  commenced  in  May, 
1886,  and  the  bridge  was  substantially  com- 
pleted in  December,  1888,  at  a  total  cost  of 
12,857,684.55.  The  erection  was  described  In 
The  Engineering  Record  of  July  21  and  28, 
August  11  and  September  1,  1888.  Acknowl- 
edgment for  data  of  the  design  is  made  to  Mr. 
Theodore  Cooper,  consulting  engineer. 
(To  be  continued.) 


General  View  of  the  Washington  Steel  and  Masonry  Arch  Bridge,  New  York  City. 


l)eyond  the  top  fianges  of  the  arch  ribs  and  are 
fleld-riveted  to  the  lateral  diagonal  angles. 
The  bottom  flange  connection  plates  for  the 
lateral  struts  also  receive  the  ends  of  the  lower 
lateral  angles.  The  spandrel  posts  are  made 
with  pairs  of  lO'/^-inch  channels,  latticed,  and 
the  longitudinal  and  transverse  struts  between 
them  have  I-shaped  cross-sections  made  with 
two  pairs  of  angles  riveted  together  back  to 
back  and  latticed. 

The  plate  girder  floor-beams  have  a  center 
section  42  feet  long  and  two  cantilever  end 
sections  about  20%  feet  long.  The  center  sec- 
tions are  30  inches  deep,  and  the  end  sections 
are  48%  inches  deep  and  overhang  the  span- 
drel posts  about  6  feet.  The  three  sections  are 
spliced  together  on~the  center  lines  of  the 
spandrel  posts  by  field  rivets  through  their  end 
vertical  web  stiffener  angles.  The  asphalt 
pavement  and  flagstone  sidewalks  have  a  con- 
crete foundation  on  buckle  plates  carried  by 
I-beam  stringers  seated  across  the  top  flanges 
of  the  floor-beams.  At  the  piers  the  floor  plat- 
form slides  longitudinally  between  guides  on  a . 


feet  long,  which  supported  the  upper  bents  of 
regular  falsework.  The  channel  span  had  a 
center  opening  of  about  80  feet  for  navigation 
spanned  by  two  inclined  bents  on  each  side  and 
short  timber  trusses  at  the  top. 

Materials  were  delivered  by  a  balanced  can- 
tilever revolving  tower  derrick  to  an  elevated 
distributing  platform  at  skewback  level  along- 
side the  falsework  and  from  there  was  hoisted 
and  erected  by  two  overhead  travelers.  Each 
traveler  consisted  of  a  movable  platform  with 
two  adjustable  braced  masts  and  two  booms 
which  commanded  the  full  width  of  the  span. 
The  travelers  were  seated  on  the  arch  ribs 
and  erected  them  frgm  the  skewbacks  to  the 
crown,  then  moved  backward  from  crown  to 
piers  at  roadway  level  erecting  the  spandrel 
posts  and  floor  platform.  The  arch  segments 
were  supported  during  erection  by  blocking  on 
the  falsework  caps,  and  were  swung  by  jack- 
screws  inserted  between  the  girders  and  caps 
alongside  the  blocking.  Most  of  the  field  splice 
rivets  were  driven  by  pneumatic  yoke  riveters 
suspended  by  differential  hoists  from  groove:! 


The    Ambridge    Plant   of    the  American 
Bridge  Company. 

PaKT     VII. COSSTBLCTION     AND     EQUIPMENT     OF 

Power  House,  Boileb  House,  Temitate  Shop, 

AND  Auxiliary  Buildings. 
Power  House. — The  210x84-foot  power  house 
is  centrally  located  between  the  eye-bar  shop 
and  the  bending  and  forge  shop  with  its  longi- 
tudinal axis  perpendicular 
to  the  main  lines  of  sur- 
face tracks  which  run 
through  the  yard  from  end 
to  end.  It  has  a  full  length 
center  aisle  60  feet  wide  in 
the  clear  and  40  feet  high 
to  the  lower  chords  of  the 
root  trusses  which  is  com- 
manded by  a  25-ton  travel- 
ing crane.  On  each  side 
of  the  center  aisle  there 
are  narrow  side  aisles 
with  pipe  galleries  in  the 
upper  parts,  and  there  are 
floor  trenches  in  the  axis 
of  the  building  and  in 
transverse  directions 
where  the  exhaust  pipes 
are  carried  clear  of  the 
machinery.  About  half  of 
the  floor  space  is  occupied 
by  machinery  already  in- 
stalled ;  and  additional 
machines  have  been  or- 
dered or  designed.  The 
principal  machines  are  set 
in  two  rows  on  opposite 
sides  of  the  center  line  of 
the  main  aisle,  the  genera- 
tors and  their  engines  be- 
ing located  in  one  group 
and  the  air  compressors  la 
an  opposite  group,  with 
part  of  the  pumps  at  one  end  of  the  main  build- 
ing and  the  remainder  in  a  well  in  an  annex  at 
the  opposite  end.  The  present  installation  was 
described  in  the  issue  of  November  21  and  In- 
cludes three  large  generators  and  their  engines, 
six  pumps,  two  feed-water  heaters,  two  air 
compressors,  and  two  condensers.  Provision 
has  been  made  for  three  more  generators  and 
engines,  two  surface  condensers  and  four  more 
air  compressors,  all  of  which,  it  is  thought,  will 
be  required  when  the  plant  is  in  full  operation 
and  consuming  the  estimated  2,000  horse-power 
for  which  the  steam  plant  has  been  designed. 

The  walls  of  the  building  are  of  the  standard 
Ambridge  construction  with  8  inches  of  solid 
concrete  carried  up  to  the  sills  of  the  side  win- 
dows at  a  height  of  about  6  feet  above  grade 
and  around  and  above  their  frames  up  to  the 
eaves  line.  The  10x20-foot  windows  have  bal- 
anced sash  in  the  lower  halves  and  fixed  sash 
in  the  upper  halves  which  light  the  pipe  gal- 
leries. In  the  end  walls  there  is  a  lower  tier 
of  windows  corresponding  with  the  side  win- 
dows, and   an  upper  tier  10  feet  wide  and  11 
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fe«t  high  occupying  the  space  between  the 
transverse  girder  and  the  roof  truss.  The  win- 
dow framing  is  made  in  the  standard  way  with 
8-inch  rertlcal  and  horiiontal  channels  and  I- 
hf  mil  embedded  in  the  concrete.  The  roof  is 
■kokthed  with  2-inch  planks,  and  is  slated  on 
the  steep  part  and  covered  with  slag  on  the 
flatter  central  portion.  It  differs  from  the 
working  shops  in  haying  no  skylights  or  moni- 
tors, but  has  seven  5-foot  tubular  ventilators. 

The   steel   work   is  proportioned   for  a  roof 
lo*d   of   50   pounds   per  square   foot,   a   25-ton 


traveling  crane  with  11-foot  wheel  base  and 
45,000  pounds  maximum  load  on  each  wheel  of 
the  loaded  end,  a  weight  of  100  pounds  per 
square  foot  of  surface  of  wall  concrete  and  for 
loads  of  S,000  pounds  at  the  centers  of  the  pipe 
gallery  beams.    Unit  stresses  are  taken  at  16,- 

000  pounds  per  square  inch  in  tension,  and  in 
compression  at  16,000  pounds  per  square  inch 
reduced  by  the  formula:  P  =  16,000 -i- [1 -)- 
(12,5001' -^r*)].  To  the  stresses  from  crane 
loads  25  per  cent,  is  added  to  allow  for  impact. 

There  are  four  longitudinal  rows  of  columns, 
those  in  the  wall  being  spaced  only  14  feet 
apart,  while  those  in  the  interior  rows,  corre- 
sponding to  every  third  wall  column  and  11  feet 

1  inch  from  them,  are  42  feet  apart  The  tops 
of  the  interior  columns  are  connected  by  longi- 


tudinal riveted  trusses  8  feet  deep,  which  carry 
the  transverse  roof  trusses  in  the  planes  of  the 
wall  columns.  The  latter  have  their  tops  simi- 
larly connected  by  light  lattice-girders,  each  of 
which  carries  at  the  center  a  rafter  for  the 
mansard  roof.  The  longitudinal  trusses  alsO' 
have  at  alternate  panel  points  vertical  sus- 
penders carrying  the  ends  of  transverse  floor- 
beams  In  the  pipe  gallery.  This  allows  the 
space  below  to  be  unobstructed  for  the  location 
and  operation  of  large  machines.  The  main 
roof  trusses  span  the  center  aisle  only,  but  the 
side  rafters  are  in  the  same  plane  and  give 
them  an  appearance  of  continuity  to  the  wall 
columns.  They  are  braced  together  in  the 
planes  of  the  top  chords  by  eight  lines  of  pur- 
lins and  by  X-braces  of  single  3x2i^-inch  an- 
gles In  the  end  panels  and  in  every  third  inter- 
mediate panel.  The  bottom  chords  are  braced 
at   alternate   panel    points   by   T-shaped   longl- 
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tudinal    Etruts    made    with    a   pair   of   4x3-inch 
angles. 

Tlie  trusses  are  of  very  simple  construction, 
as  indicated  in  the  outline  of  the  cross-section, 
and  have  T-shaped  members  all  made  with  pairs 
of  angles  riveted  together  back  to  back  and 
Connected  at  panel  points  with  gusset-plates 
between  the  angles.  At  the  ends  of  the  main 
trusses  these  plates  are  extended  beyond  the 
lower  side  of  the  truss  and  are  field-riveted  be- 
tween the  flange  angles  of  the  main  columns, 
which  have  a  section  of  the  web  omitted  to 
receive  them.  The  upper  ends  of  the  side  aisle 
rafters  are  riveted  to  the  same  connection 
plates,  and  the  lower  ends  engage  the  webs  of 


the    wall    columns.     The    main    trusses    were 
erected   in   two  sections  each  and   fleld-riveted 
together  with  one  splice  in  the  top  chord  and 
two  in  the  bottom  chords. 
The  longitudinal  girders  have  pairs  of  5x3 '/i- 


inch  chord  angles  with  web-connection  platea 
riveted  between  them  to  receive  on  opposite 
sides  the  diagonal  members,  which  have  their 
flanges  turned  in  opposite  directions  so  as  to 
clear  at  intersections  where  they  are  riveted 
together.  These  girders  are  connected  to  the 
column  webs  by  field-rivets  through  the  flanges 
of  end  vertical  angles.  They  are  Just  above  the 
tops  of  the  traveling  crane  runways,  but  are 
not  connected  to  them  as  might  be  inferred 
from  the  longitudinal  elevation.  The  runway 
girders  have  4-foot  webs  and  6x6-inch  flange 
angles  with  14-inch  cover  plates,  and  are  spliced 
together  by  fleld-rlvets  through  their  vertical 
end-stiftener  angles.  They  are  seated  on  off- 
sets of  the  main  columns  with  their  webs  in 
the  planes  of  the  inside  flanges  of  the  columns, 
and  are  braced  to  the  upper  parts  of  the  col- 
umns by  transverse  diaphragms. 

The  pipe  galleries  are  11  feet  wide  and  ex- 
tend from  end  to  end  of  the  building.  They 
have  plank  floors  supported  on  pairs  of  8-inch 
transverse  channels  with  web-connections  to  the 
wall  columns  and  to  the  suspenders 
from       the       longitudinal       girders.         Each 
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panel  ia  X-brmced  by  stngle  3x2^-lnch  angles. 
The  main  columns  have  I-shaped  cross-sections 
with  the  inner  flanges  reinforced  by  a  channel 
in  the  plane  of  the  web  of  the  runway  girders. 
The  upper  portion  of  the  column  has  a  dimin- 
ished cross-section  and  is  solidly  riveted,  as 
already  described,  to  the  roof  trusses.  The  col- 
umns are  stiffened  longitudinally  by  pairs  of 
kneebrace  angles  to  the  lower  flanges  of  the 
runway  girders.  Their  26x38-inch  bases  are 
stiffened  by  transverse  diaphragms  and  have 
vertical  stiffener  angles  supporting  the  bear- 
ings for  the  upper  ends  of  the  anchor'  rods. 
The  comer  columns  have  rectangular  cross-sec- 
tions closed  on  the  two  outer  sides  and  latticed 
on  the  inner  sides.  They  are  made  with  four 
3x3-inch  angles  and  two  12-inch  plates,  and  are 
filled  solid  with  concrete.  The  total  weight  of 
steel  in  this  building  is  about  650,000  pounds. 

Boiler  House. — The  42xl45%-foot  boiler  house 
is  parallel  and  adjacent  to  the  power  house  with 
a  clear  space  of  30  feet  between  them.  It  is  a 
one-story  structure  with  sharply  pitched  roof 
having  a  monitor  which  extends  the  full  length 
and  is  illuminated  by  clere-story  windows.  One 
aide  and  one  end  of  the  building  are  closed  with 
the  Ambridge  standard  concrete  wall  con- 
struction having  a  double  tier  of  6x8-foot 
windows  about  5  feet  above  grade.  The 
other  side  has  a  corresponding  wall  and  two 
tiers  of  windows  in  the  23-foot  end  panel.  The 
remainder  of  this  side  of  the  building  and  the 
other  end  is  temporarily  closed  with  corrugated 
iron  for  a  height  of  }6  feet  above  grade  in  the 
panels  between  columns,  and  from  that  level  to 
the  eaves  the  space  is  filled  with  a  continuous 
row  of  fixed-sash  windows  5  feet  high.  The 
building  contains  four  250-horse-power  boilers; 
place  is  reserved  for  four  more,  and  one  end 
of  the  building  is  designed  for  a  future  exten- 
sion, if  necessary,  to  increase  th^  capacity  from 
2,000  to  3,000  horse-power.    The  framework  does 


made  on  the  horizontal  bracket  angles  and  web- 
connection  angles.  The  corner  columns  are 
made  with  four  vertical  angles  and  two  cover- 
plates  so  as  to  have  solid  faces  on  the  outer 
sides  and  open  faces  on  the  inner  sides,  which 
have  batten-plates  but  not  lattice  angles. 

The  2-inch  tongued  and  grooveu  longitudinal 
roof  planks  are  slated,  and  are  supported,  with- 
out purlins,  in  the  monitor  root  by  small  riv- 
eted trusses  and  in  the  side  roofs  by  8-inch 
I-beam  rafters  7  feet  8  inches  apart.  These  are 
carried  at  the  upper  ends  on  the  runway  gird- 
ers, and  at  the  lower  ends  on  the  top  flauges  of 
light  lattice  girders  connecting  the  tops  of  the 
wall  columns.  Both  rafters  and  monitor 
trusses  have  angle-iron  X-bracing  in  alternate 
panels.  On  the  two  closed  sides  of  the  house 
the  columns  are  longitudinally  braced  by  the 
concrete  and  the  wall  framing;  on  the  other 
sides  they  are  braced  by  diagonal  angles  in  the 
wide  panels. 

A  10-ton  14-foot  traveling  crane  of  Pencoyd 
standard   make   is   operated   by   two   Westing- 
house   motors,  one  of  5   and  one  of  25   horse- 
power,  and    traverses   the    full    length   of   the 
building  to  handle  the  boilers  and  steam  pipes, 
and   to  deliver  coal  in  buckets  to  the   60-ton 
Eteel  storage  hoppers  over  each  battery  of  boil- 
ers.      The    details    of    the    steel    framing    are 
simple  and  of  standard  type.    The  col- 
umn and  rafter  connections  are  made 
with  field-riveted  web-plates,  and  the 
gutters  are  made  with  a  channel  and 
two  small  angles  riveted  together  and 
seated     on     solid-web     knee-brackets 
shop-riveted  to  the  faces  of  the  wall 
columns  just   below  the   eaves.     The         |^  u 
structural    steel   in   the   boiler   house 
weighs   about   350,000   pounds. 

Template  Shop. — The  60x512-foot 
template  shop,  between  the  main  and 
auxiliary     bridge     shops,     is     a     two- 


The  roof  trusses  are  16  feet  apart  on  centers 
and  are  braced  together  in  the  planes  of  the  top 
chords  by  X-brace  angles  in  the  second  and 
every  fourth  successive  panel  from  the  ends. 
They  carry  fourteen  lines  of  6-inch  channel 
purlins  with  nailing  strips  bolted  to  their  webs 
to  receive  the  1%-inch  transverse  sheathing 
boards  covered  with  tar  paper  and  slate.  The 
four  upper  lines  of  purlins  are  10-inch  channels, 
which  support  a  full  length  strip  of  skylight 
about  7  feet  wide  on  each  side  of  the  ridge. 

A  gallery  ISVo  feet  wide  extends  from  one 
end  of  the  building  to  within  96  feet  of  the  op- 
posite end.  Its  floor  is  about  14  feet  above  the 
second  floor  and  is  carried  by  9-inch  I-beams 
8  feet  apart  supported  at  the  outer  ends  on  wall 
beams  riveted  to  the  inner  faces  of  the  columns 
and  at  the  inner  ends  on  fascia  girders  sus- 
pended by  pairs  of  vertical  angles  from  the 
second  panel  points  in  the  lower  chords  of  the 
roof  trusses.  From  the  end  of  this  platform 
the  gallery  is  continued  to  the  end  of  the  build- 
ing by  a  similar  construction  4  feet  wide  wh)«h 
serves  chiefly  as  a  passageway  to  the  trans- 
verse bridge  connecting  the  two  sides  on  the 
gable  wall.  A  similar  bridge  connects  the  op- 
posite ends  of  the  main  galleries.  The  gallery 
floor  is  stiffened  by  two  end  and  three  inter- 
mediate sets  of  horizontal  X-bracing. 
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not  carry  any  part  of  the  weight  of  the  boilers, 
being  designed  to  support  the  roof  and  walls 
and  to  carry  the  steam  pipes  and  the  coal-con- 
veying and  storage  plants  above  the  boilers. 

There  are  three  rows  of  main  longitudinal 
columns  spaced  alternately  23  feet  and  7  feet 
8  Inches  apart  so  as  to  correspond  with  the 
boiler  settings,  except  at  the  i>ermanent  end  of 
the  building  where  the  last  two  panels  are  each 
23  feet  long.  The  columns  in  the  interior  row 
are  extended  to  the  foot  of  the  monitor  clere- 
story to  carry  one  line  of  runway  girders  for 
the  traveling  crane.  The  other  line  of  runway 
girders  Is  carried  on  a  fourth  longitudinal  row 
of  columns  which  corresponds  to  the  upper  part 
of  the  interior  row  and  is  supported  over,  and 
clear  of,  the  boilers  on  transverse  plate-girders 
at  the  eaves  level,  as  shown  in  the  cross-section 
diagram.  The  columns  are  braced  together  in 
pairs  to  correspond  with  the  boiler  settings,  and 
are  kneebraced  to  the  transverse  girders.  They 
are  of  rectangular  cross-section  varied  to  corre- 
spond with  the  different  requirements.  The 
main  interior  columns  are  each  built  with  one 
12-Inch  I-beam  and  two  12-inch  channels  about 
33  feet  long.  The  channels  are  riveted  to  the 
I-beam  flanges  and  have  their  flanges  turned 
Inwards.    The  beam  and  girder-connections  are 


story  building  about  30  feet  high  above 
grade.  It  has  a  double-pitched  root  with 
ten  48-inch  tubular  ventilators.  Except  about 
70  feet  at  one  end,  where  the  steam  heating  ap- 
paratus is  installed,  the  lower  story  is  entirely 
devoted  to  the  toilet  and  locker  rooms  for  2,000 
of  the  bridge-shop  workmen.  The  second  story 
is  intended  wholly  for  template  making,  and 
has,  suspended  from  the  roof,  two  galleries 
where  the  light  machines  and  some  of  the  work 
benches  are  located.  The  construction  is  sim- 
ple and  consists  of  steel  roof  trusses  and  wall 
columns,  slate  roof  on  wooden  sheathing  and 
steel  purlins,  reinforced  concrete  walls  and 
wooden  floor  boards  on  wooden  beams  and  gird- 
ers, supported  by  three  longitudinal  rows  of 
one-story  cast-iron  columns  8  feet  apart.  The 
Intermediate  wall  columns  have  I-shaped  cross- 
sections  with  their  webs  transverse  to  the  axis 
of  the  building,  fhe  corner  wall  columns  have 
rectangular  cross-sections  like  those  In  the 
boiler  room  and  are  made  with  four  angles,  two 
cover-plates  and  two  latticed  sides,  and  are 
filled  solid  with  concrete.  The  upper  ends  of 
the  column  webs  are  removed  to  allow  the 
flanges  to  engage  the  projecting  gusset-plates  at 
the  ends  of  the  roof  trusses,  which  are  field- 
riveted  to  them  and  serve  as  rigid  kneebraces. 


The  entrances  to  the  template  floor  are  by 
outer  stairways  on  the  sides  of  the  building. 
The  end  of  the  building  opposite  the  steam 
heating  apparatus  is  peculiar  from  the  fact  that 
it  is  provided  with  two  doors  8  feet  wide  and 
23  feet  high  made  in  several  leaves  to  facilitate 
the  handling  of  very  wide  templates  for  girder 
spans.  These  doors  are  12  feet  apart  on  cen- 
ters, and  over  the  center  of  each  there  is  a 
trolley  track  extending  20  feet  into  the  build- 
ing and  equipped  with  two  trolleys  and  chain 
hoists  for  carrying  the  large  templates  and 
bundles  of  template  timber.  The  windows,  of 
which  there  are  double  tiers  in  side  and  end 
walls,  have  sliding  sash  and  are  glazed  in  the 
lower  portions  with  clear  glass  and  in  the 
upper  portions  with  ribbed  glass  intended  to 
diffuse  the  light  in  the  interior. 

The  building  is  heated  by  a  hot-blast  system 
with  ducts  carried  through  the  roof  trusses  and 
discharging  through  vertical  branches  and 
dampers  about  50  feet  apart  in  the  center  line 
of  the  building,  10  feet  above  the  template  floor. 
The  larger  machines  are  driven  by  independent 
motors  and  are  located  on  the  main  floor.  Some 
boring  and  planing  machines  are  located  In  the 
galleries  and  are  driven  in  groups  by  Jack- 
shafts  operated  by  small  motors.    A  system  of 
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gravity  chutes  is  provided  on  the  walls  to  de- 
liver the  shavings  to  hoppers  m  the  hasement, 
whence  they  are  collected  and  removed  to  be 
burned  in  the  boiler  room.  The  total  weight 
of  structural  steel  in  the  template  shop  is  about 
700,000  pounds. 

Sanitary  Conveniences. — There  are  three  pairs 
of  opposite  entrances  to  the  first  story,  spaced 
equl-distantly  in  the  length  of  the  template  shop. 
Between  each  pair  is  a  transverse  aisle  for  the 
toilet  fixtures,  and  between  these  aisles  there 
are  in  all  six  single  rows  and  forty-three  double 
rows  of  lockers  and  lavatory  sinks  alternating 
on  opposite  sides  of  transverse  aisles 
reaching  across  the  building,  and  inter- 
sected by  passageways  in  the  center 
and  on  both  the  sides  of  the  building.  Each 
row  is  divided  into  two  sections  and  each  sec- 
tion contains  twenty  lockers  or  ten  sinks  on 
each  side.  The  sinks  are  provided  with  hot 
and  cold  water,  the  former  supplied  from  a 
1,500-gallon  tank  containing  a  coil  of  1-inch 
steam  pipe. 

The  untrapped  waste  pipes  discharge  at  the 
outer  ends  of  each  row  of  sinks  into  concrete 
floor  trenches  covered  with  sectional  gratings. 
These  trenches  pitch  to  catch-basins  with  bell 
traps  and  cast-iron  drain  pipes  connected  with 
Talves  to  the  sewer.     The  soil  pipes  from  the 
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pressure  steam  main  and  a  perforated  1-inch 
pipe  in  the  center,  through  which  live  steam 
will  be  injected. 

Pattern  Shop,  Tempering  Shop,  Testing  Lab- 
oratory and  Auxiliary  Bridge  Shop. — The  60x 
128-foot  pattern  shop  between  the  machine  shop 
and  iron  foundry  will  resemble  the  template 
shop  and,  like  it,  will  contain  a  basement  lava- 
tory with  lockers  and  toilet  rooms  for  300  men 
employed  in  that  part  of  the  works. 

Adjacent  to  the  pattern  shop  is  the  60x80-foot 
tempering  shop  for  steel  tools.  This  building 
has  a  slate  roof  and  concrete-filled  walls  sup- 
ported by  steel  framework  weighing  about  70,- 
000  pounds.  There  is  sufficient  floor  area  for 
tool  dressing  and  tempering,  a  Babbitting  shop, 
and  similar  miscellaneous  requirements. 

A  testing  laboratory  is  planned,  to  be  built 
near  the  eye-bar  plant,  which,  in  addition  to 
the  usual  appliances  for  ordinary  testing,  will 
contain  a  large  hydraulic  machine  for  testing 
eye-bars.  This  machine  is  designed  for  a  ca- 
pacity of  4,000,000  pounds,  and  will  be  arranged 
for  tests  in  either  tension  or  compression. 

The  180x584-foot  auxiliary  bridge  shop  will 
be  constructed  and  equipped  to  correspond  with 
the  main  bridge  shop,  to  which  it  is  adjacent, 
but  it  will  have  no  transept.  It  will  be  served 
by  transverse  traveling  cranes  and  assembling 


High  Power   Westinghouse-Parsons 
Steam  Turbines. 


When  the  Westinghouse-Parsons  steam  tur- 
bine was  commercially  introduced  at  the  close 
of  the  last  century,  the  sizes  then  built  were  of 
600-horse-power  nominal  capacity,  direct  con- 
nected to  400-kilowatt  polyphase  generators. 
Subsequent  development  has  been  so  rapid  that 
within,  a  period  of  four  years  turbines  of  5,500- 
kilowatts  or  7,500-horse-power  nominal  capacity, 
have  been  designed  and  are  under  construction. 
These  machines  will  have  a  continuous  over- 
load capacity  of  11,000  horse-power  in  one  self- 
contained  unit,  and  thus  rank  among  the  larg- 
est prime  movers.  Recently,  marine  work  has 
been  contemplated  by  the  builders,  as  already 
stated  in  this  journal,  and  the  near  future  may 
be  productive  of  turbines  of  still  greater  power, 
although  of  slightly  different  arrangement, 
necessary  to  adapt  the  present  type  to  marine 
usage. 

The  5,000-kiIowatt  turbo-generating  unit  11-  ■ 
lustrated  herewith  is  representative  of  the  gen- 
eral type  which  will  be  constructed  for  large 
powers.  The  most  distinguishing  features  of 
the  new  type  are  the  extreme  compactness  and 
low  speed  secured.  These  features  have  been 
practically  prescribed  by  the  necessity  of  min- 
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A    Five-Xhousand-Eilowatt    Westinghouse-Parsons   Turbo-Generator    Set. 


toilet  fixtures  are  connected  under  the  concrete 
floor  to  Y-branches  in  six  6-lnch  cast-iron  pipes 
which  cross  the  building  and  are  each  con- 
nected with  gate-valve,  deep-seal  trap  and  out- 
side fresh  air  inlet  to  double  Y-branches  which 
receive  the  outside  pipes  from  the  roof  leaders 
and  area  drains  and  discharge  into  18-inch 
sewer  lines,  which  empty  into  a  36-inch  terra- 
cotta main  sewer.  The  gate-valves  are  provided 
on  the  drain  pipes  so  that  on  very  infrequent 
occasions,  when  unusual  floods  threaten  to  rise 
to  floor  level,  they  may  be  closed  and  prevent 
back  flow  through  the  fixtures.  This  emergency 
is  likely  to  occur  only  at  very  rare  intervals, 
when,  for  short  periods,  it  would  be  necessary 
to  put  this  drainage  system  out  of  service.  The 
toilet  room  is  ventilated  by  openings  in  the 
ceiling  to  transverse  horizontal  ducts  that  con- 
nect with  vertical  branches  in  the  walls  and 
inclined  ones  under  the  roof  discharging 
through  the  ten  48-lnch  "ventilators  on  the  cen- 
ter line  of  the  roof. 

A  26x55-foot  lavatory  10  feet  high  to  the 
eaves  is  located  between  the  boiler  house  and 
bending  and  forge  shop,  and  will  be  equipped 
like  that  in  the  basement  of  the  template  shop 
to  provide  for  about  150  men.  Hot  water  will 
be  supplied  from  a  15-foot  length  of  18-Inch 
pipe  having  a  2-inch  connection  to  the  high- 


hoists,  and  •  will  have  longitudinal  surface 
tracks.  The  tools  will  be  duplicates  or  modi- 
fications of  those  described  in  the  main  bridge 
shop,  but  will  be  adapted  chiefly  for  columns, 
trusses  and  similar  lighter  work.  They  will 
include  principally  punches,  shears,  reaming 
and  drilling  machines,  pneumatic  hammers  and 
air  riveters,  and  the  usual  equipment  for  light 
structural  work.  The  structural  steel  weight 
will  -be  about  4,200,000  pounds  for  this  building. 
(To  be  continued.) 


The  Simplon  Tunnel  has  been  so  delayed  by 
the  unusual  difliculties  encountered  that  the 
first  single-track  tunnel  will  probably  not  be 
completed  before  the  spring  of  1905.  Conse- 
quently the  agreement  between  the  contractors, 
Messrs.  Brandt,  Brandon  &  Company,  and  the 
Jura-Simplon  Railway  Company  has  been  modi- 
fied. According  to  this  supplemental  contract 
the  date  for  the  completion  of  single-track  tun- 
nel No.  1  and  the  bottom  drift  of  tunnel  No.  2 
is  set  for  April  30,  1905,  with  a  bonus  of  {400 
per  day  for  each  day  saved  in  the  full-sized 
tunnel  and  a  corresponding  penalty  for  each 
day  of  delay  beyond  that  date.  Within  two 
years  from  the  date  named  the  contractors  must 
decide  whether  they  will  complete  the  second 
tunnel. 


imizing  the  cost  of  power  building  construction 
for  larger  station  capacities.  The  space  occu- 
pied by  the  7,500  horse-power  turbine  is  approx- 
imately 27  feet  8  inches  by  13  feet  3  inches,  and 
the  height  to  the  top  of  the  hand-railing  is  12 
feet.  This  is  equivalent  to  0.049  square  foot  per' 
electric  horse-power  capacity,  or  20.2  horse- 
power per  square  foot  of  floor  area  required. 

For  the  complete  unit  a  rectangular  area  of 
47  feet  4  inches  In  length  and  13  feet  In  width 
is  required,  which  is  equivalent  to  0.084  square 
foot  per  electrical  horse-power  capacity,  or  12 
electrical  horse-power  per  square  foot  of  floor 
space.  A  graphical  comparison  of  floor  space 
required  for  different  types  of  prime  movers  Is 
shown  in  the  accompanying  curves.  In  all 
cases  a  complete  unit  is  taken  as  the  basis  of 
comparison. 

In  point  of  speed,  the  new  type  fulfils  the  de- 
mand for  a  unit  operating  at  moderate  speed. 
The  5,000-kilowatt  unit  operates  at  750  revolu- 
tions per  minute,  the  2,000-kilowatt  unit  at  1,- 
200  to  1,560  revolutions,  and  the  1,000-kllowatt 
unit  at  1,500  to  1,800  revolutions,  depending  up- 
on the  frequency  desired.  These  speeds,  al- 
though not  comparable  to  engine  speeds,  do  not 
Impose  much  greater  stresses  upon  the  rotating 
parts,  and  in  addition  secure  the  great  advan- 
tage of  reduction  in  the  bulk,  weight  and  cost 
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The  accompanying  plan  and  elevation  of  the 
5.000-kllowatt  unit  shows  the  general  arrange- 
ment of  the  main  cylinder  body,  bearings  and 
aoxiUary  parts.  The  unit  rests  upon  a  single 
bedplate  cast  in  two  sections  which  are  secured 
by  shrunk  links.  To  the  bedplate,  which  is 
heavily  ribbed  to  secure  rigidity,  are  bolted  the 
pedestals,  generator  casing  and  turbine  body, 
but  the  bedplate  itself-  is  not  secured  to  the 
foundation  by  other  means  than  the  weight  of 
the  unit.  Steam  and  exhaust  connections  are 
made  l)eneath  the  floor  level. 

In  the  smaller  machines  of  this'  type,  the 
cylinder  barrel  and  both  journals  are  cast  in  a 
single  casting,  thus  largely  minimizing  machine 
work.  In  the  large  machine,  however,  the  bar- 
rel is  cast  in  two  sections  united  by  links,  the 
outboard  section  carryifkg  the  journal  and  worm 
casing,  and  the  inboard  section,  the  journal 
and  exhaust  opening  which  extends  through  the 
bedplate.  As  in  former  types  linear  expansion 
and  contraction  of  the  turbine  are  provided  for 
by  a  sliding  foot.  The  inboard  journal  pedestal 
is  bolted  securely  to  the  bedplate,  but  the  out- 
board pedestal  is  free  to  slide  between  parallel 
machined  ways.  The  main  body  of  the  casing 
is  heavily  lagged  with  non-conducting  material, 
secured  in  place  by  sheet  steel  casings. 


gagement  surfaces  of  the  coupling  consist  of 
the  squared  or  hexagonal  ends  of  the  shafts, 
but  in  the  larger  machines  a  crow-foot  sleeve 
is  keyed  to  each  shaft  and  the  power  is  trans- 
mitted by  an  outside  quill  engaging  the  crows- 
feet.  Thus  great  flexibility  is  secured,  together 
with  maximum  facility  in  dismantling. 

The  journals  in  the  larger  machines  are  of 
the  solid,  self-aligning  type,  similar  to  that  em- 
ployed in  generators  and  cross-compound  en- 
gines. The  departure  from  the  familiar  oil- 
cushioned  journal  employed  in  the  small  ma- 
chines is  occasioned  by  the  speed  reduction  se- 
cured. The  journal  shells  are  babbitt  lined  and 
are  split  horizontally,  the  two  halves  being 
united  by  bolts  with  shim  adjustment.  Oil 
from  a  central  system  is  Introduced  at  the  cen- 
ter under  slight  pressure,  thoroughly  flushing 
all  parts.  Axial  adjustment  is  provided  by 
metal  shims  arranged  in  quarter-box  fashion. 
The  diameter  of  the  shaft  at  the  journal  of  a 
5,000-kllowatt  machine  is  15  inches,  strikingly 
small  in  comparison  to  the  34-inch  shafts  re- 
quired for  a  cross-compound  reciprocating  en- 
gine of  corresponding  capacity. 

Longitudinal  adjustment  to  preserve  proper 
side  clearance  is  secured  by  a  thrust  bearing  lo- 
cated next  to  the  outboard  bearing.    The  bear- 


heavy  overloads,  resembling  in  some  respects 
the  engine  economy  curve  on  loads  exceeding 
that  of  maximum  economy. 

The  main  admission  valve  consists  of  a 
double-heat  poppet  valve  operated  by  a  small 
piston,  this  in  turn  being  controlled  by  a  small 
pilot  valve  directly  actuated  by  the  governor 
mechanism.  The  valve  admits  steam  to  the 
turbine  in  puffs,  the  duration  of  which  are  pro- 
portioned by  the  governor  to  the  load  upon  the 
turbine.  This  intermittent  method  obviates  the 
throttling  of  steam  to  accommodate  loading  and 
secures  the  highest  economy  by  using  at  all 
loads  steam  at  boiler  pressure. 

At  the  extreme  outer  end  of  the  turbine  shaft 
is  mounted  a  worm  driving  a  short  horizontal 
cross-shaft.  This  shaft  drives  at  one  end  the 
oil  pump  and  at  the  other  the  governor  through 
bevel  gearing.  An  eccentric  provides  the  recip- 
rocating motion  necessary  for  the  valve 
mechanism. 

The  governor  is  of  the  fly-ball  type,  with  90- 
degree  bell  crank  ball  levers  mounted  on  knife 
edges  and  fitted  with  roller  contacts.  The  gov- 
ernor sleeve  and  spring  is  mounted  on  ball 
bearings  and  adjustment  of  the  spring  tension 
may  be  made  while  the  turbine  is  running,  thus 
affording  a  most  simple  and  convenient  means 
for  paralleling  alternating  current  generators 
and  dividing  the  load  proportionately  between 
them. 

At  the  extreme  end  of  the  outboard  pedestal 
s  mounted  an  auxiliary  speed  limit  governor. 
It  Is  likewise  of  the  centrifugal  type  and  may 
be  set  to  release,  at  any  predetermined  speed, 
a  small  plunger  valve  which  controls  with 
high-pressure  steam  the  operation  of  the  quick- 
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Plan   and   Elevations   of   Condensing   Steam  Turbine. 


Leakage  of  air  from  the  atmosphere  into  the 
exbanst  spaces  of  the  casing  at  the  entrances  of 
the  shaft  is  prevented  by  frictionless  packing 
glands.  No  oil  is  employed  and  in  consequence 
the  condensation  from  the  turbine  is  pure  dis- 
tilled water. 

In  shaft  construction  great  rigidity  has  been 
secured  with  minimum  use  of  metal.  A  central 
steel  quill  carries  the  entire  rotating  parts,  both 
blades  and  balance  pistons.  Hollow  forged  steel 
ends  are  forced  into  the  two  ends  of  this  quill 
under  hydraulic  pressure,  and  are  in  addition 
secured  by  arrow-head  links.  High  pressure 
steam  is  conveyed  to  all  parts  of  this  quill 
structure  in  such  a  manner  as  to  eliminate 
stresses  and  consequent  distortion  due  to  highly 
superheated  steam. 

Power  is  transmitted  to  the  generator  shaft 
through  a  flexible  coupling  which  is  housed 
partly  by  the  turbine  and  partly  by  the  genera- 
tor 'inl)oard  journal.  The  coupling  is  split  at 
the  junction  of  the  two  shafts,  so  that  by  re- 
moving one  bearing  cap  and  the  coupling  bolts 
either  section  of  the  unit  may  be  lifted  out 
without  disturbing  the  adjustment  of  the  re- 
maining section.     In  the  smaller  sizes  the  en- 


ing  is  not  subjected  to  longitudinal  thrusts  from 
the  action  of  the  steam  and  is  consequently  of 
small  size.  The  two  half  shells  afe  advanced 
in  opposite  directions  by  graduated  set  screws, 
so  that  the  actual  running  clearances  are  meas- 
ured in  thousands  of  an  inch.  Once  set,  these 
adjustments  are  permanent  and  do  not  require 
frequent  taking  up. 

Steam  enters  the  turbine  successively 
through  an  automatic  quick  closing  throttle, 
hand  throttle,  strainer  and  the  main  admission 
valve.  A  circular  port  surrounding  the  en- 
trance to  the  initial  stage  conveys  this  steam  to 
all  points  so  as  to  avoid  stresses  incident  to 
more  localized  admission  of  highly  superheated 
steam. 

An  important  feature  of  the  steam  distribu- 
tion system  is  the  provision  of  a  by-pass  valve. 
This  valve  admits  high  pressure  steam  to  the 
second  stage  of  the  turbine  on  overloads  in  or- 
der to  increase  its  capacity  up  to  50  per  cent. 
in  excess  of  full-rated  load.  By  proportioning  the 
by-pass  steam  to  the  overload  on  the  turbine, 
maximum  economy  may  at  all  times  be  secured 
together  with  reserve  overload  capacity.  This 
results  in  a  slight  rise  in  the  economy  curve  on 


closing  throttle  before  mentioned.  This  is  nor- 
mally held  open  by  means  of  an  overbalanced 
differential  piston.  At  the  moment  the  speed 
limit  operates,  the  excess  pressure  is  removed 
and  the  throttle  closes.  This  device  is  employed 
purely  for  insuring  absolute  immunity  from  ac- 
cident from  excess  speeds,  due  to  the  possible 
disablement  of  the  governor  mechanism. 

Copious  lubrication  is  supplied  to  all  jour- 
nals by  means  of  a  plunger  pump  driven  from 
the  worm  shaft.  The  warm  oil  returning  from 
the  bearings  passes  through  a  copper  coll  cooler 
in  the  bedplate  and  thence  to  a  reservoir  from 
which  the  pump  draws  its  supply.  The  cooled 
lubricant  is  circulated  at  slight  pressure,  sulfl- 
cient  to  Insure  positive  flow.  At  no  point  is 
oil  under  high  pressure  employed  for  prevent- 
ing erosion  of  rubbing  parts,  bearing  areas  be- 
ing suflicient  for  supporting  the  weight  of  the 
rotating  parts. 

In  general  construction  the  5,000-kilowatt 
turbo-generators  conform  to  those  now  building 
for  smaller  machines.  The  field  or  revolving 
element  is  built  from  a  solid  cylinder  of  steel 
slotted  for  the  reception  of  the  bar  windings, 
and  provided  with  ventilating  openings  corre- 
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spending  with  openings  in  the  laminations  of 
the  stationary  element.  The  generators  may  be 
wound  for  high  voltage  if  desired,  in  order  to 
avoid  the  use  of  step-up  transformers  in  a  sys- 
tem of  power  transmission  at  voltages  ranging 
up  to  15,000. 

The  5,000-kilowatt  turbo-units  illustrated  will 
be  employed  in  heavy  electric  railway  service, 
which  is  the  most  exacting  encountered  in  cen- 
tral station  operation.  These  machines  will 
form  the  Initial  equipment  of  the  Pennsylvania 
Railroad  terminal  property  in  New  York  City, 


Ventilation  and  Heating  in  the  Penobscot 
County  Court  House,  Bangor,  Maine. 

The  problem  of  designing  a  mechanical  plant 
for  the  Penobscot  County  Court  House,  at  Ban- 
gor, Me.,  was  considerably  simplified  by  the  fact 
that  power  was  required  only  for  the  heating 
and  ventilating,  the  lighting  being  obtained 
from  the  current  mains  of  the  local  electric 
company.  It  was  therefore  decided  to  employ 
as  low  a  steam  pressure  as  would  suffice  to 
drive  a  ventilating  fan  engine,  a  vacuum  pump 
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Plans  of  Basement  and  Second  Floor,  Penobscot  County  Court  House,  Bangor,  Maine. 


operating  with  electric  locomotives  the  heaviest 
Pullman  trains  through  the  tunnel  approaches 
to  Manhattan.  Three  units  will  similarly  inau- 
gurate the  power  service  on  the  Philadelphia 
Rapid  Transit  siibway  system  now  under  con- 
struction. Eight  5,000-kilowatt  units  will  fur- 
nish power  to  the  London  underground  system 
and  three  3,500-kilowatt  units  to  the  surface  sys- 
tem of  the  same  city.  These  units  will  operate 
under  175  pounds  steam  pressure,  high  vacuum, 
and  100  to  175  degrees  of  superheat. 


for  the  returns  of  the  heating  system  and  a 
feed  pump  for  the  boilers;  then  to  reduce  it  a 
consistent  amount  to  operate  the  direct  and  in- 
direct radiation  on  the  Webster  vacuum  sys- 
tem. 

To  understand  the  reasons  for  adopting  this 
scheme  it  will  be  well  to  know  the  require- 
ments. The  building  is  a  three  story  structure 
of  fireproof  construction  with  brick  walls  and 
partitions  and  concrete  floors,  covering  an  area 
of  about  10,500  square  feet  and  exposed  on  all 


sides.  On  the  first  floor  are  the  probate  court 
room,  rooms  for  witnesses,  the  county  attorney 
and  the  grand  jury,  and  various  other  rooms. 
These  quarters  are  provided  with  direct  radia- 
tion and  with  registers  for  discharging  and 
withdrawing  air  for  ventilation.  The  first  story 
has  1,899  square  feet  of  radiation  divided  among 
34  radiators,  the  largest  containing  100  square 
feet,  the  smallest  30  and  the  average  56,  the  lo- 
cation and  distribution  depending  on  the  size 
and  exposure  of  the  rooms  served.  The  com- 
bined air  inlet  area  is  4,676  square  inches  and 
air  outlet  area  4,044,  showing  a  slight  balance 
in  favor  of  the  inlets  to  compensate  for  leak- 
age through  doors  and  other  openings.  In  all 
the  design  called  for  twelve  registers  for  in- 
lets and  an  equal  number  for  outlets,  the  lower 
edges  of  the  former  being  placed  9  feet  above 
the  floor  and  those  of  the  latter  6  inches  above. 
With  the  velocity  of  the  air  through  the  regis- 
ters fixed  at  about  300  feet  per  minute  their 
sizes  were  made  dependent  upon  the  cubical 
contents  of  the  rooms  and  the  probable  num- 
ber of  persons  occupying  them  at  one  time,  al- 
lowing 30  cubic  feet  of  air  per  minute  for  each 
occupant  provided  this  caused  the  air  in  each 
room  to  be  changed  at  least  once  every  20  min- 
utes. For  better  -distribution  the  larger 
rooms  are  supplied  through  two  registers  at  dif- 
ferent locations.  It  will  be  noticed  from  the 
plan  of  the  second  floor,  and  the  sam.e  applies 
to  the  first,  that  radiators  are  placed  under 
windows  along  outside  walls  except  in  the  cor- 
ridors, while  the  registers  are  in  all  instances 
in  inside  walls  so  that  the  direction  of  supply 
is  towards  and  discharge  away  from  the  out- 
side walls. 

The  second  fioor  contains  two  rooms  which 
extend  up  through  the  third  story — a  large 
court  room  and  a  library,  their  height  being  29 
feet.  The  other  rooms  are  13  feet  high  and  in- 
clude a  jurors'  lobby,  rooms  for  the  judge,  jury,, 
attorney,  clerk  of  courts,  and  four  toilets.  In 
these  there  is  a  total  of  2,180  square  feet  of 
radiation,  a  somewhat  greater  amount  than  that 
allowed  to  the  first  floor,  as  all  the  rooms  are 
higher  and  the  exposure  greater.  The  largest  ra- 
radiators  are  four  of  200  square  feet  each,  in  the 
court  room,  while  the  average  per  radiator  is 
about  77.5  square  feet.  The  radiators  areallof  the 
H.  B.  Smith  Company's  make,  known  as  the  Im- 
perial Union  pattern,  except  those  in  the  li- 
brary, which  are  Crown  pattern  and  are  placed 
in  recesses  under  the  windows  with  lattice 
grille  work  on  the  front.  The  total  air  inlet 
area,  as  planned,  is  7,632  square  inches,  and 
outlet  area  5,516,  both  of  which  are  in  excess 
of  those  on  the  first  fioor,  by  reason  of  the 
greater  height  of  the  rooms.  That  the  inlet 
area  is  so  much  greater  than  the  outlet  is  prin- 
cipally due  to  the  use  as  ventilating  flues  of  the 
chimneys  over  the  fireplaces  in  the  library,  at- 
torney's room  and  the  judge's  room,  as  these 
three  added  to  the  nine  regular  outlets  make 
their  number  equal  to  the  inlets,  twelve.  Any 
further  excess  of  inlet  over  outlet  area  may  be 
attributed  to  the  desire  to  ensure  ventilation 
in  the  smaller,  but  less  frequented  adjoining 
rooms  not  specially  provided  with  registers.  It 
should  be  noted  that  such  rooms  are  invariably 
outside  ones  having  windows,  and  that  particu- 
lar attention  has  been  given  to  provide  plenty 
of  air  to  all  inside  rooms. 

The  third  floor,  with  the  exception  of  the 
sections  forming  the  upper  parts  of  the  library, 
court  room  and  hallway,  is  unfinished  and 
serves  at  present  practically  as  an  attic,  inci- 
dentally affording  space  for  the  connecting 
ducts  that  combine  the  ventilating  flues  Into  a 
common  discharge.  No  exhaust  fan  is  used; 
therefore  to  ensure  a  positive  draught  a  cir- 
cular bank  of  aspirating  coils  containing  200 
square  feet  is  provided  around  the  base  of  the 
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short  upUke  that  forms  the  final  outlet  through 
the  roof. 

The  basement  ctetains  a  number  of  rooms 
osed  for  fuel  storage  and  a  workroom  and  bind- 
ery for  records,  and  the  heating  and  ventilatlug 
planL  The  boiler  room  contains  three  No.  1.201 
Gumey  "Bright  Idea"  steam  boilers  each  with 
a  rated  capacity  for  supplying  4,250  square  feet 
of  radiation.  The  smoke  outlets  from  the 
boilers  give  into  a  32x32-inch  flue  of  %-inch 
'wrought  Iron,  which  contains  a  damper  controll- 
ed by  a  Spencer  damper  regulator  and  con- 
nects to  the  base  of  a  stack  of  the  same  size 
80  feet  high.  Steam  Is  generated  at  a  pressure 
of  25  pounds  and  conducted  from  each  boiler 
through  a  4-inch  connection  into  a  10-inch 
■wrought  iron  header  from  one  end  of  which 
the  heating  system  is  supplied,  ordinarily  at  a 
pressure  of  4  ounces  above  the  atmosphere 
through  a  Waters  pressure  reducing  valve,  pro- 
vided with  the  usual  valved  by-pass,  while  at 
the  other  end  connection  is  made  at  full  boiler 
pressure  to  the  lines  leading  to  the  fan  engine 
and  the  two  steam  pumps. 

The  heating  main  is  in  the  form  of  a  large 
loop  extending  around  the  basement  along  the 
oatside  walls,  and  from  it  are  taken  the  vari- 
ous risers,  eighteen  In  all,  for  the  supply  of  the 
direct  radiation,  and  thQ  branches  to  the  indi- 
rects  at  the  bases  of  the  warm  air  flues.  The 
risers  in  genera]  supply  two  radiators  on  each 
floor  and  are  1,  H4  or  1^^  inches  in  size  accord- 
ing to  the  amount  of  surface  they  supply.  Those 
which  serve  the  library  and  court  room  end  at 
the  second  floor.  The  rest  are  continued  to  the 
third  floor  and  are  plugged  so  that  when  these 
rooms,  at  present  unflnished,  are  converted  to 
some  useful  purpose  there  will  be  an  available 
source  of  steam  for  the  radiators  that  will  then 
be  installed. 

The  supply  risers  are  connected  on  the  two- 
pipe  system  and  the  return  risers  are  all 
%  Inch  and  connect  In  the  basement  Into  a  1V4- 
Inch  loop  return  main  that  is  connected  to  the 
Tacuum  pump.  The  latter  Is  of  the  8x8x7-lnch 
Knowles  type  and  delivers  to  a  receiver  near 
the  feed  pump.  The  receiver  connects  to  the 
suction  of  a  6x3x6-inch  Knowles  duplex  pump 
BO  that  the  returns  from  the  beating  become 
boiled  feed.  Both  pumps  are  equipped  with 
Tacuum  governors  on  their  throttles,  hence  are 
normally  automatic  in  their  action.  To  provide 
against  their  becoming  disabled  both  are  equip- 
ped with  bypasses  so  that  the  continued  oper- 
ation of  the  heating  system  Is  not  Indefinitely 
interrupted  by  their  falling  to  work. 

The  ventilating  fan  is  driven  by  a  New  York 
Safety  Steam  Power  Company's  vertical  en- 
gine having  a  cylinder  10  Inches  in  diameter 
by  7  inches  stroke.  This  engine  and  the  two 
pumps  exhaust  through  a  Webster  3-inch  oil 
extractor  back  to  the  heating  system.  There 
Is  therefore  no  regular  loss  of  steam  as  all  is 
condensed  and  returned  to  the  boilers.  Such 
as  is  wasted  from  time  to  time  when  it  be 
comes  necessary  to  blow  off  the  boilers  or  drain 
the  receiver  to  the  blow-off  tank  on  account  of 
the  accumulation  of  just  or  other  sediment,  ix 
replaced  through  a  connection  with  the  city 
water  supply.  The  blow-off  tank  has  a  capacity 
of  250  gallons  and  is  emptied  to  the  sewer  and 
Tented  to  the  roof  in  the  usual  manner. 

A  110-inch  three-quarter-housed  blowing  fan, 
made  by  the  Massachusetts  Fan  Company  of 
Boston,  having  a  horizontal  bottom  discharge 
and  a  blast  wheel  66  Inches  In  diameter  by  37 
Inches  wide,  establishes  the  air  circulation.  It 
is  directly  attached  to  the  shaft  of  the  engine 
which  drives  it  at  200  revolutions  per  minute, 
and  Is  depended  on  to  pass  10,000  cubic  feet  of 
air  per  minute.  In  the  Intake  is  placed  a  two- 
section  bank  of  tempering  colls  containing  1,- 
300  linear  feet  of  1-lnch  pipe,  or  a  total  surface 


of  450  square  feel  approximately.  The  suction 
chamber  for  the  fan  is  a  room  25  feet  long  by 
8  feet  wide  with  its  long  side  against  the  outer 
basement  wall  covering  the  opening  of  three 
windows.  At  a  distance  of  8  feet  from  the 
floor  this  room  is  divided  by  a  horizontal  dia- 
phragm of  No.  20  Iron,  which  is  perforated  by 
forty  12-lnch  holes  each  provided  with  a  collar 
extending  6  Inches  below  the  diaphgram.  About 
the  collars  on  the  lower  side  are  tied  cheese- 
cloth bags  7  feet  6  inches  long.  The  fresh  air 
is  admitted  from  the  windows  to  the  compart- 
ment above  the  filters  and  is  drawn  through 
them  by  the  suction  of  the  fan. 

From  the  fan  discharge  a  system  of  horizon- 
tal tree-form  trunk  brick  ducts  below  the  base- 
ment floor  branches  from  both  sides  to  the 
bases  of  the  warm  air  flues.  At  each  point  of 
branching  a  volume  damper  Is  located  to  ad- 
just the  quantity  of  air  passed  and  effect  a  uni- 
form distribution.  At  the  base  of  each  riser 
the  air  passes  through  supplementary  heaters 
consisting  of  indirect  radiators  of  the  "school 
pin"  pattern,  15  square  feet  per  section,  mami- 
factured  by  the  H.  B.  Smith  Company.  These 
are  hung  from  the  celling  of  the  basement  and 
encased  in  jackets  of  No.  22  galvanized  iron 
with  doors  at  the  bottom  to  give  access  to  the 
coils.  The  flue  Is  stopped  off  by  a  diaphragm 
level  with  the  heater  and  openings  above  and 
below  it  Into  the  heater  casing  so  that  the  air 


A  New  Mounting  for  Tube  Mills. 

The  Alsing  tube  mill  is  well-known  among 
engineers  who  have  to  design  or  operate  pul- 
verizing apparatus  of  this  type,  for  the  first 
use  in  the  United  States  of  pebble  or  tube 
mills  was  probably  made  by  the  founder  of 
the  J.  R.  Alsing  Company  about  35  years  ago. 
An  important  improvement  has  recently  been 
made  in  the  method  of  mounting  them,  how- 
ever, which  will  appeal  particularly  to  the 
managers  of  mills  where  power  is  expensive. 
The  usual  mounting  of  such  cylinders  is  on 
hollow  journals  and  the  rotation  Is  accom- 
plished by  means  of  gearing  or  some  form  of 
belt.  The  power  required  to  run  a  cylinder 
mounted  in  this  manner  is  very  large,  and  to 
1  educe  it  the  system  of  mounting  shown  in 
the  accompanying  illustration  has  been  de- 
signed. It  has  been  in  service  long  enough 
under  different  conditions  to  demonstrate  its 
value  as  a  method  of  reducing  power  require- 
ments, although  no  definite  tests  have  yet  been 
made  to  show  the  percentage  saving  it  effects. 

In  the  new  mounting  the  pulverizing  cylin- 
der rests  on  three  main  bearing  wheels,  one  at 
each  end  and  one  at  the  center.  The  cylinder 
tarries  heavy  rings  at  these  points  which  are  held 
longitudinally  by  flanges  of  the  bearing  wheels. 
The  two  ends  of  the  cylinder  are  left  free  for 
the  entrance  and  discharge  of  material,  since 
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is  caused  to  pass  through  the  heater  in  order 
to  get  back  to  the  flue.  Volume  dampers  are 
placed  also  in  the  flues  at  the  entrances  to  the 
heaters,  and  as  but  one  register  is  supplied 
from  a  single  flue  they  may  be  Individually  reg- 
ulated in  the  amount  of  air  discharged.  On  all 
heating  surfaces  throughout,  the  Johnson  sys- 
tem of  temperature  control  by  thermostats  is 
used. 

The  architect  for  the  bulldingwas  Mr.  Wil- 
fred E.  Mansur,  of  Bangor,  Me.,  and  the  con- 
tractor for  the  heating  and  ventilating  work, 
the  American  Steam  Heating  Specialty  Com- 
pany, Inc.,  of  Boston,  Mass. 


Two  Pelton  Wheels,  each  20  feet  in  diame- 
ter, are  in  operation  at  Cwm  Avon,  in  South 
Wales,  for  driving  a  large  tin  mill  of  the  Copper 
Miners'  Tlnplate  Company,  Ltd.  The  water  is 
led  to  them  under  a  head  of  98  feet  through  a 
riveted  steel  39-inch  main,  in  which  the  bends 
have  cast-iron  joints  packed  with  lead.  Each 
of  the  wheels  weighs  11  tons,  of  which  about  5 
tons  are  in  the  rim  and  buckets,  and  the  shaft 
in  each  case  carries  a  50-ton  flywheel.  Each 
wheel  has  a  capacity  of  200  horse-power.  The 
buckets  are  of  cast  iron,  the  segments  to  which 
they  are  bolted  are  of  cast  iron  and  the  arms 
are  of  wrought  iron.  In  a  recent  issue  of  "The 
Engineer,"  London,  some  views  were  given  of 
these  large  Impulse  wheels. 


there  is  no  axle  running  through  the  appara- 
tus, nor  any  journal  bearing  at  either  end.  As 
the  entire  weight  of  the  cylinder  Is  carried  by 
the  three  bearing  wheels  at  the  bottom.  It  Is 
easily  rotated  by  them,  for  the  friction  between 
the  hoops  and  the  wheels  they  rest  on  Is  more 
than  ample  for  this  kind  of  driving.  Accord- 
ingly two  of  the  bearing  wheels  are  connected 
by  a  shaft  which  can  be  driven  in  the  manner 
shown  in  the  cut.  The  idler  wheel  on  each  side  of 
the  bearing  wheel  is  employed  only  to  keep  the 
cylinder  in  place.  These  idlers  are  held 
against  the  rings  on  the  cylinder  by  means  of 
rubber  buffers  pressing  against  their  stand- 
ards, the  amount  of  the  pressure  being  capa- 
ble of  direct  regulation  by  the  nuts  shown  in 
the  illustration. 


The  Turntables  of  Industriax  Railways, 
used  for  out-door  work,  are  often  set  on  too 
shallow  a  foundation,  the  result  being  that  they 
are  thrown  out  of  line  by  the  frost.  In  the  new 
plant  of  the  B.  F.  Sturtevant  Company,  at  Hyde 
Park,  Mass.,  where  special  turntables  of  their 
own  manufacture  have  been  introduced,  each 
rests  at  the  top  on  a  circular  brick  well  with  8- 
inch  walls  extending  to  a  depth  of  4  feet,  or  be- 
low the  frost  line.  These  walls  are  set  on  hard- 
pan  and  the  center  filled  with  loose  stones,  pro- 
viding perfect  drainage.  The  first  winter's  ex- 
perience has  shown  them  uninjured  by  frost. 
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General  William  Sooy  Smith. 

The  United  States  Military  Academy  has 
graduated  many  men  distinguished  as  civil  en- 
gineers as  well  as  in  military  affairs,  for  the 
school  is  one  of  the  best  engineering  colleges 
In  the  United  States.  This  is  particularly  true 
of  the  period  prior  to  the  Civil  War,  when  the 
inftruction  in  engineering  at  West  Point  was 
probably  the  best  in  the  country  in  scope  and 
thoroughness.  Among  the  men  who  have  ap- 
plied in  civil  undertakings  the  technical  knowl- 
edge gained  there,  none  has  achieved  greater 
distinction  than  General  William  Sooy  Smith. 
Like  his  classmate,  General  Craighill,  his  fam- 
ily was  one  of  the  earliest  to  settle  in  the  colon- 
ies, one  of  his  ancestors  having  taken  part  with 
William  Penn  in  the  founding  of  Philadelphia. 
Another  settled  near  Fredericktown,  Md.,  over 
two  centuries  ago,  and  the  estate  has  ever  since 
remained  in  the  family.  Although  the  family 
was  identified  with  the  Society  of  Friends,  Its 
representatives  took  part  in  the  Revolution  and 
the  War  of  1812,  and  it  was  after  the 
latter  that  General  Smith's  father 
moved  to  Ohio,  where  he  was  a  man  of 
much  influence,  and  there,  in  .  Pick- 
away County,  the  subject  of  this 
sketch  was  born. 

He  was  appointed  a  cadet  at  the  Mil- 
itary Academy  in  1849,  and  after  grad- 
uation four  years  later  received  a  com- 
mission in  the  artillery.  After  serv- 
ing about  a  year  he  resigned  to  under- 
take civil  engineering  work.  In  June, 
1861,  he  was  mustered  into  service 
again  as  colonel  of  the  I'hirteenth  Ohio 
Infantry,  and  shortly  afterward  was 
engaged  in  the  Western  Virginia  cam- 
paign of  1861.  From  this  time  on,  his 
military  record  Is  one  of  successful 
operations  and  large  responsibilities. 
Prom  the  command  of  a  regiment  he 
was  placed  in  charge  of  a  brigade  and 
finally  of  a  division.  He  served  on  the 
staffs  of  Grant  and  Sherman  as  chief 
of  cavalry  of  the  military  division  of 
the  Mississippi,  and  his  arduous  duties 
in  this  capacity  finally  brought  him 
close  to  death  through  a  serious  attack 
of  inflammatory  rheumatism.  While 
recovering  from  this,  the  chief  sur- 
geon of  the  division  reported  that  Gen- 
eral Sooy  Smith  would  never  be  able 
to  return  to  active  duty.  He  accord- 
ingly resigned,  against  General  Sher- 
man's advice,  for  he  held  that  an  of- 
ficer permanently  disqualified  for  the 
discharge  of  all  the  duties  of  his  rank, 
should  step  aside  and  allow  the  man 
who  does  the  work  to  enjoy  the  rank  and  pay. 
At  the  time  of  his  resignation  he  had  been 
recommended  for  appointment  as  major  general 
of  volunteers  by  Generals  Grant,  Halleck  and 
Buell.  Frequently  during  his  military  service 
he  was  assigned  to  engineering  duty  to  build 
bridges,  repair  railroads  and  construct  forti- 
fications, always  with  the  promise  that  he 
should  be  ordered  to  duty  with  his  command  in 
case  it  was  likely  to  be  engaged  in  battle.  At 
one  time  he  had  about  15,000  men  at  work  re- 
pairing and  guarding  the  railways  of  Middle 
Tennessee. 

General  Sooy'  Smith's  early  civil  work  of 
most  interest  at  the  present  time  was  in  the 
line  of  diflScult  foundations.  In  Buffalo  harbor 
he  removed  three  rocks  by  surface  blasting  with 
gunpowder,  before  the  invention  of  nitro-glycer- 
ine  and  dynamite.  His  most  important  early 
service,  however,  was  connected  with  pneumatic 
foundations,  soon  after  they  were  Introduced 
into  this  country  by  Charles  Pontez  about  1857. 
By  various  Improvements  in  the  process  and  ap- 


pliances, he  reduced  the  time  required  for  a  giv- 
en amount  of  excavation  to  but  one-tenth  of 
that  previously  needed.  A  particularly  import- 
ant improvement  was  the  use  of  an  air  current 
to  blow  sand  and  other  soft  material  through 
a  pipe  out  of  a  caisson.  His  first  pneumatic 
caisson,  probably  the  first  ever  used,  was  for 
the  construction  of  a  heavy  sea  wall  surround- 
ing the  Waugoshance  lighthouse  in  the  Straits 
of  Mackinac,  but  he  had  previously  designed 
pneumatic  foundations  tor  lighthouses  which 
the  outbreak  of  the  Civil  War  kept  from  being 
executed.  While  he  was  a  member  of  the  Board 
of  Engineers  to  discuss  plans  for  the  St.  Louis 
bridge,  about  a  year  before  Captain  Eads  took 
hold  of  the  work,  he  suggested  the  system  of 
foundations  which  was  used  so  successfully. 
One  of  the  earliest  volumes  of  "Transactions" 
of  the  American  Society  of  Civil  Engineers  con- 
tains a  valuable  paper  by  General  Sooy  Smith 
on  pneumatic  foundations,  and  the  list  of  the 
bridges  for  which  he  executed  such  works  in- 
cludes over  a  dozen'  of  the   leading  long-span 


General  William  Sooy  Smith. 

structures  in  various  parts  of  the  country. 
Iron  screw  piles  were  also  employed  by  him 
on  some  important  foundations  for  piers  and 
docks,  and  he  invented  an  excellent  machine  for 
putting  them  down  quickly  and  cheaply  by  man- 
ual labor. 

.  It  is  also  particularly  interesting  at  this  time, 
when  the  Morton  Street  tunnel  under  the  North 
River  at  New  York  is  nearly  completed,  to  re- 
call the  fact  that  he  was  chief  engineer  of  the 
work  while  about  800  feet  of  it  was  constructed. 
A  paper  on  the  tunnel  was  contributed  by  him 
to  the  "Transactions''  of  the  American  Society 
of  Civil  Engineers. 

His  most  important  professional  work  was 
brought  about  in  a  rather  peculiar  manner.  At 
the  Chicago  convention  of  the  American  Society 
of  Civil  Engineers  held  in  1872,  he  secured  the 
appointment  of  a  committee  to  urge  Congress 
to  appropriate  enough  money  for  thorough  tests 
of  iron  and  steel.  This  'committee,  of  which  he 
was  made  chairman,  obtained  the  necessary  leg- 
islation, and  the  President  appointed  as  a  board 


to  carry  out  the  tests,  two  army  officers,  two 
navy  officers,  and  three  civil  engineers,  of  whom 
he  was  one.  During  the  three  years  of  its  ex- 
istence, the  committee  had  the  Emery  testing 
machine  at  the  Watertown  arsenal  built.  While 
the  control  of  this  machine  was  soon  turned 
over  to  the  ordnance  department  of  the  army, 
its  existence  and  the  magnificent  work  accom- 
plished with  it  are  due,  in  a  large  measure,  to 
General  Sooy  Smith. 

From  his  experience  and  studies  while  a  mem- 
ber of  this  board,  he  became  convinced  that 
steel  offered  marked  advantages  over  iron  for 
structural  purposes.  In  this  opinion  he  was 
not  in  accord  with  most  engineers  and  archi- 
tects at  that  time.  But  his  tests  of  the  steel 
made  by  A.  T.  Hay,  of  Burlington,  Iowa,  were 
were  so  satisfactory  that  he  succeeded  in  per- 
suading President  Blackstone,  of  the  Chicago, 
Alton  &  St.  Louis  Railroad,  to  let  him  build  the 
Glasgow  bridge  over  the  Missouri  wholly  of 
steel.  This  was  the  pioneer  structure  of  Its 
type,  built  and  erected  so  quietly  that  the 
knowledge  of  it  spread  but  elowly. 
This  is  shown  by  an  incident  worth 
repeating.  In  1876,  General  Sooy 
Smith  explained  his  plans  to  Peter 
Barlow,  the  famous  English  engineer, 
who  was  advocating  the  use  of  steel 
tor  bridges  in  England.  The  latter 
wrote  to  the  former  in  1879,  asking 
news  of  the  proposed  structure,  and 
the  reply  was  made:  "Trains  are 
crossing  it." 

In  co-operation  with  his  son,  Mr. 
Charles  Sooysmith,  he  formed  a  co- 
partnership with  Herr  Poetsch,  the  in- 
ventor of  the  well-known  freezing  pro- 
cess of  excavating  in  water-bearing 
material.  This  process  has  been  em- 
ployed successfully  In  this  country  in 
sinking  a  number  of  difficult  shafts, 
notably  one  put  down  by  Sooy  Smith 
&  Son  through  90  feet  of  quicksand 
and  boulders  for  the  Chapin  Mining 
Company  at  Iron  Mountain,  Mich. 

For  a  good  many  years  General  Sooy 
Smith  has  enjoyed  a  unique  reputa- 
tion as  the  designer  of  foundations 
for  large  buildings,  and  of  heavy  ma- 
sonry generally.  Among  works  of 
the  latter  clasg,  may  be  mentioned 
the  Cathedral  of  St.  John  the  Divine, 
with  which  he  has  been  associated  as 
consulting  engineer  to  Messrs.  Heins 
&  LaFarge.  Many  of  his  leading  build- 
ing foundation  undertakings  have 
been   executed   in   Chicago. 

The  material  underlying  the  surface 
of  the  city  is  clay  of  a  variable  con- 
sistency and  depth.  Its  sustaining  power  is 
from  2,500  to  4,000  pounds  per  square  foot.  Un- 
der a  load  of  3,000  pounds,  the  commonly  adopt- 
ed figure  of  Chicago  architects,  a  small  initial 
settlement  takes  place  within  a  few  hours,  af- 
ter which  a  very  slow  and  uneven  subsidence 
occurs.  This  may  seriously  threaten  the  se- 
curity of  a  building,  as  was  the  case  with  the 
old  post-office.  While  the  fioating  grillage 
foundation  may  answer  in  some  cases.  General 
Sooy  Smith  has  been  a  strong  advocate  of  long 
piles  or  of  wells  filled  with  concrete,  both  car- 
ried  to  rock  or  to  the  hardpan  overlying  it. 
These  systems  of  construction  have  been  fully 
described  in  The  Engineering  Record,  and  it 
is  only  necessary  to  state  here  that  their  intro- 
duction and  extensive  use  in  Chicago  has  been 
due  to  this  engineer. 

General  Sooy  Smith  joined  the  American  So- 
ciety of  Civil  Engineers  in  1872,  and  is  also  a 
member  of  the  American  Institute  of  Mining 
Engineers  and  the  Western  Society  of  Engi- 
neers.    He  is  a  member  of  the  Loyal  Legion, 
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and  the  Union  League  Club  of  Chicago.  He 
has  given  many  addresses  on  professional  sub- 
jects before  technical  schools,  containing  infor- 
mation of  much  practical  and  historical  value. 
Pew  civil  engineers  have  traveled  so  widely  in 
connection  with  professional  work,  not  only  in 
North  America,  but  also  in  Europe,  Japan, 
Corea.  Manchuria  and  China. 


A  New  Metal  Melting  Furnace. 


In  the  foundry  of  the  Lunkenheimer  Com- 
pany, at  Cincinnati,  ten  metal  melting  furnaces 
have  recently  been  installed,  from  the  com- 
pany's own  designs,  which  are  giving  good  sat- 
isfaction. The  details  of  the  furnace  were 
worked  out  with  the  primary  object  of  increas- 
ing the  life  of  the  linings  and  thereby  adding 
to  the  capacity  of  the  apparatus.  The  drum  is 
made  of  sheet  steel  with  cast-Iron  heads,  and 
is  lined  with  fireproof  tile  having  two  openings 
on  opposite  sides  of  the  cylinder.  Only  one  of 
them  is  in  use  at  a  time,  the  other  being  clo.sed 
by  a  fire  clay  filling.  A  furnace  of  this  general 
type  wears  out  more  quickly  around  the  filling 
hole  than  elsewhere,  probably  because  the  open- 
ing serves  also  as  an  outlet  for  the  flame.  In  the 
furnai-e  illustrated,  when  one  hole  is  worn  out 
this  can  be  closed  by  a  fireclay  filling  and  plate, 
the  furnace  reverse<l,  and  the  second  hole  cut 
out  and  put  in  service.  In  this  way  the  length 
of  life  of  a  lining  is  doubled. 

A  special  type  of  oil  burner  has  also 
been  employed  to  give  the  greatest 
amouitf.  of  heat  from  a  given  quantity 
of  oil.  In  the  furdace  employed  at  the 
Lunkenheimer  foundry  each  heat  aver- 
ages about  550  pounds  and  the  con- 
sumption of  fuel  varies  from  2  to  2'-.>  "" 
gallons  of  crude  oil  per  100  pounds  of 
metal  melted.  Six  and  seven  heats 
per  working  day  of  ten  hours  are 
secured  from  each  furnace.  The  life 
of  the  linings  is  from  300  to  400  heats, 
depending  considerably  on  the  kind 
of  metal  melted.  A  simple  form  of 
tile  is  used  for  the  lining  so  that  it 
can  be  easily  inserted  and  the  delay  in- 
cident to  such  work  in  some  other  fur- 
naces in  thus  overcome.  The  success 
which  has  attended  the  use  of  these 
furnaces  has  led  the  Lunkenheimer 
Company  to  place  them  on  the  market, 
and  it  is  now  ready  to  supply  two  sizes,  one  of 
550  pounds  and  the  other  of  1,200  pounds  per 
beat. 


visit  to  India,  he  has  revised  the  stastics  to  the 
year  IHOl  in  the  new  edition  of  the  book 
and  has  supplied  useful  information  concerning 
works  completed  since  his  visit.  Wells,  inunda- 
tion and  deltaic  canals,  perennial  canals,. stor- 
age works,  river  training  and  land  reclamation 
form  the  topics  in  the  monograph  of  most  inter- 
est to  engineers,  while  those  who  are  studying 
the  administration  of  irrigation  works  will  be 
glad  to  read  the  sections  on  finance,  extent  and 
character  of  the  Indian  irrigation  enterprises. 
their  history  and  administration,  the  effect  of 
alkali  and  the  duty  of  water.  (Washington, 
Geological  Survey,  6x9  ins.,  well  illustrated,  238 
pages. ) 

The  report  for  1902  of  tests  of  metals  and 
other  materials  at  the  Watertown  Arsenal  has 
appeared,  and  contains  a  large  amount  of  data 
useful  to  the  engineer.  The  results  of  the  tests 
of  the  steel  employed  for  ordnance,  of  steel  con- 
taining 3*4  per  cent,  of  nickel  and  similar  steel 
without  the  nickel,  of  suspender  rods  from  the 
Brooklyn  bridge,  the  compressive  resistance  of 
cements  under  different  conditions  of  setting, 
of  dry-pressed  and  mud  brick  from  different 
parts  of  the  kiln  and  of  the  adhesion  of  lag 
screws  and  bolts  in  Douglas  fir  and  oak,  are 
particularly  valuable.  Some  of  the  illustrations 
are  excellent  examples  of  engravings  of  test 
pieces.  There  is  no  discussion  whatever  of  the 
results  of  the  tests,  merely  the  test  figures,  and 
on  this  account  the  value  of  the  results  is  some- 


Book  Notes. 


Most  insurance  adjusters  are  familiar  with 
"Brown's  Estimates,"  a  small  pamphlet  for  find- 
ing quickly  the  approximate  cost  of  buildings 
of  various  types  and  for  estimating  the  value  of 
labor  and  materials  required  for  their  construc- 
tion. The  most  important  part  of  the  booklet 
Is  based  on  the  cubic-foot  rule.  The  recent  de- 
cided advance  in  the  cost  of  constructiou  has 
led  to  a  revision  of  the  figures,  which  are  given 
in  a  form  for  ready  application  In  the  new  edi- 
tion of  the  pamphlet.  The  suggestions  for  build- 
ing blocks  of  houses,  for  the  constructlor.  and 
maintenance  of  chimneys  and  flues,  and  for  con- 
du.:ting  fire  insurance  negotiations  alone  make 
the  work  worth  the  quarter  of  a  dollar  charged 
for  it  by  the  author,  Mr.  James  N.  Brown,  415 
Ix>cu8t  St,  St.  Ix>uis. 

Engineers  who  have  tried  in  vain  to  obtain  a 
<opy  of  Mr.  Herbert  M.  Wilson's  "Irrigation  in 
India"  will  be  glad  to  know  that  this  valuable 
monograph  has  been  reprinted  in  the  series  of 
water  supply  and  irrigation  papers  of  the  U.  S. 
Geological  Survey.  While  it  is  fourteen  years 
since  the  author  collected   the  data  during  a 
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what  curtailed.  While  the  government  is  doubt- 
less warranted  in  withholding  any  comm.;nts 
on  the  tests,  the  technical  staff  that  directs  the 
work  is  so  widely  known  for  its  spirit  of  scien- 
tific accuracy  and  impartiality  that  the  absence 
of  some  brief  explanatory  notes  in  these  reports 
is  certainly  to  be  regretted.  (Washington,  Ord- 
nance Department,  U.  S.  A.;  cloth.  6x9  Ins..  GOO 
pages. ) 

The  American  Railway  Engineering  &  Main- 
tenance of  Way  Association  is  an  organization 
that  accomplishes  a  great  deal  of  good  by  thor- 
ough discussion  of  the  details  of  railway  civil 
engineering.  Its  committee  work  is  remark- 
able for  thoroughness,  and  the  committee  re- 
ports are  debated  f\illy  before  their  adoption. 
For  this  reason  the  "Proceedings"  of  the  Asso- 
ciation form  each  year  "a  volume  indispensable 
to  any  one  wishing  to  keep  in  touch  with  rail- 
way construction  and  maintenance.  The  vol- 
ume for  1903  is  an  illustrated  550-page  book, 
which  is  mainly  devoted  to  committee  reports 
and  dis(mssions  on  roadway,  on  iron  and  steel 
structures,  on  signaling  and  interlocking,  on 
yards  and  terminals  and  on  masonry.  The 
volume  is  sold  by  the  Association,  which  has 
Its  offices  at  1562  Monadnock  Building.  Chicago. 

A  valuable  report  on  irrigation  in  Utah 
has  recently  been  prepared  under  the  direction 
of  Mr.  Elwood  Mead,  M.  Am.  Soc.  C.  E.,  by  the 


Office  of  Experiment  Stations,  Agricultural  De- 
partment. There  is  an  opening  chapter  on  the  gen- 
eral features  of  irrigation  in  the  State,  chapters 
on  five  typical  irrigation  districts,  and  an  im- 
portant section  on  the  laws  of  the  State  con- 
cerning the  use  of  water.  The  fundamental  re- 
sult of  the  investigation  is  the  same  as  that 
brought  out  by  Mr.  Mead's  earlier  work  in  Cali- 
fornia, namely,  that  some  public  control  of  the 
water  supply  is  necessary  to  the  best  use  of  the 
resources  of  an  arid  country.  The  report  gives 
an  interesting  view  of  the  organization  and 
operation  of  co-operative  canal  companies,  show- 
ing the  cost  of  water  rights,  the  annual  cost  of 
water  and  the  returns  obtained  from  its  use. 
These  co-operative  companies  furnish  water  to 
the  companies  at  a  lower  price  than  other  cor- 
porations, since  there  are  no  profits  to  pay  and 
the  assessments  are  just  large  enough  to  keep 
the  works  in  order.  To  irrigators  in  other 
States  the  most  interesting  feature  of  the'  Utah 
system  is  the  distribution  from  ditches.  In- 
stead of  dividing  the  water  supplied  by  a  canal 
in  proportion  to  the  interest  of  each  stock- 
holder, each  is  given  a  stream  of  good  size,  but 
the  time  it  may  be  employed  is  proportioned  to 
his  interest  in  the  canal.  In  the  preparation 
of  the  report,  Mr.  Mead  was  assisted  by  State 
Engineer  A.  F.  Doreraus,  Prof.  G.  L.  Swendsen, 
of  the  State  Agricultural  College,  and  Messrs.  R. 
P.  Teele,  A.  P.  Stover,  Jay  D.  Stannard  and 
Frank  Adams.  (Washington,  Department,  of 
Agriculture;  cloth  9x12  ins.,  330  pages, 
maps  and  illustrations.) 

Frkk-Hano  Lettkbinc!.    By  Victor  T. 
Wilson,  New  York,  John  Wiley  &  Sons; 
cloth,  9x6  ins.,  105  pages.  23  plates,  $1. 
Some  time  ago  Mr.  Wilson's  excel- 
lent book  on  free-hand  perspective  for 
engineers    was    noticed    at    length    in 
The   Engineering  Record.      The  same 
mastery   of   the   subject,   clearness   of 
style  and  enthusiasm  for  the  art  which 
characterized  that  work,  is  also  found 
in  his  new  book  on  lettering.    It  is  un- 
questionably   the   best   manual    of   in- 
structions on  this  art  that  has  yet  ap- 
peared.    The  fundamental  idea  of  the 
author  is  that  lettering  is  really  free- 
hand drafting  of  a  high  order,  requir- 
ing a  good  eye,  a  trained  hand  and  a 
delicate   sense  of   proportion   for   suc- 
cessful execution.    The  beginner  is  ad- 
vised that  all  lettering  is  design,  and  that  any 
mechanical  attempt  at  treatment  is  fatal.    The 
construction    of   Roman    and   Gothic   letters   is 
fully  described,  the  subject  of  spacing  is  dis- 
cussed, and   the   use  of  the   pen  is   explained. 
The  design  of  different  styles  of  lettering  is  the 
subject   of    an   interesting   chapter   and    every 
young  draftsman  will  be  able  to  use  to  advan- 
tage  the   explanation   of  the   best   methods   of 
laying  out  titles. 

A  Cai.end.^b  ok  Lnvk.ntio.n  .\.\d  DiscovkryI 
Compiled  by  John  Cassan  Wait,  New  York,  Mc- 
Graw  Publishing  Co.;  cloth,  750  pages,  Jl.OO; 
wall  or  desk  calendar  form,  60  cents. 

Everybody  needs  a  memorandum  calendar  in 
these  days,  and  the  form  compiled  by  Mr.  Wait 
is  not  only  a  handy  one  for  use,  but  also  a  par- 
ticularly instructive  one  to  people  interested  in 
applied  science.  Each  day's  slip  gives  brief 
biograi)hies  of  eminent  inventors  and  engi- 
neers, quotations  from  poets,  and  brief  notes  in 
many  cases  of  events  happening  on  that  date 
in  earlier  years.  The  labor  spent  in  compiling 
this  calendar  must  have  been  very  great, 
but  the  results  is  both  useful  and  in- 
teresting. 

Not  the  least  valuable  feature  of  the  use  of 
this  calendar  will  be  the  publicity  it  will 
give  the  careers  of  engineers  whose  work  is 
almost  forgotten. 


Jan.  9,  1904. 
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The  Iroquois  Theatre  Catastrophe. 


are  twisted,  and  a  pair  of  light  girders  In  the 
scenery  loft  are  somewhat  bent.  The  remain- 
ing damage  is  confined  to  the  plastering  and 
furnishings.  In  other  words  the  building 
passed  through  the  fire  practically  uninjured 
from  a  structural  point  of  view,  and  the  ter- 
rible loss  of  life  was  not  due  to  any  lack  of 
fire-resisting  properties  in  the  materials  of 
construction. 

The  statement  of  Attorney  Fulkerson  above 
quoted,  is  of  the  same  tenor  as  the  information 
received  from  The  Engineering  Record's  Chi- 
cago staff  and  from  its  friends  in  that  city,  who 
have  been  so  kind  as  to  furnish  reports  of  the 
results  of  their  visits  to  the  theatre.  The  dis- 
aster occurred  from  a  cause  repeatedly  pointed 
out  as  a  source  of  danger  by  Mr.  Wm.  Paul 
Gerhard  and  others  who  have  made  a  careful 
study  of  theatre  design.  The  auditorium  and 
the  stage  must  be  capable  of  absolute  separa- 
tion by  fireproof  material  in  case  of  fire.  If 
this  is  not  done,  the  ventilation  of  the  audi- 
torium will  cause  the  flames  from  the  stage, 
where  the  fire  generally  originates,  to  be  suck- 
ed toward  the  roof  of  the  auditorium  by  the 
draft.  This  is  what  happened  in  Chicago.  The 
fireproof  curtain  could  not  be  lowerea  so  as  to 
separate  the  two  parts  of  the  house,  and  the 
loss  of  life  resulted.  The  auditorium  ventila- 
tion requires  an  opening  in  the  ceiling  which 
must  remain  openduring  the  performance.  In  the 
roof  over  the  stage  of  the  best  theatres  there 
are  large  skylights;  these  are  kept  closed  nor- 
mally, but  can  be  opened  in  case  of  fire  so  that 
the  draft  will  be  upward  from  the  stage  and 
not  outward  toward  the  audience.  To  insure 
the  opening  of  the  skylights  in  case  of  fire,  the 
New  York  laws  require  them  to  "be  so  con- 
structed as  to  open  instantly  on  the  cutting  or 
burning  of  a  hempen  cord,  which  shall  be  ar- 
ranged to  hold  said  skylight  closed,  or  some 
other  equally  simple  approved  device  for  open- 
ing them  may  be  provided."  The  failure  of 
the  proscenium  curtain  to  drop  as  it  should 
and  the  closed  position  of  the  stage  skylights, 
which  together  form  the  leading  cause  of  the 
loss  of  life,  have  nothing  to  do  with  the  fire- 
resisting  features  of  the  building  as  an  archi- 
tectural structure.  They  come  under  the 
province  of  theatrical  management  and  under 
the  inspection  of  the  fire  department. 


Alternating  Current  Motors  and  the  New 
York  Central  Contract. 


"Evidence  submitted  under  oath  proves  con- 
clusively that  had  the  skylights  and  ventilators 
over  the  stage  of  the  Iroquois  Theatre  been 
open,  and  the  openings  over  the  auditorium 
been  closed,  there  would  have  been  no  fire  in 
the  audience  room  of  the  playhouse  and  no 
lives  need  have  been  lost  by  panic."  This  is 
the  statement  of  the  attorney  of  the  Chicago 
P'ire  Department,  concerning  the  frightful  loss 
of  life  in  one  of  the  theatres  in  that  city  on  De- 
cember 30,  when  about  six  hundred  people  were 
killed  and  injured.  As  such  an  affair  apparent- 
ly implies  faulty  design  or  construction,  or 
both,  a  brief  statement  of  the  arrangement  of 
the  theatre  and  its  condition  after  the  fire,  is 
printed  elsewhere  in  this  issue.  It  will  he  seen 
from  that  account  that  the  building  is  struc- 
turally intact,  a  few  ladders  and  steam  colls 


The  leading  topic  of  engineering  interest  in 
electric  railway  affairs  to-day  is  probably  the 
position  to  be  taken  within  a  few  years  by  the 
alternating  current  motor.  The  system  of  dis- 
tribution of  current  for  the  direct-current  mo- 
tor is  not  a  desirable  one  when  lines  of  con- 
siderable length  are  concerned.  The  direct- 
current  railway  motor  is  an  admirable  example 
of  skilful  designing,  but  the  motor  is  only  one 
part  of  the  electrical  equipment  of  a  road.  The 
line  and  the  rotary  converters  have  to  be  taken 
into  consideration  when  the  present  system  is 
being  compared  with  a  proposed  substitute, 
and  when  the  whole  installation  is  examined 
carefully  the  reason  is  apparent  for  the  almost 
simultaneous  announcements  from  Italy,  Ger- 
many and  the  United  States  of  the  advent  of 
promising  alternating-current  motors.  The  de- 
tails of  these  new  motors  and  their  accessor- 
ies, a  subject  foreign  to  this  paper,  have  been 
explained  in  the  "Street  Railway  Journal"  and 
the  "Electrical  World  and  Engineer,"  and  it  is 
probably  safe  to  say  that  the  articles  on  rail- 
way electrical  engineering  which  these  publi- 
cations have  lately  contained  are  as  important 
as  anything  in  this  field  which  has  appeared 
since  the  experiments  on  the  Richmond  street 
railway  years  ago. 


In  this  recent  development  Mr.  Lamme,  Dr. 
Finzi  and  Messrs.  Elchberg  and  Winter  have 
been  working  with  commutator  type  single- 
phase  motors.  These  have  a  certain  kinship 
with  the  direct-current  railway  motor  which 
Mr.  Lamme  brought  out  clearly  in  his  articles 
in  the  journals  mentioned.  The  results  of  tests 
with  the  Finzi  motor  show  that  the  old  buga- 
boo of  a  low  power-factor  in  such  apparatus 
during  starting  amounts  to  very  little.  These 
experimenters  state  that  the  sparking  of  the 
commutator  of  a  single-phase  motor  Is  also 
greatly  overestimated,  and  as  their  practical 
knowledge  of  the  subject  exceedsthat  of  other 
engineers  it  only  remains  for  a  public  demons- 
tration of  their  motors  under  service  (xjnditions 
to  settle  this  matter  beyond  reasonable  dis- 
pute. Mr.  Arnold's  system  is  of  a  different 
character.  He  employs  a  synchronous  motor, 
in  which  the  speed  of  the  armature  relatively 
to  the  field  remains  constant.  In  order  to  pro- 
vide for  the  speed  variations  necessary  in  run- 
ning a  car,  both  members  of  the  motor  are  so 
mounted  as  to  be  capable  of  rotation.  When 
the  car  is  running  at  slow  speed  the  surplus 
energy  Is  employed  in  compressing  air  and 
when  the  car  is  running  under  conditions  call- 
ing for  a  large  amount  of  power  the  com- 
pressed air  helps  out  the  motor.  This  sys- 
tem presents  all  the  advantages  of  the  other  in 
the  way  of  power  distribution  from  the  central 
station,  while  it  has  special  merits  in  its  uni- 
form loading  of  the  power-house  through  the 
continuous  operation  of  the  motors  and  in  per- 
mitting a  certain  amount  of  operation  by  com- 
pressed air  alone  in  places  where  electric  con- 
ductors are  undesirable.  The  ingenious  manner 
in  which  the  details  of  the  apparatus  have  been 
worked  out  is  characteristic  of  Mr.  Arnold's 
bold  designing,  and  the  destruction  of  his  per- 
fected experimental  car  before  the  tests  with 
It  were  made  is  an  accident  all  engineers  de- 
plore. 

In  view  of  these  facts,  it  will  doubtless  ap- 
pear strange  to  many  who  are  In  touch  with 
electrical  developments  that  the  authorities  of 
the  New  York  Central  Railroad  have  adopted 
direct-current  motors  for  the  operation  of  the 
passenger  trains  running  into  the  Grand  Cen- 
tral Station  in  New  York.  It  has  been  said 
that  these  motors  would  be  obsolete  by  the 
time  they  were  In  use.  Admitting  this  to  be 
true  for  the  sake  of  argument,  the  fact  remains 
that  Mr.  Wilgus  and  his  technical  staff  have  fol- 
lowed the  only  course  that  their  obligations  to 
the  public  permit.  They  are  not  in  charge  of  a 
new  transportation  system  which  must  develop 
a  business,  but  are  responsible  for  the  opera- 
tion of  a  system  with  an  enormous,  long-estab- 
lished train  service  where  no  experiments 
should  be  permitted.  Half  an  hour's  interfer- 
ence with  the  movement  of  trains  at  the  Grand 
Central  terminal  means  an  inconvenience  to 
thousands  of  people,  and  only  a  few  such  ac- 
cidents would  be  needed  to  bring  down  on  the 
officials  endless  denunciation  and,  probably, 
trouble  with  various  public  authorities.  The 
same  reason  that  led  to  the  rejection  of  electri- 
city for  the  suburban  service  of  the  Illinois  Cen- 
tral Railroad  a  little  more  than  ten  years  ago  has 
doubtless  led  to  the  rejection  of  the' alternating- 
current  motor  at  New  York  now.  namely,  the 
obligation  of  a  great  railway  company  to  keep 
up  its  schedule  and  to  avoid  any  experiment- 
ing which  will  jeopardize  that  schedule.  What 
is  legitimate,  even  praiseworthy,  for  a  new 
road  may  be  too  hazardoits  for  one  already 
handling  a  large  traflic. 

An  examination  of  the  situation  which  faced 
the  New  York  Central  officials  in  connection 
with  this  choice  of  operating  systems  .reveals 
some  Interesting  facts.  In  the  first  place  the 
elevated  and  rapid  transit  roads  have  adopted 
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direct-current  motors,  and  if  any  interchange 
of  cars  is  ever  desired  between  tliese  lines  and 
the  New  York  G«ntral  road  the  equipment  of 
the  latter  must  t>e  direct<urrent  also.  It  has 
often  been  said  that  there  is  no  possibility  of 
•nch  interchange  of  cars  because  the  rolling 
stock  of  the  present  steam-operated  system  Is 
too  large  for  the  tunnels  and  elevated  structures 
of  the  Interl>orough  company.  This  criticism 
kwea  weight  when  it  l>ecomes  known  that  the 
New  York  Central  suburban  equipment  will  be 
designed  so  as  to  be  capable  of  passing  over 
any  of  the  transit  facilities  in  New  York  City 
and  Tidnity. 

Prom  the  technical  side  of  the  subject  a  num- 
ber of  objections  to  the  alternating-current  sys- 
tem arise  in  the  case  of  this  particular  installa- 
tion. The  operation  of  overhead  trolleys,  such  as 
the  alternating-current  system  presupposes  for 
its  greatest  efficiency,  involves  a.  trolley  wire 
for  which  there  is  no  room  in  the  tunnel  lead- 
ing into  the  Grand  Central  Station.  The  clear- 
ance of  the  large  locomotives  and  Pullman  cars 
at  many  points  is  less  than  one  inch.  A 
trolley  pole  cannot  be  properly  operated  under 
such  conditions,  and;  moreover,  a  trolley  wire 
will  be  corroded  by  the  gases  from  locomotives 
of  freight  trains  and  be  a  source  of  danger  to 
freight-train  crews.  Lowering  the  four  tracks 
in  the  Park  Avenue  tunnel,  so  as  to  permit  safe 
trolley  operation,  would  be  a  very  hazardous 
and  costly  undertaking,  and  the  erection  of  trol- 
ley poles  on  the  viaduct  portions  of  the  line 
might  be  prevented  by  the  city  authorities,  who 
liave  refused  .all  applications  for  the  use  of 
trolley  systems  in  Manhattan. 

It  is  understood  that  a  considerable  differ- 
ence exists  in  the  estimated  first  cost  of  the  al- 
ternating current  systems  proposed  by  the  two 
leading  bidders  for  this  contract,  both  being 
higher  than  for  direct-current  installations.  It 
is  probable,  however,  that  the  first  cost  of  the 
system  did  not  receive  any  very  great  weight 
In  the  consideration  of  the  projects  submitted. 
Very  likely  the  railway  authorities  expect  that 
the  direct-current  apparatus  will  soon  be  sup- 
planted by  alternating-current  motors.  When 
that  time  comes  the  motors  of  the  direct-cur- 
rent system  can  be  sold  for  a  consiiJerable  sum, 
and  the  costly  power  station  equipment  peed 
not  be  changed.  If  alternating-current  mckors 
of  the  size  needed  for  this  service  were  adojlted 
now,  they  would  doubtless  be  obsolete  ve^-y 
soon,  and  the  market  for  them  would  be  a  liiii\- 
ited  one,  as  was  the  case  with  the  double-re- 
duction motors  some  years  ago.  Hence  it  is 
not  difficult  to  see  that  the  railway  authorities 
have  showed  a  conservatism  of  judgment  in 
this  important  matter  that  should  strengthen 
public  confidence  in  the  success  of  the  difficult 
undertaking  they  have  in  hand. 


The  New  York  Department  of  Bridges 
During  the  Low  Administration. 

It  la  always  both  profitable  and  Instructive 
to  review  in  a  fair  and  reasonable  manner  the 
conduct  of  any  department  of  a  great  municipal 
government  like  that  of  the  City  of  New  York, 
especially  when  the  problem  of  city  corporate 
organization  is  yet  unsolved  in  Its  main  fea- 
tures. At  the  close,  therefore,  of  an  adminis- 
tration In  the  City  of  New  York,  moved  by  an 
honest  and  earnest  desire  to  conduct  all  public 
affairs  in  a  Just  and  business-like  manner,  the 
main  motive  being  a  desire  for  the  highest  ef- 
ficiency and  a  service  for  the  best  interesU 
of  the  people,  an  analysis  of  the  course  of  af- 
fairs in  such  a  department  as  that  of  bridges 
cannot  fail  to  disclose  results  of  value.  These 
observations  apply  with  particular  force  to  the 
Department  of  Bridges  during  the  administra- 
tion of  Mayor  Low,  for  the  reason  that  the  com- 


missioner, Mr.  Gustav  Lindenthal,  M.  Am.  Soc. 
C.  E.,  is  an  engineer  of  ability  and  extended  ex- 
perience, not  only  in  bridge  construction,  but 
in  other  fields  of  engineering. 

The  position  has  been  taken,  even  by  many 
engineers,  and  was  so  taken  when  the  retiring 
commissioner  was  first  named  for  the  head  of 
the  Department  of  Bridges,  that  such  an  office 
should  not  be  filled  by  a  civil  engineer,  but  by 
a  man  of  executive  capacity  and  experience  in 
some  other  calling.  The  argument  was  made 
that  a  civil  engineer  commissioner  would  be 
probably  tempted  by  his  professional  interests 
beyond  his  power  of  refusal,  to  concentrate  his 
attention  and  efforts  too  much  upon  the  techni- 
cal matters  of  his  department,  thus  neglecting 
more  or  less  the  executive  functions  of  his  of- 
fice and  trenching  upon  the  field  of  the  engi- 
neering staff.  This,  it  was  figured,  would  weak- 
en or  destroy  the  efficiency  of  the  department 
and  perhaps  render  it  impracticable  to  secure 
or  retain  the  services  of  a  competent  chief  en- 
gineer. 

It  may  be  admitted  at  the  outset  that  if  the 
appointment  of  some  particular  civil  engineer 
would  lead  to  these  results,  he  certainly  should 
not  be  selected  as  commissioner;  but  precisely 
the  same  objections  may  be  urged  against  a 
candidate  from  any  calling  whatever,  whose 
predilections,  training  and  experience  prevent 
him  from  appreciating  the  broader  responsibil- 
ities of  such  a  position.  Unless  civil  engineers 
as  a  body  are  prepared  to  admit  that  the  char- 
acter of  their  calling  is  such  as  to  dwarf  or  pre- 
vent the  development  and  exercise  of  admin- 
istrative capacity,  no  valid,  objection  can  be 
brought  against  the  appointment  of  civil  en- 
gineers to  positions  of  administrative  or  exec- 
utive functions.  This  journal  has  always  be- 
lieved and  maintained  that  the  broadest  fields 
of  responsibility  are  open  legitimately  to  civil 
engineers,  and  that  both  their  training  and  ex- 
perience are  peculiarly  adapted  to  develop  in 
them  precisely  those  qualities  requisite  for  the 
highest  and  most  efficient  discharge  of  adminis- 
trative duties.  It  is  simply  necessary  to  select 
civil  engineers,  as  in  selecting  other  men,  for 
executive  positions  who  possess  the  administra- 
tive faculty.  The  development  of  railroads  and 
great  corporate  industries  in  which  the  prin- 
cipal executive  officers,  even  to  the  highest,  are 
engineers,  shows  that  there  are  many  members 
of  the  profession  qualified  to  conduct  the  great- 
est business  organizations  of  the  present  time 
with  the  highest  degree  of  success. 

A  review  of  the  administration  of  the  De- 
partment of  Bridges  during  the  past  two  years 
will  show  that  faith  in  the  executive  capacity 
cf  civil  engineer  commissioners  is  greatly 
strengthened  and  not  impaired  by  it.  There 
have  been  defects  in  that  administration  which 
at  one  time  imperiled  its  success,  but  they  were 
defet  ts  of  personal  temperament  and  not  of  ad- 
ministrative ability.  There  were  features  of 
the  etvironment  of  the  Department  which  ren- 
dered the  commissioner's  discharge  of  his  du- 
ties particularly  difficult  in  some  respects  and 
in  whl'ih  a  needed  degree  of  tact  was  not  al- 
ways displayed.  It  goes  without  saying  that 
tactfulncss  is  required  as  much  by  civil  engi- 
neers as  by  other  people,  and  when  that  is 
absent  difficulties  are  sure  to  result  to  a  cor- 
responding degree.  On  the  other  hand  it  can 
probably  I'e  stated  without  the  slightest  exag- 
geration tlat  the  work  of  the  Department  of 
Bridges  ha,?  never  been  characterized  by  great- 
er force,  more  decision  or  more  promptness  In 
dealing  wl,h  its  larger  problems,  or  on  the 
whole  with  ,\  higher  degree  of  efficiency,  than 
during  Mayor  Low's  administration.  Great 
questions  of  far-reaching  importance,  both  as 
to  expenditure  and  as  to  the  handling  of  the 
greatest  numbe-  of  people  ever  requiring  dally 


transportation,  have  come  before  the  commis- 
sioner, and  in  no  case  has  he  failed  to  give 
those  problems  treatment  commensurate  with 
their  importance  or  adequate  to  the  public  in- 
terests involved.  His  judgment  may  not  al- 
ways have  been  perfect,  and  the  ends  attained 
have  not  invariably  been  such  as  desired,  but 
he  has  corrected  defects  in  plans  of  great 
bridges,  inherited  from  previous  administra- 
tions. While  perhaps  the  present  administra- 
tion may  find  it  desirable  to  modify  features 
of  some  plans  inherited  by  it,  on  the  whole 
what  may  be  called  the  great  bridge  affairs  of 
the  City  of  New  York  have  never  been  in  a 
more  satisfactory  condition  than  at  the  present 
time. 

Probably  the  feature  of  the  retiring  commis- 
sioner's administration  which,  on  broad 
grounds,  is  subject  to  the  keenest  honest  criti- 
cism has  been  his  failure  to  separate  the  func- 
tions of  the  commissioner  and  chief  engineer. 
Indeed  he  committed  the  error  or  practically 
failing  to  have  a  chief  engineer  by  combining 
in  himself  the  functions  of  chief  engineer  and 
commissioner.  This  was  precisely  the  danger 
he  was  warned  against  at  the  beginning  of  this 
work,  but  strong  personal  characteristics  over- 
balanced good  judgment.  It  is  not  a  functional 
defect,  however,  of  the  profession,  but  an 
idiosyncrasy  of  the  individual.  If  this  trait  of 
the  retiring  commissioner  had  been  held  in 
check  in  a  wise  and  tactful  nidnner,  the  work 
of  the  Department  would  have  been  admirable 
in  every  respect.  As  a  matter  of  fact,  the  con- 
ditions characterizing  the  administration  of 
the  Department  of  Bridges  jusi  closed,  have 
been  such  as  to  develop  to  a  maximum  the  de- 
fects peculiar  to  a  professional  commissioner, 
and  the  result  is  too  pronounced  to  be  passed 
without  comment. 

One  of  the  admirable  features  of  Mr.  Linden- 
thal's  administration,  for  which  he  cannot  re- 
ceive too  much  credit,  has  arisen  from  his  cor- 
rect appreciation  of  the  value  of  the  aesthetic 
treatment  of  bridge  structures,  especially  when 
built  for  the  great  City  of  New  York.  Hitherto 
bridges  have  been  designed,  as  a  rule,  with  such 
an  absence  of  aesthetic  character  as  to  be  pos- 
itively abhorrent  to  the  cultivated  eye.  It  is 
not  a  mere  sentiment,  it  is  a  legitimate  neces- 
sity, that  great  municipal  Ijildge  structures 
should  be  iu  the  best  sense  ol  the  word  monu- 
mental in  character  and  so  designed  as  to  ex- 
hibit in  the  highest  possible  degree  features  of 
grace  and  beauty.  The  commissioner's  com- 
mendable appreciation  of  beauty  in  bridge  de- 
sign prompted  him  to  associate  with  the  De- 
partment the  services  of  a  competent  architect 
to  work  in  co-operation  with  the  engineering 
staff.  This  was  a  wise  departure  from  past 
practice.  It  conduces  to  the  legitimate  and 
necessary  ornamentation  of  the  city  on  the 
greatest  possible  scale  without  trenching  in  the 
least  upon  the  engineering  efficiency  of  the 
bridge  structure.  It  may  be  unqualifiedly  stated 
that  engineering  efficiency  and  artistic  design 
go  together  readily  under  an  intelligent  and 
appreciative  co-operation  of  masters  of  the  two 
arts.  Whatever  the  present  commissioner  of 
bridges  may  do,  it  is  most  earnestly  to  be  de- 
sired that  the  ornate  development  of  the  city's 
bridges  may  be  continued  along  the  lines  laid 
down  by  Mr.  Lindenthal.  On  the  whole,  the 
city  and  the  profession  may  be  congratulated 
upon  the  strong  administration  of  the  Bridge 
Department  just  closed.  The  broad  and  force- 
ful policy  of  the  department,  in  the  main,  has 
placed  the  great  structural  affairs  of  the  city 
far  higher  than  they  have  hitherto  been.  The 
administration  of  the  department  by  a  man 
who  was  technically  trained,  cared  nothing  for 
politics  and  laughed  at  the  newspapers,  has 
been  a  good  thing. 


Jan.  9,  1904. 
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The  Report  of  the  United  States   Steel 
Corporation. 

Few  reports  in  the  financial  world  are  of  such 
interest  to  engineers  as  the  statements  of  the 
United  States  Steel  Corporation.  Iron  is  no 
longet-  king  in  the  sense  it  was  when  the 
growth  of  railways  and  the  reconstruction  of 
wooden  bridges  made  the  increase  in  the  demand 
tor  wrought  iron  and  steel  a  marvelous  one. 
Even  those  who  took  part  in  its  production 
were  astonished  at  the  development,  which  can 
only  be  appreciated  by  a  study  of  such  statis- 
tics as  Mr.  Bridges  Kiv'es  in  his  "History  of 
the  Carnegie  Steel  Company."  But  while  the 
industry  does  not  occupy  its  once  conspicuous 
position  of  exceptional  exaltation,  it  rejoices 
in  the  possession  of  the  greatest  company  of 
the  country,  the  magnum  opus  of  the  corpora- 
tion lawyer  and  the  promoter.  In  the  ranks 
of  its  employes,  high  and  low,  there  are  prob- 
ably several  thousand  educated  engineers,  while 
of  all  the  engineers  in  the  country  a  large  per- 
centage looks  to  the  corporation  for  material 
of  one  sort  or  another.  During  the  recent  flush 
times  the  powerful  influence  of  the  company 
kept  prices  at  a  much  lower  level  than  would 
have  been  maintained  under  former  conditions, 
and  great  interest  is  manifested  in  its  prob- 
able policy  during  the  period  of  lower  prices 
which  has  now  begun.  What  the  details  of  that 
policy  will  be  only  the  future  will  reveal,  but  it 
is  safe  to  assume  that  the  men  who  have  re- 
fused during  the  last  three  years  to  bleed  the 
consumer  by  charging  the  maximum  price  the 
business  would  pay  will  not  use  their  gr«>at 
powers  in  any  other  way  than  to  produce  sound 
conditions. 

The  downward  course  of  the  stock  of  the 
United  States  Steel  Corporation  in  Wall  Street 
must  not  be  regarded  in  the  same  way  that 
would  have  been  proper  twenty  yea*s  ago.  Wall 
Street  no  longer  rules  the  country.  Within  a 
year  we  have  seen  the  men  who  pass  their  ex- 
istence In  the  shadow  of  a  stock  exchange, 
prophesy  the  ruin  of  the  country  and  work 
themselves  into  a  half-panic  because  the  con- 
servative investors  of  the  country  refused  to 
see  as  much  value  in  the  flood  of  new  "securi- 
ties" as  the  makers  of  them  desired.  There 
were  many  old  plants  started  up  a  few  years 
to  enjoy  a  temporary  period  of  prosperity 
during  the  brief  period  it  could  last.  Nobody 
expected  them  to  stay  in  operation  very  long 
and  their  gradual  closing  down  means  simply  a 
return  to  sound  conditions,  not  so  extremely 
good  that  we  will  all  of  us  purchase  castles  in 
Scotland,  but  not  so  bad  that  we  need  to  look 
at  the  New  Year  with  apprehension  as  to  what 
it  may  bring  forth. 

All  this  is  a  fairly  long  preamble  to  a  con- 
sideration of  the  report  for  1903  of  the  United 
States  Steel  Corporation.  On  the  face  of  it, 
it  is  the  least  satisfactory  of  any  that  has  yet 
appeared,  but  considered  carefully,  with  regard 
to  what  is  taking  place  in  the  various  sub- 
sidiary companies,  it  indicates  the  working 
out  of  the  problem  of  management,  financial 
and  technical,  which  must  gratify  those  who 
have  the  welfare  of  the  steel  industry  at  heart. 
Many  readers  of  The  Engineering  Record  will 
recall  Kipling's  story  of  the  ship  that  "found" 
Itself;  that  had  to  pass  through  the  strain  of  a 
prolonged  storm  before  it  ran  successfully  in 
all  parts  of  hull  and  engines.  The  United 
States  Steel  Corporation  at  the  present  time 
is  finding  itself  in  the  same  sense.  The  weak 
parts  are  being  detected  and  strengthened,  the 
men  who  really  do  things  are  being  discovered 
and  lifted  above  those  who  rattle  about  in  their 
places  or  admire  their  own  work  too  highly. 
The  organization  of  an  industrial  army  takes 
time,  particularly  when  the  demands  of  busi- 


ness are  so  great  that  every  thought  must  be  di- 
rected toward  filling  orders.  A  slackening  of 
trade  has  been  really  desirable  for  this  cor- 
poration, for  it  will  permit  for  the  first  time 
since  its  career  began  the  careful  organization 
of  the  framework  of  the  personnel,  which  can 
be  added  to  hereafter  as  the  conditions  of  busi- 
ness demand. 

According  to  the  report,  the  net  earnings  of 
the  subsidiary  companies  during  the  year  were 
$83,708,825,  from  which  must  be  deducted  $19,- 
086,945  for  interest  on  the  bonds  of  the  corpor- 
ation and  $3,797,500  for  a  sinking  fund  for 
these  same  bonds.  In  addition  $5,750,000  has 
been  written  off  for  "depreciation  in  inventory 
valuations"  and  for  the  adjustment  of  sundry 
accounts.  This  leaves  a  total  of  $55,074,380,  of 
which  $43,111,735  has  been  paid  out  In  divi- 
dends, leaving  a  surplus  of  $11,962,645  to  the 
good  for  this  year's  uses.  This  surplus  is  only 
about  half  that  of  last  year,  but  it  has  been 
saved  while  the  corporation  was  running  under 
the  extravagant  conditions  of  1902.  The  pres- 
ent year  begins  with  a  great  reduction  in  ex- 
penses. It  has  been  a  matter  of  common  re- 
port for  some  time  that  there  were  exceptional 
opportunities  for  saving  money  in  the  corpor- 
ation's payroll  and  still  pay  full  price  for  work 
done.  Recent  events  Indicate  that  this  will  be 
done,  and  while  some  injustice  may  result  from 
the  first  readjustment  of  expenses,  these  things 
right  themselves  in  the  end.  The  larger  the 
corporation  the  greater  are  the  opportunities 
for  the  men  in  its  employ  who  will  recognize 
their  responsibilities  to  the  full  and  work  as 
hard  as  the  heads  of  the  great  departments. 
The  corporation  is  now  in  a  position  to  hunt 
out  these  men  and  to  weld  them  to  its  interests 
firmly. 

The  corporation's  possessions  in  the  way  of 
ore  and  coke  properties,  furnaces  and  mills, 
ax^  the  finest  in  existence,  but  better  than  all 
It  lias  on  its  board  of  direction  the  leading  fi- 
nancial men  in  the  country.  John  D.  Rocke- 
feller's ability  in  the  management  of  great  un- 
dertakings, Marshall  Field's  exceptional  judgr 
ment  in  foreseeing  tlie  changes  in  business  con- 
ditions, and  Mr.  Frick's  proved  power  to  man- 
age the  steel  industry  in  an  Unequaled  manner, 
are  all  being  exerted  toward  establishing  this 
corporation  on  a  position  of  permanent  secur- 
ity. They  not  only  intend  that  It  shall  be  a 
profitable  company  to  its  shareholders,  but  also, 
by  serving  as  a  masterful  governor  on  the  In- 
dustry, that  it  shall  be  a  powerful  influence  for 
sound  business  conditions.  These  men  and 
their  eminent  associates  do  not  regard  it  as  an 
orange  to  be  sucked  dry  and  then  thrown  to 
the  dogs.  For  this  reason,  there  seems  to  be 
no  cause  for  regarding  the  course  of  the  cor- 
poration's shares  on  the  stock  market  with  any 
apprehension.  The  control  of  the  corporation 
rests  with  men  to  whom  it  matters  nothing 
what  price  may  be  paid  for  the  shares  they  do 
not  need  for  their  purpose.  They  are  inde- 
pendent of  Wall  Street.  For  thetse  reasons 
The  Engineering  Record  expects  that  when 
the  present  year  has  passed,  the  United  States 
Steel  Corporation  will  be  in  a  far  stronger  po- 
sition than  at  any  previous  stage  in  its  career. 


Notes  and  Comments. 


RoAB  Buu-DINO  in  Oneida  County,  N.  Y.,  has 
been  passing  through  an  experience  which  is 
not  unlike  previous  occurrences  in  Massachu- 
setts. Five  and  a  half  miles  of  State  highway 
between  Utica  and  Paris  was  undertaken  by  a 
county  committee  which  employed  convict  la- 
bor. None  of  the  committee  had  any  knowl- 
edge of  such  work,  but  all  of  them  probably  con- 
sidered themselves  competent  to  oversee  the 
dumping  of  stone  on  a  graded  surface  and  the 


consolidation  of  the  stone  by  rolling.  It  never 
entered  their  heads  that  good  road  building  re- 
quires much  experience  on  the  part  of  the  con- 
tractors, and  that  the  Inuumerabie  little  details 
of  the  work  must  be  mastered  before  success 
is  possible.  They  did  not  even  appreciate  the 
importance  of  using  suitable  stone,  and  any 
rock  was  good  enough  for  them,  which  made 
trouble  with  the  State  Engineer.  Consequently 
the  work  took  two  years  instead  of  five  years 
and  has  been  extremely  expensive. 


The  Intboduction  of  Air  Brakes  in  Russia  on 
a  large  scale  took  place  in  an  interesting  man- 
ner. In  1895  a  hand-braked  freight  train  tele- 
scoped another  killing  several  people  and  do- 
ing much  damage.  At  that  time  only  the  pas- 
senger trains  had  air  brakes.  The  Czar  became 
interested  in  this  accident  and  learned  that  it 
would  not  have  occurred  had  the  freight  train 
been  equipped  with  air.  As  a  result  of  this,  a 
commission  was  appointed  to  investigate  auto- 
matic air  brakes.  As  a  result  of  tests  with 
five  types  of  apparatus  the  Westlnghouse  was 
chosen.  A  $7,000,000  contract  was  accordingly 
made  for  these  brakes.  A  factory  was  estab- 
lished in  St.  Petersburg  which  has  since  sup- 
plied all  such  apparatus  for  the  Russian  gov- 
ernment. 


The  East  Rivee  Tunnel  of  the  New  York 
Rapid  Transit  line  to  Brooklyn  was  recently 
the  scene  of  a  little  difilculty  under  a  wharf 
supporting  a  ferry  house.  This  was  magnified 
in  the  daily  papers  into  a  serious  accident,  so 
that  the  official  report  on  the  affair  is  of  inter- 
est. A  hole  over  the  tunnel  was  found  under 
this  wharf.  A  sheet  of  canvas  was  sunk  over 
the  opening  and  covered  with  bags  of  clay  and 
sand.  After  the  hole  was  filled  the  tunnel  was 
pumped  out  sufficiently  to  allow  the  air  lock  to 
be  opened  and  a  boat  fioated  through  it.  An 
examination  showed  that  a  piece  of  the  canvas 
and  several  cartloads  of  bags  had  been  forced 
through  the  hole  into  the  heading.  These  were 
removed,  the  material  above  being  supported 
by  poling  boards.  The  material  above  the  tun- 
nel is  to  be  made  tight  by  grouting  and  con- 
crete. Practically  no  damage  was  done  to  the 
wharf. 


Analtses  of  Portland  Cement  made  under 
the  direction  of  the  New  York  Section  of  the 
Society  of  Chemical  Industry  were  submitted 
to  Mr.  W.  F.  Hillebrand  for  his  criticism.  The 
summary  of  his  views  is  as  follows:  "Too  many 
chemists  assume  without  positive  knowledge 
that  those  materials  used  by  them  are  satis- 
factory. No  chemist  can  be  said  to  do  justice 
to  his  employers  or  patrons  who  does  not 
know  what  order  of  errors  his  results  may  in- 
clude. Too  often  is  a  known  contamination 
thoughtlessly  excluded  as  negligible  when  a 
quantitative  test  might  have  shown  the  falsity 
of  the  belief.  Probably  the  most  fruitful  plan 
for  arriving  at  a  method  of  procedure  in  analy- 
ses that  would  best  suit  the  conditions  prevail- 
ing in  the  majority  of  cement  works  would  be 
through  a  committee  of  not  more  than  three 
well-selected  members,  who  should  not  only  be 
analytical  chemists  but  men  familiar  with  ce- 
ment works.  Now  that  the  conditions  govern- 
ing accurate  work  are  understood, 
such  a  committee  should  be  able,  by  accurate 
experiment  on  a  standard  sample,  to  work  out 
a  detailed  scheme  of  analysis  that  would  be  a 
satisfactory  compromise  between  the  impera- 
tive demands  of  the  factory  for  immediate  re- 
sults, on  the  one  hand,  and  a  proper  regard  for 
reasonable  accuracy  on  the  other.  Such  a  meth- 
od might  be  known  as  the  'factory  control 
method,'  while  for  more  precise  work  one  of 
greater  refinement  might  be  given  in  detail." 
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The      Almendares       Portland       Cement 
Works,  Cuba. 


The  works  of  El  Almeudares  Fabrica  de  Ce 
mento  Portland,  near  Havana,  afford  an  inter- 
esting example  of  the  rapid  changes  during  the 
past  few  years  in  the  methods  of  manufactui^ 
ing  Portland  i-ement,  and  show  how  rapidly 
the  American  system  of  fenient  manufaeiure  by 
the  rotary  proi-ess  is  growing  in  favor.  This 
installation  has  demonstrated  its  superiority 
tor  rement  manufacture  even  under  conditious 
least  favorable  to  its  commercial  success,  that 
is,  where  fuel   is  high  and  labor  cheap. 

The  works  are  located  in  Marianao.  one  of 
the  suburbs  of  Havana,  about  40  minutes  trol- 
ley ride  from  the  center  of  the  city.  The  plant 
is  situated  on  the  banks  of  the  Rio  Almendares 
which  has  sufficient  depth  to  allow  small  barges 
and  schooners  to  come  up  to  the  wharf  to  dis- 
charge or  receive  cargoes.  The  military  road 
from  Havana  to  Marianao  passes  directly  by 
the  works,  and  it  is  expected  ■  that  a  branch 
from  the  trolley  line  will  shortly  be  built  to 
the  works. 

The  plant  was  originally  constructed  in  1898 
and  1899  by  and  according  to  plans  furnished 


stone  were  then  mixed  by  weight  and  fed  to 
two  16-foot  Krupp  tubemills,  in  which  the  raw 
materials  were  finely  ground  and  thoroughly 
mixed.  From  these  mills  the  finished  raw  ma- 
terial in  a  dry  state  was  taken  to  the  brick 
works.  Here  water  was  added  and  the  raw 
material  passed  through  pug  mills;  from  these 
it  was  fed  to  the  brick  presses,  from  which 
the  bricks  were  taken  in  cars  to  open  sheds 
where,  they  were  partially  air  dried,  the  drying 
being  finished  in  a  Rappol  tunnel  dryer  with 
artificial  heat  generated  in  a  furnace.  From 
this  tunnel  the  bricks  which  had  remained  on 
cars  throughout  the  process  of  drying,  were 
taken  to  the  kilns.  These  were  four  in  num- 
ber, being  continuous  fixed  vertical  kilns,  sim- 
ilar to  those  commonly  used  in  German  prac- 
tice. The  clinker  was  drawn  at  the  bottom  in 
the  usual  manner  and  sorted  by  hand,  then 
wheeled  to  storage  sheds  from  which  after  long 
exposure  to  air  for  seasoning,  it  was  taken  to 
the  cement  grinding  room  in  which  was  in- 
stalled one  No.  8  Krupp  ballmill  and  one  16-foot 
tubemill.  After  grinding  the  cement  was  con- 
veyed to  storage  bins,  from  which  it  was  pack- 
ed by  hand. 

The  buildings  were  of  wood  covered  in  some 


lowest  possible  figure,  it  was  decided  to  utilize 
the  grinding  machinery  in  the  raw  material 
and  cement  grinding  departments  as  originally 
installed;  the  only  changes  made  in  these  de- 
partments being  a  slight  alteration  necessary 
to  the  conveying  and  elevating  machinery  and 
the  installation  of  storage  bins  for  the  ground 
dried  material.  It  was  also  decided  to  drive 
electrically  the  machinery  installed  in  the  new 
part  of  the  plant,  as  this  could  not  be  conven- 
iently erected  so  as  to  jjermit  of  taking  power 
from  the  main  lines  of  shafts  in  the  original 
plant.  The  new  installation  exclusive  of  some 
slight  alterations  to  the  power  plant,  and  grind- 
ing rooms,  consisted  of  crushing  and  drying 
machinery  for  the  limestone,  and  the  neces- 
sary conveying  and  elevating  machinery.  The 
preliminary  crushing  of  the  limestone  offered  a 
rather  difficult  problem,  the  stone  being  soft 
and  sticky  in  its  character,  and  carrying  from 
12  to  18  per  cent,  moisture  which  resulted  in 
the  clogging  of  the  crushing  machinery  orig- 
inally installed,  and  none  of  the  first  installa- 
tion could  be  used  for  this  purpose.  This  dif- 
ficulty was  overcome  in  the  new  plant  by  the 
installation  of  rolls  for  the  preliminary  crush- 
ing.    From,   these    rolls    the    material    passed 


General  View  of  the  Almendares  Portland  Cement  and  Tile  Works  near  Havana. 

by  Fried.  Krupp,  of  Magdeburg,  Germany,  and  cases  by  corrugated  iron,  and  very  open  in  their  through  rotary  dryers,  from  which  it  was  con- 
illustrated  the  best  German  practice  of  that  construction  on  account  of  the  climate.  veyed  to  the  storage  bins  in  the  grinding  room, 
date.  The  raw  materials  used  are  a  soft  coral  Power  to  operate  the  plant  was  furnished  by  In  addition  to  the  machinery  installed  for 
limestone  and  clay;  the  average  analyses  of  two  Corliss  engines  of  European  manufacture,  handling  the  limestone,  two  6x60-foot  rotary 
the  ilimestone  and  th«  clay  immiediately  in  one  of  140  horse-power  and  the  other  390  horse-  kilns  with  the  usual  equipment  were  installed. 
connection  with  the  limestone  are  as  follows:  power,  three  boilers  being  installed.  From  the  kilns  the  clinker  was  elevated  to  two 

Percent. The   installation   as   above   described    proved  vertical  steel  towers  8  feet  in  diameter  and  30 

Slllra.  8IO,  ^^2^2                   41%  unsatisfactory,    the    principal    difficulty    being  feet  in   height,   equipped   with   baffle   plates   in 

Alumliia.  AlH).  - .92                   26.05  the  inability  to  dry  the  bricks  successfully,  the  the  usual  manner.     Cold  air  was  forced  in  by  a 

Iruri   oxide.   Fejf),  . ; •. . .        .18                       10.73  ^           .      . 

l.ime.  t'ad  54.08                     4.29  'WO   dryings  being  very  expensive.     Owing  to  fan  at  the  bottom,  and  the  hot  air  drawn  out  at 

Koipbiirfr  anhydride,  go,' .!.. .   None                       10  ^^^  humid  atmosphere,  little  or  no  benefit  was  the  lop  was  used  for  forcing  the  powdered  coal' 

Lo«  <«  iKnitioii 42..'-,o                   10.6'j  derived  from  the  air  dcying,  the  drying  having  into  the  kilns,  thus  utilizing  a  portion  of  the 

As  originally  designed  and  built  by   Krupp,  to   be  done  almost  entirely   by   artificial    heat.  waste  heat  from  the  clinker. 

on  delivery  to  the  plant  the  limestone  was  first  Another  objection  was  the  small  production  of  In  the  coal  room  was  installed  rolls  for  the 

partially  dried  In  open  air  under  storage  sheds,  the   kilns   and    the   uncertain   burning    of    the  preliminary  crushing  of  the  coal,  a  large  coal 

the  drying  being  finished  by  passing  the  stone  clinker;    in  some   instances,  fully  50  per  cent.  dryer,  a  16-foot  Smidth   tubemill  with  the  cus- 

through  a  vertical  dryer  built  of  brick  in  the  had  to  be  returned  to  the  kilns  for  reburning.  tomary   accessories   of   elevators,   bins,   convey- 

form    of   a   common    limekiln.     The   clay    was  In  the  summer  of  1902,  the  management  took  ors,  etc. 

brought  from  the  deposit  and  stored  in  open  under  consideration  the  modification  of  the  The  entire  mechanical  outfit,  machinery,  bins, 
sheds,  the  drying  being  finished  in  a  rotary  plant  by  the  installation  of  the  rotary  system,  conveyors,  elevators,  belts,  etc.,  was  shipped 
dryer  similar  in  construction  to  those  gener-  and  the  contract  for  preparing  the  plans  and  from  the  United  States.  The  motors  and  gener- 
ally used  in  the  United  States.  The  dried  clay  furnishing  and  installing  the  necessary  ma-  ators,  however,  were  purchased  in  France,  so 
and  limestone  were  then  passed  separately  chinery  for  this  change  was  entrusted  to  they  would  correspond  in  make  with  those  al- 
through  four  No.  5  Krupp  ballraills  which  Messrs.  Lathbury  &  Spackman,  of  Philadelphia,  ready  installed  for  supplying  power  to  the  tile 
gronnd  them  to  such  fineness  that  they  would  Pa.,  in  the  fall  of  1902.  As  it  was  desirable  to  works. 
pass  a  No.  20  mesh  sieve.    The  clay  and  lime-  keep  the  cost  of  remodeling  the  plant  at  the  The  general   layout  of  the  remodeled  plant. 


Jan.  9.  1904. 


THE     ENGINEERING     RECORD. 


37 


owing  to  the  fact  that  it  was  necessary  to  util- 
ize the  machinery  of  the  old  installation  as 
far  as  possible  in  its  original  position,  and  to 
adapt  the  new  machinery  to  the  buildings  al- 
ready built,  was  not  absolutely  satisfactory, 
nepessitating  as  it  did  the  conveying  of  materi- 
als in  course  of  manufacture  for  considerable 
distances  back  and  forth  in  opposite  directions. 
But  considering  the  fact  that  the  machinery 
was  fitted  into  buildings  already  erected  and 
utilized  the  major  portion  of  the  previous  in- 
stallation made  for  an  entirely  different  pro- 
cess of  manufacture  without  change,  the  lay- 
out was  more  satisfactory  in  its  results  than 
was  at  first  e.xpected.  considering  the  circum- 
stances. 

The  contract  which  was  closed  in  September. 
1902,  called  for  the  completion  of  the  plant  and 
its  complete  erection  in  readiness  for  operation 
by  the  end  of  March,  1903.  The  worlt  of  in- 
stallation was  completed  a  little  in  advance  of 
the  contract  time,  but  owing  to  delay  in  the 
arrival  of  coal,  manufacture  of  cement  was  not 
started  until  the  middle  of  April.  The  results 
were  entirely  satisfactory,  the  first  week's  op- 
eration of  the  kilns  averaging  180  barrels  of 
clinker  per  day  per  kiln,  with  a  coal  consump- 
tion of  less  than  100  pounds  of  coal  per  barrel 
of  cement  produced,  which  was  considerably  in 


weeks'  operation  on  the  clay  formerly  used 
in  the  set  kilns,  another  deposit  was  secured, 
the  clay  from  which  showed  the  following 
analysis: 

I'ei'  <.cni. 

Silk'U.    SIO., 58.04 

Alumiiiu,   AI2O8    14.6;t 

Iron   oxide,   Fe-Oa 9.27 

Lime.    CaO    1.5S 

Magnesia,   MgO    2.02 

Sulphuric    anhydride,    SO3 37 

Loss  on  ignition 12.07 

This  gave  most  excellent  results,  the  cement 
produced  being  of  the  highest  quality.  Large 
quantities  of  this  cement  were  used  during  the 
past  year  for  engineering  works  in  Havana  and 
vicinity,  and  the  product  is  shipped  to  all  parts 
of  the  island. 

El  Almendares  Pabrica  de  Cemento  Port- 
land is  a  French  corporation,  the  principal  of- 
fices being  in  Paris,  and  most  of  the  capital  in 
the  plant  is  French.  In  addition  to  the  manu- 
facture of  cement,  the  company  has  extensive 
works  for  the  manufacture  of  cement 
tiles,  brick,  drain  pipe,  etc.,  and  the 
products  from  this  factory  would  be  a 
surprise  to  the  American  manufacturers  of  ce- 
ment. The  market  for  tiles  in  Cuba  is  very 
large,  they  being  used  both  for  the  roof  and 
flooring  of  the  houses.  The  tiles  are  made  of 
many   patterns   and   colors,    running   from   the 


factorily,  its  use  was  abandoned  previous  to 
starting  the  rotary  plant,  the  limestone  now 
l)eing  brought  from  the  quarry  to  the  mill  by 
barges  holding  about  80  tons.  The  stone  Is 
dumped  directly  from  the  quarry  cars  into  the 
barges,  and  these  are  then  poled  down  the 
river  passing  under  the  pontoon  bridge  shown 
in  the  view  of  the  plant,  the  clearance  of  the 
brick  limiting  the  size  of  the  barges.  The 
limestone  Is  unloaded  from  the  barges  directly 
into  carts  at  the  dock  and  hauled  to  the  stor- 
age sheds  back  of  the  raw  material  department. 
In  the  general  view  of  the  plant,  the  office 
building  is  at  about  the  center  of  the  picture, 
with  the  kiln  building  directly  in  the  rear. 
Back  of  this  can  be  seen  the  stacks  of  the  old 
fixed  kilns  and  the  elevator  for  hoisting  the 
bricks  to  the  charging  floor  of  these  kilns.  To 
the  right  of  the  kiln  building  is  the  coal  grind- 
ing building,  with  the  storage  sheds  for  coal. 
The  coal  is  brought  by  boat  to  a  dock  located 
just  beyond  the  extreme  right  of  the  view.  This 
dock  is  equipped  with  coal  handling  apparatus 
by  which  the  barges  are  emptied  and  the  coal 
cars  loaded,  it  taking  about  two  hours  to  dis- 
charge an  80-ton  barge.  A  trolley  line  runs 
from  this  dock  around  the  plant,  so  that  coal 
is  readily  distributed  to  storage  pockets  at  the 
boiler  house  and  coal  grinding  room.  This  dock 


View  in  Kiln  Room. 


View  in  Coal  Room. 


excess  of  the  guarantees,  viz.:  150  barrels  of 
cement  per  kiln  per  day,  with  a  consumption 
of  not  over  125  pounds  of  coal.  These  results 
were  considerably  bettered  in  the  subsequent 
operation  of  the  plant  during  the  time  It  was 
under  trial.  This  production,  however,  was 
greater  than  the  capacity  of  the  clinker  grind- 
ing room  which  had  not  been  changed  from  the 
original  installation,  as  the  management  was 
doubtful  of  the  kilns  producing  the  amount 
guaranteed.  Changes  had  to  be  made  in  this 
department,  additional  grinding  machinery  be- 
ing Installed,  so  that  the  two  kilns  were  not 
operated  continuously  until  the  middle  of  the 
summer.  Since  then  they  have  been  in  con- 
stant operation,  with  a  production  of  about  200 
barrels  of  clinker  per  day  per  kiln,  and  a  coal 
consumption  in  the  kiln  of  less  than  100  pounds 
of  coal  per  barrel  of  cement  produced. 

The  clay  found  on  the  property  in  conjunc- 
tion with  the  limestone,  as  would  be  expected 
from  the  analysis,  was  not  very  satisfactory 
for  the  manufacture  of  Portland  cement  by  the 
rotary  process,  being  too  high  in  iron  and 
alumina,  and  the  resulting  cement  'was  too- 
quick  settiag  to  be  desirable.    After  about  two 


rough  building  tile  to  some  elaborate  designs 
with  as  many  as  six  different  colors,  and  it  is 
difiicult  to  tell  them  when  in  place  from  the 
best  porcelain  or  clay  product,  and  they  seem 
to  be  even  more  durable. 

These  tile  works  can  be  seen  on  the  left  of 
the  general  view  of  the  plant.  The  office  build- 
ing shown  in  the  center  of  this  photograph  was 
built  entirely  from  such  tiles.  In  these  works 
they  also  manufacture  large  quantities  of 
building  brick,  ornamental  urns,  vases,  rail- 
ings, etc.,  the  artificial  stone  work  being  ex- 
ceptionally good,  and  in  this  particular  branch 
of  the  cement  industry,  or  rather  in  the  manu- 
facture of  cement  products,  the  Spanish  people 
seem  far  ahead  of  ourselves.  The  operation  of 
such  works  in  the  United  States  in  conjunction 
with  the  cement  mills  might  be  a  good  business 
venture  to  insure  a  market  for  a  considerable 
portion  of  the  product  during  dull  times. 

The  quarry  from  which  the  limestone  is  tak- 
en, is  located  about  one-half  mile  up  the  Almen- 
dares River,  and  on  the  opposite  side  of  the 
stream.  An  overhead  telpher  line  was  original- 
ly Installed  to  transport  the  limestone  from  the 
quarry  to  the  mill,  but  falling  to  work  satis- 


can  also  be  used  for  the  shipment  of  cement 
by  water. 

The  clinker  grinding  department  is  just  back 
of  the  kiln  room,  the  power  house  being  be- 
tween it  and  the  raw  material  building,  the 
roof  of  which  can  be  seen  just  back  of  the 
stacks  of  the  vertical  kilns. 

In  addition  to  the  quarries  from  which  the 
present  material  is  taken.  El  Almendares  Pa- 
brica de  Cemento  Portland  control  a  very  valu- 
able deposit  of  natural  cement  rock  which  is  lo- 
cated at  Regla,  about  two  miles  east  of  Havana 
harbor,  but  owing  to  the  difficulties  of  transpor- 
tation, this  rock  Is  not  utilized  at  present,  al- 
though previous  to  the  rotary  installation,  nat- 
ural cement  was  manufactured  from,  it,  the 
stone  being  brought  by  mule  teams  from  the 
quarry  to  the  plant.  This  necessitated  the 
ferrying  of  the  carts  across  the  harbor  and  the 
hauling  of  the  rock  through  Havana  to  the 
plant.  The  rock  from  this  quarry  could  be 
brought  by  water,  but  the  supply  obtained  In 
this  manner  would  be  uncertain  owing  to  the 
difficulties  of  navigation  when  the  wind  is  from 
the  north.  It  is,  however,  probable  that  a  sec- 
ond  mill   will   be  built  to  utilize  this  deposit. 
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t&e  stone  of  which  is  one  of  the  finest  for  mak- 
ing Portland  cement,  being  soft  and  readily 
quarried,  and  of  almost  perfect  analysis  for 
cement  making  purposes. 

Anal.vKlK.   Itvgla  Stt«p. 

I'er  cent. 

Silica.  8IO, 15.2:i 

AlnmlBa.   .\l,(>s   '^■9- 

Injn  Oxide.  Ve,0,   1.18 

Ume.  C-aU   41.«0 

Uasimla.   MgO   l.o!> 

Solphoric.  aohfdrlde.  SO,  . .  .■ 1*) 

Loss  UD  Ignlllun 34.19 

In  the  kiin  room  space  has  b«en  provided  for 
the  installation  of  two  additional  kilns.  The 
Tlew  of  this  room  shows  the  discharge -ends  of 
the  kilns,  the  coal  bins,  and  the  apparatus  for 
blowing  the  powdered  coal  into  the  kilns,  also 
the  elevator  taking  the  hot  clinker  to  the  cool- 
ing towers  which  are  located  Just  outside  of  the 
kiln  room.  In  the  view  of  the  coal  grinding 
room,  the  coal  dryer  is  in  the  foreground,  with 
the  coal  grinding  tubemill  at  the  rear. 

The  plant  was  started  in  operation  by  Am- 
erican burners,  but  is  now  entirely  operated  by 
Cuban  labor,  with  the  exception  of  the  chemist, 
who  is  from  the  United  States. 


The    Conduit  of   the  Jersey    City  Water 
Supply  Company. 

Pakt  I. — Steel  Fife  Lines  and  Co.\  sections. 
Extensive  works  for  supplying  water  to  Jer- 
sey City  have  been  under  construction  for  near- 
ly four  years  and  are  now  nearing  completion. 
A  general  description  of  the  system  and  detail- 
ed accounts  of  the  .construction  of  some  of  the 


floating  when  empty  without  raising  an  em- 
bankment which  could  act  as  a  dam  and  cause 
trouble  during  freshets. 

On  the  Hackensack  meadows  an  embankment 
high  enough  to  put  the  bottom  of  the  pipe 
above  extreme  high  tides,  excepting  for  300 
feet  under  some  side  tracks  entering  a  steel 
works  plant,  was  built  of  materials  obtained 
largely,  on  the  west  side  of  the  Hackensack 
River,  from  a  railroad  cut  through  a  hill  west 
of  the  meadows,  and  on  the  east  side  of  the 
river  from  a  cut  for  a  railroad  yard,  both  of 
which  the  contractor  for  the  pipe  line  was  making 
under  other  contracts.  This  material  was  placed 
by  means  of  tempoi-ary  narrow-gauge  tracks 
and  dump  cars,  the  tracks  subsequently  being 
removed.  The  bank  on  the  west  side  of  the 
river  was  built  up  to  a  level  about  2  feet  above 
the  bottom  of  the  pipe  one  and  a  half  years  in 
advance  of  pipe  laying.  On  the  east  side  of 
the  river  the  bank  was  built  about  six  months 
before  pipe  laying  began,  and  the  contractor  at 
the  same  time  placed  a  quantity  of  earth  along 
the  line  which  was  estimated  to  be  sufficient  to 
cover  the  pipe  to  the  required  depth  of  3  feet 
on  top.  The  pipes  in  30-foot  lengths  were 
hauled  out  over  the  embankment  by  the  teams 
which  brought  them  from  the  contractor's  shop, 
in  Paterson,  and  delivered  alongside  the  em- 
bankment on  the  meadow,  where  they  were  ex- 
posed to  the  brackish  tide  water.  Afterwards 
the  trench  was  excavated  and  the  sections  of 
pipe  rolled  onto  timbers  bridging  it  and  low- 
ered to  place  by  two  A-frame  derricks,  as  shown 


line  crossing  two  valleys  and  the  Great  Piece 
meadow,  alternating  with  the  sections  of  ma- 
sonry conduit.  At  all  crossings  of  streams  in- 
tercepting the  pipe  lines,  the  pipe  was  laid  be- 
neath the  stream  bed.  No  expansion  joints 
were  used  anywhere,  it  being  considered  that 
the  curvature  of  the  line  and  the  friction  of  the 
surrounding  earth  would  take  care  of  any  ten- 
dency to  movement  caused  by  temperature 
changes,  which  would  be  slight  after  the  pipe 
was  connected  and  covered.  Eleven  48-lnch 
horizontal  geared  gate  valves  made  by  the 
Rensselaer  Manufacturing  Company,  of  Troy, 
N.  Y.,  were  set  at  intervals  in  the  line  with  re- 
ducers 12  feet  long  on  each  side.  Near  the 
gears  of  these  valves,  at  one  side  of  the  pipe 
line,  a  brick  shelter  house  8x10  feet  by  10  feet 
6  inches  high  inside  was  built  to  provide  shel- 
ter for  the  men  operating  the  valves,  as  well 
as  places  to  keep  wrenches  and  other  small 
tools.  At  all  summits  and  on  both  sides  of 
each  gate  valve,  Coiflu  cluster  air  valves  were 
set  thirty-five  in  all,  and  covered  with  suitable 
chambers.  Brick  manholes  were  also  built  over 
the  gears  of  the  valves.  The  manhole  in  each 
gate  or  air-valve  chamber  is  covered  with  an 
iron  frame  and  cover.  A  double  wooden  cover 
made  with  a  2-inch  air  space  is  placed  in  each 
frame  about  8  inches  below  the  outside  cover. 

At  the  ends  of  sections  of  masonry  conduit, 
concrete  chambers  have  been  built  with  con- 
nections for  two  pipes  and  grooves  for  stop- 
planks.  One  pipe  connection  in  each  chamber 
is  closed  by  a  brick  bulkhead  24  inches  thick. 


Jersey  City  Conduit:   Laying  Steel  Pipe  and  Building  Embankment  acioss  Hackensack  Meadow. 


parts  appeared  in  this  journal  July  21,  1900: 
December  13.  1902,  and  August  8,  1903.  To  con- 
vey the  water  from  the  large  reservoir  in  Boon- 
ton  to  the  city,  a  conduit  22.99  miles  long  has 
been  built  from  the  lower  gate  house  at  the 
Boonton  dam.  comprising  3.59  miles  of  rein- 
forced concrete  conduit  in  cut-and-cover,  1.95 
miles  in  two  concrete  and  brick-lined  tunnels, 
and  17.45  miles  of  72-inch  steel  pipe  line,  in- 
cluding two  difficult  river  crossings.  The  ma- 
sonry conduit  has  a  slope  of  0.0947  per  thou- 
sand feet,  or  6  inches  per  mile,  and  an  esti- 
mated capacity  of  70,000,000  gallons  per  day, 
while  the  capacity  of  the  pipe  lines  is  about 
50,000,000  gallons  per  day.  Provision  for  con- 
necting a  duplicate  pipe  line  when  required  by 
the  increase  of  consumption,  has  been  made 
in  all  the  masonry  structures.  The  novel  meth- 
od used  for  crossing  the  Hackensack  and  Pas- 
saic rivers  and  some  details  of  pipe-making  and 
laying  have  been  previously  described. 

Considerable  portions  of  the  pipe  line  are 
situated  on  broad  and  substantially  level  tracts 
of  land  known  as  the  Great  Piece  and  Hacken- 
sack meadows,  which  are  frequently  inundated 
in  times  of  freshet,  and  the  latter  by  high  tides 
also.  Fortunately,  the  seasons  during  which 
pipe-laying  was  in  progress  across  these 
meadows  were  unusually  dry.  Across  Great 
Piece  meadow  the  pipe  was  laid  with  its  top 
about  3  feet  beneath  the  surface  in  order  to  get 
snfDcient  weight  over  the  pipe  to  prevent  its 


in  one  of  the  group  of  three  views.  After  the 
pipe  had  been  laid,  tested  and  left  full  of  water, 
the  tracks  were  relaid  on  the  west  side  of  the 
river  on  the  embankment  at  one  side  of  the 
pipe,  it  having  been  built  broad  enough  for  this 
purpose,  on  the  side  opposite  to  that  on  which 
the  material  excavated  from  the  trench  was 
cast.  A  few  hundred  feet  from  the  riyer  the 
track  was  graded  up  to  the  level  of  the  top  of 
the  pipe  and  the  ties  laid  directly  on  the  pipe 
with  only  sufflcient  support  of  earth  or  stones 
under  the  ends  of  some  of  the  ties  at  short  in- 
tervals to  prevent  tipping  and  sliding,  and  the 
materials  were  dumped  from  the  cars  to  raise 
the  bank  to  the  required  depth  over  the  pipe, 
as  shown  in  another  view.  As  the  filling  pro- 
gressed the  track  was  shifted  accordingly.  The 
cars  were  always  pushed  -ahead  of  the  locomo- 
tive as  a  precaution,  but  the  locomotive  also 
sometimes  went  on  top  of  the  pipe.  On  the  east 
side  of  the  river  the  embankment  settled  into 
the  marsh  more  than  expected,  and  so  after 
the  pipe  was  laid  there  was  not  sufflcient  avail- 
able earth  to  cover  it  to  the  required  depth. 
Consequently  it  became  necessary  for  the  con- 
tractor to  relay  the  tracks  on  top  of  the  pipe, 
at  considerable  expense,  in  order  to  place  the 
additional   filling. 

Besides  the  final  10.9  miles  of  pipe  line  from 
Watchung  Mountain,  the  highlands  west  of 
Hackensack  meadows,  to  the  city  distribution 
reservoir,  there  are  three  other  aections  of  pipe 


For  about  tJO  feet  from  the  chamber  the  pipe  is' 
surrounded  with  concrete  about  1  foot  thick, 
with  collars  3  feet  wide  projecting  18  inches, 
spaced  15  feet  on  centers,  in  which  there  are 
4x3-inch  angle-iron  rings  riveted  to  the  pipe. 
The  concrete  around  the  pipe  is  tied  to  the 
chamber  by  3-inch  No.  10  expanded  metal  em- 
bedded in  it  for  about  10  feet  and  extending 
into  the  wall  of  the  chamber.  In  crossing  these 
chambers  there  is  a  drop  from  the  invert  of  the 
conduit  to  the  bottom  of  the  pipe  usually  of 
about  4  feet,  so  that  Ihe  end  of  the  pipe  will  al- 
ways be  filled  when  there  are  50,000,000  gallons 
or  more  flowing. 

The  pipe  consists  of  slightly  tapered  sections, 
each  made  of  one  plate,  with  the  smaller  end 
of  each  section  entering  the  larger  end  of  the 
following  section.  These  sections  were  shop- 
riveted  into  lengths  each  about  30  feet  long, 
which  were  tested  in  a  hydraulic  press  and 
coated  by  being  partly  inimers:cd  horizontally 
and  revolved  in  a  trough  nearly  filled  with 
hot  mineral  rubber  asphalt,  furnished  by  the 
Commercial  Asphalt  Company,  of  New  York. 
While  the  pipe-laying  was  in  full  progress  on 
Hackensaitk  meadows,  one  week  a  record  of 
3,725  linear  feet  was  made  in  the  six  working 
days  and  one  day  870  feet  were  laid.  The  total 
length  laid  for  the  month  of  August  was  8,- 
925  feet.  All  sections  of  the  pipe  line  were 
made  and  laid  by  the  T.  A.  Gillespie  Company, 
of  New  York. 
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Connection    between   Steel   Pipes  of  Jersey  City  Water  Supply  Company,  and  East  Jersey  Water  Company. 
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According  to  the  general  contract  made  by 
the  city  with  Mr.  P.  H.  Flynn,  in  1899,  the 
worlcs  were  to  have  been  completed  in  Febru- 
ary, 1902,  but,  when  this  date  approached, 
scarcely  half  the  construction  had  been  accom- 
plished. Consequently  it  became  necessary  for 
the  city  to  make  an  arrangement  with  the  East 
Jersey  Water  Company  for  a  continuance  of 
Ihe  supply  which  was  being  furnished  under  a 
contract  terminating  in  October  of  that  year. 
In  order  to  put  a  sufBcient  quantity  of  water  in 
the  city  mains,  a  connection  was  made  between 
the  51-inch  steel  conduit  of  the  East  Jersey 
Water  Company  and  the  new  72-inch  main,  the 
arrangement  of  which  is  clearly  shown  in  one 
of  the  illustrations.  The  72-inch  main  crossed 
beneath  the  51-inch  about  500  feet  east  of  the 
end  of  Section  4  of  the  masonry  conduit  and 
advantage  was  talien  of  this  circumstance. 
This  connection  has  been  in  use  since  June  9, 
1903,  enabling  the  city  to  abandon  the  other 
line  of  supply  via  Belleville  reservoir  which  in- 
cluded several  troublesome  pipes  across  the  Hack- 
ensack  River.  Bach  16-inch  connecting  pipe  be- 
tween the  mains  and  the  42-inch  riveted  steel 
manifold  contains  two  gate  valves,  the  second 
valve  for  security  in  case  of  accident  to  the 
valve  ordinarily  in  use  and  for  convenience  in 
making  repairs,  and  two  of  the  .five  16-inch 
pipes  between  the  manifold  and  the  72inch 
main  have  three  valves. 
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Plan  and  Profito  of  36-lnch  Steel  Prpe  across  Summit  Avomie  near  Troy  Street  to  Reservoir  No. 2 


Profile  of  ;2-  42-Inch  Pipe  at  Corner  of  Carltan  and  Summ/+ AN^oes 


JERSEY  CITY  CONDUIT:   SOME  DETAILS   OF  THE  STEEL  PIPES  AND  THE  TERMINAL  GATE  HOUSE  AND  CONNECTIONS. 
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The  supply  furnished  through  the  51-inch 
main  is  drawn  from  th«  Passaic  River  and 
pumped  at  the  LKtIe  Palls  pumping  station 
without  flitration.  This  water  is  furnished  to 
other  municipalities  besides  Jersey  City,  and 
at  the  point  of  connection  under  description 
has  a  greater  pressure  than  is  required  in  the 
72-inch  main.  Hence,  ordinarily  three  or  four 
of  the  16-inch  pipes  from  the  51-inch  main  to 
the  manifold  are  opened  and  the  valves  in  these 
are  so  throttled  as  to  give  the  desired  pressure. 
Correspondingly,  one  or  two  of  the  lt>-inch  con- 
nections to  the  T2-inob  main  are  opened  wide 
and  further  adjustment  is  secured  by. the  man- 
ipulation of  the  valves  in  the  two  pipes  having 
three  valves  each.  In  order  to  maintain  the 
proper  pressure  in  the  Jersey  City  distribution 
system,  an  attendant  is  on  duty  at  this  connec- 
tion at  all  hours  of  day  and  night,  and  opens  or 
closes  the  valves  so  as  to  maintain  the  reading 
on  a  pressure  gauge  on  the  T2-inch  main  sub- 
stantially constant. 

The  72-inch  steel  conduit  ends  near  the  Ber- 
gen reservoirs  of  the  Jersey  City  water-works. 
and  a  72-inch  Venturi  meter  furnished  by  the 
Builders'  Iron  Foundry.,  of  Providence,  was  set 
in  the  line  about  180  feet  westerly  from  Sum- 
mit Avenue  for  measuring  the  total  quantity 
of  water  delivered  to  the  city.  This  meter  is 
claimed  by  the  makers  to  be  the  largest  now 
In  use.  and  its  recording  apparatus,  located  in 
the  gatehouse  described  below,  is  fitted  with  a 
chart  recorder  as  well  as  with  the  usual  dials. 
Just  beyond  the  meter  the  conduit  is  reduced  to 
42  inches,  and  from  this  part  of  the  main  five 
16-inch  cast  iron  branches  are  led  into  a  gate- 
house, recently  completed,  on  the  bank  of  res- 
ervoir No.  1.  Besides  these  there  is  a  24-inch 
connection  from  the  72-inch  conduit  to  the  24- 
inch  high-service  main  to  the  city,  made  by 
means  of  three  16-lnch  side  outlets  from  the 
conduit.  The  arrangement  of  all  these  connec- 
tions, which  are  manipulated  by  one  attend- 
ant, together  with  the  design  of  the  gate  cham- 
ber, is  clearly  shown  in  accompanying  draw- 
ings. A  number  of  combinations  for  directing 
the  flow  of  the  water  in  dlfTerent  ways  are  pos- 
sible. It  being  necessary  to  feed  the  city  low- 
service  distribution  under  a  nearly  constant 
pressure  through  all  the  variations  of  draft, 
and  the  pressure  in  the  72-inch  conduit  being 
several  pounds  in  excess  of  the  allowable  pres- 
sure on  this  system,  Ross  pressure  regulators 
have  been  set  in  three  of  the  16-inch  pipes,  in 
the  gatehouse.  Ordinarily  only  one  regulator 
is  in  use  and  a  part  of  the  supply  goes  through 
one  of  the  16-inch  pipes  which  has  no  regula- 
tor, the  gate  being  throttled  if  necessary.  Sur- 
plus water  overflows  from  the  gatehouse  into 
reservoir  No.  1,  or  through  a  3G-inch  steel  pipe 
about  500  feet  long  into  reservoir  No.  2,  and  de- 
ftciencies  are  made  up  from  the  reservoirs. 
Each  16-inch  pipe  is  controlled  by  means  of 
two  Rensselaer  hand-wheel  indicating  valves 
in  the  gatehouse  and  may  be  shut  off  by  means 
Of  another  16-inch  valve  in  the  street. 

The  gatehouse  Is  in  telephonic  communica- 
tion with  the  attendant  at  the  connection  with 
the  51-inch  East  Jersey  conduit  and  with  the 
pumping  station  at  Little  Falls,  and  changes  in 
the  quantity  admitted  to  the  conduit  to  meet 
considerable  changes  in  the  demands  are  made 
at  these  points  on  the  request  of  the  attendant 
at  Bergen  reservoir.  This  attendant  lives  near 
the  gatehouse  and  a  warning  bell  in  his  house 
Js  electrically  connected  with  a  float  in  the 
gatehouse,  which  carries  two  pointers  set  to 
complete  the  electric  circuit  whenever  there  is 
a  material  change  in  the  rate  of  flow,  or  the 
reservoir  reaches  the  established  maximum 
level.  A  diagram  of  the  pipes  has  been  mount- 
ed on  a  framed  board  and  is  hung  in  the  gate- 
house.    The  gates  are   marked   by  brass  cup 


hooks,  and  on  each  hook  is  hung  a  ^x%-inch 
eyelet  tag  marked  with  an  initial  or  number 
indicating  whether  the  gate  is  wide  open  or 
shut  or  showing  the  number  of  turns  that  it 
has  been  partially  opened.  A  row  of  hooks  at 
the  bottom  of  the  board  holds  the  spare  tags. 

In  Summit  avenue,  opposite  the  new  gate- 
house, there  is  an  interesting  combination  of 
pipes  and  valves  for  controlling  the  flow 
through  the  36-inch  steel  pipe  direct  connec- 
tion from  the  conduit  to  the  low-service  sys- 
tem at  the  old  gatehouse.  A  36-inch  valve  in 
the  main  provides  for  shutting  it  ofl",  and  just 
beyond  there  is  a  IG-inch  gate  with  a  long  re- 
ducer on  each  side,  around  which  there  are  two 
16-inch  by-passes  with  16-inch  gates,  as  shown. 
The  advantage  of  this  layout  is  the  regulation 
of  the  supply  by  means  of  three  small  valves 
instead  of  throttling  a  large  valve. 

Mr.  J.   Waldo  Smith   is  consulting  engineer, 
Mr.    E.   W.   Harrison,   chief  engineer,  and   Mr. 
William  B.  Fuller,  resident  engineer. 
(To  be  continued.) 


The   Main    Span    of    the    Williamsburg 

Bridge,  across  the  East  River,  New 

York  City. 


P.MtT     IV. — Cl.AS«lKll.l>     SCJIEUI'LK     OF     EnKCTION, 

Rl\KTl.N(i.     Si'KC'IAL     Al'PAKATLS,     MkASUKE- 

.ME.NT.S.       Ad.1  USTMENTS,       AND       FlNAL 

CONXECTIONS. 

Progress  of  Work. — The  progress  of  the  work 
was  carefully  arranged  in  the  office  by  the  en- 


rivets  were  to  be  driven  in  the  floor-beam  con- 
nections. In  the  fifth  movement  of  the  traveler 
from  the  towers  to  the  center  of  the  span,  1,- 
679  tons  of  material,  completing  the  span,  were 
to  be  erected  in  thirty-three  days  and  30,000 
rivets  driven.  Fifteen  days  more  were  allowed 
for  the  removal  of  the  traveler  and  in  this  time 
and  flfty-flve  additional  days  it  was  estimated 
that  the  remaining  105,000  rivets  could  be  driv- 
en by  ten  pneumatic  hammers.  Ten  days 
longer  were  allowed  for  th^  completion  of  the 
painting,  which  it  was  calculated  might  be  fin- 
ished by  23  men  in  seventy  days,  assuming  that 
one  man  could  paint  2V1>  tons  of  iron  two  coats 
in  one  day.  This  schedule  assumed  simultane- 
ous operations  of  both  travelers,  which  were 
kept  at  all  times  within  one  or  two  panel  points 
of  the  same  position  relative  to  the  center  of 
the  span.  All  the  above  data  apply 
to  one-half  of  the  bridge  only.  The 
schedule  was  slightly  modified  in  execution 
and  no  rivets  at  all  were  driven  until  the  erec- 
tion of  the  trusses  was  practically  completed. 
Handling  and  Riveting  Members. — It  was 
planned  that  the  field  rivets  in  the  joints 
ol  the  floor-beam  and  lower  chord  connections 
should  be  driven  as  indicated  by  the  accom- 
panying diagrams.  Suspender  rods  A  and  C 
were  to  be  removed  and  the  adjacent  rivets  e. 
f,  g,  and  h,  driven  thiough  the  lower  chord 
webs.  Rods  A  and  C  were  then  to  be  replaced, 
B  and  D  removed,  the  remaining  rivets  1,  j,  k, 
and  1  driven  through  the  chord  webs,  the  rivets 
were  to  be  driven  through  the  diaphragm  and 
the  rods  B  and  D  replaced,  but  their  nuts  not 
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gineer  of  erection,  and  a  schedule  of  opera- 
tions was  furnished  in  advance  to  the  erectors 
and  was  substantially  followed  by  the  super- 
intendent. This  provided  that,  at  each  end  of 
the  bridge  in  the  first  forty  days  the  traveler 
should  be  assembled  by  the  tower  derrick  in 
panels  31,  32,  33  and  34  of  the  main  bridge 
span,  and  should  move  from  the  towers  to  the 
center  of  the  bridge,  ejecting  all  of  the  floor 
system  of  a  total  weight  of  1,365  tons.  The  sec- 
ond movement  of  each  traveler  from  the  cen- 
ter of  the  main  span  to  the  towers  was  given 
fifteen  days  for  the  erection  of  606  tons  of  floor- 
beam  brackets  and  outside  stringers.  Twelve 
days  were  allowed  for  the  third  movement  from 
the  tower  to  the  center  of  the  span,  and  the 
storage  of  material  on  the  floorbeam  brackets; 
twenty  days  for  the  fourth  movement  of  the 
traveler  from  the  center  of  the  span  to  tower, 
storing  1,127  tons  of  material  between  the 
trusses.  In  the  forty-seven  days  allowed  for  thfi 
second,  third  and    fourth    movements,    15,000 


screwed  down  until  the  final  adjustment.  This 
plan  was  changed  and  all  four  suspender  bolts 
were  removed,  all  the  rivets  driven  at  once, 
and  the  bolts  replaced.  Special  wrenches  were 
required  for  the  nuts  on  the  suspender  bolts 
and  special  pneumatic  hamm'^rs  for  driving  the 
rivets  e,  f,  i  and  j.  Special  doily-bars  were 
also  made  for  this  work  and  for  riveting  the 
hangers  from  the  overhead  trusses,  provided 
with  beveled  bearing  blocks,  to  which  they 
were  chained.  None  of  the  lower  chord  splices 
were  bolted  until  after  all  of  the  material  erect- 
ed by  the  first  traveler  movement  was  sus- 
pended from  the  cables,  just  prior  to  the  meet- 
ing of  the  bottom  chords  at  mid-span. 

The  20-lon  chord  sections  were  hoisted  by 
gpecial  riveted  plate  clamps  which  had  bear- 
ing angles  engaging  the  under  sides  of  top  and 
bottom  flanges  and  were  locked  to  the  chord,  as 
shown  in  the  detail  drawing.  Owing  to  the 
different  dimensions,  different  clamps  were  re- 
c]uired  for  the  top  and  bottom  chords,  but  they 
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were  substantially  alike.  A  few  special  sec- 
tions of  the  bottom  chord  were  lifted  by  clamps 
"Which  consisted  of  a  shackle,  like  that  shown 
in  the  top  chord  clamp,  with  the  side  pieces 
replaced  by  flat  vertical  plates  18  inches  wide, 
%  inch  thick  and  SVi  feet  long,  each  of  which 
had  twenty-two  open  holes  through  which  it 
w«s  bolted  to  the  chord  web. 

The  floor-beams  were  handled  by  flat  plate 
hook  clamps  with  holes  in  the  horizontal  lips 
through  which  they  were  bolted  to  the  top 
flanges  of  the  floor-beams.  After  the  fourth 
movement  of  the  ti'avelers.  when  all  of  the  ma- 
terial for  the  suspended  span  had  been  distrib- 
uted, and  previous  to  the  erection  of  the  stif- 
fening trusses,  the  cables  were  subjected  to 
their  final  dead  load,  less  the  roadway  floor,  and 
had  assumed  their  approximate  ultimate  posi- 
tion. To  secure  this  position  it  had  been  neces- 
sary to  make  an  adjustment  of  the  suspension 
bolts  so  as  to  secure  uniform  loading  of  the 
cables  and  regularity  of  the  floor  camber.  This 
was  accomplished  by  screwing  the  nuts  until 
the  measured  vertical  distances  between  the 
centers  of  the  upper  chords  and  the  centers  of 
the  main  cables  at  the  different  panel  points  cor- 


of  it  measurements  were  taken  to  the  lower 
point,  on  an  ordinary  steel  tape  in  the  panels 
near  the  towers.  When  the  height  of  the 
cables  was  less  than  100  feet  above  the  chord, 
the  wire  was  replaced  by  an  ordinary  100-foot 
steel  tape  which  was  attached  to  the  hook.  Dif- 
ferences in  elevation  of  the  cables  were  cor- 
rected by  wedging  under  one  end  of  the  girder. 
The  distance  from  the  hook  to  the  top  of  the 
frame  seated  on  the  chord  was  recorded,  and 
the  level  of  the  top  of  the  frame 
was  marked  with  paint  on  both  the 
suspended  cables.  The  frame  was  about  4  feet 
high  and  enabled  the  measurement  to  be  taken 
to  the  upper  edge  more  accurately  than  it  could 
be  made  on  the  chord.  Constant  corrections 
were  determined  for  the  vertical  distance  be- 
tween the  centers  of  the  cables  and  the  zero 
point  of  the  tape  line  or  the  upper  end  of  the 
wire.  Other  corrections  were  determined  to 
allow  for  the  vertical  distance  between  the  top 
of  the  measuring  frame  and  the  chord,  as  well 
as  for  the  slope  in  the  longitudinal  offset  made 
by  setting  the  frame  a  short  distance  beyond 
the  panel  point.  These  corrections  were  all  ap- 
plied to  the  recorded  measurements  and  the  dif- 
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responded  to  the  tabulated  computed  distances. 
As  these  distances  vary  from  12  to  about  190 
feet,  and  the  cables  were  inclined  and  were 
not  in  the  vertical  planes  of  the  trusses,  there 
was  considerable  dlBiculty  in  making  the  mea- 
surements. The  work  was  Anally  accomplished 
by  computing  a  table  of  constants  and  measur- 
ing to  fixed  points,  from  which  accurate  dis- 
tances could  be  determined  and  required  di- 
mensions obtained  by  the  application  of  correc- 
tions. 

Measurements  and  Adjustments. — A  light 
wooden  lattice  girder  about  22  feet  long  and 
2%  feet  deep  was  seated  across  the  pairs  of 
cables  with  bearings  on  the  suspender  saddles. 
The  ends  of  the  lower  flange  of  the  girder  were 
graduated  so  that  the  men  on  each  cable  could 
set  them  to  corresponding  figures  and  so  cen- 
ter the  truss  with  the  cables.  At  the  center 
point  of  the  truss  a  vertical  hook-bolt  passed 
through  the  flanges  and  was  adjusted  by  nut 
bearing  on  top.  From  the  hook  was  suspended 
a  piano  wire  100  feet  long,  and  from  the  bottom 


ference  was  taken  between  the  result  and  the 
required  height  at  this  point. 

The  suspender  nuts  were  then  screwed  on  or 
off  until  the  distance  from  the  top  of  the  chord 
to  the  painted  marks  on  the  suspender  cables 
was  brought  to  the  required  amount.  After  the 
truss  was  completely  assembled,  these  measure- 
ments and  the  camber  of  the  bridge  were  made 
as  exact  as  possible  before  the  chord  splices 
were  riveted.  The  last  splices  to  be  riveted  were 
those  just  outside  the  towers  between  panel 
points  31  and  32,  at  the  end  panels  where  the 
truss  is  supported  on  rocker  bents  in  the  tow- 
ers. The  last  connections  to  be  riveted  were 
those  of  the  end  lateral  struts  to  the  tower 
members. 

The  suspended  span  is  not  connected  to  the 
tower  in  any  way  except  by  means  of  a  rocker, 
which  allows  of  expansion,  but  it  cantilevers 
through  the  tower  and  picks  up  the  end  of  a 
span  suspended  from  it  and  from  a  cantilever 
arm  on  the  shore.  The  pin  connecting  the  main 
span  and   suspended  span  was  driven  as  soon 


as  the  former  was  erected  at  that  point,  because 
it  was  feared  it  might  afterwards  be  impossible 
to  make  the  holes  come  fair,  on  account  of 
the  movement  of  the  cable.  The  first  splice 
from  the  tower  in  the  bottom  and  top  chords 
was  left  open,  and  was  connected  on  a  hot  day. 
when  the  temperature  made  the  chords  butt. 

The  erection  of  the  suspended  span  conform- 
ed to  the  requirements  of  the  Department  of 
Bridges  of  Greater  New  York,  Mr.  Gustav  Lln- 
denthal.  commissioner;  Mr.  L.  L.  Buck,  consult- 
ing engineer,  and  Mr.  O.  F.  Nichols,  engineer  In 
charge  of  the  Williamsburg  bridge.  Mr.  K.  L. 
Martin  was  the  assistant  engineer  in  charge 
of  the  shop  work,  and  erection  of  the  suspended 
span.  The  Pennsylvania  Steel  Company  was 
the  contractor  for  the  manufacture  and  erec- 
tion of  the  center  span;  Mr.  J.  V.  W.  Reynders, 
superintendent;  Mr.  F.  W.  Cohen,  engineer  of 
erection;  Mr.  Walter  T.  Brown,  resident  engi- 
neer. The  erection  was  under  the  immediate 
supervision  of  Superintendent  A.  N.  Gross,  who 
had  previously  erected  the  famous  Goktelk  via- 
duct built  in  Burmah  by  the  Pennsylvania  Steel 
Company  and  described  in  The  Engineering 
Record  of  January  12  and  26,  1901. 


The  Filter  Galleries  for  the  Water- Works 
of  Laredo,  Texas. 

ISy  A.  L.  MtLane,  Supeiintendint. 

In  a  concave  bend  of  the  Rio  Grande,  at  La- 
redo, Texas,  is  an  island  of  sand  and  gravel 
formation  resting  upon  the  rock  bed  of  the 
river.  This  island  is  300  feet  distant  from  the 
east  bank  and  500  feet  from  the  west  bank  of 
the  river,  and  extends  up  and  down  the  river 
1,800  feet,  varying  in  width  from  200  to  500 
feet,  with  a  gradual  rise  in  its  surface  from  the 
water's  edge  to  a  maximum  height  of  only  7 
feet,  so  that  the  entire  island  is  frequently  sub- 
merged. The  rock  bed  of  the  river  is  from  3 
to  16  feet  below  low-water  level.  The  bottom 
of  the  river  is  a  clean  gravel  and  coarse  sand 
resting  on  the  rock  bed;  in  shallow  places  the 
rock  bottom  is  bare.  The  top  layer  of  sand  on 
the  island  is  a  fine  sharp  white  or  gray  sand, 
when  dry.  At  the  highest  points  it  is  about  2 
feet  deep,  decreasing  in  depth  towards  the  wa- 
ter's edge.  Next  follows  a  coarser  sand  mixed 
with  fine  gravel.  Both  sand  and  gravel  increase 
in  size  with  depth  until  the  gravel,  or  a  large 
proportion  of  it,  is  from  3  to  6-inch  cobble- 
stones. 

Under  this  deposit  of  sand  and  gravel  3,100 
feet  of  horizontal  galleries  or  conduits  have 
been  built  by  the  Laredo  Water  Company  to 
conduct  the  filtered  water  to  a  tunnel  excavat- 
ed in  rock  under  the  river  and  emptying  into 
the  receiving  well  located  in  the  pump  house 
on  the  river  bank.  The  pump  room  is  20x60 
feet,  and  its  floor  line  is  60  feet  below  the  gen- 
eral level  of  the  city.  The  pumping  machinery 
comprises  one  Worthington  and  two  Blake 
pumping  engines,  having  an  aggregate  capacity 
of  4,000,000  gallons  daily.  There  is  also  one 
6-inch  centrifugal  circulating  pump  of  the 
double-suction  type  directly  connected  to  a  5x 
5-inch  vertical  engine,  all  made  by  the  Wheeler 
Condenser  &  Engineering  Company,  of  Cart- 
eret, N.  J.,  which  discharges  l.ooo  gallons  of 
river  water  per  minute  on  to  the  island,  at 
times  of  continued  low  water,  at  a  cost ^  of  8 
cents  per  hour  for  steam  consumption.  This 
raw  water  is  retained  by  sand  lianks  to  prevent 
its  flowing  back  into  the  river. 

The  galleries,  so  far  as  built,  form  the  sides 
of  a  parallelogram  measuring  300  and  320  feet 
at  the  ends  and  about  1,250  feet  on  each  mar- 
gin of  the  island.  From  three  corners  it  is  pro- 
posed to  extend  the  galleries  in  line  with  the 
long  sides  of  the  parallelogram,  and  from  one 
of  these  corners  the  tunnel  beneath  the  river 
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follows  a  continuation  of  the  line  of  one  of  the 
short  sides:  but  it  is  at  a  level  13  feet  lower 
than  that  of  the  galleries.  At  this  corner  there 
Is  a  shaft  down  which  the  water  falls  to  the 
tunnel,  and  in  which  are  the  valves  for  regu- 
lating the  flow  from  the  galleries  to  the  tunnel. 
The  tunnel  is  375  feet  long,  4  feet  wide  and  5 
feet  high;  it  has  a  second  shaft  75  feet  from 
the  pump  well,  at  the  margrin  of  the  river, 
known  as  shaft  B.  On  the  west  side  the  gal- 
leries are  located  about  100  feet  distant  from 
low  water.  They  consist  of  6x6-lnch  timber 
cribbing  bolted  to  the  rock  bed,  having  an  in- 
side width  of  3  feet  and  a  height  of  12  Inches. 
The  trench  was  back-filled  with  sand  and  gravel 
to  the  original  ground  level.  The  filtered  water 
enters  laterally  between  the  rock  and  the  lower 
timber.  The  outlet  from  these  galleries  into  the 
tunnel  Is  on  a  level  with  the  top  of  the  timber 
conduit,  thus  keeping  the  woodwork  constantly 
submerged.  On  the  east  margin  of  the  island 
the  fioor  of  the  conduit  is  at  a  uniform  depth 
of  9  feet  below  low  water,  except,  at  depres- 
sions in  the  w>ck,  which  are  built  over  with 


top  of  the  gallery.  The  elbows  of  these  risers 
are  flaage  connected  so  that  they  can  be  re- 
moved, thus  making  It  possible  to  draw  the 
water  below  the  tops  of  the  galleries,  if  desired. 
At  shaft  B  and  also  at  the  pump  well,  there  is 
a  brick  wall  closing  the  tunnel,  and  through 
each  of  these  walls  there  is  a  12-lnch  cast-iron 
pipe  with  a  Ludlow  check  valve,  preventing 
backward  flow  into  the  tunnel.  The  pipe  ex- 
tending into  the  pump  well  has  a  12-inch  Crane 
valve  provided  with  an  Indicator  post  on  the 
engine-roijun  floor,  and  ends  with  an  upturned 
elbow.  There  is  a  float  Indicator  in  the  well. 
There  are  several  places  on  each  line  of  gal- 
leries provided  with  entrances  for  inspection. 
These  entrances  are  made  of  and  covered  with 
cribbing  and  filled  over  with  gravel  and  sand. 
Their  covers  are  about  8  inches  above  low  wa- 
ter In  gallery,  but  below  low  water  in  the  river. 
By  removing  the  sand  and  gravel  from  on  top. 


galleries.  A  section  of  the  gallery  on  the  west 
margin  has  been  in  use  fourteen  years,  and  no 
trouble  has  been  experienced  from  sand  or  silt. 
The  gallery  from  the  tunnel  entrance  shaft 
across  one  end  and  along  one  side  of  the  paral- 
lelogram has  been  in  use  two  years,  and  no 
trouble  has  been  experienced  from  the  entrance 
of  sand.  The  supply  seems  to  Increase  with 
use.  The  only  expedient  adopted  to  prevent  the 
entrance  of  sand  is  to  avoid  lowering  the  water 
below  the  top  of  the  cribbing  so  that  there  Is 
no  draft  below  that  level. 

There  has  been  no  noticeable  change  In  the 
quality  of  the  filtered  water  shown  by  analysis. 
The  effect  on  boilers  is  more  satisfactory  than 
that  of  the  river  water.  Various  analyses  of 
the  river  water  gave  36  grains  of  solids  to  the 
U.  S.  gallon.  The  results  of  an  analysis  of  the 
filtered  water  made  by    the    Kennicott  Water 
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cribbing  resting  on  the  gravel  bed.  This  con- 
duit is  excavated  through  rock,  and  its  width  is 
2%  feet.  The  top  is  covered  with  concrete 
arches,  the  edges  of  which  rest  on  brick  walls 
laid  without  mortar,  with  the  exception  of  a 
length  of  250  feet,  which  Is  made  watertight  to 
prevent  the  entrance  of  sand  at  high  water. 

The  flow  of  water  into  the  tunnel  from  either 
line  of  filter  galleries  Is  controlled  by  suitable 
arrangements  of  valves,  and  likewise  the  flow 
from  the  tunnel  into  the  pump  well.  The  rock 
walls  of  the  shaft  at  the  entrance  to  the  tunnel 
are  pierced  by  holes  into  which  are  built  two 
12-incb  cast-iron  pipes,  at  right  angles  to  each 
other,  tapping  the  two  galleries  which  meet  at 
this  point  These  short  pipes  are  controlled  by 
Ludlow  gate  valves,  and  the  stem  of  each  gate 
rises  to  a  working  platform  in  the  upper  part 
of  the  shaft.  Each  of  these  pipes  is  laid  at  the 
level  of  the  gallery  floor,  but  ends  in  a  short 
riser  In  the  shaft  extending  to  the  level  of  the 


the  cover  can  be  unscrewed  and  removed  in  sec- 
tions. This  allows  inspection  at  a  given  point 
only,  but  these  entrances,  being  at  the  lowest 
depressions  In  the  gallery,  each  indicate  the 
condition  of  the  gallery  to  the  next  entrance 
above  and  below.  The  last  statement  applies 
to  the  gallery  on  the  west  margin  of  the  island 
only,  which  is  covered  by  the  river  by  a  rise  of 
only  18  Inches,  leaving  this  gallery  in  the  bed 
of  the  stream.  The  gallery  on  the  east  margin 
can  be  entered,  inspected  and  cleaned  if  neces- 
sary for  most  of  Its  extent. 

A  number  of  springs  were  developed  in  the 
rock  cut  which  furnish  a  considerable  supply. 
By  pumping  sixteen  hours  daily  for  a  period  of 
twenty-one  days,  during  low  water,  with  an 
average  draft  on  the  filters  of  960,000  gallons, 
the  water  was  lowered  5  feet.  A  rise  of  4  feet 
in  the  river  increased  the  supply  so  that  a  draft 
on  the  filters  of  1,600  gallons  per  minute  for  ten 
days  did  not  perceptibly  lowiir  the  water  In  th2 


Softener  Company,  of  Chicago,  are  given  below : 

Grains 
per  gall on. 

f'alcium  carbonate   7.17 

Calcium  sulphate   6.2."> 

Calcium  chloride None 

Magnesium  carbonate 1.37 

Magnesium  sulphate   5.41 

Magnesium  chloride None 

Sodium    sulphate    3.32 

Sodium  chloride   11.07 

Sodium  carbonate None 

Oxides  of  iron  and  alumina Trace- 
Carbonic  acid    : 4.68 

Silica    1.54 

AIkalinit.v     7.58 

Suspended  matter None 

Total  Incrustln^  solids 21.74 

Total    non-inciusthig  solids 14.39 

Total  solids 36.1.'i 

The  annual  rise  in  the  Rio  Grande  at  Laredo 
begins  in  April  and  continues  until  November, 
varying  In  height  from  12  inches  to  25  feet. 
During  most  of  this  time  the  river  carries  about 
555  grains  per  U.  S.  gallon  of  sand,  clay  and 
silt,  but  the  velocity  of  the  river  on  both  sides 
of  the  Island  is  such  as  to  prevent  deposits  of 
silt  in  that  part  of  the  river. 
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The      Marietta      Long-Span      Highway 
Bridge. 

Pabt   II. — Atpeoaches   and   Shobt-Abm    Canti- 

LEVEB. 

The  general  design,  stresses,  dimensions  and 
-deflections  of  the  new  highway  bridge  across 
the  Ohio  River  between  Marietta,  Ohio,  and 
Williamstown,  W.  Va.,  were  treated  in  an  arti- 
cle published  September  26.  The  Ohio  ap- 
proach is  a  plate-girder  viaduct,  about  644  feet 
long  on  the  center  line,  which  carries  an  elec- 
tric car  track,  a  carriageway  and  a  5-foot  side- 
walk at  6  per  cent,  grade.  The  height  above 
the  surface  of  the  ground  varies  from  about 
15  feet  at  the  end  of  the  embankment  approach 
to  nearly  53  feet  at  the  anchor  pier  of  the  130- 
foot  anchor  span.  For  the  first  251  feet,  the 
viaduct  is  nearly  parallel  with  the  river,  and 
is  connected  by  90  degrees  of  a  curve  of  about 
57%  feet  center  radius  with  a  382-foot  section 
Jiearly  at  right  angles  to  it  which  reaches  to 
the  anchor  pier,  where  it  intersects  the  line 
■of  the  truss  spans  at  an  angle  of  38  degrees 
and  55  minutes. 

The  plate  girder  approach  was  designed 
throughout  for  the  same  live  load  as  given  in 
the  previous  article  for  the  floor  system  of  the 
trusses.  The  girders  are  all  30  feet  span  and 
36  inches  deep,  except  at  the  curve,  where  the 
length  varies,  and  at  the  lower  end  of  the  ap- 
proach, where,  in  order  to  provide  the  required 
head  room,  a  girder  18  inches  deep  was  set  up 
In  the  plane  of  the  floorbeam.  They  are  built 
with  a  %-inch  web  and  four  5x3%x7/16-inch 
flange  angles,  and  rest  directly  on  top  of  the 
columns  with  a  slotted  connection  for  expan- 
sion at  each  tower. 

The  columns  are  composed  of  four  4x5/16- 
Inch  Z-bars  and  one  Tx^i-inch  web  plate.  The 
length  or  height  of  the  columns  varies  from 
about  10  feet  at  the  lower  end  to  44  feet  near 
the  bridge.  The  columns  and  girders  are  set 
in  two  lines  20  feet  apart  on  centers,  and  are 
connected  transversely  by  a  latticed  strut,  36 
inches  deep,  between  the  girders  and  directly 
over  the  columns.  All  columns  are  braced  to- 
gether transversely  with  diagonal  sway  brac- 
ing forming  them  into  bents,  and  longitudinally 
the  bents  are  braced  so  as  to  form  each  two 
bents  into  a  tower,  except  near  the  curve, 
where  ihe  towers  are  irregular. 

Each  column  rests  on  9.  concrete  pedestal 
about  5  feet  square  at  the  bottom,  stepped  oft 
to  3  feet  square  at  the  top,  and  is  connected 
to  the  pedestal  by  two  1-inch  bolts,  extending 
through  a  gas  pipe  thimble  about  2  feet  long, 
in  the  top,  and  engaging  an  anchorage  plate 
near  the  bottom  of  the  concrete.  The  concrete 
extends  about  5  feet  below  the  surface  of  the 
ground  and  1  foot  above.  The  pedestal  Is 
nicely  rounded  off  on  top  with  6  inches  of  neat 
cement  mortar.  The  base  of  each  column  is 
filled  with  concrete  to  the  top  of  the  bottom 
gusset  plate,  a  depth  of  about  12  inches,  to  pre- 
vent water  from  collecting  there. 

The  floorbeams,  which  are  20-inch  I-beams, 
rest  directly  on  top  of  the  girders.  They  are 
spaced  15  feet  apart,  and  at  each  end  project 
about  4  feet  beyond  the  girder.  At  every  sec- 
ond floorbeam  is  an  angle  knee  brace,  on  the 
down  grade  side,  from  the  web  of  the  beam  to 
the  flange  of  the  girder,  to  react  any  tendency 
of  the  beam  to  tilt  down  grade.  The  roadway 
Is  brought  to  the  proper  radius  around  the 
curve  by  varying  the  lengths  of  the  ends  of 
the  floorbeams  projecting  beyond  the  girders, 
which  are  here  set  on  irregular  arcs  of  the 
curve. 

Above  the  floorbeams  are  the  wooden  joists 
supporting  the  roadway,  the  5-foot  sidewalk, 
and  the  street  railway  track.  The  approach 
railing  39  inches  deep  is  the  same  as  that  on 


the  bridge.  The  top  flange  is  a  Carnegie  tee 
No.  154;  the  bottom  flange  one  2x2xi4-inch 
angle,  and  the  web  is  made  of  curved  Ixlx 
3/16-inch  angles.  On  the  straight  part  of  the 
approach  the  hand  rails  are  set  28  feet  apart 
in  the  clear.  Around  the  curve  in  the  viaduct 
this  distance  is  widened  to  30  feet  6  inches,  to 
clear  the  street  car  in  turning.  A  clearance 
is  provided  for  the  car  rounding  the  curve  at 
the  end  of  the  130-foot  span  by  carrying  the 
sidewalk  outside  of  the  truss  for  one  panel. 
The  street  railway  track  is  laid  in  the  road- 
way on  the  side  opposite  the  sidewalk  just  far 
enough  in  to  clear  the  hand  rail.  This  track 
was  laid  at  one  side  throughout  the  entire 
length  of  the  bridge,  so  that  another  track  can 
be  laid  alongside  if  the  traffic  demands  it. 

The  end  of  the  130-foot  span,  under  all  ordi- 
nary conditions  of  loading,  exerts  an  upward 
force  on  the  anchorage  pier,  causing  tension  in 
the  top  chord,  which,  for  this  reason,  is  com- 
posed of  eye-bars,  as  noted  in  the  previous 
article.  To  provide  for  any  possible  compres- 
sion that  mi^ht  arise  from  a  heavy  load  on  the 
130-foot  span  with  no  load  on  either  the  80-foot 
arm  or  270-foot  span,  the  top  chord  eye-bars 
in  the  first  four  panels  from  the  anchorage 
pier  are  laced  together,  forming  a  member  ca- 
pable of  transmitting  compression. 

The  maximum  uplift  on  the  anchorage  pier 
figured  for  dead  and  live  load  is  129,200  pounds 
for  each  truss,  but  during  erection'  this  in- 
creased to  210,000  pounds.  The  anchorage  has 
two  vertical  6x1  %-inch  eye-bars  39  feet  8 
inches  between  pin  centers,  extending  down 
through  an  opening  in  the  pier.  The  lower 
ends  of  these  bars  pass  between  two  20-inch 
I-beams,  and  are  pin-connected  to  them.  Rest- 
ing on  top  of  the  20-inch  I-beams  are  six  12- 
inch  I-beams  34  feet  long,  three  on  each  side 
of  the  eye-bars,  extending  horizontally  through 
the  masonry  from  the  anchorage  bars  of  one 
truss  to  those  of  the  other.  The  vertical  open- 
ing in  the  pier  for  the  bars  is  24x27  inches  to 
the  coping  stone,  where  it  is  reduced  to  8x18 
inches.  There  is  also  a  horizontal  opening  in 
the  bottom  of  the  pier  sufficiently  large  for  a 
man  to  enter  and  adjust  the  anchorage  pin  if 
necessary. 

At  the  top  of  the  main  anchorage  bars  a  pin 
5%  inches  in  diameter  connects  them  with  a 
vertical  2%x2%-inch  U-bar  about  10  feet  long. 
The  loop  is  down  and  the  legs  pass  through  the 
bottom  chord  of  the  truss  on  each  side  of  the 
truss  pin,  thence  upward  through  a  riveted 
bearing  box  and  a  cast-steel  rocker  saddle 
resting  on  the  box.  The  upper  ends  have  nuts 
bearing  on  top  of  the  rocker  saddle  and  se- 
cured, after  final  adjustment,  by  means  of  %- 
inch  set  screws. 

To  provide  anchorage  laterally  and  allow 
longitudinal  motion  for  expansion  and  adjust- 
ment, a  solid  cast-iron  block,  beveled  to  fit  the 
grade,  is  riveted  to  the  bottom  chord  of  the 
truss,  and  engages  a  cast-steel  pedestal  which 
is  dapped  into  the  pier  and  anchored  with  four 
114 -inch  stone  bolts.  The  U-bar  passes 
through  slotted  holes  in  both  the  cast-iron 
block  and  the  cast-steel  pedestal,  thus  allow- 
ing free  longitudinal  motion.  As  it  was  pos- 
sible for  a  heavier  lateral  stress  to  occur  here 
during  erection  than  at  any  other  time,  tempo- 
rary wooden  struts  were  provided  to  brace  the 
pier.  As  it  was  necessary  to  have  the  cast- 
steel  pedestals  true  longitudinally,  they  were 
not  set  until  after  the  270-foot  span  was  swung. 
They  were  made  in  two  parts,  bolted  together 
through  the  vertical  web,  so  they  could  be  set 
at  any  time  after  the  erection  was  begun. 

To  secure  proper  adjustment  longitudinally 
after  connecting  the  cantilever  portions  at  the 
center  of  the  270-foot  span,  the  trusses  were 
set  on  rollers  at  pier  No.  2.    Seven  of  them,  6 


inches  in  diameter,  under  each  truss,  were  set 
on  a  cast-iron  bed  plate  2  inches  thick  and 
guided  by  a  tongue  on  the  plate  working  in  a 
groove  in  the  rollers.  They  had  a  square  hole 
in  each  end  so  a  wrench  could  be  inserted  to 
turn  them  and  move  the  trusses  backward  or 
forward,  as  the  case  required.  After  the  per- 
manent adjustment  was  made,  these  rollers 
were  formed  into  a  solid  fixed  bearing  by  filling 
the  spaces  between  them  with  rust  cement  and 
tamping  it  in  firmly.  It  was  actually  found  un- 
necessary to  move  the  trusses  longitudinally, 
as  they  were  sufficiently  accurate  in  position 
without  adjustment. 

As  may  be  seen  from  the  general  elevation 
published  in  The  Engineering  Record  of  Sep- 
tember 26,  the  top  chord  is  made  continuous 
from  the  cantilever  arms  to  the  suspended  span. 
This,  however,  is  for  appearance  only.  After 
the  suspended  span  was  swung,  a  panel  of  bars 
was  inserted  with  slotted  holes  for  the  pin  at 
U  1,  so  that  no  chord  stress  can  pass  through 
this  point.  The  top  lateral  stress  of  the  270- 
foot  suspended  span  is  carried  down  through 
the  portal  and  inclined  end  posts  to  the  bottom 
chord,  where  it  is  transmitted  to  the  cantilever 
arm.  On  the  end  floorbeam  of  the  270-foot  span 
a  %-inch  web  plate  extending  the  entire  length 
of  the  beam  is  riveted  to  one  angle  of  the  bot- 
tom flange.  This  web  extends  out  toward  the 
cantilever  arm  to  a  width  of  about  30  inches  at 
the  center,  but  is  cut  down  gradually  to  a  width 
of  about  3  inches  at  each  end,  and  on  its  outer 
edge  is  riveted  a  6x4x%-inch  bent  flange 
angle  with  the  6-inch  leg  turned  up. 
At  the  center  of  the  beam  is  another 
web  plate  of  the  same  width,  but  only 
about  3  feet  long,  connected  to  the  web  of  the 
floorbeam  in  a  plane  parallel  to  the  long  one, 
but  about  6  inches  above  it.  These  webs  are 
connected  at  the  outer  side,  and  supported  from 
the  web  of  the  floorbeam  by  two  brackets. 
They  carry  a  6x4-inch  solid  rectangular  vertical 
pin  about  1  foot  long,  held  rigidly  in  all  direc- 
tions by  passing  through  a  hole  in  each  web 
plate.  This  pin  engages  a  longitudinal  slot  22 
inches  long  in  a  horizontal  web  projecting  from 
the  end  floorbeam  of  the  cantilever  arm.  This 
web  is  similar  to  the  one  on  the  other  floor- 
beam,  but  has  the  6-inch  leg  of  its  flange  angle 
turned  down,  instead  of  up,  and  passes  below 
the  other  web  with  only  a  slight  clearance  be- 
tween them.  This  connection  between  each 
end  of  the  270-foot  span  and  the  cantilever 
arms  resists  any  lateral  motion,  but  allows  free 
longitudinal  motion.  The  270-foot  suspended 
span  is  hung  from  the  cantilever  arms  at  each 
of  the  four  corners  by  two  8x1  5/16-inch  verti- 
cal eye-bars  laced  together,  with  the  end  floor- 
beam  riveted  to  the  inside  bar.  Wherever  eye- 
bars  are  laced  to  form  a  stiff  member,  one 
flange  of  a  2%x2%-inch  angle  is  riveted  to  each 
bar,  and  the  lacing  is  riveted  to  the  other  flange 
of  the  angle. 

The  floorbeam  at  each  panel  point  of  the  130- 
foot  span,  the  270-foot  span,  and  the  80-foot 
cantilever  arm  has  a  maximum  moment  of 
3,474,000  inch-pounds  and  an  end  shear  of  38,- 
000  pounds.  The  36x%-inch  web  is  reinforced 
at  each  end  by  two  %-inch  plates  which  are 
cut  out  to  clear  the  bottom  chord  of  the  truss 
and  extend  above  the  top  flange  of  the  beam  to 
receive  a  riveted  angle  connection  to  the  verti- 
cal post.  These  floorbeams  carry  three  lines 
of  20-inch  I-beam  stringers  connected  to  the 
lower  part  of  the  web,  and  support  on  their  top 
flanges  one  12-inch  I-beam  sub-floorbeam.  The 
steel  floor  system  of  the  600-foot  span  and  the 
300-foot  cantilever  arm  Is  similar  to  the  one  de- 
scribed here,  except  that  the  floorbeam  web  is 
43  Inches  deep;  the  I-beam  stringers  are  24 
inches  deep  and  carry  two  sub-floorbeams, 
which  are  web-connected  to  the  stringers. 
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Ib  the  SOO-foot  cantilever  arm,  as  well  as  in  It  was  necessary  to  use  a  pin  10 Vi  inches  in  and  along  the  chord  8  feet  back  from  the  pim 
the  130-foot  span  and  80-foot  cantilever  arm,  diameter  to  resist  the  heavy  bending  moment,  center.  To  clear  these  pin  plates,  the  cover- 
where  the  top  chord  is  composed  of  eye-bars.  On  account  of  the  cantilever  connection,  only  plate  was  cut  off  16  Vi  inches  back  of  the  pin. 
the  vertical  posts  extend  above  the  pin  and  tension  is  transmitted  through  the  top  chord  At  pier  No.  4  each  truss  of  the  600-foot  span 
form  a  connection  for  the  top  struts  and  lateral  at  this  point.  To  obtain  the  necessary  section  rests  on  a  nest  of  six  7%-inch  rollers,  and  the 
platea.  to  transmit  this  tension  long  pin  plates  were  web  plates  of  the   shoe  extend  above  the  piit 

At  the  high   hip  of  the  SOO-foot  truss  where  used,  riveted  to  the  webs  of  the  chords  and  ex-  and  support  the  end  floorbeam. 

eye-bars  are  pin-connected  to  the  built  section,  tending  about  10  inches  above  the  cover  plate.  Centering  over  pier  No.  3,  where  the  300-foot- 
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Bottom  Chord   and    Lower  Lateral   connection    of  270  foot  Span 
and   Cantilever  Arm 

TMt  CMOmftMMO  OCCfRD 


The  ena",EO*>N(i  necoHO ' 


Typical     Details   of   370  Foot  Center   Span. 


THE  MARIETTA  BRIDGE:  THE  FLOOR  SYSTEMS  AND  SOME  DETAILS  OF  THE  CENTER  SPAN. 


Jan.  9,  1904- 


THE     ENGINEERING     RECORD 


45 


cantilever  arm  meets  the  600-foot  span,  there 
Is  a  load  of  about  2,000,000  pounds  from  each 
truss,  and  a  lateral  stress  of  about  400,000 
pounds  total  has  also  to  be  transferred  to  the 
masonry  at  this  point.  The  vertical  loads  are 
transmitted  from  the  posts  by  direct  bearing 
through  the  webs  of  a  riveted  steel  bolster. 
These  webs  are  each  3%  inches  thick,  and  the 
same  distance  apart  as  the  webs  of  the  posts. 
They  are  about  5  feet  high  and  i'</2  feet  wide 
at  the  top,  where  they  receive  the  posts  above 


the  bottom  chord.  They  pass  down  between 
the  webs  of  the  chord  and  connect  to  it  by  a 
6-inch  pin,  and  also  by  angles  riveted  to  the 
flanges.  They  are  connected  to  each  other  by 
three  diaphragms,  thus  forming  a  rigid  bolster 
which  takes  bearing  at  the  bottom  on  a  cast- 


steel  pedestal  or  shoe.  Here  the  webs  are  2 
feet  wide,  and  are  planed  concave  to  a  33-lnch 
radius.  The  casting  being  planed  convex  to  fit 
the  bearing  surface  of  the  bolster  forms  the 
equivalent  of  a  joint  with  a  pin  24  inches  in 
diameter.  Jaws  IVi  inches  thick  extend  up 
from  the  casting  about  9  inches  on  each  side 
of  each  web  of  the  bolster.  Passing  through 
these  jaws  and  bolster  web  is  an  eye-bolt  4% 
Inches  in  diameter.  The  eye  of  this  bolt  is 
connected  by  a  5'/4-lneh  pin  to  a  bracket  riv- 
eted to  the  bottom  flange  of  the  floorbeam. 
This  bracket  takes  bearing  on  a  planed  surface 
on  the  inside  of  the  cast-steel  shoe,  and  is  held 
flrmly  against  it  by  the  eye-bolt,  which  has 
double  nuts  on  the  outer  end  bearing  against 
the  opposite  side  of  the  casting.  By  these 
means  the  floorbeam  is  rigidly  connected  to  the 
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cast-ste«l  shoe,  and  through  it  the  lateral  Mvam 
i*  transmitted  to  the  masonry.  The  cast-steel 
•hoe  is  i  feet  high,  has  a  TxS-foot  base,  and 
rests  on  a  rust  cement  bed  1  inch  thlcii  on  the 
top  of  the  pier.  The  thickness  of  the  metal  is 
3  inches  in  the  base,  3^  inches  in  the  main 
webs  under  the  bearing  bolster  and  from  2  to 
2^  inches  in  the  other  webs.  It  weighs  about 
3C,600  pounds,  and  is  anchored  to  the  masonry 
bjr  four  IT^-inch  stone  bolts.  The  shoes  on  pier 
Na  2  are  similar  to  those  here  described,  but 
are  lighter. 

Above  the  steel  floorbeams  are  wooden  joists 
supporting  tlie  roadway  and  sidewalk  floors 
and  wooden  stringers  for  the  street  railway. 
The  roadway  Joists  are  long  leaf  yellow  pine 
all  14  inches  deep,  except  over  the  I-beam 
stringers  in  the  300-foot  and  600-foot  spans,  but 
vary  in  thickness  from  3  to  5  inches  according 
to  the  lengths  of  the  panels.  The  longest  un- 
supported panel  for  the  wooden  joists  is  18  feet 
in  the  220-foot  spans,  where  no  sub-floorbeams 
or  steel  stringers  are  used.  The  shortest  one 
is  10  feet  on  the  300-foot  and  600-foot  spans, 
where  two  intermediate  sub-floorbeams  are 
used.  Under  the  14-inch  joists  on  top  of  the 
floorbeams  4>^-lnch  oak  raising  blocks  are  used 
to  bring  the  roadway  floor  up  level  with  the 
rail  in  the  street-car  track. 

The  street  railway  is  built  with  4«4-inch 
American  standard  T  rails  on  5V4-lnch  white 
oak  ties.  Except  in  the  long  panels,  as  noted 
later,  the  ties  rest  on  four  lines  of  7xll-inch 
long  leaf  yellow  pine  stringers,  two  lines  under 
each  rail,  and  the  stringers  rest  directly  on  the 
top  flanges  of  the  floorbeams.  On  the  plate 
girder  approach  and  220-foot  spans,  where  the 
panels  are  15  to  18  feet  long,  the  stringer  un- 
der each  rail  is  composed  of  two  8  to  10x11- 
inch  pieces,  and  one  4  to  5x1 4-inch  piece,  all 
yellow  pine.  The  14-inch  piece  is  dapped  to  11 
inches  at  the  ends,  and  the  separate  pieces 
forming  one.  stringer  are  bolted  together  with 
^-inch  cast-iron  separators  between  them.  All 
track  stringers  are  connected  to  the  floorbeams 
by  bolts  through  angle  lugs  riveted  to  the  top 
flanges  of  the  beams. 

The  sidewalk  is  raised  7^  inches  above  the 
roadway  by  means  of  a  second  raising  block 
on  the  floorbeam  under  its  joists.  These  joists 
are  two  lines  of  3xl2-inch  yellow  pine  and  the 
curb  or  wheel  guard  along  the  sidewalk  is  an  ' 
8x1 2-inch  white  oak  timber,  which  also  acts  as 
one  line  of  joists  for  the  sidewalk.  Through- 
out the  bridge  the  sidewalk  floor  is  of  2x6-inch 
yellow  pine  surfaced  four  sides,  and  laid  V* 
inch  apart  in  the  clear.  The  roadway  floor  is 
of  unplaned  3xl2-inch  white  oak.  It  is  intended 
to  have  the  wooden  floor  system  move  with  the 
steel  as  it  expands  and  contracts,  and  to  allow 
for  its  displacement  an  opening  i{>  inch  wide 
is  left  in  the  floor  over  each  main  floorbeam. 
At  this  point,  if  one  plank  covers  the  ends  of 
joists  In  two  adjoining  panels,  it  is  nailed  to 
the  Joists  in  one  panel  only,  and  the  Joists  of 
one  panel  only  are  nailed  to  the  railing  block 
on  any  floorbeam.  There  are  five  expansion 
joints  for  the  trusses,  and  the  opening  in  the 
floor  over  each  of  these  points  is  covered  with 
a  steel  plate  bolted  to  the  timber  on  one  side 
and  free  to  slide  on  the  floor  on  the  other  side 
of  the  opening.  Here  also  a  special  expansion 
joint  is  made  for  the  rails  in  the  street  railway. 

Just  inside  each  rail  in  the  car  track  is  a 
line  of  paving  blocks  extending  out  about  8 
inches  from  the  center  of  the  rail.  These 
blocks  rest  on  the  ties  and  on  oak  blocks  be- 
tween the  ties,  and  are  cut  ^way  on  top  next 
to  the  head  of  the  rail  to  form  a  groove  for  the 
flange  of  the  car  wheels.  At  intervals  of  60  to 
120  feet  cast-iron  grated  scuppers  are  inserted 
in  each  line  of  paving  blocks  to  provide  an 
opening  for  the  discharge  of  storm  water. 


Top     Lateral    connections. 
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The  600-foot  span  is  placed  on  a  grade  of  3 
per  cent.,  rising  towards  the  650-foot  span.  The 
650-foot  span  Is  the  highest  part  of  the  bridge, 
and  is  level  except  for  the  camber.  These  two 
spans  were  cambered  in  such  a  manner  that 
the  bottom  chord  of  both  forms  approximately 
a  continuous  curve  which  rises  about  18  inches 
at  fhe  center  of  the  650-foot  span.  In  order  to 
form  this  curve,  the  theoretical  length  for  eacli 
member  was  first  figured,  then  allowance  was 
made  for  the  change  of  length  for  each  member 
under  dead  load  stress,  so  that  under  dead  load 
the  bridge  conforms  to  this  curve.  The  130- 
foot  span  is  placed  on  a  grade  of  6  per  cent., 
the  same  as  the  approaches,  and  is  cambered 
as  an  independent  truss. 

(To  be  continued). 


RBa-OBE-STATION    OF   COAi   AND    IBON    PIT   WaSTE 

Land,  In  England,  is  being  urged.  The  "Gar- 
deners' Magazine"  advises  for  this  purpose  the 
sowing  broadcast  of  the  seeds  of  the  poplar, 
willow,  ash  and  sycamore,  particularly  the  ash 
and  sycamore  because  of  their  suitability  for 
timber. 


Types     and     Details    of     Bridge     Con- 
struction.— XVII. 

i;y  Frank  W.   Skinner,  C.   E. 

Plate  Uikdeb  Aeches  (Continued). 
The  Fern  Hollow  highway  bridge  carries 
Forbes  Street  across  Nine-Mile  Run,  Pittsburg, 
and  was  described  In  The  Engineering  Record 
of  February  18,  1902.  It  includes  a  195-foot 
three-hinge  plate  girder  arch  span  about  94 
feet  high,  with  a  36-foot  roadway  and  two  6%- 
foot  cantilever  sidewalks,  carried  on  vertical 
spandrel  posts  24  feet  apart  which  are  seated 
with  bent  plate  connections  on  the  top  flanges 
of  the  two  plate  girder  ribs.  It  is  proportioned 
for  a  uniformly  distributed  live  load  of  65 
pounds  per  square  foot,  for  a  concentrated  load 
of  30,000  pounds  and  for  50  pounds  wind  pres- 
sure. The  arch  ribs  are  GV2  feet  deep,  36  feet 
apart  and  have  a  rise  of  59  feet  on  centers. 
They  are  made  in  sections  from  17  to  21  feet 
long,  with  planed  radial  joints  web-spliced  with 
triple  rows  of  rivets  through  double  _  cover 
plates.  They  are  divided  into  approximately 
square   panels   by   radial   web   stiffener   angles 


Erection  of  Girder  Ribs  of  the  Minneapolis  Steel  Arch  Bridge  on  Falsework  through  Ice 


The  Eco.vomy  of  Auto.vatic  Stoking  was  dis- 
cussed recently  by  the  Pennsylvania  State 
Street  Railway  Association.  Hand  firing  in 
one  case,  including  unloading  the  coal,  handling 
ashes  and  tending  water,  was  said  to  cost  35 
tents  per  ton,  while  with  stokers  the  cost  was 
17  cents.  For  repairs  the  stokers  cost  3  cents 
per  ton  more  than  hand-fired  furnaces.  Infor- 
mation was  also  presented,  covering,  it  was 
stated,  the  performance  of  a  number  of  central 
stations.  In  these,  the  cost  of  firing  was  25 
to  32  cents  per  ton  with  hand  work,  and  6  to  7 
cents  with  automatic  stokers  supplied  from 
overhead  coal  bins.  The  repairs,  it  was  re- 
ported, ranged  from  25  cents  to  ?1  per  horse- 
power per  year  greater  with  stokers.  In  a 
plant  of  four  250-hor'Se-power  Babcock  &  Wil- 
cox boilers  equipped  with  stokers,  the  repairs 
and  renewals  amounted  to  25.8  pounds  of  cast- 
ings per  horse-power  per  year,  and  they  con- 
sumed in  operation  about  2  per  cent,  of  the 
steam  generated.  The  eqi^lpment  showed,  a 
capacity  to  stand  an  overload  of  100  per  cent, 
without  unsatisfactory  results.  The  stokers  cost 
about  $3.50  per  boiler  horse-power  installed. 


and  the  flanges  are  curved  to  arcs  of  concen- 
tric circles. 

At  each  end  of  each  semi-arch  rib  the  web 
plate  is  replaced  by  a  flanged  cast-steel  hinge 
plate  riveted  to  the  girder  flange  cover  plates 
which  are  extended  like  jaws  to  receive  it,  and 
to  their  end  web  stiffener  angles.  The  hinge 
plates  have  14-inch  hubs  12  inches  thick,  bored 
for  8inch  pins.  The  pedestals  ha:ve  3x9-foot 
bases  which  are  bedded  on  sheets  of  lead  1 
inch  thick  and  secured  to  the  masonry  piers 
with  four  2-inch  anchor  bolts  through  each. 
The  pedestals  are  extended  above  the  ribs  to 
receive  the  feet  of  the  skewback  tower  posts. 
At  each  hinge  there  is  a  radial  joint  between 
the  cast-steel  plates,  with  %-inch  clearance 
which  is  covered  by  a  tongue  and  groove  ex- 
tension of  the  web. 

The  arch  ribs  are  connected  In  radial  planes 
by  eighteen  horizontal  lattice-girder  sway 
frames  6%  feet  deep,  which  are  riveted  to 
their  top  and  bottom  flanges.  The  two  sway- 
brace  frames  at  the  crown  are  double,  one 
pair  each  side  of  the  hinge  pin,  and  those  of 
each  pair  are  latticed  together  on  the  top  and 


bottom  flanges  to  form  rectangular  cross-sec- 
tions. The  panels  between  the  sway-brace 
frames  are  X-braced  with  single  angles  in  the 
planes  of  both  top  and  bottom  flanges.  Each 
panel  of  lateral  bracing  is  stayed  by  a  longi- 
tudinal angle  parallel  to  the  girder  flanges,  in 
the  axis  of  the  bridge.  The  spandrel  posts  are 
braced  transversely  with  I-shaped  struts  made 
with  two  pair&  of  light  angles,  latticed.  The 
posts  are  pairs  of  15-lnch  channels,  latticed, 
and  are  web-connected  to  the  48-inch  stringers 
and  the  floor-beams.  The  stringers  are  stif- 
fened longitudinally  with  solid-web  curved 
kneebraces  and  at  the  crown  they  are  beveled 
concave  to  fit  on  the  upper  flanges  of  the  arch 
ribs  and  are  spliced  with  slotted  web-holes. 
The  floor-beams  carry  12-lnch  I-beam  joists  with 
their  top  flanges  flush,  and  their  webs  are 
pierced  for  four  lines  of  large  gas  and  water 
mains.  The  asphalt  pavement  has  a  concrete 
foundation  leveling  up  the  concave  upper  sur- 
faces of  the  5/16-inch  buckle  plates  riveted 
across  the  top  flanges  of  the  beams  and  gir- 
ders. 

The  plate  girder  approach  trestle  viaducts 
were  erected  from  both 
abutments  simultaneously 
b  y  overhead  stift-leg 
traveling  derricks,  each 
with  two  30-foot  beams, 
which  were  skidded  along 
on  the  flnished  structure. 
After  erecting  the  skew- 
back  towers,  these  der- 
ricks erected  the  arch 
spans  panel  by  panel  can- 
tileverwise  until  they  met 
at  the  center  of  the  span. 
The  arch  ribs  were  sup- 
ported during  erection  by 
the  skewback  pins,  by  in- 
clined shores  and  by  tem- 
porary backstays,  arranged 
as  shown  in  the  sectional 
elevation  by  dotted  lines. 
The  upper  ends  of  the 
skewback  sections  of  the 
arch  ribs  were  supported 
on  inclined  shores  until 
the  second  sections  were 
assembled  to  them,  their 
splices  riveted  and  connec- 
tions made  at  the  upper 
ends  of  their  lower  flanges 
to  the  backstays.  The 
third  sections  were  erect- 
ed like  the  second  ones 
and  also  connected  to  the 
they  were  released  from 
the  derricks,  and  the  fourth  and  last 
sections  were  held  by  the  derricks  un- 
til their  hinge  pins  were  set  and  the 
adjustments  were  operated  to  swing  the  arch. 
The  anchorages  were  made  at  one  end  by  steel 
bars  built  into  the  masonry  and  at  the  other 
end  by  reaction  beams  in  loaded  platforms. 
The  adjustments  were  made  with  double  hori- 
zontal transverse  I-beam  yokes  crossed  by  the 
screw  ends  of  the  pairs  of  2x2-Inch  steel  rods, 
which  were  pin-connected  to  bent  plates  bolted 
to  the  girder  flanges.  The  yokes  were  separ- 
ated by  70-ton  ball-bearing  screw  jacks  which, 
when  slacked  off,  lowered  the  ends  of  the  arck 
ribs. 

The  South  Market  Street  highway  bridg* 
across  the  Mahoning  River,  at  Youngstown, 
O.,  was  described  in  The  Engineering  Record 
of  February  4,  1899.  It  has  a  main  span  witk 
two  segmental  plate  girder  two-hinge  arch  ribs 
of  210.58  feet  span,  and  60  feet  rise,  28  feet 
apart  on  centers.  The  ribs  are  curved  to  a 
radius  of  about  122  feet  and  have  a  uniform 
depth  of  90  inches.     Each  flange  is  made  witk 
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two  6x6xTi-iiich  angles  and  three  16xll/16-lnch 
cover  plates.  The  *eha  are  spliced  with  double 
coTer  plates  made  longer  near  the  flange 
•nStes.  The  flange  angles  converge  to  the  10- 
indt  end  pins,  but  the  web  is  continued  full 
width  to  the  ends  where  it  is  cut  off  square 
thronsii  the  pin  center  and  reinforced  to  a 
thiekBMs  of  4  inches,  and  has  diagonal  stif- 
fener  angles.  The  skewback  pedestals  have 
triple  webs  and  resemble  those  for  a  pin-con- 
nected truss  span.  The  outside  webs  are  ex- 
tended to  the  full  width  at  the  top  and  have 
flange  angles  connected  to  the  end  flanges  of 
the  arch  ribs,  thus  continuing  the  outline  of 
the  latter  to  the  abutments.  They  are  seated 
on  grillages  made  of  18-inch  I-beams  with  top 
and  tKJttom  cover  plates.  The  arch  ribs  are 
connected  by  16  sway-brace  frames  in  radial 
plane*  and  by  lateral  X-brace  angles  in  the  top 
and  bottom  flange  planes.  The  40-foot  road- 
way and  two  T-foot  sidewalks  are  carried  on 
30-ineh  plate  girder  floor-beams  with  cantilever 
ends.  The  floor-beams  are  seated  15  feet  apart 
on  the  top  flanges  of  longitudinal  lattice  gir- 
ders supported  by  vertical  spandrel  posts  about 
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carried  on  steel  arches.  Afterwards  the  sus- 
pension bridge  was  replaced  by  similar  steel 
arches.  Bach  span  of  the  first  structure  has 
three  three-hinged  plate  girder  ribs  15  feet 
apart,  with  a  length  and  rise  of  258  leet  and 
26  feet  respectively  on  centers.  Vertical  span- 
drel posts  about  13  feet  apart  are  seated  on 
the  top  flanges  of  the  arch  ribs  and  carry  the 
floor,  which  has  a  12-foot  sidewalk  cantilevered 
about  3  feet  beyond  the  outside  rib.  At  the 
feet  of  the  spandrel  posts  the  arch  ribs  are 
braced  together  by  lattice  girder  sway-brace 
frames  field-riveted  to  the  radial  web-stiflener 
angles,  and  every  panel  between  sway  braces 
Is  X-braced  in  the  planes  of  the  top  and  bot- 
tom flanges  with  sleeve-nut  rods  which  have 
jaw  ends  pin-connected  to  the  splice  plates  of 
the  top  and  bottom  flanges.  The  spandrel 
posts  are  also  sway  braced  by  pin-connected 
sleeve-nut  rods  between  the  floor-beams  and 
rib  frames.  Each  semi-arch  rib  is  made  in  ten 
sections  about  13%  feet  lo'.ig,  spliced  together 
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The  skewback  castings  have  transverse  webs; 
to  which  the  end  sway-brace  frames  are  bolt- 
ed, as  shown  in  the  detail.  The  three  ribs  were 
proportioned  for  different  loadings;  the  maxi- 
mum was  1,400  pounds  dead  and  1,800  pounds 
live  load  per  linear  foot,  and  the  correspondinK 
cross-sections  of  the  crown  and  skewback  sec- 
tions were  163  and  85  square  inches.  The 
weight  of  the  span  was  about  1,500,000  pounds, 
and  it  cost  about  $77,000.  It  was  described  in 
The  Engineering  Record  of  May  10,  1890. 
(To  be  continued.) 


Thk  Assuan  Dam  across  the  Nilk  and  the 
reservoir  formed  by  it  have  proved  capable, 
during  their  first  year  of  service,  of  perform- 
ing the  duty  for  which  they  were  designed.  The 
following  interesting  statement  is  made  by 
"The  Surveyor,"  of  London,  on  the  authority 
of  an  Egyptian  journal.  Partly  completed  in 
October,  1902,  at  a  cost  of  £2,500,000,  the  dam 
was  immediately  closed  by  Mr.  A.  Webb,  C.M.U. 
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Elevation  of  Fern  Hollow  Bridge;  Diagram  and  Crown  and  Skewback  Details  of  Minneapolis  Steel  Arch  Bridge. 
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30  feet  apart.  The  end  posts  are  connected  to 
the  skewback  pins  and  the  intermediate  ones 
have  oblique  bases  fleld-riveted  to  the  top 
flanges  of  the  girders.  The  bridge  was  propor- 
tioned for  a  live  load  of  80  pounds  per  square 
foot,  for  a  15-ton  roller  with  a  10-foot  base,  for 
a  20-ton  traction  engine  with  a  12-foot  base  and 
for  a  dead  load  of  6,200  pounds  per  linear  foot. 
The  arch  was  erected  from  one  end  by  an  over- 
head traveler  with  two  30-foot  booms  of  20,000 
pounds  capacity.  The  arch  ribs  were  received 
from  the  shops  in  straight  20,000-pound  sec- 
tions, 30  feet  long,  and  were  assembled  on  pairs 
of  oak  camber  wedges  on  timber  cribbing  on 
the  falsework  caps.  The  last  joint  was  made 
at  the  section  nearest  the  second  skewback, 
and  the  splices  were  field  reamed  with  a  pneu- 
matic tool. 

The  Main  Street  highway  bridge  across  the 
Mississippi  River,  Minneapolis,  was  a  two-span 
suspension  structure  which  became  inadequate 
for  the  traffic,  and  was  first  widened  by  the 
construction   of   a   40-foot     roadway    alongside 


with  web  and  flange  cover  plates  shop-riveted 
to  one  section  to  make  jaws  which  are  fleld- 
.  riveted  to  the  adjacent  section.  The  ribs  have 
straight  parallel  flanges  and  have  a  uniform 
depth  of  5  feet  except  the  sections  nearest  the 
crown  and  skewbacks,  which  are  tapered  so 
that  the  flanges  converge  towards  the  center  of 
the  6-inch  hinge  pins.  The  crown  and  skew- 
back  sections  of  the  girder  arch  rib  are  alike 
and  their  webs  are  engaged  between  the  double 
webs  of  steel  bearing  castings,  to  which  they 
are  secured  by  1-inch  turned  taper  bolts.  The 
castings  have  horizontal  semi-cylindrical  bear- 
ings about  15  inches  long  with  stiffening 
flanges  for  the  hinge  pins.  At  the  skewbacks 
the  pins  are  seated  in  cast-iron  pedestals  with 
4x5-foot  bases.  All  the  steel  castings  have 
longitudinal  flanges  to  receive  the  lateral  pins 
and  are  made  with  V-shaped  clearances  above 
and  below  the  pins.  The  crown  castings  are 
made  alike  except  that  only  one  of  each  pair 
has  a  horizontal  shelf  to  carry  the  plate  girder 
floor-beam,  which  also  serves  as  a  lateral  strut. 


Director-General  of  Reservoirs,  and  by  the  end 
of  January  had  filled  its  reservoir  to  its  theore-- 
tical  high-water  level.  The  1.000,000,000  of  cubic 
metres  of  water  which  were  impounded  were 
utilized  in  May  and  June,  and  had  a  very  ap- 
preciable effect  on  the  low  summer  supply  of 
the  Nile.  The  Nile  at  its  lowest  this  year  was 
discharging  200  cubic  metres  per  second  at  As- 
suan;  the  Assuan  reservoir  was  adding  the 
same  quantity  to  the  river;  and  between  As- 
suan and  the  sea  the  infiltration  water  which 
leaks  into  the  river  from  the  sub-soil  was  add- 
ing another  200  cubic  metres  per  second.  Of 
the  600  cubic  metres  of  water  per  second  which 
Egypt  received  at  the  height  of  the  summer  the 
reservoir  supplied  one-third.  This  quantity  of 
water  enabled  the  Public  Works  Department  to 
five  perennial  irrigation  to  170,000  acres  of 
l/asin  land  recently  converted  to  perennial  land. 
The  rise  in  value  of  the  land  was  fully  £30  per 
acre.  Within  the  next  three  years  a  further  270.- 
000  acres  will  be  converted  from  basin  to  peren- 
nial irrigation,  and  value  increased    fi8,000,000_ 
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An  Example  of  Central  Station  Supply 
for  Lighting,   Power  and   Refrigera- 
tion in  the  Hotel  Jefferson,  St. 
Louis. 


The  Hotel  Jefferson,  which  Is  rapidly  nearing 
completion,  at  St.  Louis,  is  a  notable  example 
of  central  station  supply.  It  is  located  at 
Twelfth  and  St.  Charles  streets  and  is  thirteen 
stories  high,  exclusive  of  the  basement.  As  all 
the  electric  power  for  lighting  and  elevator  ser- 
vice, also  the  refrigeration  service,  will  be  taken 
from  central  station  supply  companies,  a  power 
plant  has  not  been  installed.  The  heating  plant 
consists  of  three  72-inch  by  20-foot  boilers,  each 
having  seventy  4-inch  tubes.  The  boilers  are 
equipped  with  the  Hawley  down-draft  type  of 
smokeless  furnaces. '  The  stack  is  of  steel  66 
inches  in  diameter  and,  extending  about  30  feet 
above  the  top  of  the  building,  is  approximately 
190  feet  high.  This  is  surrounded  by  an  outer 
steel  shell  providing  a  6-inch  space  between  the 
inner  and  outer  shells  for  the  purpose  of  pre- 
venting excessive  heat  being  communicated  to 
the  parts  of  the  building  adjacent  to  the  stack, 
■which  Is  carried  up  just  outside  of  the  wall  at 


The  water  supply  of  the  building  is  obtained 
through  two  mains  from  the  city's  system  and 
will  be  filtered.  The  filters  are  in  duplicate,  and 
a  storage  tank,  having  a  capacity  of  approxi- 
mately 10,000  gallons,  has  been  installed. 

The  electric  service  tor  the  building  will  be 
supplied  by  the  Union  Electric  Light,  Heat  & 
Power  Company,  at  a  pressure  of  235-470  volts 
on  the  three-wire  system.  The  various  cables 
from  the  underground  system  of  the  company 
will  be  brought  to  a  switchboard  located  In  the 
machinery  room  of  the  building.  This  switch- 
board will  contain  duplicate  meters,  one  sup- 
plied by  the  central  station  company  and  the 
other  by  the  hotel  operating  company. 

The  wiring  for  the  electric  light  circuits  will 
be  in  conduit  throughout.  There  are  two  main 
raceways  running  from  the  basement  to  the 
top  floor  of  the  building,  with  two  distributing 
cabinets  on  each  floor.  Each  room  is  equipped 
with  a  center  chandelier,  two  brackets  and  two 
outlets  placed  in  the  baseboard  for  connecting 
portable  reading  lamps.  Each  closet  is  sup- 
plied with  a  bracket  controlled  by  a  closet 
switch.  The  chandelier  in  each  room  is  con- 
trolled by  a  switch,  -so  that  when  a  guest  leaves 
his   room   he   will,  by  locking  the  door,  extin- 


Fern   Hollow  Bridge   Skewback  Hinge   and   Pedestal. 


one  corner  of  a  court.  This  space  between  the 
stack  and  its  outer  envelope,  is  used  for  ven- 
tilating the  boiler  room  and  the  kitchen. 

The  heating  of  the  first  story  and  basement 
is  by  means  of  a  hot  blast  system.  The  cold  air 
is  brought  down  from  above  the  first  story 
through  a  shaft  approximately  5x6  feet  in  size 
and  is  passed  through  a  tempering  coil.  It  is 
then  passed  through  an  Acme  Thomas  air  wash- 
ing and  purifying  apparatus  and  then  through 
a  fan  and  heating  coils  which  have  been  fur- 
nished by 'the  B.  F.  Sturtevant  Company.  The 
air  is  distributed  through  the  various  rooms  by 
a  system  of  ducts  controlled  by  thermostatic 
dampers.  The  ventilation  of  the  first  story  and 
basement  is  effected  by  means  of  two  Sturtevant 
steel  plate  exhausters,  one  at  the  north  and  the 
other  at  the  south  end  of  the  building.  These 
discharge  the  foul  air  into  an  alley.  The  heat- 
ing of  all  the  stories  above  the  first,  is  by  means 
of  direct  radiation  from  an  over-head  down-feed 
one-pipe  system.  All  of  the  radiation  in  the 
building,  including  the  hot  blast  heating  and 
tempering  coils,  is  equipped  with  the  National 
Va<tuum  Steam  Heating  Company's  system  of 
vacuum  heating. 


guish  all  the  lights  which  have  been  left  on. 
On  this  return,  he  will  again  turn  them  on  by 
unlocking  the  door.  The  door  locks  are  pro- 
vided with  double  tumblers,  so  that  by  locking 
the  door  from  the  inside  of  the  room,  the  lights 
will  not  be  extinguished.  The  lighting  in  the 
caf6  and  dining  room,  library  and  bar  on  the 
first  floor  will  be  by  means  of  8-candle-power 
frosted  lamps  placed  in  ornamental  plaster 
rosettes  on  the  ceilings.  There  will  also  be  side 
brackets.  The  lighting  of  the  main  rotunda 
and  ladies'  parlor  will  be  by  means  of  16-can- 
dle-power  lamps  concealed  within  metal  re- 
flectors which  reflect  the  light  from  the  celling 
panels. 

There  are  five  electric  elevators,  three  for 
passenger  service  with  a  capacity  of  2,500 
, pounds  at  a  speed  of  325  feet  per  minute,  one 
freight  elevator  having  a  capacity  of  3,500 
pounds  at  a  speed  of  200  feet  per  minute,  and 
one  service  elevator  with  a  capacity  of  200 
pounds  at  300  feet  per  minute.  These  are  of 
the  latest  type  of  Otis  magnet  control  double- 
geared  machines  operating  at  500  volts  pres- 
sure. 

The  refrigeration  for  the  hotel  will  be  fur- 


nished by  the  St.  Louis  Refrigerating  &  Cold 
Storage  Company  by  means  of  their  under- 
ground ammonia  system  of  distribution.  This 
service  will  be  brought  into  the  building  and 
the  ammonia  pipes  carried  through  a  brine 
cooler  placed  in  a  thoroughly  Insulated  room. 
The  brine  will  be  circulated  by  means  of  du- 
plicate electric  pumps  through  a  system  of  pip- 
ing supplying  the  various  ice  boxes  and  cold 
storage  rooms.  The  supply  of  ice,  however, 
will  be  furnished  direct  to  the  building  and 
stored  in  large  ice  boxes  until  ready  for  use, 
as  no  attempt  will  be  m^/^-  to  freeze  water  at 
the  building. 

Messrs.  Barnett,  Haynes  &  Barnett  are  the 
architects.  The  mechanical  plant  has  been  put 
in  under  the  supervision  of  Mr.  H.  H.  Humph- 
rey, electrical  and  mechanical  engineer,  of  St. 
Louis,  and  the  plumbing  and  sanitary  features 
were  designed  and  installed  according  to  the 
specifications  of  Mr,  W.  S.  MacHarg,  of  Chicago. 


A     Long-Span     Unstiffened     European 
Suspension  Bridge. 

A  bridge  has  recently  been  completed  in 
France  of  a  type,  namely:  the  unstiffened  sus- 
pension bridge,  which  is  usually  restricted  to 
short  and  very  light  structures.  The  construc- 
tion is  peculiar  on  account  of  the  combination 
of  vertical  and  inclined  suspenders  arranged 
so  as  to  relieve  the  main  cables  from  all  the 
weight  of  the  end  spans  and  of  the  ends  of  the 
main  span,  and  some  of  the  details  are  of  a. 
class  that  would  not  be  adopted  in  American 
practice.  The  Vernaison  suspension  bridge- 
across  the  Rhone  near  Lyons,  France,  is  a 
highway  structure  with  a  channel  span  of 
763.76  feet  and  side  spans  of  172.2  and  139.1 
feet  each.  It  has  a  roadway  of  15.73  feet  wide  in 
the  clear  suspended  from  four  sets  of  twisted 
steel  cables.  The  two  sets  on  each  side  of  the- 
bridge  are  12  inches  apart  in  the  same  vertical 
plane,  and  those  in  each  set  are  side  by  side 
with  the  axes  in  the  same  horizontal  line  at 
any  transverse  section.  Each  cable  is  made- 
of  127  wires  with  a  combined  cross-sectional 
area  of  2.41  square  inches  and  a  strength  of 
187,000  pounds  per  square  inch.  They  are  sup- 
ported at  different  levels  on  cast  roller  saddles 
on  masonry  towers,  and  have  screw  rod  connec- 
tions to  anchor  castings  with  offset,  oblique  cut 
stone  bearings  in  concrete  piers. 

The  towers  are  101.5  feet  high  above  water 
level  and  have  pneumatic  caisson  foundations. 
The  plate-girder  floor-beams  4.4  feet  apart  carry 
longitudinal  oak  plank  and  pine  transverse- 
wearing  surface  boards  and  are  suspended  by 
U  bolts  and  double  eye-rods  which  connect  with 
badly  designed  forked  eyes  and  clamp  bars  to- 
the  upper  and  lower  cable  sets,  alternately. 
The  floor-beams  are  connected  by  a  center  line- 
of  shallow  longitudinal  beams  at  the  lower 
flange,  and  the  roadway  is  stiffened  by  eight 
steel  hand-rail  trusses  4.5  feet  deep  over  all. 
For  a  distance  of  100  feet  each  side  of  each 
tower  the  vertical  roadway  suspenders  are  re- 
placed by  eight  back  stays  from  the  tops  of 
the  towers,  which  are  connected  to  a  12-lnch 
longitudinal  girder  clamped  by  U  bolts  to  the 
tops  of  the  floor-beams  so  as  to  carry  all  the- 
floor   loads. 

The  main  cable  was  drawn  across  the  river- 
suspended  from  temporary  erection  cables, 
and  the  floor  system  was  erected  by  another- 
cableway  system.  The  three  spans  were  separ- 
ately and  simultaneously  tested  by  a  uniformly 
distributed  load  of  37  pounds  of  gravel  per 
square  foot,  which  caused  a  maximum  deflec- 
tion of  19  Vi  inches  and  1.3  inches  movement 
of  the  tower  saddles.  A  live  load  of  two  8-toa 
wagons,  drawn  in  opposite  directions  by  five 
horses  tandem,  produced  a  maximum  deflec- 
tion of  IZYi  inches.     One  11-ton  wagon,  drawa: 
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hy  nine  horses  tandem,  produced  a  nia-ximum 
deflection  of  13  inches.  The  total  metal  weight 
of  the  bridge,  including  cables,  is  917,000 
pounds;  its  cost  was  $69,000,  and  the  cost  of 
the  masonry  was  )36,000.  It  was  described,  in 
the  "Genie  Civil."  July  4.  1903. 


The   Ambridge   Plant   of  the   American 
Bridge  Company. 

Pabt  VIII. — Design  and  Equipment  of  Bekdino 
ASD  FoBGE  Shop,  and  Runways 
FOB  Yabo  Cranes. 
Arrangement. — The  220x240-foot  forge  and 
bending  shop  occupies  the  most  central  posi- 
tion in  the  plant,  and  is  located  adjacent  to  the 
stock  yard  between  the  main  bridge  shop  and 
the  bolt  and  nut  shop.  It  lies  between  the  main 
longitudinal  surface  tracks  on  two  sides  and  be- 
tween transverse  traveling  yard  cranes  on  the 
two  ends,  so  that  materials  can  be  received  and 
delivered  in  ail  directions.  The  general  char- 
acter of  construction  with  two  systems  of  main 
trusses  supported  on  widely  spaced  interior 
columns,  a  complete  system  of  parallel  over- 
head traveling  cranes  and  special  provision  for 
lighting  the  wide  floor  area  has  been  carried 
oat  in  this  shop  to  correspond  in  general  with 
the  other  large  shops  of  the  Ambridge  plant. 
The  spacing  of  columns  and  trusses,  the  char- 
acter of  truss  construction,  and  the  systems  of 
bracing  and  wall  details  have  been  studied  with 
special  care.     An  ideal    structure    for  a  large 


square  area  has  been  secured  with  good  light, 
efficient  crane  service  and  well  arranged  floor 
spaces.  The  columns  are  located  so  as  to  re- 
duce the  span  of  the  roof  trusses  and  afford 
ample  room  for  ordinary  shop  operations  and 
the  movement  of  large  pieces  at  the  same  time 
that  rigidity  is  secured  with  a  moderate  weight 
of  material. 

The  columns  are  arranged  in  five  longitudi- 
nal and  Ave  transverse  rows,  giving  maximum 
spans  of  60  feet  and  55  feet  4  Inches.  In  each 
of  the  four  walls  two  equi-distant  Intermediate 
columns  are  Inserted  In  every  panel.  In  the 
end  walls  the  intermediate  columns  carry  only 
the  light  loads  from  the  wall  bracing.  In  the 
side  walls  all  columns  are  heavier,  and  are 
uniformly  loaded  by  the  ends  of  the  transverse 
roof  trusses  and  by  the  traveling  cranes.  The 
three  Interior  rows  of  longitudinal  columns 
divide  the  building  Into  four  nearly  equal  aisles. 
Their  tops  are  connected  by  longitudinal 
trusses  which  support  the  traveling  crane  run- 
ways and  carry  the  transverse  roof  trusses. 
The  depths  of  the  roof  trusses  are  proportioned 
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for  economical  weights,  and  the  top  chords  are 
slightly  inclined  to  provide  for  root  drainage. 
The  bottom  chords  of  the  center  aisle  trusses 
are  at  the  level  of  the  tops  of  the  side  aisle 
trusses,  an  arrangement  which  provides,  be- 
tween the  center  and  side  aisle,  clere-stories 
equal  to  the  end  depth  of  the  center  trusses. 

Roof  and  Wall  Construction. — A  monitor 
about  36  feet  wide  and  200  feet  long  is  located 
on  the  center  line  of  the  building  with  light 
trusses  In  the  planes  of  the  main  roof  trusses. 
The  roof  trusses  are  X-braced  for  the  whole 
width  of  the  building  with  single  riveted  angles 
in  the  plane  of  the  top  chords  In  the  end  pan- 
els and  two  Intermediate  panels.  This  bracing 
is  repeated  in  the  plane  of  the  lower  chord,  the 
remaining  panels  of  the  lower  chord  being  sim- 
ilarly braced  In  the  bays  adjoining  the  sides  of 
the  building.  Eight  lines  of  light  longitudinal 
lattice-girders  or  purlins  running  from  end  to 
end  of  the  building  also  act  as  bracing.  There 
are  two  lines  in  each  aisle,  the  girders  being 
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made  with  depths  equal  to  those  of  the  trans- 
verse trusses  and  connected  to  them  at  alter- 
nate vertical  posts  of  the  latter.  These  longi- 
tudinal trusses  and  those  supporting  the  trans- 
verse trusses  carry  in  each  panel  of  the  latter 
two  I-beam  rafters  flush  with  the  top  chords  of 
the  transverse  trusses  on  which  are  supported 
the  2-inch  longitudinal  sheathing  planks  cov- 
ered with  composition  roofing.  The  monitor 
roof  has  longitudinal  purlins  supporting  trans- 
verse sheathing. 

The  walls  on  all  four  sides  of  the  building, 
up  to  a  height  of  12  feet  above  grade,  are  of  the 
Ambridge  standard  steel  and  concrete  con- 
struction  with   8xl2-foot   doors   in  every   third 


panel  and  three  4x8-foot  windows  In  each  of  the 
remaining  panels  in  the  end  walls.  In  the  side 
walls  there  are  fewer  doors  and  the  windows 
are  somewhat  differently  spaced.  Above  the 
concrete  the  side  walls  have  galvanized  cor- 
rugated steel  sheeting  8  feet  high,  with  a  con- 
tinuous row  of  windows  5  feet  high  between 
the  top  of  the  sheeting  and  the  eave?.  A  cor- 
responding row  of  windows  at  the  same  height 
is  carried  across  the  ends  of  the  building.  The 
clere-story  of  the  side  aisles  has  a  continuous 
line  of  sliding  windows  of  its  full  height,  except 
for  short  spaces  at  the  columns.  The  same 
belt  of  windows  is  carried  across  the  ends  of 
the  building.    The  sloping  sides  of  the  monitor 


are  continuously  glazed  with  2x8-toot  sheets  of 
heavy  ribbed  glass.  The  lower  tier  of  windows, 
has  balanced  sash  glazed  with  clear  glass.  All 
other  windows,  except  those  in  the  skylight,^ 
have  sliding  sash  glazed  with  >4-inch  ribbed 
glass.  All  the  wall  surface  above  the  concrete 
portion  which  is  not  occupied  by  windows  is 
covered  with  No.  22  galvanized  steel  with  ver- 
tical corrugations  in  sheets  6,  8  and  9  feet  long. 
The  doors  are  made  with  double  leaves  heavily 
paneled,  and  have  glazed  transoms  over  them. 
The  monitor  has  four  equi-distant  60-inch  tubu- 
lar ventilators  provided  with  dampers. 

In  each  aisle  of  the  building  there   are  tw» 
full-length  parallel  runways  for  overhead  trav- 
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♦'ling  cranes,  each  of  ihem  reaching  from  one 
side  to  the  center  of  the  aisle.  This  gives 
4<iCht  sets  commanding  the  entire  area  of  the 
building.  Bach  runway  is  now  fitted  with  one 
<~rane.  and  others  can  be  added  as  required. 
All  the  cranes  have  a  uniform  span  of  24  feet, 
those  in  the  side  aisles  have  a  capacity  of  5 
tons  each  and  those  in  the  center  aisles  of  10 
tons  each.  The  runway  girders  are  supported 
at  the  sides  of  the  aisles  on  the  columns  and 
main  longitudinal  girders.  In  the  centers  of 
the  aisles  the  pair  of  runway  girders  for  the 
two  tracks  is  carried  by  double  cantilever  gir- 
ders in  transverse  planes,  which  are'suspended 
about  3  feet  in  the  clear  below  the  lower  chords 
of  the  transverse  roof  trusses,  as  shown  in  the 
details.  The  runway  girders  are  braced  to- 
gether with  zigzag  lateral  angles  between  the 
transverse  cantilevers. 

Structural  Details. — The  main  interior  col- 
umns which  carry  the  longitudinal  trusses  have 
l-shaped  cross-sections  made  with  a  24-inch 
web.  four  3x3-inch  angles  and  two  12-inch 
tiange  channels.  They  have  solid-web  brack- 
*>ls  riveted  to  the  flanges  to  support  the  run- 
way girders.  The  top' chords  of  the  longitudi- 
nal girders  are  seated  on  the  column  caps,  and 
the  lower  chords  are  fleld-rlveted  to  the  column 
flanges  through  connection  plates  which  trans- 
mit the  full  truss  loads.  The  side  columns  are 
of  similar  construction  to  the  interior  columns, 
but   have  lighter  materials   and  have  fleld-rlv-  . 


cal  plate-girders  with  the  flanges  field-riveted 
to  the  webs  of  the  top  and  bottom  chords  and 
projecting  below  the  latter  to  carry  the  trav- 
eling crane-runway  girders.  These  girders  are 
15  and  18-inch  I-beams  web-connected  to  spe- 
cial sections  of  the  vertical-post  webs,  which 
project  beyond  the  flanges  so  as  to  form  short 
double  cantilevers  carrying  the  I-beams  clear 
of  the  trusses.  The  diagonal  members  of  the 
truss  are  zigzag  braces  composed  in  the  center 
panels,  of  pairs  of  5x3',i'-inch  angles  latticed, 
and,  in  the  end  panels,  of  double  pairs  of  5x 
3',4-inch  angles  latticed  to  make  l-shaped  cross- 
sections. 

The  trusses  have  the  main  connections  to  the 
columns  fleld-riveted  through  the  gusset  plates 
at  the  end  of  the  lower  chord,  the  top  chords 
being  continued  to  engage  the  column  flanges 
and  secure  stiff  bracing  which  does  not  trans- 
mit vertical  loads.  The  longitudinal  trusses 
between  the  wall  columns  correspond  to  the 
latticed  purlins,  and  the  traveling  crane  run- 
way girders  are  attached  to  the  wall  columns. 
•  7'0'  - 
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eted  to  one  truss  and  fleld-riveted  to  the  other. 
The  intermediate  transverse  trusses  are  seated 
on  top  of  the  main  longitudinal  trusses  with 
pedestals  similar  to  those  in  the  trusses  at 
columns  and  are  connected  to  the  wall  columns 
by  field-rivets  through  the  fianges  of  vertical 
angles  on  the  end  connection  plates  of  the  top 
and  bottom  chords.  In  the  centers  of  the  main 
and  side  aisle  trusses  there  are  special  vertical 
members  having  continuous  web-plates  and 
double  pairs  of  slightly  inclined  fiange  angles, 
from  which  the  runway  girders  are  suspended. 
The  lower  ends  of  these  web  plates  are  made 
separate;  they  are  much  wider  and  are  long 
enough  to  project  through  and  beyond  the  bot- 
tom chords  of  the  trusses,  thus  affording  con- 
nections for  the  short  double  cantilever  girders 
in  the  planes  of  the  trusses.  In  the  end  walls 
the  transverse  trusses  are  replaced  by  short 
sets  of  zigzag  bracing  between  columns,  which 
may  be  considered  as  equivalent  to  light  lat- 
tice girders.  Those  in  the  center  panels  are 
made  special  to  carry  the  ends  of  the  runway 
girders  with  double  cantilever  supports  corre- 
sponding to  those  of  the  intermediate  trusses. 
Wood  and  Sheet  Metal  Work. — The  details  of 
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Details  of  Yard  Crane  Runways  in  the  Ambridge  Plant  of  the  American  Bridge  Company. 


eted  connections  for  the  ends  of  the  transverse 
roof  trusses.  The  comer  columns  correspond 
essentially  to  those  for  the  other  principal 
buildings  which  have  already  been  described. 
They  have  rectangular  sections  filled  with  con- 
crete up  to  the  height  of  the  galvanized  iron 
sheathing,  and  are  made  with  four  vertical 
angles  and  three  cover-plates  which  extend  to 
a  height  of  about  15  feet  from  the  base,  above 
which  they  are  latticed  on  three  sides,  the 
fourth  side  being  latticed  from  top  to  bottom. 
The  heaviest  members  of  the  framework  are 
the  three  lines  of  interior  longitudinal  trusses. 
These  are  of  60-foot  span,  and  have  a  depth  of 
10  feet  on  centers.  The  top  chords  are  made 
of  pairs  of  channels  latticed  with  2x2Vi-lnch 
angles.  The  bottom  chords  are  made  with  pairs 
of  SxSMi-inch  angles  reinforced  in  the  middle 
panels  by  12-inch  plates  riveted  to  their  verti- 
cal flanges.  The  verticals  have  I-sbaped  cross- 
sections  made  with  solid  web-plates  and  two 
pairs  of  flange  angles,  virtually  forming  verti- 


whieh  are  20  feet  apart.  The  main  transverse 
roof  trusses  are  of  very  simple  construction 
with  horizontal  bottom  chords  and  inclined  top 
chords,  vertical  posts  and  single  diagonal  mem- 
bers in  each  panel.  The  top  chords  have  T- 
shaped  cross-sections  made  with  pairs  of  Gx4- 
inch  angles  riveted  back  to  back  with  web-con- 
nection plates  between  their  flanges.  The  bot- 
tom chords  are  pairs  of  8-inch  channels,  back 
to  back,  with  connection  plates  riveted  between 
them.  The  web  members  are  pairs  of  angles 
riveted  on  opposite  sides  of  the  connection 
plates  and  having  short  connection  angles  riv- 
eted to  their  outside  flanges. 

The  transverse  trusses  at  columns  are  made 
continuous  through  their  connections  to  the 
center  columns,  on  which  they  are  supported 
with  pedestals  made  by  extensions  of  the  con- 
nection plates  at  the  extremities  of  the  top 
chord.  These  pedestals  are  stiffened  with  ver- 
tical and  horizontal  flanges,  the  latter  being 
seated  on  the  column  caps,  and  are  shop-riv- 


window  and  door  casings,  skylights  and  other 
wooden  trimming  for  the  galvanized  steel  and 
concrete  walls  have  been  very  carefully  design- 
ed and  illustrate  the  character  of  shop  construc- 
tion details  which  have  boon  developed  in  a 
large  amount  of  this  class  of  work  constructed 
by  the  American  Bridge  Company.  In  the  mon- 
itor skylights  the  principal  members  of  the- 
sloping  frames  are  longitudinal  angles  and 
channels  resting  on  the  transverse  trusses,  as 
indicated  in  the  general  diagram.  To  these  are 
bolted  wooden  fillers  and  nailing  strips  which 
afford  support  and  fastening  for  the  trim.  The 
latter  is  made  of  heavy  stuff  blind-nailed  so  as 
to  be  thoroughly  locked  to  the  steel  work;  is 
covered  with  the  composition  roofing  and  gal- 
vanized moulded  sheet  steel,  copper-flashed  and 
secured  as  indicated  by  the  selected  details.  The 
ribbed  glass  is  supported  on  T-shaped  rolled 
steel  gutter  sash  with  copper  locking  strips,  as 
shown  in  the  cross-section.  The  details  of  wood- 
work over  the  doors  are  made  to  secure  very 
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solid  frames  tor  the  transom  windows  and  to 
be  fitted  securely  and  easily  to  tlie  steel  chan- 
nels and  angles  of  the  wall  framing.  The  ex- 
posed edges  of  the  caps  are  flashed  with  zinc 
and  shoulders  are  provided  for  nailing  the  bot- 
toms of  the  galvanized  iron,  the  principal  wood- 
work being  secured  to  the  steel  with  counter- 
sunk stove-bolts.  The  lower  windows  in  the 
concrete  walls  are  keyed  in  position,  as  shown, 
by  projecting  ribs  nailed  to  the  centers  of  the 
frame  pieces,  and  are  fastened  to  the  framing 
angles  above  by  lountersunk  bolts.  In  the  up- 
per part  of  the  wall  the  frames  for  the  sliding 
sash  windows  are  countersunk-bolted  to  the 
liorizontal  angles,  and  the  window  sills  are  un- 
dercut to  receive  the  upper  ends  of  the  corru- 
gated sheathing,  which  are  further  secured  by 
fillet  pieces.  The  cornice  is  made  with  project- 
ing blocks  nailed  to  the  ends  of  the  roof  sheath- 
ing boards  and  enclosed  with  longitudinal 
strips.  The  upper  side  is  sheathed  at  an  angle 
with  the  main  roof  so  as  to  form  a  simple  gut- 
ter, and  the  flashing  is  carried  over  the  ends 
and  protects  the  edge  of  the  light  galvanized 
steel  moulding,  which  entirely  encloses  the  face 
of  the  woodwork  and  is  nailed  to  the  upper  part 
of  the  corrugated  sheathing. 

This  building  was  erected  l)y  the  tower  trav- 
elers which  were  afterwards  used  for  the  erec- 
tion of  the  main  bridge  shop.  The  structural 
steel  in  it  weighs  about  1.300,000  pounds.  The 
adjacent  bolt,  nut  and  rivet  shop  is  between  it 
and  the  machine  shop.  It  has  the  same  dimen- 
sions and  the  same  design  and  details,  but  is 
made  slightly  lighter.  The  total  weight  will  be 
about  1.250.000  pounds. 

F.Quipment. — The  forge  and  bending  shop  will 
De  equipped  to  do  most  of  the  heavy  bending 
and  all  forging  for  general  construction.  It 
will  have  four  400-ton  horizontal  forging  presses 
of  the  Pencoyd  type,  each  with  two  intensificrs. 
one  triple  and  one  single;  two  600-ton  Pencoyd 
vertical  forging  presses,  each  with  two  triple 
intensifiers,  designed  for  general  work,  manu- 
facturing clevises  and  sleeve  nuts.  They  will 
also  be  capable  of  crimping  the  ends  of  four 
6x4-inch  welvstiffener  angles  al  once  and  will 
be  especially  used  for  this  class  of  work.  There 
will  be  ten  or  fifteen  blacksmith  forges  with 
down  drafts,  an  upsetting  machine  for  2i;;-inch 
screw  ends,  one  double  vertical  boring  mill  for 
loop-ended  rods,  one  Pencoyd  hydraulic  loop- 
bending  machine,  one  Acme  3-inch  screw  cut- 
ter, three  or  four  800-pound  steam  hammers, 
one  2,500-pound  shear,  one  3',000-ton  hydraulic 
press  with  several  series  of  intensifiers  for 
forging  pins,  and  a  temporary  equipment  of 
bolt  and  rivet  machinery,  to  be  transferred 
eventually  to  a  sepaiate  shop  which  will  be 
structurally  a  duplicate  of  this  shop  and  will 
be  used  for  forging,  screw  cutting  and  storing 
all  bolts,  nuts  and  rivets  used  and  manufactured 
at  this  plant.  Both  shops  will  be  heated  and 
ventilated  by  the  Ian  system  with  overhead  gal- 
vanized iron  ducts  and  radiators  supplied  with 
live  steam.  The  forge  and  bending  shop  is 
equippe.1  with  one-  lu-tou  i  rane  iu  the  center 
runways  and  two  .5-ton  cranes  in  side  runways, 
and  has  a  temporary  inftnUation  of  tools  re- 
ceived from  other  plants^  belonging  to  the  Am- 
erican Bridge  Company,  placed  here  for  the 
faljfication  of  the  stnictural  materials  in  the 
Ambridge  plant.  After  the  completion  of  the 
main  bridge  shop,  this  equipment  will  be  re- 
moved and  mofct  of-it  will  be  installed  there. 
but  the  forging  machinery  aisove  mentioned 
will  be  set  up  in  the  forge  and  bending  shop. 
The  rivet  bolt  and  nut  shop  will  have  two  5-ton 
traveling  cranes  on  each  runway. 

Shipping  Yard  Cranen. — The  shipping  yard  at 
the  north  end  of  the  main  bridge  shop  has  an 
area  about  210  feet  wide  and  636  feet  long  which 
will   be   commanded   by   three   parallel    seta   of 


60-foot  overhead  traveling  cranes,  as  Indicated 
in  the  general  plan  published  Noveml)er  21. 
Each  runway  will  have  two  cranes,  those  in  the 
panel  adjacent  to  the  bridge  shop  being  of  5 
tons  capacity  and  those  in  the  other  two  panels 
of  25  tons  capacity.  The  rails  for  the  25-ton 
cranes  will  be  carried  on  30-inch  plate-girders 
supported  by  double  transverse  cantilevers 
which  rest  on  the  bottom  chords  of  lattice- 
girder  trusses  of  70,  82  and  90-foot  spans.  These 
trusses  are  in  pairs  7  feel  apart  on  centers, 
braced  together  by  zigzag  lateral  angles  in  the 
planes  of  the  top  and  bottom  chords.  They  are 
supported  at  a  clear  height  of  about  25  feet  from 
the  ground  on  pairs  of  columns  which  are 
braced  together  with  zigzag  angles  in  planes 
transverse  to  the  runway  girders.  The  trusses 
are  clear  of  the  crane-girders  and  extend  sev- 
eral feet  above  them.  They  are  designed  to 
carry  transverse  roof  trusses  which  it  is  pro- 
posed to  add  in  the  future  to  protect  the  finish- 
ed product  in  the  yard. 

All  truss  members  are  built  pieces  with  rec- 
tangular cross-sections  and  riveted  connections. 
The  cantilevers  supporting  the  runway  girders 
pass  between  the  flanges  of  the  vertical  posts 
and  are  seated  on  the  tops  of  the  bottom  chords, 
which  have  their  flanges  reinforced  at  the  bear- 
ings by  vertical  web-stiffener  angles.  The 
trusses  are  seated  on  the  column  caps  with 
drop  ends  made  by  building  riveted  seats  on  the 
projecting  ends  of  the  top  chords  and  gusset 
plates,  as  indicated  in  the  diagram  of  si,de  ele- 
vation. 

The  runways  for  the  5-ton  cranes  are  plate 
girders.  Adjacent  to  the  bridge  shop  transept 
they  are  24  inches  deep  and  are  carried  by 
brackets  on  its  wail  columns.  Beyond  the 
transept  they  are  66  and  78  inciies  deep  and  are 
carried  on  pairs  of  light  columns  separated  .^> 
feet  transversely  and  latticed  together,  as  indi- 
cated in  tiie  elevation  diagram.  The  girder  is 
seated  on  the  center  line  of  one  column  and  is 
transversely  braced  to  an  auxiliary  line  of  lat- 
tice girders  on  the  tops  of  the  other  columns, 
which  are  calculated  to  give  sulficient  trans- 
verse stability. 

I^toclc  Yard  Runways. — In  the  stock  yard,  be- 
tween the  main  bridge  shop  and  bending  and 
lorg.;  shop  are  five  runways,  each  of  60  feet 
span,  and  of  capacity  to  carry  two  10-ton  cranes. 
The  runway  girders  are  I-beams  supported  from 
the  lower  chords  of  parallel  lattice  girder 
trusses  which,  with  their  columns,  are  similar 
to  those  in  the  shipping  yard,  already  describ- 
ed. These  trusses  are  generally  of  90  feet  span, 
and  in  addition  to  crane  loads  are  designed  to 
carry  future  roof  trusses,  should  it  be  deemed 
advisable  to  put  the  stock  yard  under  cover. 
There  are  single  60-foot  runways  on  both  sides 
of  the  bolt  and  nut  shop,  between  it  and  the 
bending  and  forge  shop  on  one  side,  and  the 
machine  shop  and  foundry  on  the  other.  These 
runways  are  also  for  two  10-ton  cranes.  The 
track  rails  rest  directly  on  plate  girders  of  40 
to  CO  feet  span  Running  parallel  to  these  gird- 
ers, about  31,4  feet  from  them,  are  lattice  gird- 
ers of  the  same  depth,  braced  to  them  in  the 
plane  of  both  top  and  bottom  chords.  These 
lattice  girders  are  calculated  to  give  lateral 
stiffness  to  the  runway  girders,  and  also  to 
carry  a  future  roof  when  wanted.  The  columns 
are  made  of  two  miilt  channels  with  backs  out, 
about  3'/i  feet  apart  and  laced  together.  They 
carry  both  the  runway  plate  girders  and  the 
latticed  stiffening  girders. 

Transfer  Gantry. — As  all  the  yard  ci'anes 
have  a  uniform  span  and  height  and  move  in 
parallel  directions,  provision  has  been  made 
for  their  interchange  by  means  of  a  gantry, 
like  a  transfer  table,  which  runs  on  a  track  in- 
tersecting all  the  crane-runways.  Its  height  ex- 
actly corresponds  to  those  of  the  runways,  and 


it  can  be  moved  from  runway  to  runway  so 
that  any  crane  can  be  run  on  to  it  and  trans- 
ferred to  any  other  panel  where  It  may  be  tem- 
porarily needed.  This  gantry  will  consist  of 
two  four-wheeled  towers  on  a  longitudinal 
track  of  18-foot  gauge.  These  towers  are  each 
simple  gantries  with  a  clearance  through  them 
between  the  rails  which  is  about  lOVi  feet  wide 
and  13%  feet  high.  They  carry  the  opposite 
ends  of  a  60-foot  bridge  span  having  transverse 
rails  on  which  the  traveling  cranes  can  be  run. 
The  rails  are  provided  with  massive  stops  so 
that  the  crane  cannot  accidentally  roll  off.  Each 
tower  has  a  10-horse-power  Westinghouse  motor 
on  top,  driving,  through  miter  gears  and  an  In- 
clined shaft,  one  pair  of  the  wheels  on  each 
truck.  The  estimated  weights  of  structural 
steel  in  the  yard  runways,  exclusive  of  the  fu- 
ture roof  trusses,  is  as  follows:  Stock  yard,  1,- 
600,000  pounds;  shipping  yard,  1,900,000 
pounds;  between  the  power  house  and  the  eye- 
bar  shop,  670,000  pounds;  between  the  foundry 
and  the  eye-bar  shop,  670,000  pounds. 
(To  be  continued.) 


Thk  New  E.nglam)  Watkk  Works  Associa- 
tion will  hold  its  annual  meeting  at  Hotel 
Brunswick,  Boston,  Wednesday,  January  13.  A 
visit  will  be  made  to  the  Chestnut  Hill  pump- 
ing stations  of  the  Metropolitan  Water  Works, 
and  papers  will  be  presented  on  the  following 
subjects:  Cost  of  Waterproofing  Concrete  Lin- 
ing of  Reservoirs;  Mosquitoes,  with  Sugges- 
tions for  Their  Extermination;   Meter  Rates. 

Long  and  Heavy  I-Bea.ms  were  recently  han- 
dled by  an  ingenious  method  devised  and  exe- 
cuted by  Lewinson  &  Company,  who  were  the 
contractors  for  the  steel  work  in  a  butcher's 
shop  on  Fulton  Street,  New  York.  It  was 
necessary  to  provide  support  for  a  50-ton  brine 
tank  in  the  third  story.  The  old  floors  were 
not  strong  enough  to  carry  it  and  a  set  of  five 
18-inch  I-beams  24  feet  long  were  designed  to 
be  seated  on  the  side  walls  and  receive  the 
tank.  The  beams  could  not  be  hoisted  through 
the  stair  wells  nor  on  the  elevator  cars, 
and  the  side  walls  were  only  about  22  feet 
apart  in  the  clear  so  that  additional  difficulties 
were  presented  in  setting  the  beams  in  posi- 
tion. Recesses  were  cut  In  the  brickwork  to 
receive  the  bearing  plates  and  in  one  wall 
these  were  cut  entirely  through.  The  elevator 
was  lowered  to  the  foot  of  the  shaft  and  the 
counterweight  rope  and  the  two  hoist  ropes  at- 
tached to  it  were  lashed  together  near  the 
lower  ends.  A  tackle  was  attached  to  the  lash- 
ing and  operated  to  relieve  the  stress  on  the 
bolts  which  connected  the  ropes  to  the  car. 
These  bolts  were  then  removed  and  a  steel  plate 
was  bolted  to  the  ends  of  the  rope.  A  hook  and 
clevis  was  connected  to  the  lower  edge  of  the 
plate.  The  I-beams  were  separately  delivered 
from  the  street  to  the  first  story  floor  and  slings 
attached  to  them  near  the  center  of  gravity 
were  engaged  by  the  hook  on  the  elevator  ropes. 
The  elevator  machinery  was  then  operated  to 
lift  the  beam  up  the  shaft,  the  lower  end  being 
guided  by  a  tag  line.  At  the  third  story  the 
upper  end  of  the  beam  was  revolved  down  and 
out  through  an  opening  made  by  removing  the 
sash  of  an  adjacent  window.  The  beam  was 
lowered  to  a  horizontal  position  and  rolled 
across  the  floor.  One  end  of  it  was  inserted  In 
the  opening  through  the  wall  and  the  beam  was 
pushed  through  until  the  other  end  could  be  en- 
tered in  the  recess  in  the  opposite  wall,  where 
it  was  seated  in  the  final'  position  and  both 
openings  were  permanently  closed  with  brick 
and  mortar.  All  of  the  beams  were  similarly 
set  in  a  rapid  and  economical  manner,  after 
which  the  clevis  plate  was  removed  and  the  ele- 
vator ropes  were  re-attached  to  the  car. 


54 


THE     ENGINEERING     RECORD 


\'OL.   49,    No.    2.' 


The   Structural  Effects  of  the  Iroquois 
Theatre  Fire. 


The  IrtKiuois  Theatre  In  Chicago  was  opened 
to  the  public  on  November  23.  1903.  It  is  of 
modem  design  and  construction.  The  building 
has  a  frontage  on  Randolph  Street  of  60  feet 
and  extends  back  180  feet  to  an  alley.    On  the 


there  were  a  great  number  used  in  the  produc- 
tion of  the  play,  and  the  whole  stage  became 
a  roaring  furnace.  The  asbestos  curtain,  to  be 
used  in  such  emergencies,  was  lowered  to  with- 
in some  14  feet  of  the  stage.  It  then  refused 
either  to  come  down  or  go  up.  Tlie  e.\ait 
cause  for  this  is  not  known,  but  it  is  supposed 
that  the  enormous  draft  caused  by  the  smoke 


View  of  Auditorium  and  Musicians'  Box. 


;he  asbestos  (urtaiii  ami  tilling  the  auditorium 
with  gases. 

The  audience  immediately  became  panic- 
stricken,  but  practioallj^  all  who  were  seated 
in  the  orchestra  made  their  escape.  Those  on 
the  first  balcony  were  far  less  successful.  On 
the  alley  side  of  the  balcony  there  are  three 
doors  leading  out  to  a  stair  fire-escape.  These 
doors  were  apparently  not  open  during  the 
fire.  On  the  south  side  of  the  balcony  there 
are  two  large  exits  into  the  foyer  and  a  small 
one  supposed  to  be  used  for  the  upper  boxes, 
which  lead  by  a  winding  stair  down  to  the  first 
lloor  of  the  foyer.  It  seems  that  one  opening 
on  this  side  of  the  balcony  was  closed,  forcing 
practically  all  the  people  in  the  balcony  to  es- 
cape through  one  exit,  which  is  about  9  feet 
wide  and  located  at  the  extreme  southeast  cor- 
ner of  the  auditorium.  A  perfectly  straight 
stairway  leads  from  here  down  to  a  place  of 
safety,  but  it  was  from  along  these  stairs  and 
the  entrance  to  them  that  the  greatest  number 
of  dead  bodies  were  removed.  In  the  top  gal- 
lery the  conditions  were  quite  similar,  though 
it  appears  from  the  charring  of  the  doors  lead- 
ing into  the  fire  escape  from  this  gallery  that 
they  were  opened  before  the  fire  was  quenched. 
However,  but  few  people  escaped  by  means  of 
the  fire  escape  on  the  alley. 

The  general  cause  of  the  hundreds  of  deaths 
is  assumed  to  have  been  suffocation,  which 
must  have  come  very  quickly,  for  many  people 
were  found  dead  in  their  seats  in  the  position 
of  watching  the  stage.  The  doors  leading  Into 
the  fire  escape  which  wei-e  not  opened  were 
latched  by  means  of  a  simple  arrangement,  and 
it  is  impossible  to  determine  why  they  were 
not  opened. 

One  result  of  the  Are  in  the  building  was  the 
burning  of  the  entire  scenery  on  the  stage  and 
in  the  scenic  tower.  As  the  play  was  a  spec- 
tacular one,  the  amount  of  this  scenery,  of  a 


alley  the  building  is  124  feet  in  width.  The 
general  plan  of  the  building  is  in  the  shape  of 
an  L.  The  entrance  is  on  Randolph  Street. 
and  a  space  60  feet  wide  by  90  feet  in  depth  is 
used  as  the  foyer.  On  either  side  a  grand 
staircase  leads  up  to  the  first  balcony,  where 
there  is  a  landing  across  the  end  of  the  foyer. 
The  stairs  extend  from  this  landing  in  two 
flights  up  to  a  small  gallery  running  along 
either  side  of  the  foyer  at  the  elevation  of  the 
gallery  in  the  auditorium.  A  heavy  masonry 
wall  separates  the  foyer  from  the  auditorium. 
The  auditorium  is  90  feet  wide  by  70  feet  deep 
from  the  line  of  the  curtain  to  the  back  of  the 
building.  The  stage  which  forms  the  other  leg 
of  the  L  is  110  X  50  feet.  The  south  end  of 
the  stage  consists  of  six  stories  of  dressing 
rooms,  which  are  reached  by  stairs  and  an  ele- 
vator. There  is  a  heavy  brick  wall  between 
the  auditorium  and  the  stage.  Columns  are 
built  in  this  wall,  carrying  a  5-foot  plate  girder 
which  supports  the  brickwork  above  the  pros- 
cenium opening;  this  girder  is  protected  by 
several  inches  of  cinder  concrete.  Mr.  Benja- 
min H.  Marshall,  of  Chicago,  was  the  architect 
of  the  building,  the  Geo.  A.  Fuller  Company,  of 
Chicago,  was  the  genera!  contractor,  and  The 
Roebling  Construction  Company  of  Chicago  fur- 
nished the  fireproof  construction. 

The  fire  which  produced  such  an  appalling 
loss  of  life  on  December  30  Is  supposed  to  have 
been  started  by  what  is  termed  a  "spot"  light, 
at  an  elevation  of  about  12  feet  above  the 
stage  and  very  near  the  proscenium  opening. 
Curtains  hanging  near  this  light  are  believed 
to  have  caught  fire  from  sparks  and  the  flames 
were  very  quickly  beyond  the  control  of  the 
stage  hands,  who  had  a  meager  equipment  for 
meeting  such  an  emergency.  The  fire  quickly 
communicated  to  all  the  drop  scenes,  of  which 


t 
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View  Looking  across  the  Stage. 


and  heated  air  going  out  into  the  auditorium 
forced  the  curtain  against  the  wall  in  such  a 
way  as  to  prevent  its  movement.  In  the  de- 
sign of  the  ventilation  system,  a  large  ventila- 
tor was  placed  in  the  roof  at  the  back  of  the 
auditorium.       Flames     and     gases     apparently 


highly  combustible  nature,  was  enormous.  That, 
the  fire  was  an  extremely  hot  one  is  proved  by 
the  condition  of  the  exposed  parts  of  the  struc- 
ture. A  paint  bridge  between  thw  first  fly  gal- 
leries at  the  back  of  the  stage,  composed  of 
Iwo  small  lattice  girders,  is  warped  and  twisted 


rushed  toward  this  ventilator,  soon  destroying      IS    inches    out    of    line       The     heating     pipes 
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placed  in  the  stage  along  the  wall  are  badly 
twisted  and  in  many  cases  fallen  to  the  stage. 
Small  iron  ladders  at  a  height  of  60  feet  above 
the  stage  on  either  side  are  badly  sagged  from 
their  own  weight.  A  gridiron  composed  of  steel 
beams,  situated  75  feet  above  the  stage,  shows 
evidences  of  high  temperature,  some  of  the 
beams  having  sagged  as  much  as  2  to  3  inches. 
The  damage  described  above,  together  with 
the  loss  of  seats,  the  decorations  in  the  audi- 
torium and  some  of  the  plastering,  represents 
practically  all  the  injury  to  the  structure  of 
the  building.  All  the  fireproof  floors  and  roof 
construction  in  the  building  were  not  damaged 
by  heat  or  water.  The  partitions  dividing  the 
dressing  rooms  from  the  stage,  which  were  sub- 
ject to  severe  test  by  fire  and  were  in  a  direct 
line  with  the  fire  hose,  formed  a  complete  bar- 
rier for  the  progress  of  the  conflagration, 
though  in  some  cases  the  last  coat  of  plastering 
was  washed  away.  The  doors  through  these 
partitions  were  destroyed  by  the  fire.  To  one 
who  examines  the  condition  of  the  building,  it 
does  not  seem  possible  that  a  fire  so  fierce  and 
accompanied     with     such     destruction     of    life. 


were  covered  with  wire  lath  and  plaster,  and 
their  protection  is  intact.  The  condition  of  the 
upper  part  of  the  door  in  this  view  is  particu- 
larly interesting. 

The  view  of  the  auditorium  is  taken  from 
one  of  the  orchestra  boxes  and  shows  the  con- 
dition of  the  front  of  this  room  and  also  of  the 
front  of  the  stage.  The  first  two  rows  of  seats 
were  entirely  consumed  and  the  upholstery 
burned  oit  the  remainder.  In  the  pit  in  which 
the  musicians  were  stationed,  the  Roebling 
floor  is  uninjured  except  where  a  heavy  weight, 
evidently  a  counterweight,  feil  through  it. 

In  the  top  balcony  the  upholstery  on  practi- 
cally all  of  the  seats  was  entirely  consumed, 
the  front  rail  along  the  balcony  was  badly 
twisted  and  broken,  but  the  suspended  ceiling 
and  fireproofing  of  the  columns  is  in  no  place 
so  injured  as  to  expose  the  wire  lath. 

The  girder  which  supported  the  heavy  b.riek 
wall  over  the  proscenium  arch  is  about  5  feet 
deep  and  is  protected  with  a  considerable 
thickness  of  cinder  concrete  back  of  channel 
iron  and  wire  lath  furring,  the  whole  plastered. 
The  plaster  came  Off.  but  the  concrete  is  intact. 


Railway  Location  in  Flat  Country. 


liy  R. 


Ilardaway,  Chief  Engineer,  San  ADtouli< 
&  Aransaa  I'ass  Uallway. 


Effect  of  Fire  on  Partitions  about  Stage. 


could  have  produced  so  slight  an  effect  on  the 
structure  of  the  building.  It  will  require  but 
little  more  than  the  plastering  and  redecorat- 
ing of  the  building  to  restore  it. 

The  three  photographs  illustrating  this  ar- 
ticle were  lent  by  Mr.  A.  L.  A.  Himmel- 
wright,  manager  of  the  Roebling  Construction 
Company.  The  view  of  the  stage  shows  its 
north  end,  where  the  condition  of  the  steam 
heating  coils  bears  evidence  of  the  high  temper- 
ature at  this  place.  The  scenic  door  in  the  left 
of  the  picture  is  the  opening  through  which 
most  of  the  water  was  introduced  for  extin- 
guishing the  fire  on  the  stage.  Another  view 
shows  the  condition  of  the  partition  between 
the  scenic  tower,  or  upper  part  of  the  stage, 
and  the  dressing  rooms.  This  partition  was 
subject  to  a  very  high  temperature  and  also  re- 
ceived a  large  amount  of  water  from  the  fire 
hose.  The  condition  of  the  partition  Is  really 
remarkable  in  view  of  the  great  heat  generated 
by  the  burning  scenery  on  one  side  of  it,  for 
the  last  coat  of  plaster  only  is  off  in  some  spots 
on   its   inside.     The   columns   in    the   partition 


The  plaster  on  the  metal  framing  of  the  false 
proscenium  arch  suspended  from  the  girder,  in 
order  to  give  the  effect  customary  to  such  por- 
tions of  a  theatre,  is  lacking  in  a  number  of 
spots.  This  is  probably  due  to  the  fire  streams 
which  played  on  it  from  a  short  distance. 


TiiK  Compression  Fohmui.a.  printed  on  page 
24,  issue  of  January  2,  should  have  been 
P  =  16,000 -H  [l+(l"-^  12,500  r')].  Through 

typographical  error  the  coefficient  12,500  was 
placed  on  the  wrong  side  of  the  second  sign  of 
division. 

Roads  fob  Automobiu;s  and  Motok  Cabs,  to 
run  on  absolutely  straight  lines  between  im- 
portant places,  have  recently  been  suggested  in 
England.  The  advantages  of  such  roads  would 
be  speed,  convenience  and  safety.  They  would 
be  built  on  private  rights  of  way,  but  would 
not  enter  the  cities  at  their  termini,  since  the 
automobiles  could  use  the  streets.  Entrance  to 
these  special  roads  would  be  obtained  at  inter- 
sections with  highways.  Wood,  brick,  asphal- 
tic  macadam  or  concrete  paving  is  proposed. 


Construction  work  on  the  San  Antonio  &  Ar- 
ansas Pass  Railway  started  as  usual,  close  on 
location  and  location  very  close  on  reconnola- 
sance  work,  an  economy  well  warranted  where 
bonds  are  drawing  interest.  The  line  is  to  be 
built  from  Alice  to  Brownsville  and  Hidalgo, 
the  last  two  places  being  situated  on  the  lower 
Rio  Grande.  The  main  line  distance  to  be  built 
will  be  between  165  and  170  miles.  The  coun- 
try is  remarkably  level,  the  undulations  not  ex- 
ceeding fifteen  or  twenty  feet  at  intervals  of 
3,000  feet  or  more,  so  that  0.3  per  cent,  gradi- 
ents are  maximum,  and  so  short  as  not  to  limit 
trains,  which  will  pass  over  them  by  aid  of 
momentum.  Our  maximum  rate  of  curvature 
will  probably  be  2  degrees.  In  the  first  110 
miles  we  have  only  three  curves,  all  1  degree, 
aggregating  42  degrees  or  less  Ihan  one-half 
degree  per  mile. 

The  country  is  so  thickly  covered  with  mes- 
quite,  nopal,  cactus  and  other  thorny  brush  for 
70  per  cent,  of  the  distance  as  to  force  recon- 
noissance  work  into  highways  and  paths.  Be- 
tween 40  and  70  miles  south  from  Alice  there 
is  continuous  deep  sand,  now  almost  all  cov- 
ered with  small  trees  and  grass  or  weeds.  Dur- 
ing long  periods  of  drought  this  sand  drifts 
before  the  prevailing  winds  so  as  to  form  long 
or  short  ridges  as  much  as  30  feet  above  the 
average  ground.  In  one  place  the  writer  saw 
the  end  of  a  white  sand  ridge  slowly  moving 
over  the  top  of  live  oak  trees  25  feet  in  height 
leaving  them  entirely  covered.  The  problem  of 
preventing  these  drifts  from  traveling  over  the 
track  will  be  an  interesting  one.  There  are  not 
many  large  ones,  however,  and  they  travel 
slowly.  They  do  not  move  at  all  when  well 
covered  with  vegetation,  a  fact  that  suggests 
probably  the  best  method  of  controlling  them. 
The  cuts  are  only  few  in  number,  ten  to  twelve 
feet  deep,  and  will  be  taken  out  at  slopes  of 
2  to  1. 

The  remaining  portion  of  our  line  is  over 
very  fertile  soil,  mostly  firm  sandy  loam  well 
adapted  to  the  profitable  cultivation  of  vege- 
tables and  fruits,  which  grow  to  perfection  even 
in  mid-winter.  Alice  is  210  (eet  above  the  sea 
level  and  about  55  feet  above  the  overflow  from 
artesian  strata  of  nearly  pure  water  which  is 
very  abundant  in  quantity.  Twenty  miles 
south  of  Alice  this  water  overflows  in  many 
wells  and  furnishes  a  cheap  supply  for  cattle 
raising  and  for  irrigation  for  a  distance  of 
fifty  miles,  where  the  most  southern  well  yet 
drilled  is  found.  This  supply  of  water  is  doubt- 
less available  all  the  way  to  Hidalgo  and 
Brownsville,  but  the  water  bearing  strata  are 
deeper  and  wells  much  more  expensive.  A  con- 
stant flow  of  200  to  300  gallons  per  minute  can 
be  obtained  at  a  cost  of  from  |1,000  to  |2.000 
total  for  one  of  these  wells. 

The  land  is  very  cheap,  ?5  to  $15  per  acre, 
and  is  very  inviting  for  homeseekers.  Semi- 
tropical  fruits  can  be  raised  in  great  quantity 
on  it.  The  orange,  lemon,  pineapple  and 
banana  would  require  some  shelter  in  the  cold- 
est weather,  at  long  intervals  of  time.  The 
country  is  still  in  large  cattle  ranches  of  from 
10,000  to  1,300,000  acres  which  are  very  pro- 
fitable, but  the  owners  are  willing  to  sell  off 
much  of  their  land  for  small  farms  to  aid  in 
populating  and  developing  the  country. 

Our  location  party  consists  of  fourteen  to 
eighteen  men,  the  axemen  being  increased  in 
number  in  the  heavy  brush.  This  party  locates 
from  three-quarters  of  a  mile  to  3  miles  per 
working,  day.  The  preliminary  surveys  are 
made  by  a  stadia  party,  using  only  one  in- 
strument, a  complete  transit.    One  man  make« 
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all  records  of  aximuth  angles,  levels  and  disr 
taaces,  including  side  elevations  and  distances 
to  notable  features.  This  is  the  third  road  on 
which  the  writer  used  this  method  of  malting 
preliminary  surveys  and  he  considers  it  most 
satisfactory  and  economical.  A  high-grade  and 
careful  man,  not  afraid  of  work,  is  necessary 
for  instrument  man,  and  he  should  have  better 
pay  than  other  transitmen.  He  has  a  rodman, 
who  is  an  engineer,  to  assist  him  with  com- 
putations, and  to  run  the  instrument  when  ne- 
cessary. He  should  also  receive  better  than  the 
average  rodman's  pay.  Another  rodman  is 
needed  who  is  at  times  director  of  the  axemen. 

Angles  are  taken  by  use  of  the  needle,  which 
is  a  good  one:  back  sights  are  taken  occasion- 
ally only  as  a  check  on  the  needle.  In  open 
country  the  transit  is  moved  ahead  of  the  last 
point  and  a  distance  bearing  taken  to  the  rear 
as  well  as  in  front  to  save  time.  By  interme- 
diate sights  all  breaks  in  the  surface  of  the 
ground  of  any  importance  are  recorded  for 
profile  elevations.  A  Philadelphia  rod  is  used, 
a  second  target  being  placed  near  the  bottom 
and  clamx>ed  1,  2  or  3  feet  above  the  bottom. 
The  lower  stadia  wire  is  placed  coincident  with 
the  center  of  this  target,  then  the  upper  target 
is  run  into  coincidence  with  the  upper  stadia 
wire.  The  difference  on  the  rod  between  the 
two  targets  giyes  the  distances  when  they  are 
between  600  and  1,100  feet,  the  limit.  For  dis- 
tances less  than  600  feet,  the  rod  is  read  as  a 
speaking  rod.  I'consider  the  distances  more  ac- 
curate than  when  chained,  which  fact  is  due 
largely  to  the  balance  of  errors,  while  the  er- 
rors in  chaining  are  mostly  cumulative. 

Twenty-five  years  of  railroad  building,  dur- 
ing which  time  the  writer  has  used  many  in- 
struments, leads  him  to  the  conclusion  that  the 
Ourley  reconnoissance  transit  costing  about 
4120  is  the  most  useful  instrument  for  genera! 
work  that  can  be  found.  Its  portability  is  of 
first  consideration  in  value  and  its  accuracy  is 
sufficient  for  any  except  extraordinary  work. 
With  one  of  these  instruments,  using  the  stadia, 
the  writer  closed  a  meander  line  seven  miles 
^own  a  river  and  eight  miles  around  a  swamp, 
within  15  feet,  or  one  foot  per  mile  error. 
..  The  lime  is  mapped  by  latitudes  and  de- 
partures, the  angle-turning  points  being  placed 
in  twenty-chain  squares,  shown  on  the  paper. 
Pegs  are  placed  at  the  end  of  each  transit  sight 
and  marked  0,  1,  2,  3,  etc..  and  each  fifth  peg 
has  the  distance  from  zero  on  the  back  in  feet 
-with  two  decimals,  so  that  117.34  would  be  sta- 
tion 117  -|.,34  or  11734  feet  from  zero. 

This  party  operates  at  less  than  half  the 
expense  of  the  other,  and  Is  extremely  light, 
mobile  and  easily  provided  for.  There  is 
much  less  of  camp  cares  and  management  to 
engross  the  mind  of  the  chief  of  the  party,  who 
in  the  stadia  party  is  often  the  man  who  runs 
the  instrument  No  man  in  the  stadia  party 
has  time  to  idle  away  while  the  axemen  cut 
out  the  line,  and  the  progress  is  about  the  same 
as  the  full  party  with  chainmen,  leveler,  flag- 
men and  the  extra  team,  teamster  and  cook. 

Our  work  is  placed  80  to  90  per  cent,  in  em- 
bankment, for  the  best  drainage  of  the  road- 
bed. E^ighty  miles  of  our  lines  have  been  lo- 
cated and  fifty  miles  are  under  construction. 


Underpinning   a    Corner    Column    on    a 
Slender  Pier. 


The  five-story  building  at  No.  133  William 
Street,  New  York,  has  a  brownstone  front  and 
brick  side  walls  enclosing  east-Iron  columns. 
The  new  building  now  being  erected  on  the 
north  side  of  it  has  an  excavation  carried  so 
much'  below  the  cellar  of  No.  133  that  it  was 
necessary  to  underpin  the  side  wall  and  front 
comer  column  with  new  footings  carried  down 
in  the  sand  to  the  bottom  of  the  new  excava- 
tion. The  wall  was  of  good  quality  and  was 
easily  underpinned  by  the  ordinary  needle-beam 
and  open-trench  method.  The  corner  column 
presented  special  difficulty  because  it  was  seat- 
ed on  a  slender  pier  composed  of  a  single  piece 
of  brownstone  about  18  inches  wide,  30  inches 
long  and  12  leet  high.  This  pier  had  a  sand- 
stone base  about  30  inches  square  and  11  inches 
thick  with  a  rubble  footing  continuous  with  the 
footing  for  the  adjacent  walls. 


other  pair  of  12xl2-lnch  beams,  outside  of  No. 
133,  were  supported  at  one  end  on  the  same 
needle-beam  and  at  the  other  end  on  transverse 
sills  laid  on  the  bank  at  the  edge  of  the  exca- 
vation. 

All  the  beams  were  blocked  up  above 
the  24-inch  I-beam  needle-beam  and  the  street 
ends  were  set  a  little  lower  and  adjusted  by 
pairs  of  oak  wedges.  Close  to  the  sills  a  jack 
screw  was  set  under  the  outside  beams  to  give 
additional  control  of  them.  The  wedges  being 
driven,  lifted  the  10-inch  I-beams  and  the  corner 
column  so  as  to  release  the  center  part  of  the 
pedestal  which,  with  the  rubble  footing  below, 
was  removed. 

The  excavation  was  then  carried  down  to  sub- 
grade  and  a  new  concrete  footing  12  feet  high 
was  built  continuously  under  the  column  and 
the  side  wall.  A  brick  pier  6  feet  high  was 
built  on  this  footing  and  was  capped  with  a 
pair  of  12-inch  granite  wedging  stones,  the 
upper  surface  of  which  received  a  10x1 1-Inch 
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Thk  Hoixt  Gravitt  Retub.n  Ststem  of  de- 
livering into  boilers  the  condensation  in  steam 
piping,  according  to  Mr.  E.  H.  Davis,  of  Wil- 
llamsport.  Pa.,  recently  president  of  the  Penn- 
sylvania State  Street  Railway  Association,  con- 
sumed in  its  operation,  in  a  modern  plant  of 
1,000  kilowatts  capacity,  where  during  a  test 
practically  200,000  pounds  of  water  were  evap- 
orated in  24  hours,  a  total  of  2,300  pounds  of 
steam  in  the  same  time,  or  about  1.1  per  cent. 
4>(  the  steam  generated. 


A  skilled  stonecutter  was  employed  to  cut 
away  about  8  inches  of  each  side  of  the  pedes- 
tal 80  as  to  leave  room  to  insert  a  10-iuch 
I-beam  with  its  top  flange  bearing  on  the  foot 
of  the  brownstone  pier  across  each  side.  The 
cuts  were  slightly  grooved  top  and  bottom  so 
as  to  give  clearance  for  the  flanges  and  leave 
as  much  stone  as  possible  undisturbed  for  bear- 
ing in  the  middle.  In  each  slot  a  10-inch  I-beam 
6  feet  long  was  set  in  the  plane  of  the  front 
wall  and  supported  at  each  end  on  a  pair  of 
12xl2-inch  timbers  about  20  feet  long  set  one  on 
lop  of  the  other  as  close  as  possible  to  the 
pedestal. 

The  beams  which  were  inside  No.  133  were 
supported  at  one  end  on  the  needles  introduced 
under  the  old  footing  to  carry  the  wall,  and  at 
the  other  end  on  a  grillage  of  4-inch  transverse 
planks  laid  on  the  floor  of  the  sidewalk  vault. 
They  passed  through  the  vault  door  which  had 
to  have  one  jamb  cut  a  little  to  clear  thera.  The 


Method  of  Underpinning  a  Slender  Pier 
Supporting  a  Corner  Column. 


granite  pedestal  stone  carefully  fllled  between 
the  10-inch  I-beams.  The  steel  wedges  were 
driven  until  the  weight  of  the  column  was  trans- 
ferred from  the  I-beams  to  the  new  footing.  The 
I-beams  were  thus  released  and  removed  and 
the  places  which  they  had  occupied  under  the 
edges  of  the  brownstone  pier  were  filled  with 
a  pair  of  llxl2-inch  granite  stones  accurately 
cut  to  fit  as  close  as  possible.  Both  these  stones 
and  the  center  stone  were  set  in  thick  mortar 
beds  top  and  bottom,  and  as  the  outside  stones 
were  put  in  position  soon  after  the  center  one 
had  been  placed,  it  is  believed  that  the  column 
load  is  equally  distributed  over  the  three  parts 
of  the  pedestal. 

The  work  was  executed  by  the  Foundation  & 
Contracting  Company,  which  was  the  contractor 
for  the  substructure  of  the  adjacent  new  build- 
ing. Mr.  L.  L.  Brown  was  superintendent  of 
the  work,  and  Mr.  W.  S.  Do^iwilng,  foreman  in 
charge. 
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Water  Supply  and  Drainage  Systems  in 
the  Lorraine  Hotel,  New  York. 

The  Lorraine  is  a  thirteen-story  apartment 
hotel  with  fronts  of  75  feet  and  150  feet  re- 
spectively on  Fifth  Avenue  and  Forty-fifth 
Street,  New  York.  It  rises  to  a  total  height  of 
161  feet  above  the  curb  and  has  a  basement  and 
sub-basement  extending  27  feet  below  that  level. 
Each  floor  has  an  area  of  nearly  12,700  square 
feet.  The  sub-basement  is  devoted  to  the  kit- 
chens, power  plant  and  mechanical  installation, 
which  were  described  in  The  Engineering  Rec- 
ord of  October  27.  1900,  when  plans  of  the  base- 
ment and  sub-basement  were  published,  show- 
ing the  location  of  the  principal  tanks  and 
pumps  in  the  water-supply  system.  The  base- 
ment contains  public  toilet  rooms,  barber  shop, 
a  large  cafe  and  grill-room,  and  considerable 
space  for  storage  and  for  servants'  and  officers' 
dining  rooms.  The  first  story  is  occupied  by 
an  entrance  hall  and  corridor,  parlor,  reception, 
reading  and  other  public  rooms.  The  thirteenth 
story  is  chiefiy  devoted  to  small  rooms  for  lodg- 
ing the  tenants'  servants,  and  the  remaining 
eleven  stories  are  divided  into  150  suites,  of 
which  140  have  complete  private  bath  rooms. 
There  are  also  shower  baths  for  the  employes, 
public  toilet  rooms  and  the  usual  complement 
of  slop  sinks,  for  all  of  which  supplies  of  hot 
and  cold  water  are  provided,  as  well  as  for  the 
kitchens,  restaurant,  barber  shop  and  other 
public  service  and  the  refrigerating  plant  and 
steam  boilers. 

The  drainage  system  comprises  pipes  for 
house  and  kitchen  wastes  and  sewage  and  for 
the  disposal  of  the  roof  and  area  water,  most  of 
which  is  discharged  by  gravity  through  a  6-inch 
and  an  8-inch  line  to  the  street  sewers  on  Fifth 
Avenue  and  Forty-fifth  Street.  The  remainder, 
from  those  fixtures  at  the  lowest  level,  is  col- 
lected in  auxiliary  tanks  and  pumped  or  auto- 
matically discharged  into  the  street  sewers. 
Hot  and  cold  water  is  supplied  to  all  parts  of 
the  house  under  direct  pressure  from  constant 
pumping  through  tanks  in  the  sub-basement. 
Distribution  is  made  on  the  sub-basement  ceil- 
ing to  all  supply  and  return  lines.  The 
mains  and  tanks  are  cross-connected  so  that  the 
house  and  fire  service  pumps  are  interchange- 
able -with  those  for  boiler  feed,  and  so  that  the 
refrigerating  and  steam  plants  and  the  fixtures 
below  the  second  story  can  all-  be  supplied  with 
raw  or  filtered  water,  under  tank  or  street  pres- 
sure. Drain  pipes  under  the  sub-basement  floor 
are  of  cast  iron  accessible  through  the  section- 
al covers  of  their  trenches.  Exposed  piping  in 
toilet  rooms  and  apartments  is  of  brass  nickel 
plated:  all  other  piping  is  of  galvanized  wrought 
iron  with  malleable  screwed  fittings.  Changes 
in  direction  and  fixture  connections  are  made 
with  45-degree  Y-branches  and  long  bends.  Ver- 
tical lines  are  supported  at  the  base  by  hang- 
ers or  on  brick  piers  and  are  run  in  the  pipe 
shaft  or  in  wall  chases  enclosed  by  furring  and 
plastering.  Exposed  risers  are  bronzed  and  the 
stand-pipes  in  the  fire  system,  the  water  pipes 
in  the  pipe  shaft  and  all  cold  water  pipes  ex- 
posed to  condensation  and  the  outsides  of  the 
cold  water  drums  and  connections  are  painted 
with  Devoe's  silicate  white  paint  and  Truslow's 
brown  cork,  screened  No.  0,  using  one  gallon 
to  360  square  feet  of  surface.  The  valves  are  of 
the  Pairbank  Company's  make,  and  have  iron 
bodies  with  brass  valve-seats,  spindles  and 
glands  for  diameters  of  2  inches  or  over. 

Water  supply  is  obtained  through  two  2-inch 
taps  in  the  Forty-fifth  Street  main,  and  one  IVi- 
inch  tap  in  the  Fifth  Avenue  main.  The  2V4- 
Inch  and  2-inch  supplies  from  them  are  meas- 
ured by  Worthington  meters  and  are  connected 
to  3-lnch  pipes,  which  ordinarily  deliver  direct 
to  the  New  York  Filter  Company's  filter  of  a 


capacity  of  70,000  gallons  an  hour,  and  thence 
through  ball  cocks  to  the  suction  tank.  Be- 
tween the  suction  tank  and  the  meters  there  are 
branches  to  the  fire  pump,  house  pump,  feed 
pumps,  feed-water  heater,  damper  regulator, 
hose  cocks,  street  pressure  service  and  refrig- 
erating plant.  The  5-inch  outlet  from  the  suc- 
tion tank  is  connected  to  two  7y2x5x6-inch  du- 
plex Worthington  pumps,  which  are  controlled 
by  Ford  automatic  regulating  valves  operated 
by  the  pressure  in  the  mains.  One  of  the 
pumps  may  be  used  for  the  house  or  reserved 
for  fire  service,  and  has  a  4-inch  outlet,  con- 
nected to  two  3-inch  stand-pipes  with  hose  reels 
and  valves  on  the  roof  and  in  the  corridors  at 
every  story.  The  other  pump  is  used  for  the 
house  supply  and  usually  runs  continuously  at 
a  slow  speed.  The  pumps  are  cross-connected, 
and  the  water  from  the  house  pump  is  delivered 
to  one  of  the  two  1,200-gallon  tanks  from  which 
all  supplies  in  the  upper  stories  are  taken  at  a 
uniform  pressure  suflicient  to  give  12  pounds  at 
the  highest  fixture. 

The  pressure  drums  are  normally  one-third 
filled  with  air  at  80  pounds  pressure,  admitted 
through  a  valve  In  the  upper  part  as  required. 
The  air  is  compressed  by  a  Westinghouse  du- 
plex vertical  air  compressor,  with  a  lOxlO-inch 
steam  cylinder  and  a  6x6-inch  air  cylinder,  which 
delivers  air  also  to  the  steel  reservoir  tanks 
of  the  elevator  system.  Besides  being  delivered 
to  the  pressure  drums  and  tanks,  the  compress- 
ed air  is  supplied  through  a  vertical  pipe  In 
the  elevator  shaft  having  an  outlet  at  every 
other  story,  to  which  a  hose  can  be  attached 
with  a  nozzle  for  cleaning  the  elevator  grille- 
work. 

Two  1,000-gallon  hot  water  drums  are  placed 
horizontally  in  the  sub-basement,  and  are  nor- 
mally supplied  with  warm  water  from  one  of 
the  pressure  drums.  This  water  is  delivered  by 
a  6x4x6-inch  Worthington  pump  drawing  from 
a  5,000-gallon  reserve  tank  supplied  with  the 
warmed  water  from  the  condensers  of  the  re- 
frigerating plant.  The  hot  water  drums  are  so 
connected  that  either  can  deliver  water  under 
tank  pressure  to  the  upper  stories  of  the  house, 
while  the  other  can  be  used  to  deliver  water 
under  street  pressure  only  to  the  kitchen  and 
laundry  and  for  all  other  hot  water  fixtures  in 
the  basement  and  sub-basement.  They  are 
cross-connected  so  that  they  can  be  used  to- 
gether or  either  of  them  can  be  used  under 
either  pressure.  The  water  in  them  is  heated 
by  steam  coils  of  sufficient  capacity  to  do  the 
work  by  exhaust  steam  and  the  temperature  is 
regulated  by  Kieley  automatic  thermostats  set 
to  close  the  steam  supply  valves  when  the  tem- 
perature rises  to  150  degrees  Fahrenheit.  Each 
of  the  vertical  riser  lines  to  the  upper  stories 
has  a  parallel  return  branch  two  sizes  smaller, 
which  is  connected  to  it  above  the  highest  fix- 
ture by  a  loop  with  an  air  cock  in  the  center. 
Both  risers  have  valved  drip  pipes  through 
which  they  may  be  emptied,  and  all  are  con- 
nected together  and  run  to  the  blow-off.  The 
return  circulations  are  branched  to  a  single 
header,  which  is  connected  to  the  cold  water  in- 
let of  the  hot  water  drum.  Each  drum  is  pro- 
vided with  a  safety  valve,  pressure-gauge  and 
thermometer,  is  painted  and  is  jacketed  with 
sectional  magnesia  blocks  secured  to  2-inch 
mesh  wire  netting,  plastered  IVj  inches  thick 
and  covered  with  painted  canvas. 

The  drums  are  each  4-foot  horizontal  cylin- 
ders 11  feet  long,  made  with  5/16-inch  steel 
plates  having  double-riveted  longitudinal  seams 
and  single-riveted  %-inch  dished  flanged  heads 
in  one  of  which  tEere  is  a  large  hand  hole. 
Each  tank  contains  a  coil  of  thirty  2-inch  gal- 
vanized iron  pipes  9  feet  long  with  malleable 
iron  galvanized  headers  and  connections  to  live 
and  exhaust  steam.    There  are  bottom  connec- 


tions with  2V4-inch  outlets  to  the  cold  water 
supply  and  1  %-inch  return  circulation,  and  1- 
inch  emptying  pipe  led  to  the  blow-off  tank, 
with  2 %-inch  outlets  on  the  upper  side  of  the 
tank.  Each  tank  is  tested  to  150  pounds  pres- 
sure and  is  provided  with  a  thermometer  and 
a  safety  valve  set  at  80  pounds  pressure. 

There  are  two  sub-basement  tanks,  one  of 
which  is  used  for  pump  suction  and  is  filled  di- 
rectly from  the  filters,  or  directly  from  the 
meters,  and  the  other  acts  as  a  reservoir  tank, 
and  is  filled  through  a  ball  cock  by  the  water 
which  has  passed  over  the  closed  condenser  of 
the  refrigerating  plant.  The  suction  tank  is 
10  feet  long,  6  feet  wide  and  6  feet  high,  made 
with  %-inch  steel  plates  and  angles  and  having 
4-inch  overfiow,  5-inch  outlet  and  2-inch  empty- 
ing pipes  fiange-connected  to  it.  The  storage 
tank  is  9x8x9  feet  high.  Both  are  painted  in- 
side and  outside  with  asphaltum  paint  and  are 
covered  with  wooden  tops  having  trap  doors 
over  the  ball  cocks. 

The  duplicate  pressure  drums  are  5  feet  in 
diameter  and  8  feet  high,  made  of  9/16-lnch 
steel  plates  with  %-inch  heads.  They  were 
tested  to  a  pressure  of  200  pounds  per  square 
inch  and  are  painted,  but  not  covered.  They 
each  have  tapped  connections  for  a  2-inch 
safety  valve,  a  i/4-inch  pressure  gauge,  a  %-lnch 
governor  pipe,  a  V4-inch  air  valve,  a  5-inch  inlet, 
a  5-inch  outlet  and  a  1  %-inch  blow-off.  The 
12xl2-inch  manhole  opening  is  reinforced  by  a 
%-inch  plate  and  the  5-inch  holes  have  cast 
iron  pads.  All  connections  to  the  drums  were 
tested,  after  completion,  to  150  pounds  pres- 
sure, and  the  safety  valve  is  set  to  80  pounds 
pressure.  But  is  capable  of  quick  adjustment 
to  120  pounds  for  fire  pressure.  The  8-inch 
dial  Ashcrott  pressure  gauge  is  indexed  to  15 
pounds  pressure  per  square  inch,  and  each 
drum  has  a  water  gauge  with  brass  guard  rods, 
set  to  show  a  rise  and  fall  of  4  feet.  The  5-lnch 
inlet  and  outlet  connections  and  the  %-inch 
governor  pipe  each  have  an  inside  leg  carried 
down  within  6  inches  of  the  bottom. 

The  drips  from  the  pipe  systems  and  the 
emptying  pipes  from  the  tanks  are  connected 
to  the  blow-off  and  drip  tank  so  that  the  cold 
waste  water  may  be  utilized  in  condensing  the 
vapors  of  the  hot  drips.  The  blow-off  tank, 
3%  feet  in  diameter  by  10  feet  long,  is  seated 
below  the  sub-basement  floor,  in  a  brick  cham- 
ber, which  is  drained  to  the  sewer  by  an  auto- 
matic Braender  ejector,  as  shown  in  the  cross- 
section.  This  ejector  has  connections  by  which 
it  may  be  operated  either  under  steam  or  water 
pressure,  and  is  accessible  under  an  iron  man- 
hole plate  through  which  a  vent  pipe  is  run  to 
the  roof.  The  brick  chamber  is  built  larger 
than  is  necessary  for  the  blow-off  tank  and 
serves  as  a  catch-basin  to  collect  ground  water 
under  the  sub-basement  fioor,  which  is  led  to 
it  by  the  course  of  the  pipe  trenches.  The  tank 
is  made  of  %-inch  steel  plate  with  double-rivet- 
ed longitudinal  seams  and  dished  heads  5/16 
inch  thick.  It  is  tested  to  150  pounds  pressure 
and  is  provided  with  a  condensing  coil  through 
which  the  feed  water  is  passed.  Its  entire  con- 
tents can  be  siphoned  over  into  the  catch-basin, 
or  discharged  to  the  Forty-flfth  Street  sewer  out- 
let by  a  pump  or  by  direct  contact  with  steam 
pressure  turned  into  the  tank.  The  condensing 
coil  is  warmed  to  about  100  degrees  by  the 
waste  and  drip  water,  and  surplus  vapors  may 
be  further  condensed  by  a  spray  of  street-pres- 
sure water  delivered  through  a  perforated  pipe 
in  the  upper  part  of  the  tank.  When  the  con- 
tents are  cooled  so  as  to  prevent  any  steam 
from  entering  the  sewer,  they  are  discharged 
to  the  sewer  by  a  3%x5-inch  Worthington  drain 
pump  with  2%-incTi  suction  and  a  swing  check 
on  the  2%-inch  outlet.  The  suction  of  this 
pump  is  also  connected  with  the  catch-basin  so 
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as  to  empty  it  If  desired  Instead  of  using  tlie  cel- 
lar drainer.  The  Unit  is  fitted  witli  a  water-level 
gauge,  and  has  a  3-incb  drain  valve  to  discharge 
the  mud  to  the  catch-basin.  It  is  covered  with 
2-inch  mesh  wire  netting  and  magna-bestos 
plaster  with  hard  finish  and  two  coats  of  paint. 
The  condensing  coil  consists  of  twenty-four  2- 
inch  galranised  iron  tubes  8  feet  long  with  gal- 
vanized malleable  headers. 

The  building  is  fitted  with  a  20-ton  absorption 
refrigerating  plant,  installed  by  the  Carbondale 
Company,  which  baa  a  cold  brine  storing  and 


pipe  develops  sufficient  pressure  to  open  a 
weighted  relief  valve  and  through  it  discbarges 
directly  into  the  sewer.  The  arrangement 
utilizes  as  much  as  possible  of  the  waste  heat 
from  the  condenser  by  providing  tempered 
water  for  the  hot  drums  and  thus  saves  direct 
steam  supply  there. 

The  refrigerated  boxes  are  all  constructed  so 
as  to  be  operated  with  a  loss  of  not  more  than 
three  British  thermal  units  per  square  foot  of 
exterior  surface  when  the  thermometer  Is  90 
degrees  Fahrenheit  outside.     The  kitchen  and 


and  oaM.  flooring  at  front  and  sides  and  doors. 

The  ice  tank  has  a  capacity  for  making  one 
ton  of  clear  ice  in  24  hours,  and  Is  fitted  with 
thirty  100-pound  8xl5x33-inch  galvanized  iron 
ice  moulds  and  served  by  a  portable  hoist.  The 
ice  is  made  from  water  distilled  by  an  appara- 
tus consisting  of  a  steam  condenser,  re-boiler, 
skimmer,  a  silicate  and  charcoal  filter,  a  re- 
condenser  coil,  a  sweet-water  tank  and  cooling 
coll,  and  having  a  capacity  tor  two  tons  of  ice 
per  day.  Drinking  water  is  purified  a  second 
time  by  a  special  three-barrel  stone  filter  with 
a  capacity  of  a  hundred  gallons  an  hour. 

The  soil  and  waste  pipes  from  all  the  fixtures 
in  the  sub-basement  floor  discharge  into  a  dou- 
ble Shone  ejector  apparatus  placed  in  a  pit 
below  the  boiler  room  floor  level,  but  open  for 
access.  These  discharge  through  a  6-inch  pipe 
to  the  Forty-fifth  Street  sewer.  The  Shone  sys- 
tem Includes  two  Westinghouse  vertical  com- 
pression  cylinders   8xl0x8-Inch   and  a   36-inch 


Pressure 
Oauge. 

.  Sight 


Fire  hintp         Hovs^  Pt/mp.'        Drain  io  Sev^/age  Lift. 

Pressure  Drums 

Some  Details  of  the  Water  Supply  and  Drainage  Systems  in  the  Lorraine  Apartment  Hotel,  New  York  City. 


circulating  apparatus  of  extra  large  proportions. 
The  brine  is  pumped  through  coils  to  the  ice- 
making  tank,  general  cold  storage  and  various 
kitchen,  pastry  and  restaurant  boxes.  There 
are  two  7%x4V^x6-inch  brine  pumps.  The  con- 
denser is  of  the  closed  pattern,  and  there  is  also 
a  fore-cooler  tank  which  overflows  at  a  tempera- 
ture of  90  to  100  degrees  into  the  storage  tank. 
The  discbarge  from  condenser  to  suction  tank 
is  delivered  through  a  ball  cock  and  when  it 
closes  the  water  in  the  condenser  discharge 


pantry  boxes  are  lined  with  white  spruce  with- 
out beading,  finished  with  two  coats  of  alcohol 
shellac  and  covered  with  three-ply  Giant  P.  & 
B.  paper  on  2-inch  studding,  sulficiently  divided 
for  a  dead  air  space,  which  Is  cork-filled;  then 
two-ply  paper  as  above,  then  2'^x%-lnch  white 
pine  fiooring  laid  diagonally,  then  1-Inch  hori- 
zontal and  vertical  battens  forming  a  second 
air  space,  then  one-ply  paper  as  above,  and 
outside  of  all  2%x%-lnch  matched  white 
pine     flooring     at     back,     top     and     bottom 


vertical  steel  plate  reservoir  6  feet  high.  As 
each  receptacle  fills  with  sewage,  it  trips  a 
talve  and  admits  compressed  air  to  the  top  of 
the  sewage  which  Is  thus  forced  out  through  a 
discharge  valve  to  the  sewer.  The  whole  of 
the  kitchen  drainage  and  of  the  help's  toilets  in 
the  sub-basement  are  thus  handled,  the  lift  be- 
ing 21  feet.  Messrs.  Jeremiah  O'Rourke  &  Sons 
were  the  architects  of  the  building,  and  the 
work  here  described  was  designed  by  Mr.  Regf- 
inald  Pelham  Bolton. 


Jan.  9,  1904. 


THE    ENGINEERING    RECORD 


59 


William  Hubert  Burr. 


Mr.  William  H.  Buir  was  graduated  as  a  civil 
engineer  from  the  Rensselaer  Polytechnic  In- 
stitute, the  old  school  of  civil  engineering,  at 
Troy,  N.  Y.,  in  1872,  and  has  been  continuously 
engaged  in  the  active  practice  of  his  profession 
since  that  date.  Immediately  after  leaving 
school  he  entered  the  office  of  a  wrought  iron 
bridge-building  company  in  New  York,  and  re- 
mained with  them  for  a  year,  after  which  he 
spent  a  year  on  the  water-works  at  Newark,  N. 
J.,  where  he  was  engaged  on  the  construction 
of  a  reservoir.  In  1875  he  became  an  instructor 
In  the  institution  from  which  he  graduated  and 
within  a  year  from  that  time  became  the  head 
of  its  department  of  applied  mechanics.  He 
remained  in  Troy  until  1884  combining,  during 
the  whole  of  this  period,  the  active  practice  of 
civil  engineering  with  the  duties  of  instructor. 
In  1884  he  became  assistant  to  the  chief  engi- 
neer of  the  Phoenix  Bridge  Company,  of 
Phoenixville  and  Philadelphia,  and  later 
became  general  manager  of  that  com- 
pany. Under  his  supervision  and  di- 
rection some  of  the  largest  wrought 
iron  and  steel  bridges  of  that  time 
were  designed  and  built,  including  the 
Chesapeake  &  Ohio  bridge  across  the 
Ohio  River  at  Cincinnati,  Ohio,  theu 
the  heaviest  truss  bridge  in  existence; 
the  Louisville  &  Jeitersonville  bridge 
across  the  Ohio  River;  the  Red  Rock 
cantilever  bridge  across  the  Colorado 
River  near  Needles,  Cal.,  and  the  Pe- 
cos viaduct  In  southwestern  Texas, 
the  highest  viaduct  structure  In  this 
country.  In  1891  he  returned  to  New 
York  City  and  was  engaged  in  the 
building  of  bridges  and  foundations  as 
engineer  and  contractor.  In  1892-3  he 
took  the  professorship  of  engineering 
at  Harvard  University,  and  in  1894  he 
became  professor  of  civil  engineering 
in  Columbia  University,  still  retaining 
that  position. 

Mr.  Burr's  connection  with  the  pub- 
lic works  of  the  city  of  New  York  be- 
gan in  1893  when  he  was  made  con- 
sulting engineer  to  the  old  Department 
of  Public  Works  tor  the  construction 
of  the  Harlem  Ship  Canal  bridge, 
which  was  designed  and  built  under 
his  supervision  and  direction.  After 
the  construction  of  the  Harlem  River 
Driveway  had  been  in  progress  about 
a  year,  the  failure  of  certain  portions 
of  the  work  brought  construction  to  a 
stop  until  a  board  of  experts,  of  which 
he  was  a  member,  could  report  on  its 
condition.  After  the  completion  of  this  report, 
in  January,  1895,  he  was  made  consulting  en- 
gineer to  the  Department  of  Parks  In  charge 
of  the  Harlem  River  Driveway.  The  duties  of 
this  position  extended  through  the  years  of 
1895-6-7,  resulting  in  the  successful  comple- 
tion of  the  work  which  has  now  become  one 
of  the  famous  fast  driving  courses  of  the 
world.  During  the  same  three  years  he  was 
also  a  member  of  the  board  of  consulting  en- 
gineers of  the  Department  of  Docks  of  the  City 
of  New  York  with  Mr.  George  S.  Morison,  and 
successively  Generals  Thomas  Lincoln  Casey 
and  William  P.  Craighill,  Chief  of  Engineers, 
U.  S.  A.  Between  1897  and  1900  he  designed 
and  built  the  City  Island  bridge,  as  consulting 
engineer  for  the  former  Department  of  Parks, 
and  was  appointed  by  the  same  department  to 
act  as  consulting  engineer  in  an  advisory  ca- 
pacity for  the  145th  Street  bridge  now  approach- 
ing completion. 

When  It  was  proposed  in  1894  to  build  a  can- 
tilever bridge  in  two  9pans  across  the  North 


River  at  a  site  between  59th  and  72d  Streets,  New 
York,  he  was  appointed  by  President  Cleveland 
on  a  board  of  engineers  to  investigate  and  re- 
port upon  the  feasibility  of  bridging  the  river 
at  that  place  with  a  single  suspension  span  about 
3,200  feet  in  length.  The  report  of  the  board 
was  wholly  favorable  to  such  a  construction. 
Again,  in  1896,  he  was  appointed  by  President 
Cleveland  a  member  of  a  board  to  locate  a  deep 
water  harbor  for  commerce  and  refuge  on  the 
coast  of  southern  California.  The  appointment 
of  this  board  was  practically  the  result  of  a 
controversy  between  the  engineer  officers  of  the 
War  Department  and  the  Southern  Pacific  Rail- 
road. The  harbor  was  located  at  San  Pedro, 
one  of  the  ports  of  Los  Angeles,  Cal.,  as  had 
previously  been  recommended  by  the  army  of- 
ficers. 

In  1902  he  was  appointed  by  Hon.  Wm.  H. 
Hunt,  governor  of  Porto  Rico,  to  examine  and 
report  upon  the  three  principal  harbors  of  that 
island. 

When   the  present  Isthmian  Canal  Commis- 
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sion  was  appointed  in  1899  by  President  Mc- 
Kinley  to  examine  and  report  upon  the  most 
feasible  and  practicable  route  for  an  inter- 
oceanic  canal  across  the  Central  American  isth- 
mus, Mr.  Burr  became  one  of  its  members  and 
still  remains  so.  This  commission  reported  in 
favor  of  the  Panama  route  and  on  its  recom- 
mendations that  route  has  been  selected  for  an 
interoceanic  ship  canal.  The  beginning  of  this 
great  work  is  now  awaiting  the  ratification  by 
the  Senate  of  a  treaty  between  the  governments 
of  the  United  States  and  the  Republic  of  Pan- 
ama. 

On  December  16,  1903,  Messrs.  Wm.  H.  Burr, 
Rudolph  Hering  and  John  R.  Freeman  were  ap- 
pointed a  commission  on  additional  water  sup- 
ply for  the  City  of  New  York,  Mr.  Burr  being 
the  chairman.  This. commission,  it  will  be  re- 
membered, has  reported  in  favor  of  an  addi- 
tional supply  of  500,000,000  gallons  daily  to  be 
taken  from  the  PIshkill  and  Wapplnger  Creeks 
on  the  easterly  side  of  the  Hudson,  and  from 
the  Esopus  and  Rondout  Creeks  on  the  westerly 


side,  the  total  amount  recommended  to  be  made 
available  for  the  city  not  later  than  1925;  the 
first  instalment  of  about  60,000.000  gallons 
daily,  however,  to  be  available  within  five 
years  after  the  beginning  of  work.  This  com- 
mission also  completed  a  vast  amount  of  inves- 
tigation work  connected  with  the  possible 
ground-water  supply  on  Long  Island  and  a  num- 
ber of  problems  regarding  the  future  availabil- 
ity of  the  Hudson  River  and  other  sources.  The 
field  covered  by  this  commission  was  probably 
the  greatest  that  has  ever  been  undertaken  In 
connection  with  any  single  municipal  supply. 
In  addition  to  his  connection  with  public 
works,  he  has  continued  active  practice  in  civil 
engineering.  He  is  consulting  engineer  to 
Messrs.  McMuUen  &  MoBean,  the  successful 
contractors  for  the  construction  of  the  Rapid 
Transit  tunnel  under  the  Harlem  River,  by  an 
entirely  new  method,  the  Invention  of  Mr.  Mc- 
Bean.  At  the  present  time  he  is  also  acting  as 
engineering  expert  on  the  construction  of  the 
new  Croton  dam. 

Mr.  Burr  is  a  member  of  the  Ameri- 
can Society  of  Civil  Engineers  and  of 
the  Institution  of  Civil  Engineers  of 
Great  Britain  and  other  engineering 
and  scientific  societies.  He  has  fre- 
quently written  on  engineering  and 
other  allied  subjects,  his  three  princi- 
pal works  being  "Stresses  in  -Bridges 
and  Roofs,"  "The  Elasticity  and  Re- 
sistance of  the  Materials  of  Engineer- 
ing," and  "Ancient  and  Modern  Engi- 
neering." 


The  Frictio.n  in  Beabincis  of  Hiun 
Si'EEUs  of  rotation  was  the  subject  of 
an  extended  study  published  by  Mr.  O. 
Lasche  in  the  "Zeitschrift"  of  the  Ger- 
man Society  of  Engineers  some  time 
ago.  With  journals  of  steel,  nickel 
steel  and  wrought  Iron  running  in  bear- 
ings of  bronze,  white  metal  or  mercury 
alloy,  he  found  that  with  a  velocity  of 
rubbing  at  the  journal  bearing  of  395 
feet  per  second  and  a  temperature  in 
the  bearing  of  about  120  degrees  Fah- 
renheit, the  product  of  the  unit  pressure 
and  the  coefficient  of  friction  was  con- 
stant, being  equal  to  0.0028,  with  pres- 
sure expressed  in  pounds  per  square 
inch.  In  this  investigation  tempera- 
tures varied  from  120  to  212  degrees 
and  pressures  from  14.5  to  215  pounds 
per  square  inch.  This  means  that  an 
increase  of  the  bearing  surface,  thus 
decreasing  the  specific  pressure,  tends 
to  increase  the  coefficient,  from  which 
it  follows  that  with  a  given  load  and  a 
given  speed  of  rubbing,  it  is  a  disadvantage  to 
have  long  bearings  and  journals  of  large  diam- 
eter. For  values  of  the  rubbing  speed  above  395 
feet  per  second,  the  coefficient  was  found  nearly 
constant.  With  Increasing  temperatures,  the 
coefficient  decreased,  and  between  105  and  212 
degrees,  the  product  of  the  coefficient  and  the 
temperature  was  practically  constant.  A  three- 
sleeve  bearing,  one  part  within  the  other,  used 
with  a  400-kilowatt  turbine,  running  at  3,000 
revolutions  per  minute,  was  tested.  The  shaft 
was  4%  inches  in  diameter  and  there  was  a 
total  play  in  the  bearing  of  0.014  inch.  When 
2  gallons  of  oil  were  supplied  per  minute,  under 
a  pressure  of  70  to  75  pounds,  the  temperature 
of  the  bearing  was  113  degrees  above  the  atmos- 
phere. 


In  the  Desckii'tion  of  the  Carkn.\  Dbt  Dock. 
published  November  14,  1903,  the  name  of  the 
makers  of  the  hydraulic  machinery  appeared  as 
Bennett  Walker  &  Company;  it  should  have  been 
Tannett  Walker  &  Company,  Ltd.,  Leeds,  Eng. 
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Letters  to  the  Editor. 


A  Ntw  Trrs  OF  Forms  k)r  Co.nstrixting  Cox- 
CUETE  Sewers  and  Co.ndvits. 
Sir: — Considering  the  interest  in  concrete 
•ew«r  construction  shown  by  articles  which 
liAve  appeared  in  your  journal  from  time  to 
time,  it  occurs  to  me  that  a  brief  description 
of  a  new  type  of  steel  cores  or  centers  for  con- 
structing concrete  sewers  and  conduits  may  be 
of  value  to  your  readers  The  arches  of  the 
«-oncrete  sewers  built  in  Medford.  Mass.,  and 
described  in  The  Engineering  Record  some 
weeks  ago.  are  of  brick,  but  this  change  of  ma- 
terial in  the  upper  part  of  the  sewer  causes 
considerable  delay  in  the  progress  of  the  work, 
especially  on  account  of  the  waiting  for  the  con- 
crete to  harden.  By  the  use  of  the  forms  to 
be  described,  it  is  possible  to  build  up  the  whole 
sewer  in  concrete  directly  In  the  trench,  thus 
reducing  the  cost  about  30  per  cent,  as  com- 
pared with  brick  construction,  and  10  per  cent, 
as  compared  with  vitrified  pipe.  Any  form  of 
sewer  can  be  built  by  the  proposed  method, 
which  may  also  be  adapted  to  conduits  for  car- 
rying water  or  ducts  for  electric  wires.  If  re- 
quired, a  vitrified  pipe  Invert  may  be  placed  in 
connection  with  the  use  of  these  forms. 

For  building  a  concrete  sewer,  after  excavat- 
ing the  trench  to  the  proper  dimensions  for 
the  outside  of  the  sewer.  If  the  materials  will 
permit,  or  setting  outside  forms,  if  these  are 
necessary,  the  Inner  form  or  center  will  be  set 
up  on  a  layer  of  concrete  and  the  con- 
crete to  form'  a  complete  section  of 
sewer  then  placed.  These  centers  are  made, 
as  indicated  in  the  cut,  of  pieces  of  thin 
steel  plate  bent  to  the  required  forms  and  held 
together  by  clips  of  the  shape  indicated.  The 
clips  are  held  in  place  by  filling  the  spaces  in- 
side of  them  with  paraffin  or  clay.  To  insure 
a  very  smooth  interior  surface  for  the  sewer  or 
conduit  a  sheet  of  heavy  paper  is  to  be  wrap- 
ped around  the  outside  of  the  form.  It  is  pro- 
posed to  make  the  forms  in  sections  about  3 
feet  long,  so  that  the  pieces  will  be  light  enough 
to  be  readily  handled.  The  pieces  of  each  sec- 
tion will  be  put  together  and  the  clip  spaces 
filled  before  lowering  Into  the  trench.  After 
the  concrete  has  been  allowed  to  harden  a  suit- 
able length  of  time,  a  steam  nozzle  or  other 
suitable  heater  may  be  introduced  inside  the 
forms  to  melt  the  paraffin,  which  requires  a 
temperature  of  only  112  degrees  Fahrenheit,  or 
a  Jet  of  water  may  be  used  to  wash  out  the  clay 
If  the  clips  have  been  filled  with  this  material. 
If  clay  Is  to  be  used.  It  is  proposed  to  perforate 
the  clips  so  that  the  clay  may  be  more  readily 
washed  out.  Of  course  the  paraffin  can  be  re- 
covered and  use  over  Indefinitely.  After  the 
paraffin  or  clay  has  been  removed  from  the 
clips,  the  centers  can  be  collapsed  and  with- 
drawn through  the  finished  portion  of  the 
sewer  and  taken  out  through  the  nearest  man- 
hole or  other  opening.  Patents  have  been 
granted  covering  the  various  features  of  this 
type  of  centers. 

Respectfully  yours,  Pali,  8.  Kmttki. 
Brooklyn.  December  22,  1903. 


Sa.mtary  SecTiox  or  the  Bobto.x  Society  of 
Civil  E.nui.neerh. 
Sir: — It  may  Interest  your  readers  to  know 
that  a  Sanitary  Section  of  the  Boston  Society 
of  Civil  Engineers  has  oeen  established.  This 
section  is  formed  under  a  recent  amendment  to 
the  by-laws  of  the  Society  providing  for  the 
formation  of  sections  for  the  consideration  of 
special  branches  of  engineering,  such  sections 
to  be  affiliated  with  the  main  Society,  but  to 
have  a  practically  independent  organization 
and  to  Include  in  its  membership  those  who 
are  not  members  of  the  Society.    It  is  propose*! 


to  Include  in  the  membership  of  this  section 
besides  those  members  of  the  Boston  Society 
of  Civil  Engineers  who  may  be  interested  In 
sanitary  engineering  in  any  of  Us  branches, 
those  who  though  they  may  not  be  engineers, 
are  connected  with  or  interested  in  the  con- 
struction or  maintenance  of  sewerage  systems, 
the  disposal  of  sewage  or  garbage,  etc.,  includ- 
ing commissioners,  superintendents,  biologists 
and  chemists.  At  a  meeting  of  the  newly  form- 
ed Sa"nltary  Section  held  at  Boston,  January 
1.  1904.  for  the  purpose  of  effecting  a  tempor- 
ary organization,  Mr.  L.  M.  Hastings  was  elect- 
ed chairman,  and  Mr.  William  S.  Johnson, 
clerk,  and  a  committee  consisting  of  the  chair- 
man, clerk  and  Freeman  C.  Coffin,  I^eonard 
Metcalf  and  Charles  W.  Sherman,  was  chosen 
to  prepare  for  a  future  meeting  and  to  receive 
applications  for  membership.  I  enclose  a  copy 
of  Section  15  of  the  revised  by-laws  of  the 
Boston  Society  of  Civil  Engineers,  which  pro- 
vides for  the  formation  of  sections. 

Yours  truly,  William  S.  Joh.nson. 

Boston,  January  5. 

15.  SECTiON.s.^The  Board  of  Government 
may  from  time  to  time,  at  its  discretion,  es- 
tablish sections  for  the  consideration  of  spe- 
cial branches  of  engineering.  Such  sections 
shall  In  all  cases  be  known  as  "The  [name] 
Section  of  the  Boston  Society  of  Civil  Engi- 
neers."    Each  section  shall  consist  of  not  less 
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than  ten  members  of  the  Society  with  such 
other  persons  as  shall  be  elected  by  the  section 
as  Its  members  after  approval  of  their  appli- 
cations  by   the   Board   of   Government. 

A  member  of  a  section  who  Is  not  otherwise 
a  member  of  the  Society,  shall  be  entitled  to 
attend  all  meetings  and  excursions,  to  use  the 
library,  and  to  receive  the  publications  of  the 
Society,  to  take  part  In  the  discussions  of  any 
papers  on  professional  subjects  or  of  any  busi- 
ness affecting  his  particular  section  at  any  such 
meeting,  but  shall  have  no  vote,  except  in  his 
section. 

Papers  read  before  sections  and  discussions 
thereon  may  be  reported  in  accordance  with 
the  section  by-laws,  and  shall  be  published  in 
the  same  manner  and  subject  to  the  same  con- 
ditions as  obtain  with  respect  to  papers  read 
before  the  Society. 

All  sections  shall  be  governed  by  the  Consti- 
tution and  By-Laws  of  the  Society,  so  far  as 
applicable,  but  they  shall  be  entitled  to  make 
additional  by-laws  for  their  own  use  and  gov- 
ernment; provided,  however,  that  said  addition- 
al by-laws  be  not  Inconsistent  with  the  Consti- 
tution and  By-Laws  of  the  Socjety,  and  that 
they  be  approved  by  the  Board  o?  Government. 

The  officers  of  each  section  sriiftll  be  a  Chair- 
man. Vice-chairman  and  ClerkJ  who  shall  be 
elected  by  the  members  of  the  se|l'tlon  annually. 
The  general  government  of  eacp  section  shall 
be  vested  in  an  Executive  Cominlttee,  consist- 


ing of  the  President  of  the  Society,  the  officers 
of  the  section,  and  three  additional  members  of 
the  section  who  shall  be  elected  annually. 

The  fees  and  dues  for  members  of  sections 
who  are  not  members  of  the  Society  shall  be: 
Entrance  fee,  $5.00;  annual  dues,  $5.00,  which 
shall  be  paid  to  the  Secretary  of  the  Society. 
The  dues  for  the  remainder  of  the  first  fiscal 
year  after  date  of  election  shall  be  remitted  to 
members  of  sections. 

Members  or  associates  of  the  Society  may, 
without  election,  become  members  or  associates 
of  any  sections,  under  such  regulations  as  may 
be  prescribed  by  the  by-laws  of  the  sections, 
without  the  payment  of  additional  fees  or  dues. 
Any  member  of  a  section  upon  becoming  a 
member  of  the  Society  shall  pay  the  difference 
between  the  entrance  fees  of  the  Society  and 
the  section,  but  shall  pay  no  dues  to  the  Socie- 
ty for  the  remainder  of  the  fiscal  year  after 
his   election. 

The  Chairmen  of  sections  shall  be  entitled  to 
be  present  at  the  meetings  of  the  Board  of 
Government,   but  without  votes. 

Any  section  may  be  abolished  by  the  Socie- 
ty by  a  two-thirds  vote  of  all  the  members  pres- 
ent at  any  regular  meeting,  upon  recommenda- 
tion of  the  Board  of  Government,  due  notice 
of  such  recommendation  having  been  sent  with 
the  notice  of  the  meeting  to  each  member  of 
(he  Society,  and  to  each  member  of  the  section 
In  question  who  is  not  a  member  of  the  Socie- 
ty; and  all  members  of  the  section  in  question 
shall  be  entitled  to  be  heard  at  this  meeting. 
Resignations,  forfeiture  of  membership,  or  ex- 
pulsion of  members  of  sections  snail  be  gov- 
erned by  the  same  conditions  and  methods  of 
procedure  as  apply  to  members  of  the  Society. 


Bkick,s  and  Pavi.ng  Sij^us  have  recently  been 
made  from  waste  gas  lime  at  Leeds;  England, 
by  the  manager  of  the  New  Wortley  gas  works, 
according  to  a  process  Invented  by  Alderman 
Lowden.  Without  the  addition  of  other  ma- 
terials, the  gas  lime  was  converted  into  bricks 
and  slabs  by  the  usual  methods,  and  then  by 
another  process  made  ready  for  use  in  a  few 
hours.  Some  of  these  bricks  and  slabs  have 
been  tested  for  some  months  by  actual  use  In 
a  pavement.  It  Is  Intended,  as  soon  as  proper 
appliances  can  be  obtained,  to  make  slabs  3x2 
feet.  Even  if  the  bricks  and  slabs  are  not 
adopted  for  the  main  streets,  it  Is  suggested 
that  they  will  serve  admirably  for  side  streets 
and  for  many  other  purposes.  It  is  contended 
that  by  this  process  the  corporation  will  save 
the  amount  of  two  shillings  per  ton  which  Is 
at  present  paid  to  a  contractor  during  the 
greater  part  of  the  year  for  carting  the  lime 
away,  that  it  may  reasonably  expect  to  make  a 
profit  on  the  manufacture  of  the  bricks  and 
slabs,  and  that  if  the  highways  committee  de- 
cide to  adopt  them  there  will  also  be  a  consid- 
erable saving  In  this  department,  as  the  cost 
is  much  below  that  of  the  best  ordinary  brick, 
while  the  durability  Is  greater.  This  latter 
statement  is  made  after  numerous  tests  as  to 
the  tensile  and  crushing  strength  of  the  bricks, 
absorption  of  water,  and  other  qualities. 
Bricks  in  a  dry  state,  and  also  others  saturated 
with  moisture,  were  subjected  to  36  degrees  of 
frost,  being  repeatedly  frozen  and  thawed  for 
a  period  of  a  month;  and  it  is  stated  that  not 
the  slightest  flaw  or  fracture  was  found  in  any 
of  them.  The  bricks  have  also  been  exposed  to 
the  action  of  sulphurous  acid,  to  show  how 
they  would  be  affected  by  the  corrosive  In- 
fluence of  the  air  in  large  towns  and  cities. 
The  report  as  to  this  test  is  that  the  bricks 
were  found  to  be  affected  to  only  a  very  slight 
extent.  This  experiment  is  reported  In  a  re- 
cent issue  of  the  "Journal  of  Gas  Lighting," 
London. 
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THE       ENGINEERING       RECORD  ^"^'^   summer   range   tor  cattle.     Although   its 

climate  is  milder  than  that  of  the  great  wheat 

Published  Weekly  by  the  belts  further  east  in  Assiniboia  and  Manitoba, 

McGEAW  PUBLISHING  COMPANY.  to  which  American  farmers  have  been  emigrat- 

MAIN  OFFICES-  '"^^  '°   ^^'^^^  numbers  during  recent  years,   it 

114  Liberty  Street.  New  York.  suffers    from    a   small   annual   rainfall   of   only 

'  BEANCll  OFFICES-  H  inches.    The  railway  company  was  originally 

.„„  „,.    ..        „^     ^  allotted  the  alternate  or  odd-numbered  sections 

Philadelphia:  929  Chestnut   Street.  ,  , 

.*      Chicago:  1140  Monadnock  Block.  '"  ^^'^^  township  along  this  portion  of  its  line 

Cleveland  :   Cuyahoga  Building.  ^^  a  Part  of  its  land  subsidy  grant,  but  it  re- 

LoNDo.N  Office,  Hastings  House,  Norfolk  St.,  Strand.  fused   to   take   them   on  the  ground   they   were 

unfit   for   settlement   without   irrigation.     Ulti- 

SUBSCRIPTION  KATES  ■  mately,   in   satisfaction   of   the   balance   due   it 

l;iltedStates,Canada,CabaandMe.xIco..^3.00  a  )^ar  °'^   ^^^   subsidy,   the   company    agreed    to    take 

Foreign  subscripilon  6.00  a  yeai-  these  sections  if  it  was  also  granted  the  even 

25  sbillings.  25  marks.  31  francs.  sections  and  those  set  apart  for  school  endow- 

Foreign  subscriptions  may  be  sent  to  our  London  office.  ^ent.     In  this  way  It  acquired  a  solid  block  of 

'  three  million  acres,  which  is  the  area  it  is  now 
NOTICE  TO  ADVEUTISEKS.  proposed  to  reclaim  by  the  construction  of  ex- 
Change  in  advertisements  intended  for  a  particular  tensive  Irrigation  works, 
issue  should  reach  the  office  of  The  E.\-oi.\ebrinu  t-.  i.».  j.  ^  «  x. 
Record  by  10  A.  M.  Tuesday  of  the  week  of  issue.  ^°''  ^^  greater  part  of  three  years  a  large 
New  advertisements  can  be  received  up  to  noon  ol  engineering  corps  has  been  working  on  recon- 
Wednesday  of  the  week  of  Issue.  naissance  and  preliminary  surveys  of  the  canals 

and  the  land  to  be  served  by  them.    As  a  result 

Kemittances  should   be  made  by  check.   New   Yoi-k  of  .this  work,  Mr.  J.  S.  Dennis,  M.  Can.  Soc.  C. 

draft  or  money  order  in  favor  of  The  E.nuixberinu  E.,  the  company's  superintendent  of  irrigation, 

Recoud.     No  responsibility  is  assumed  for  payments  expects  that  about   1,500,000   acres,   about  one- 
made  otherwise,  except  those  for  subscriptions  to  the 

International   News  Company.   London,  or  our  London  ^^^^  "^  ^^^   ^l>°'e   area,  can  be   irrigated   at  an 

office.  ultimate  cost  of  between  four  and  five  million 

— — dollars.     It  has  been  recognized  that  such   an 

Entered  at  the  New  York  Post  Office  as  Second  Class  enormous  undertaking  demands  the  most  care- 

■  K.  ,„n<    k"".','  Tr'<^''      „  u,-  u-      ,.  f"'    preliminary    work.     There   is    no   political 
Copyright  1904.   by  the  McGraw  I'ublishmg  Co. 
■ pressure   to   rush   construction   through  at   the 

TABLE  OF  LEADING  ARTICLES.  earliest   possible   moment,   and   everybody   con- 

nected  with  it  has  appreciated  the  fact  that  it 

A  Great  Canadian  Irrigation  Project '.   61  ig  much  easier  to  change  plans  on  paper  than 

The  Owensboro  Rate  I^ecision^  ■,••„•■•;■; «t  to  reconstruct  works  executed  at  great  expense. 

Tlie  Concrete  Work  of  tlie  BuCFalo  Breakw-ater 62  ...  of 

Highway  (-onstruction  in  Maryland m  Irrigation  in  Alberta  is  not  an  experiment  in  any 

The   Plant   of  the  Columbus   Power  Company,   Co-  sense,    for   there   are   already   about   160   canals 

lumbus    G^a       (Illustrated,..  64  ^^^   ^^^^^         ^.^^   ^   ^^^^,    j^^     ^    ^j        ^ 

.\   (  onei-ete-Steel   Factorv  Building  with  Fifty-two- 

Foot  Roof  Girders.     ( fllustrated,   67  which  are  now  carrying  water.     But  the  coun- 

A   Modern  Electric  Railway  Power  Plant,   Canan-  try  presents  certain  features  which  render  the 

daigua,  N.  Y.      ( Illustrated)    7t 

The  Conduit  of  the  Jersev  City  Water  Supply  Com-  irrigation    problem    a    somewhat    different    one 

pany— II.     (liiustratedj  72  from   that  of  the  United   States,   and  for  this 

A    System    of    Hot-Water    Heating    by    the    Use    of  ti,  i        *•  ^  ii.     ^         j.         t^      •« 

Steam .7/!.    .  7,"i  reason  the  construction  of  the  Canadian  Pacific 

Details   of   Wllliamsbui-g   Bridge    Towers.      (Illu.s-  _  works   will   proceed    by    sections   and   be   thor- 

»   i™,i  '<"■„' Jt'il.,'-".' "i.'.'iV  "^•iV." '."   t. j'j   ''  oughly  tested  as  it  proceeds.     Southern  Alberta 

A  trench  Cantilever  liridge  Without  a  Suspended  ■=     .-  i 

Span  77  is  a  semi-arid  country  only  in  the  sense  that  its 

The  Ambrldge  Plant  of  the  American  Bridge  Com-  __  annual  precipitation  shows  marked  fluctuations 

pan  J -^ — ^lA..      (.iiiustrareci)    i  i 

The    .Marietta    Long-Span    Highway    Bridge— III.  from  year  to  year  and  from  one  cycle  of  years 

(liiustratedj   SO  jq  another.     During  wet  years,  such  as  the  last 

Supiicirting    an    Old    Wall    from    a    New    Building.  iu  ■      •      i-         •  j   xi,-  j- 

( illustrated) 82  three,  irrigation  is  unnecessary  and  this  condi- 

Types  and  Details  of  Bridge  Construction — X.VIII.  tion  has  a  marked  effect  on  the  return  which 

(Illustrated)    »:',  .      .       ..  ,      ...  .,,       .    ,,        tx    ,•      •.. 

Chert  Roads  in  Atlanta 86  'mgation   undertakings   will   yield.     It   limits 

Current  Meter  Rating  Stations 86  the  possible  capital  charge  per  acre  for  water 

Steel-Core  Dams  of  the  Southern  California  Moun-  in  a  very  marked  way. 

tain  Water  Comijany 87 

Heating  Costs  of  Various  Systems 87  Actual  construction  of  the  first  section  of  the 

Crusher  Dust  for  Mortar  and  Concrete.  '.  : 87  works  will  begin  in  a  short  time.     The  water  is 

Book  Notes 88  ^q   |jg   obtained   from   the    Bow    River,    which 

~  :  bounds  the  block  on  the  west  and  partly   on 

A  Great  Canadian   Irrigation    Project.  the  south.    It  is  a  stream  heading  in  the  Rocky 

Mountains  to  the  west  and   carries  from  3,000 

American   contractors   will    find   a   statement  second-feet   at   extreme   low    water   to   perhaps 

concerning  irrigation   in  Alberta,  printed  else-  40,000  second-feet  during  floods.    The  first  work 

where  in  this  issue,  an  announcement  of  panic-  will   be   the   construction   of   a  main    canal   20 

iilar  interest.     It  is  not  probable  that  the  mag-  miles   long,    60    feet   wide   on   the   bottom   and 

nitude  of  the  great  enterprise  of  the  Canadian  carrying  10  feet  of  water.     Some  85   miles  of 

Pacific   Railway  Company  for  the  reclamation  secondary  or  distributing  canals  have  also  been 

of  the  territory  east  of  Calgary  is  appreciated  located.     The  completion  of  this  portion  of  the 

even    in   Canada.     Contractors   making   a    spe-  project,  at  an  estimated  cost  of  about  $1,300,000, 

eialty  of  canal  construction  will  find  that  this  will  make  it  possible  to  irrigate  an  area  of  300,- 

work  is  one  of  the  largest  of  the  kind  ever  un-  000  acres  and  render  available  for  grazing  and 

dertaken.     In  more  senses  than  one  it  is  an  im-  dairy  farms  a  contiguous  area  of  about  400,000 

portant  enterprise,  for  it  will  be  of  much  tech-  acres.    If  this  portion  of  the  project  proves  suc- 

nical  interest,  it  will  add  a  large  tract  of  coun-  cessful,  the  main  canal  will  have  its  capacity 

try  to  the  arable  territory  of  the  Dominion  and  doubled,  several  large  natural  depressions  will 

it  will  be  carried  on  as  a  private  enterprise.  be  converted  into  storage  reservoirs  and  a  sec- 

The  tract  of  land   in  question    is  about   150  ond   canal   will   be   constructed   to    take   water 

miles  long  in  an  east  and  west  direction  and  from  the  Bow  River  about  80  miles  downstream 

60   miles   wide,   and   is  traversed   by  the   main  from   the  first   intake.     These  works  will  ren- 

line  of  the  Canadian  Pacific  Railway.     The  soil   '  der   about   1,500,000   acres  suitable   for  cultiva- 

is  flrst-class  and  during  most  seasons  furniehes  tlon  and  make  the  remaining  1,500,000  acres  of 


non-irrigated   land   suitable    for    grazing    and 
dairy  farms. 

An  enterprise  of  such  magnitude  has  rarely, 
if  ever  before,  been  undertaken  by  a  railway 
company  directly.  The  careful  manner  In  which 
it  has  gone  ahead  with  its  investigations  and 
prepared  its  plans  without  government  assist- 
ance and  subvention  is  refreshing.  For  this 
reason,  if  for  none  other,  it  is  to  be  hoped  that 
the  company's  undertaking  will  result  in  mak- 
ing a  large  area,  now  almost  entirely  devoted  to 
wandering  cattle,  the  highly  productive  seat 
of  a  large  and  prosperous  agricultural  popula- 
tion. 


The  Owensboro  Rate  Decision. 


If  any  doubt  has  existed  in  the  minds  of  The 
Engineering  Record's  readers  regarding  the 
views  of  the  United  States  Supreme  Court  con- 
cerning the  power  of  cities  to  fix  rates  for  car 
fares,  water  supply,  lighting  and  other  public 
services,  there  is  no  longer  any  reason  for  such 
uncertainty.  In  the  case  of  the  City  of  Owens- 
boro V.  Owensboro  Water  Works  Company,  it 
has  been  decided  without  any  dissenting  opin- 
ion, that  the  rate-making  power  lies  with  the 
city  authorities.  The  question  was  brought  di- 
rectly into  the  issue  between  the  parties  and 
answered  plainly.  On  account  of  its  great  im- 
portance, the  facts  of  the  case,  as  stated  by 
Judge  McKenna,  24  Sup.  Ct.  Rep.  82,  merit  care- 
ful scrutiny. 

The  Owensboro  Water  Company  was  incor- 
porated in  1876,  built  works  for  public  and  pri- 
vate supply  in  this  Kentucky  city,  and  operated 
them  under  an  ordinance  passed  by  the  city. 
In  1899  the  company  sold '  its  franchise  and 
plant  to  the  Owensboro  Water  Works  Company, 
after  the  city  had  passed  an  ordinance  approv- 
ing the  sale  and  had  granted  the  latter  com- 
pany a  twenty-flve  year  franchise  and  had  vest- 
ed it  with  all  the  rights  and  privileges  of  the 
original  corporation.  The  new  owners  spent 
large  sums  on  improvements  and  extensions  of 
the  plant. 

The  city  has  been  Incorporated  since  June, 
1893,  under  a  general  law  of  Kentucky  contain- 
ing the  following  clause:  "The  repfeal  of  any 
law  by  the  provisions  of  this  law  [the  charter] 
shall  not  in  anywise  be  so  construed  as  to  af- 
fect any  right  or  liability  acquired  or  accrued 
thereunder  by  or  on  the  part  of  the  city,  or  any 
persons  or  body  corporate.  This  law  shall  not 
in  any  manner  affect  any  right,  lien  or  liabil- 
ity accrued,  established  or  subsisting  under 
"and  by  virtue  of  previous  charters  or  amend- 
ments thereto,  or  ordinances  passed  thereun- 
der; but  such  right,  lien  or  liability  shall  be  en- 
forced and  such  action  or  proceeding  shall  be 
carried  on  in  all  respects  as  if  this  law  [the 
charter]  had  not  taken  effect;  nor  shall  this 
law  be  in  anywise  so  construed  as  to  affect  the 
right  or  liability  acquired  or  accrued  under 
previous  charters  or  amendments  thereto,  or 
ordinances  passed  thereunder  on  the  part  of  the 
city  or  any  persons  or  body  corporate." 

Prior  to  1893,  the  city  was  incorporated  un- 
der a  charter  giving  it  power  "to  make,  estab- 
lish and  regulate  wells,  cisterns,  reservoirs  and 
pumps,  and  to  provide  for  the  furnishing  of  the 
city  and  the  inhabitants  thereof  with  water  and 
gas."  The  corresponding  powers  under  the 
present  charter  are  expressed  as  follows  in 
Section  3,290  of  the  Kentucky  SUtutes:  "The 
common  council  .  .  .  shall,  within  the  limita- 
tions of  the  Constitution  of  the  State  and  this 
act,  have  power  by  ordinance  ...  to  provide 
the  city  and  the  inhabitants  thereof  with  water, 
light,  power,  heat  and  telephone  service  by  con- 
tract, or  by  works  of  its  own;  ...  to  make 
regulations  for  the  management  thereof,  and  to 
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fix  and  regulate  Uie  pric«8  to  private  consumers 
and  customers."  Under  this  provision  tue  city 
passed  an  ordinance  establishing  a  schedule  of 
rates,  which  the  company  has  since  endeavor- 
ed to  have  the  courts  reject  as  a  violation  of 
both  the  State  and  Federal  Constitutions.  The 
company  claims  that  it  would  be  compelled  to 
operate  its  plant  at  a  loss  were  such  rates  up- 
held. 

According  to  Judge  McKenna's  opinion,  the 
legality  of  such  an  ordinance  fixing  rates  can 
be  settled  by  a  consideration  of  a  single  one  of 
the  sections  of  the  contract  between  the  com- 
pany and  the  city.  By  it  the  company  was 
"given  power  and  authority  to  make  and  en- 
force as  a  part  of  the  condition  upon  which  it 
will  supply  water  to  its  consumers,  all  needful 
rules  and  regulations  not  inconsistent  with  the 
law  or  provisions  of  this  ordinance."  Atten- 
tion is  drawn  by  the  court  to  the  statement 
that  this  power  is  only  a  part  of  the  condition 
on  which  the  company  will  supply  water.  The 
other  part  is  manifestly  the  payment  of  rates, 
the  regulation  of  which  is  not  mentioned  in  the 
contract  directly.  This  strict  interpretation  of 
the  wording  of  the  section  seems  a  legal  quib- 
ble to  the  lay  mind,  but  it  is  really  of  little  im- 
portance in  the  light  of  another  portion  of  the 
court's  decision. 

It  will  be  noticed  that  the  contracts  must  not 
be  inconsistent  with  the  law.  A  number  of 
previous  decisions  of  the  Supreme  Court  are 
cited  to  show  that  this  means  not  only  the  law 
as  established  at  the  time  of  the  contract,  but 
also  the  law  as  it  might  become.  Particular 
attention  is  called  to  an  opinion  by  Chief  Jus- 
tice Waite  in  which  it  is  said:  "This  power 
of  regulation  [of  rates]  is  a  power  of  govern- 
ment, continuing  in  its  nature,  and  if  it  can  be 
bargained  away  at  all  it  can  only  be  by  words 
of  positive  grant,  or  something  which  is  in  law 
equivalent.  If  there  is  reasonable  doubt,  it 
must  be  resolved  in  favor  of  the  existence  of 
the  power." 

The  court  has  accordingly  decided  that  the 
present  charter  of  the  city  gives  it  power  to 
fix  rates  and  that  nothing  in  its  contract  with 
the  company  precludes  the  exercise  of  that 
power.  Ko  decision  is  passed  on  the  contention 
that  the  rates  fixed  by  the  city  are  unreason- 
able. This  depends  on  many  questions  of  fact 
and  of  values  to  which  the  lower  court  where 
the  case  was  first  tried  gave  no  attention  and 
on  which  It  expressed  no  judgment.  The  case 
has  accordingly  been  remanded  to  the  circuit 
court  for  such  proceedings. 

This  decision  is  one  which  is  bound  to  oper- 
ate injuriously  to  cities.  No  comment  is  neces- 
sary on  the  validity  of  any  decision  by  the 
highest  tribunal  of  the  country.  All  that  can 
be  done  is  to  point  out  its  effect  There  can  be 
but  one  result  of  such  a  decision  and  that  is  to 
deter  capital  from  undertaking  public-service 
works  which  are  highly  necessary.  Laying 
aside  the  fact  that  municipal  trading  Is  not  a 
success,  except  in  isolated  cases,  there  is  the 
strongest  need  in  most  cities  of  certain  works 
which  must  be  built  and  managed  by  private 
corporations.  There  are  few  cities  in  the  coun- 
try where  the  tax  limit  is  not  approximately 
reached  long  before  the  streets  are  properly 
built,  sewerage  systems  constructed,  schools 
equipped,  fire  and  police  departments  organized 
and  hospitals  established.  The  country  is  so 
new  that  It  will  be  many  years  before  the  es- 
sentials of  urban  life  are  provided  in  bC  suit- 
able manner.  For  this  reason  certain  classes 
of  public  service  must  be  turned  over  to  pri- 
vate control.  These  call  for  heavy  expendi- 
tures for  construction  and  operation,  and  capi- 
tal will  not  be  forthcoming  for  them  without  an 
assarmnce  of  its  security.    Anything  which  im- 


pairs this  security  tends  to  diminish  the  char- 
acter and  amount  of  service  such  companies 
will  render.  And  it  is  difficult  to  conceive  of  a 
cause  which  will  repel  capital  more  certainly 
than  a  law  that  makes  it  possible  for  one  party 
to  a  contract  to  change  its  conditions  at  will. 
The  fact  that  the  charges  a  city  can  establish 
must  be  just  improves  the  situation  very  lit- 
tle, for  if  a  company  must  always  be  ready  to 
go  to  law  to  establish  the  unjustness  of  rates 
proposed  by  a  city  council  it  will  be  perpetually 
on  the  anxious  seat.  Moreover,  the  opportun- 
ity for  the  wholesale  blackmail  of  public-ser- 
vice companies  which  this  decision  renders 
possible  is  unpleasant  to  contemplate. 


The  Concrete  Work  of  the  Buffalo  Break- 
water. 


The  Buffalo  breakwater  is  one  of  the  most 
important  interior  harbor  works  yet  completed 
under  the  supervision  of  the  Corps  of  Engi- 
neers, U.  S.  A.  This  arises  not  so  much  from 
the  magnitude  of  the  work  or  the  great  com- 
mercial interests  affected  by  it,  nor,  again, 
from  the  fact  that  the  harbor  protection  which 
it  affords  is  against  probably  the  most  severe 
exposure  on  the  Great  Lakes,  but  from  the  ra- 
tional development  exhibited  by  the  design 
of  the  works  during  the  different  stages  from 
inception  to  completion.  Boards  of  engineers 
and  engineer  officers  of  unusual  experience,  like 
Col.  Thos.  W.  Symons,  have  devoted  to  it  care- 
ful study  directed  by  continuous  experience 
with  the  conditions  under  which  the  work  has 
been  conducted  and  must  be  maintained.  In 
the  earlier  and  some  of  the  later  operations 
large  quantities  of  concrete  were  used  while 
the  latest  portions  of  the  work  exhibit  mounds 
of  excellent  cross-section  of  gravel  and  rock 
fragments. 

A  complete  statement  of  all  features  of  this 
work  and  its  various  stages  of  development  is 
set  forth  in  a  valuable  paper  by  Mr.  Emile  Low, 
printed  in  the  November  "Proceedings"  of  the 
American  Society  of  Civil  Engineers.  While 
there  are  a  number  of  features  of  this  notable 
work  worthy  of  extended  comment,  it  is  certain 
that  the  treatment  of  the  concrete  portion  Is  of 
unusual  interest. 

This  concrete  work  was  begun  in  1887,  when 
it  was  determined  to  remove  a  part  of  the  crib- 
work  partially  destroyed  by  a  storm  in  1886  and 
replace  it  with  a  combined  concrete  and  stone 
masonry  construction.  This  reconstruction 
contemplated  a  natural  cement  concrete  core 
covered  in  the  one  case  with  cut  stone  masonry 
and  in  the  other  with  Portland  cement  concrete 
about  3  feet  thick,  molded  in  place.  Sixteen 
years  ago  the  making  and  putting  in  place  of 
either  Portland  cement  concrete  or  natural  ce- 
ment concrete  was  in  its  infancy  compared 
with  concrete  practice  of  the  present  day,  al- 
though the  Intervening  period  is  in  reality  but 
a  short  one.  The  Portland  cement  then  avail- 
able was  of  foreign  manufacture  and  that  used 
in  the  present  case  was  an  English  product. 
The  concrete  was  mixed  and  handled  on  a  float- 
ing plant  subject  to  the  instability  caused  by 
waves.  The  proportions  employed  in  this  Port- 
land cement  concrete  were  closely  1  volume  of 
cement,  1  2/3  of  sand,  4%  of  pebbles  and  4% 
broken  stone,  giving  1  volume  of  cement  in  a 
total  volume  of  ingredients  of  nearly  12.  The 
natural  cement  used  for  the  interior  of  the 
masonry  mass,  protected  by  the  Portland  ce- 
ment or  stone  covering,  had  about  1  volume  of 
cement  in  a  total  of  15  volumes.  Both  of  these 
concretes  are  far  from  being  rich;  Indeed  they 
are  decidedly  lean  mixtures,  but  even  at  that 
time  the  advantage  of  a  well  balanced  mass 
was  apparent  to  th«  responsible  engineer  of  the 


work.  Voids  between  the  broken  stone  were 
well  filled  by  the  pebbles,  although  it  is  doubt- 
ful whether  the  cement  filled  the  remaining 
voids.  It  was  a  well  considered  though  lean 
mixture  and  the  results  Justified  the  judgment 
exercised  in  balancing  the  materials.  The  de- 
tails of  the  mixing  were,  however,  not  such  as 
are  commonly  employed  at  the  present  time. 
The  cement  was  mixed  wet  into  a  rough  paste 
on  the  platform,  after  which  the  pebbles  were 
first  thrown  into  a  receiving  box  for  the  con- 
crete ingredients,  then  the  sand  and  cement 
paste  were  thrown  in  together,  after  which  the  ■ 
broken  stone  was  added.  The  whole  mass  was 
then  treated  to  five  to  ten  revolutions  of  a  cubi- 
cal mixer. 

It  is  in  reality  a  matter  of  little  consequence 
whether  the  first  contact  of  the  different  ingre- 
dients is  in  a  dry  or  wet  state,  provided  the 
whole  is  given  sufficient  admixture,  although 
the  present  practice  is  in  the  direction  of  as- 
sembling the  ingredients  dry.  Five  to  ten  rev- 
olutions of  the  cubical  mixer  would  be  consid- 
ered scarcely  satisfactory  now,  when  twenty 
such  revolutions  are  not  uncommon.  The  cost 
of  this  concrete,  made  by  the  labor  forces  of 
the  engineer  officers  In  charge,  was  |6.77  per  cu- 
bic yard  for  the  Portland  cement  and  $5.62  for 
the  natural  cement  concrete.  This  Included 
only  the  cost  of  the  materials  and  the  labor  re- 
quired in  handling  them. 

The  next  portion  of  the  work,  practically  a 
continuation  of  that  first  undertaken,  was  exe- 
cuted by  molding  concrete  blocks  and  then  put- 
ting them  in  place,  and  it  was  done  in  1888. 
The  ingredients  of  these  concrete  blocks  were 
about  in  the  proportion  of  1  volume  of  cement, 
1  1/3  of  sand,  4  of  pebbles  and  4  of  broken 
stone,  making  a  total  of  about  1  volume  of  ce- 
ment in  the  total  of  10  1/3  of  ingredients.  The 
process  of  mixing  this  concrete  was  practically 
the  same  as  that  employed  for  the  concrete 
work  of  the  preceding  year.  This  concrete  was 
materially  richer  than  that  employed  at  first 
and  the  total  cost,  including  the  material,  labor 
and  molds  was  estimated  at  $11.29  per  cubic 
yard  of  Portland  cement  concrete. 

The  difficulties  attending  the  prosecution  of 
such  work  on  a  floating  plant  prompted 
a  change  of  plan  in  that  used  for  producing  and 
putting  in  place  the  next  lot  of  concrete,  espe- 
cially after  the  heavy  wind  storm  of  1889, 
which  was  the  most  severe  ever  known  at  Buf- 
falo. The  force  of  this  storm  is  indicated  by 
the  fact  that  346  of  the  manufactured  concrete 
blocks,  each  weighing  IM-  tons,  were  washed 
overboard  from  the  banquettes  of  the  break- 
water. Pile  platforms,  each  about  90  feet  square, 
were  built  at  suitable  points  immediately  ad- 
jacent to  the  work  and  measures  were  adopted 
to  mold  the  concrete  in  place.  The  proportions 
on  which  the  production  of  the  concrete  were 
based  remained  the  same  as  for  the  blocks 
made  in  1888,  viz.:  1  volume  of  cement  in  about 
10  1/3  total  volumes  of  the  ingredients.  The 
cost  of  this  concrete  mass  proved  to  be  |9.12 
per  cubic  yard  for  material  and  labor.  The  in- 
creased richness  of  the  mixture  is  made  appar- 
ent by  the  increased  price  over  that  of  the  flr.st 
Portland   cement  concrete  made. 

Further  work  involving  the  fabrication  of 
concrete  blocks  was  done  in  1890  and  1891  and 
the  Improvements  in  the  plant  prompted  by 
previous  experience  showed  Its  effect  in  the  re- 
duced cost  during  those  two  years,  which  was 
18.21  per  cubic  yard  as  against  |9.12  In  1889. 

In  1898  andl899  additional  concrete  work  was 
recommended  and  begun  by  Major  Thomas  W. 
Symons,  who  was  the  engineer  officer  in  charge 
of  all  the  remaining  work  up  to  a  few  months 
ago.  The  operations  involving  the  use  of  con- 
crete covered  the  displacement  of  the  worn-out ' 
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timber  superstructure  by  a  new  superstructure 
consisting  of  an  interior  space  filled  with  rub- 
ble, completely  covered  by  a  monolithic  Port- 
land cement  concrete  structure  molded  in  place, 
American  Portland  cement  being  employed. 
The  monolithic  concrete  exterior  rested  on  con- 
crete blocks  having  the  composition  of  1  volume 
of  cement,  2  volumes  of  sand  (one  of  which  was 
of  fine  screenings  from  the  stone  crusher),  2 
volumes  of  gravel  and  2  volumes  of  broken 
stone,  making  a  composition  containing  1  vol- 
ume of  cement  to  a  total  of  7  volumes  of  in- 
gredients. The  monolithic  concrete  shell  de- 
posited in  place  had  a  little  different  composi- 
tion, 1  volume  of  cement,  2  volumes  of  sand 
(one  of  which  was  of  fine  screenings  from  the 
stone  crusher),  2  volumes  of  gravel  and  3  vol- 
umes of  broken  stone,  making  1  volume  of  ce- 
ment to  a  total  of  8  volumes  of  ingredients.  In 
this  construction  of  1899  and  1900,  the  last  con- 
crete of  the  entire  work,  the  sand  and  cement 
were  mixed  dry  and  thrown  into  the  mixer  with 
the  dry  pebbles  and  broken  stone,  the  cubical 
mixer  still  being  used  with  a  hollow  shaft  to 
admit  the  requisite  water.  In  this  latest  work 
the  number  of  turns  of  the  mixer  was  15  to  18 
instead  of  about  half  that  number,  as  in  the 
first  concrete  made. 

These  gradual  developments  in  the  concrete 
production  at  Buffalo  are  instructive,  and  ex- 
hibit the  progressive  character  of  the  engi- 
neering management.  The  extremely  lean  con- 
crete of  the  earlier  work  gradually  changed  un- 
til the  last  proportions  employed  nearly  doubled 
the  amount  of  cement  introduced  in  a  cuMc 
yard  of  the  final  material.  The  proportion  of 
1  volume  of  cement  to  7  or  8  volumes  of  the 
total  well  balanced  ingredients  Is  probably  a 
little  richer  than  is  needed  in  most  concrete 
construction,  but  it  probably  will  not  yield  a 
stronger  material  than  is  required  in  the  ex- 
posed Buffalo  breakwater. 

The  excellent  feature  of  a  well-balanced  mix- 
ture has  characterized  all  of  this  concrete  pro- 
duction, and  during  1899  and  1900  the  improved 
practice  of  using  fine  crusher  screenings  for 
half  of  the  sand  is  also  found.  This  is  highly 
interesting  in  being  abreast  of  the  best  con- 
<-rete  practice  of  the  present  day  on  other  works 
of  equal  magnitude  and  importance,  and  is 
commended  to  the  careful  consideration  of  the 
committee  of  the  Merchants'  Association,  who 
have  been  considerably  exercised  over  the  use 
of  fine  crusher  screenings  at  the  Jerome  Park 
reservoir  in  the  City  of  New  York. 

It  does  not  appear  in  Mr.  Low's  paper  that 
the  latest  practice  of  using  a  wet  concrete  was 
employed  in  this  work.  As  ramming  is  con- 
stantly referred  to,  it  is  to  be  assumed  that  the 
concrete  mixtures  employed  were  rather  dry 
than  wet.  With  the  leanness  of  the  earlier  mix- 
tures it  is  probable  that  somewhat  better  re- 
sults might  have  been  reached  with  a  greater 
degree  of  wetness  and  more  turns  of  the  cubical 
mixer. 


Highway  Construction  in  Maryland. 


The  third  annual  report  of  the  Highway  Di- 
vision of  the  Maryland  Geological  Survey  is  one 
of  the  most  encouraging  documents  of  the  kind 
that  has  been  received  in  a  long  time.  It  is 
evident  on  careful  reading  of  its  interesting 
pages  that  there  has  been  aroused  in  that  state 
an  appreciation  of  the  value  of  well-built  roads 
and  of  the  proper  methods  of  carrying  on  the 
improvement  of  highways,  which  will  have  a 
lasting  influence.  Of  all  the  states  where  such 
work  has  been  undertaken,  Maryland  was  con- 
sidered by  some  usually  competent  judges  to 
be  that  in  which  there  was  the  least  chance  of 
success.     The  Engineering  Record  never  held 


this  view.  A  state  which  years  ago  had  as  fine 
highways  as  the  country  could  show,  where 
the  value  of  good  roads  is  quickly  demonstrated 
by  a  few  samples  in  each  county,  which  is  peo- 
pled by  inhabitants  whose  pride  in  their  beau- 
tiful landlstraditional,issurely  one  which  needs 
only  the  incentive  of  tactful  work  by  a  few  com- 
petent and  enthusiastic  men  to  place  the  build- 
ing of  good  roads,  on  a  satisfactory  basis.  It  is 
no  longer  possible  to  doubt  the  success  of  the 
last  three  years'  work  by  the  Geological  Sur- 
vey. When  sufllcient  interest  has  been  aroused 
for  people  to  come  forward  with  private  sub- 
scriptions to  help  out  public  appropriations  for 
such  improvements  there  is  little  chance  for  ar- 
gument concerning  the  opinion  of  Maryland 
on  this  subject.  Such  subscriptions  have  been 
neither  few  in  number,  nor  confined  to  a  single 
county,  which  indicates  the  widespread  interest 
in  the  subject. 

Now  that  the  people  of  the  state  have  fairly 
embarked  on  the  project  of  improving  their 
roads,  questions  naturally  arise  concerning  the 
best  method  of  conducting  such  work.  If  the 
experience  elsewhere  is  worth  anything,  and  it 
certainly  is  of  much  value,  the  surest  way  to 
obtain  a  cordial  co-operation  of  all  taxpayers  Is 
to  build  in  every  place  where  many  people 
gather  from  the  surrounding  country  a  short 
section  of  road  of  a  character  suitable  for  use 
elsewhere  in  the  vicinity.  These  short-  sec- 
tions serve  as  models,  which  all  in  the  neigh- 
borhood have  an  opportunity  to  observe  in  good 
and  bad  weather.  They  demonstrate  better 
than  any  amount  of  argument  and  any  number 
of  reports  the  value  of  the  services  a  highway 
engineer  can  render.  The  best  and  most  eco- 
nomical method  of  securing  such  model  roads  is 
to  have  them  constructed  under  the  supervision 
and  control  of  some  central  authority,  like  the 
Geological  Survey  in  Maryland.  In  this  way 
it  will  be  assured  that  each  piece  of  work  will 
be  done  not  only  without  unnecessary  expense, 
but  also  in  the  manner  best  adapted  to  the  con- 
ditions and  materials  of  the  vicinity.  After  a 
rather  close  watch  on  the  construction  which 
the  Maryland  Geological  Survey  has  been  carry- 
ing on.  The  Engineering  Record  is  of  the  opin- 
ion that  its  work  in  the  past  gives  conclusive 
proof  of  its  ability  to  conduct  this  model  road 
building  in  a  particularly  good  manner.  The 
work  should  be  largely  paid  for  by  the  state, 
and  for  this  reason,  also,  it  is  proper  for  a 
state  organization  to  be  in  charge  of  It. 

These  model  roads  are  by  no  means  the  only 
opportunity  for  instruction  of  which  advantage 
should  be  taken.  It  has  been  found  in  other 
states  that  much  good  will  result  from  the 
hearty  co-operation  of  the  county  authorities 
with  the  oflJcial  or  officials  in  charge  of  state 
highways.  In  the  report  under  consideration 
there  is  abundant  proof  that  the  people  In 
many  sections  of  Maryland  have  become  aware 
of  the  value  of  trained  engineering  supervi- 
sion of  road  work.  It  has  been  foiind  in  that 
state,  as  other  states  have  learned  before,  that 
better  results  are  obtained  by  allotting  the  funds 
raised  for  highways  for  certain  definite  im- 
provements and  putting  the  work  under  some- 
one able  to  secure  really  good  results  for  the 
money.  It  is  impossible  to  mix  politics  inti- 
mately with  such  undertakings  and  secure  good 
results.  Road  construction  is  apparently  one 
of  the  simplest  classes  of  public  work;  to  the 
observer  it  seems  to  involve  only  grading, 
dumping  broken  stone  or  gravel  on  the  graded 
surface  and  then  sprinkling  and  rolling.  But 
it  really  requires  a  large  amount  of  experience 
and  a  wide  acquaintance  with  the  properties  of 
different  materials.  It  needs  a  knowledge  of 
the  amount  of  work  each  healthy  laborer 
should  do  per  day  and  of  the  capacity  of  ma- 


chinery when  well  handled.  Every  state  where 
such  work  has  been  carried  on  under  the  su- 
pervision of  state  officials  can  furnish  Instances 
of  the  great  loss  in  time  and  money  which  has 
resulted  through  the  well-meaning  attempts  of 
Inexperienced  people  to  undertake  good  road 
building.  If  Maryland  will  only  investigate 
what  has  been  done  in  other  sections  of  the 
country  and  will  only  learn  by  enquiry  how 
much  money  has  been  lost  in  the  manner  indi- 
cated, there  can  be  no  question  but  what  It  will 
strengthen  the  power  In  the  hands  of  its  Geo- 
logical Survey  and  place  the  supervision  of 
construction  of  state-aid  roads  under  its  charge. 
The  work  has  been  so  successful  up  to  date  that 
it  is  to  be  hoped  no  step  will  be  taken  which 
will  diminish  rather  than  increase  the  influence 
of  the  bureau  which  is  largely  responsible  for 
the  success.  The  same  observation  holds  true 
of  the  county  road  improvements.  Their  suc- 
cess will  depend  on  the  degree  to  which  they 
are  placed  in  charge  of  trained  men.  It  Is  not 
a  question  of  politics  at  all,  for  the  money 
raised  by  the  taxpayers  should  be  spent  for 
good  roads  and  not  to  bolster  up  somebody's 
political  fences.  It  makes  no  difference  who 
builds  the  roads  so  long  as  they  are  well  built, 
and  it  would  be  the  highest  type  of  political 
strategy  for  a  man  of  influence  to  throw  the 
weight  of  his  prestige  toward  the  construction 
under  trained  men  of  just  as  many  miles  of 
good  roads  as  the  county  can  afford.  The  ex- 
perience of  the  last  three  years  in  the  state  has 
shown  that  more  returns  from  the  same  sum 
are  secured  when  the  work  is  done  under  ex- 
perienced men  than  under  the  old  system,  and 
those  who  take  advantage  of  this  fact  and  make 
it  part  of  their  platform  are  shrewd.  It  is  in 
this  sense  only  that  politics  should  mix  with 
the  construction  of  Improved  highways. 


Notes  and   Comments. 


Lock  No.  9  on  the  Kentucky  River  was  tested 
successfully  on  December  3.  The  contract  for 
the  lock  and  the  dam  was  taken  by  the  Sheri- 
dan-Kirk Contract  Company  in  June,  1901,  and 
while  it  is  not  yet  finished  vessels  can  use  the 
!ock  when  absolutely  necessary.  Concrete  has 
been  used  for  the  masonry  and  the  gates  are 
steel.  The  work  is  under  the  charge  of  Lieut. 
Col.  E.  H.  Ruffner. 

Double-Track  Cur\-es  for  single-track  roads 
have  been  adopted  on  the  electrical  railways  of 
the  Appleyard  Syndicate.  According  to  the 
"Street  Railway  Journal,"  great  attention  has 
been  paid  to  securing  the  longest  possible  tan- 
gents on  these  lines,  and  with  high-power  head- 
lights the  chances  of  a  collision  on  the  straight 
track  are  very  slight.  The  use  of  double  tracks 
on  the  curves  is  comparatively  inexpensive,  as 
the  lines  are  built  mainly  on  private  right  of 
way. 

Rock-Cbusher  Dust  is  to  be  allowed  in  the 
concrete  for  the  new  masonry  dry-dock  at  the 
Brooklyn  Navy  Yard.  As  the  controversy  over 
the  use  of  this  material  for  mortar  and  con- 
crete is  attracting  so  much  attention  among 
engineers,  the  clause  in  the  specifications  cov- 
ering the  use  of  dust  is  here  reprinted:  "Fine 
crushed  granite  trap,  gneiss  or  other  hard,  dur- 
able rock  screenings  acceptable  to  the  civil  en- 
gineer in  charge  may  be  used  in  lieu  of  sand 
[for  mortar  and  concrete]  where  the  latter  is 
specified.  Crushed  granite  screenings  or  sili- 
ceous gravel  not  exceeding  ^  Inch  in  any  di- 
rection shall  also  be  used  for  granolithic  as 
hereinafter  specified.  The  screenings  shall  in- 
clude all  chips  and  dust  which  pass  a  l^-lnch 
screen,  provided  that  not  over  30  per  cent,  by 
weight  shall  pass  a  screen  of  2,500  meshes  to 
the   square   inch." 
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Plant  of  the  Columbus  Power  Company, 
Columbus,  Georgia. 

Tlie  city  of  Columbus,  Ga.,  is  an  example  of  a 
thriving  municipalit)-  which  owes  its  existence 
Tery  largely  to  the  natural  advantage  of  prox- 
imity to  a  large  water-power.  It  is  located  in  a 
fertile  cotton  region  and  at  the  head  of  navi- 
gation on  tne  Chattahoochee  River,  and  has  on 
that  account  a  leading  cotton  shipping  busi- 
ness; it  also  stands  opposite  a  remarkable 
series  of  shoals  in  the  river  carrying-  a  large 
amount  of  water.  The  Chattahoochee  River 
drains  a  watershed  of  something  like  3,500 
square  miles,  and  while  it  has  the  disadvantage 
common  to  moet  of  the  rivers  of  this  section 
that  it  must  pass  great,  quick-rising  floods,  it 
possesses  a  low-water  flow  that  Has  encouraged 
several  comparatively  large  power  develop- 
ments. Its  channel  for  a  long  distance  ap- 
proaching Columbus  is  lined  wivn  precipitous 
rock  banks  confining  the  water  in  a  way  that 
causes  quick  changes  of  level,  but  otherwise 
favors  impounding  the  .water  for  successive 
utilization  or  periodic  storage.  For  a  distance 
of  34  miles  above  Columbus,  that  is,  to  West 
Point,  Ga.,  the  power  possibilities  of  the  river 
may  t>e  apprehended  from  the  fwct  that  in  this 
stretch  there  is  a  fall  of  362  feet,  120  feet  of 
this  occurring  in  the  last  four  miles  above 
navigable  water.  This  last  fall  is  distributed 
in  a  number  of  shoals  which  have  long  been 
harnessed  to  a  greater  or  less  extent,  notably 
by  the  Eagle  &  Phenix  Mills.  The  low-water 
flow  is  probably  1,000  cubic  feet  per  second,  so 
that  there  are  available  in  the  immediate  vi- 
cinity of  the  city  for  the  120-foot  fall,  some  13,- 
5o0  gross  horse-power.  The  average  power,  how- 
ever, for  the  four  miles  of  river  in  question 
would  seem  to  be  about  75,000  gross  horse- 
power, this  calculation  based  on  observationg 
made  at  West  Point  for  the  State  geologist  un- 
der the  direction  of  Mr.  B.  M.  Hall,  hydrograph- 
er,  during  1896,  which  was  a  dry  year. 
These  figures,  compiled  in  a  bulletin  issued  by 
the  Geological  Survey  of  Georgia,  indicate 
that  the  average  flow  for  that  year  was  about 
■1,660  cubic  feet  at  West  Point,  or,  allowing  18 
per  cent,  increase  for  the  tributary  streams  be- 
tween the  two  places,  about  5,500  cubic  feet  at 
Columbus.  The  flood  water  is  sometimes  nine- 
ty times  greater  than  the  low  water. 

The  power  plant  that  is  the  subject  of  this 
description  was  built  by  the  Columbus  Power 
Company  to  furnish  electric  power  for  public 
sale  and  to  drive  a  mill  constructed  on  the 
Georgia  bluff  of  the  river.  The  plant,  which 
has  been  in  operation  for  about  three  years,  is 
located  at  a  shoal  known  as  l^overs'  Leap,  just 
beyond  the  limits  proper  of  Columbus,  and  it 
was  planned  to  obtain  a  head  of  40  feet,  so  that 
when  there  Is  a  multiplicity  of  plants  on  the 
river  above  it  or  the  number  of  storage  dams 
are  sufficient  to  regulate  the  discharge  of  the 
river,  an  average  of  25,000  horse-power  can  be 
approached.  The  development  Is  of  the  class 
in  which  the  power-house  is  located  at  one  end 
of  the  dam,  so  that  the  forebay  Is  impounded  by 
the  dam  and  power-house  structure  and  no 
penstocks  are  necessary.  This,  however,  ap- 
plies to  the  main  power-house  or  power-house 
No.  1.  The  power  utilization  for  driving  the 
mill  has  been  made  without  employing  elec- 
tricity, the  power  delivered  by  the  wheel.-  being 
transmitted  to  the  mill  by  means  of  a  rope 
drive.  The  power-house  for  this  purpose.  No. 
2.  Is  located  a  short  distance  downstream  from 
power-house  No.  1,  and  is  supplied  with  pres- 
sure water  by  means  of  penstocks  let  through 
the  bullchead  wall,  which  extends  from  house 
No.  1  to  the  river  t>ank.  In  both  cases  tail 
water  Is  discharged  Into  the  excavated  river 
bed  beneath  the  houses  and  reaches  the  main 


current  a  short  distance  below,  the  Uiil  race 
channel  being  separated  from  the  main  stream 
by  a  wing  wall  formed  by  the  rock  excavation 
from  the  tail  race.  Power-house  No.  1  is  de- 
signed to  develop  8,900  horse-power  in  six  units 
and  No.  2  about  3,000  horse-power,  mainly  in 
two  units.  Half  of  each  installation  is  in  place. 
The  dam  is  an  interesting  structure  of  boul- 
der concrete  masonry  with  a  cut  stone  spillway 
surface.  It  stands  at  an  average  of  about  33.5 
feet  above  the  stream  bed,  bringing  its  crest 
to  elevation  13S.5  and  it  has  a  length  of  975  feet 
8  inches  with  a  rollway  727  feet  8  inches  long. 
The  dam  was  first  built  with  a  trapezoidal  sec- 
tion carrying  flashboards  at  the  lop,  but  dur- 
ing an  unprecedented  flood  on  December  29, 
1901,  when  the  water  rose  10  feet  2  inches 
above  the  level  of  the  top  of  the  flashboards, 
two  portions  gave  way  and  the  dam  was  subse- 
quently rebuilt  without  flashboards  in  accord- 
ance with  the  cross-section  given  in  an  accom- 
panying drawing.  The  outline  of  the  original 
dam  is  Indicated  in  the  drawing,  carrying  the 
masonry  to  the  former  level  of  the  flashboards, 
a  new  spillway  was  added  and  the  dam  has  now 
a  depth  at  the  bed  of  the  stream  of  41  feiet  C 
inches  as  against  23  feet  6  Inches,  the  depth  of 
the  old  dam.  The  downstream  surface  has  a 
batter  of  9',i  inches  per  foot,  while  for  the 
former  dam  it  was  steeper,  being  6  inches  per 
foot.     The  rollway  has  a  curved  surface  of  ap- 


smaller  opening  for  the  exciter  units  and  a 
large  opening  for  the  penstocks  leading  to 
power-house  No.  2.  The  openings  in  the  bulk- 
head for  power-house  No.  1  are  short  flumes 
or  chambers  in  which  are  set  the  turbines,  and 
the  back  end  of  each  of  these  wheel  chambers 
is  closed,  as  usual  in  plants  of  this  type,  with  a 
heavy  plate  or  cover  of  cast-iron  and  steel,  on 
the  other  side  of  which  is  the  main  generator 
room.  The  powerhouse  proper  Is  tluis  really 
located  immediately  beyond  the  bulkhead  con- 
taining the  wheel  chambers  and  spans  the  be- 
ginning of  the  tail-race,  into  which  the  wheels 
discharge  by  draft  tubes  inclined  through  the 
masonry  of  the  bulkhead  from  the  wheel  cham- 
bers. The  interior  view  of  the  station  thus 
shows  a  row  of  alternators,  which  are  direct- 
connected  to  the  wheels,  and  presents  an  un- 
usually pleasing  aspect  owing  to  the  uniformity 
of  apparatus  and  the  general  interior  finish. 
The  walls  above  the  windows,  which  are  un- 
usually large  for  a  water-power  plant,  are  of 
brick  and  the  upper  parts  are  painted  white, 
the  lower  parts  and  the  inner  side  of  the  roof 
are  painted  drab,  and  the  steel  members  of  the 
roof  trusses  are  black.  At  the  middle  of  the 
station  there  is  an  extension  43  Vi  feet  wide, 
giving  the  room  at  the  center  a  widtn  of  45 
feet.  This  was  provided  for  the  switchboard  on 
the  main  floor,  switching  apparatus  below  and 
lightning    arresters    and    other    devices    above, 


Columbus  Power  Plant  at  Left;   Mill  Plant  at  Right. 


proach,  on  a  5 Mi-foot  radius,  which  runs  into 
a  surface  leading  to  the  downstream  fall,  hav- 
ing a  radius  of  16%  feet  at  the  crest  and  of  34 
feet  beyond.  The  rock  is  granite,  quarried 
largely  from  the  river,  the  pieces  varying  in 
size  from  spalls  to  5  cubic  yards.  The  large 
stones  were  placed  In  the  concrete  with  not  less 
than  4  inches  of  concrete  between  the  boul- 
ders. The  concrete  was  made  in  the  following 
proportions:  3  parts  sand;  1  part  Atlas  Port- 
land cement;  5  parts  broken  stone  not  larger 
than  Zi/Ct  Inches  in  diameter.  It  will  be  noticed 
that  the  crest  of  the  rollway  Is  of  concrete  and 
here  a  richer  mixture  of  1:2:4  was  used. 

Power-house  No.  1  is  137  feet  long  and  52 
feet  wide  and  stands  at  the  end  of  the  dam  at 
an  angle  of  103  degrees  with  it.  It  rests  on 
heavy  stone  masonry  foundations,  the  upstream 
portions  of  which  form  the  heavy  bulkhead 
which  is  continued  beyond  the  power-house  into 
the  river  bank.  This  bulkhead  Is  pierced  by 
the  six  openings  for  the  six  units  which  will 
form  the  ultimate  installation  of  the  plant,  a 


where  the  transmission  lines  leave  the  build- 
ing. The  roof  is  of  the  ridge  form  with  a  hip 
over  the  switchboard  addition,  and  monitors 
are  provided  for  both  the  main  and  hip  roofs. 

The  bulkhead  is  31  feet  thick  from  the 
stream  bed  to  the  level  of  the  wheel  chambers. 
Alx)ve  this  it  is  21  feet  thick  and  on  the  ledge 
of  10  feet  remaining  are  erected  the  racks  and 
gates  controlling  the  flow  of  water  to  the  wheel 
chambers.  The  rack's  are  of  the  usual  con- 
struction supported  on  a  framework  of  I-beams, 
giving  the  racks  an  inclination  of  about  12  de- 
grees with  the  vertical.  The  wheel  chambers 
have  a  depth  equal  to  the  width  of  the  upper 
part  of  the  bulkhead,  21  feet,  and  are  built 
with  concrete  floors,  stone  walls  wnd  brick  roof 
arches  2  feet  thick  on  a  6-foot  radius.  The 
gates  to  the  entrance  of  the  wheel  chambers 
are  of  planking  and  are  lifteo  ny  hand  by 
means  of  a  rack  and  pinion.  The  gates  have 
cast-iron  guides,  bolted  through  the  masonry 
to  the  cast-iron  head  at  the  downstream  end  of 
the  wheel  chambers. 
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Each  of  the  main  wheel  chambers  contains  a 
pair  of  horizontal  39-inch  Hercules  turbines 
made  by  the  Holyoke  Machine  Company.  They 
discharge  into  the  same  draft  tube.  The  cen- 
ter of  the  wheels  is  15  feet  below  normal  head 
water  level  and  25  feet  above  normal  tail-water 
level.  Under  the  total  head  of  40  feet  each  pair 
of  wheels  develops  1,484  horse-power  at  200 
revolutions  per  minute.  Each  draft  tube  is 
1%  feet  in  diameter  at  the  turbine  casing  and 
expands  to  10  feet  at  the  discharge  end.  It  is 
embedded  in  concrete  in  the  bulkhead  wall,  but 
the  exposed  surfaces  of  the  masonry  are  faced 
with  brickwork  which,  as  indicated  in  the  ac- 
companying drawings,  is  partly  in  the  form  of 
a  horizontal  arch  in  the  discharge  chamber, 
that  is  to  say,  an  arch  of  which  the  elements 
are  vertical.  The  discharge  chamber  in  each 
case  is  16  feet  wide  and  has  a  brick  arched 
roof  carried  by  piers  4  feet  thick.  The  piers 
and  the  arches  support  the  floor  and  machinery 
in  the  generator  room.  On  the  assumption  of 
80  per  cent,  efficiency  in  the  turbines,  it  will 
be  seen  that  410  cubic  feet  of  water  are  passed 


of  turbines.  To  the  governed  alternator  a 
Queen  recording  tacheometer  is  attached,  this 
as  a  safequard  in  the  question  of  speed,  as 
most  of  the  motors  driven  by  the  station  are  of 
the  synchronous  type.  Both  generators  are 
started  a  little  before  6  A.  M.  and  one  is  shut 
down  at  5:30  P.  M.,  and  the  other  at  11  P.  M. 
During  the  noon  hour  one-half  to  two-thirds  of 
the  load  is  dropped  and  a  similar  drop  takes 
place  at  5:30  P.  M.,  if,  when  the  mills  close, 
a  few  of  the  mills  are  run  overtime;  other- 
wise the  load  drops  to  one-sixth,  being  largely 
a  demand  for  lighting. 

There  are  two  exciters  each  directly  con- 
nected to  a  single  18-inch  Hercules  wheel  located 
in  a  chamber  4  feet  wide  at  the  ena  of  the  sta- 
tion nearest  the  dam.  Each  exciter,  which  is 
of  the  Eddy  design,  has  a  capacity  of  60  kilo- 
watts at  75  volts  running  at  450  revolutions  per 
minute.  They  are  at  present  operated  at  60 
volts  and  each  generator  takes  at  the  present 
normal  running  from  70  to  80  amperes  for  the 
field  current.  During  May  the  output  of  this 
plant  was  about  1,350  kilowatts,  so  that  power 


View  of  the  Dam  in  Process  of  Reconstruction.     (Looking  from  Georgia  into  Alabama.) 


per  second,  which  gives  a  velocity  of  flow  into 
each  wheel  chamber  of  3%  feet  per  second  and 
through  each  draft  tube  from  9>4  to  5.2  feet 
per  second.  The  bottom  of  the  discharge  cham- 
ber was  excavated  to  give  a  depth  of  water  un- 
der normal  conditions  in  the  tail-race  of  10  to 
15  feet. 

Each  pair  of  wheels  is  direct-connected  to  a 
two-phase  alternator  built  by  the  Stanley  Elec- 
tric Manufacturing  Company.  At  present  three 
of  these  are  installed.  Each  machine  has  a 
rated  capacity  of  1,080  kilowatts  at  0,000  volts 
and  driven  at  200  revolutions  gives  current  at 
7,200  alternations  per  minute.  Each  is  joined 
to  the  wheel  shaft  by  a  flexible  leather  coup- 
ling of  the  star  shape.  Under  present  demands 
two  of  the  machines  sufllce,  leaving  the  third 
as  a  reserve.  Ordinarily  one  of  the  units  is  run 
under  constant  gate  at  the  turbine,  while  the 
other  is  controlled  by  a  governor  made  by  the 
Scbenck  Governor  Company,  of  Meriden,  Conn., 
which  takes  up  the  variations  of  the  load  by 
means  of  gate  movements  on  the   second  pair 


required  for  the  field  is  less  than  1  per  cent, 
of  the  total.  The  modest  requirement  of  energy 
for  the  field  is  in  part  due  to  the  fact  that  the 
load  is  nearly  all  of  synchronous  motors,  except 
for  some  lighting.  The  comparatively  few 
asynchronous  motors  in  use  are  small  and  do 
not  cause  a  noticeably  lagging  load.  The  ex- 
citers are  operated  under  the  control  of  me- 
chanical governors.  The  main  generators  have 
an  efficiency  of  96.4  and  96.5  per  cent,  and  it 
is  stated  that  the  temperature  rise  in  the  arm- 
ature coils  has  never  been  more  than  15  degrees 
above  that  of  the  room.  This  statement  applies 
to  a  case  where  the  load  was  seven-eighths  of 
the  rated  and  the  room  temperature  99  degrees. 
The  generator  room  Is  served  by  a  10-ton  hand 
power  traveling  crane  built  by  Chisholm  & 
Moore,  of  Cleveland,  and  running  the  entire 
length  of  the  room. 

One  of  the  interesting  points  in  connection 
with  the  hydraulic  equipment  is  the  provision 
made  for  operating  one  of  the  flood  gates  In  the 
dam   by   means  of  oil  under  pressure.     Above 


the  flood  gate  there  is  attached  to  the  dam  an 
hydraulic  lift  which  consists  of  a  large  heavy 
cylinder  and  piston  for  lifting  and  lowering 
the  flood  gate  by  hydraulic  pressure.  The  cyUn- 
der  has  an  inside  length  of  8  feet  10  inches, 
diameter  of  15  inches  and  walls  of  2%  inches 
thickness  and  each  head  is  connected  by  pip- 
ing carried  along  the  top  of  the  upstream  face 
of  the  dam  to  the  power-house.  The  piston  car- 
ries a  rod  which  is  attached  to  the  gate.  Black 
Virginia  oil  is  used,  oil  rather  than  water, 
so  that  difficulties  due  to  freezing  are  obviated. 
The  system  is  designed  for  750  pounds  pres- 
sure and  the  piping  is  extra  heavy  with  malle- 
able fittings.  Pressure  is  maintained  by  a  Stll- 
well-Bierce  lx6-inch  triplex  pump  belt  driven 
from  one  of  the  exciter  units. 

One  of  the  features  of  the  plant  is  the  ar- 
rangement of  the  switchboard.  When  entirely 
completed  this  will  consist  of  ten  marble  slabs 
erected  to  form  three  sides  of  a  polygon,  so 
that  the  switchboard  attendant  standing  to- 
ward the  center  of  the  polygon  can  readily  see 
all  panels  from  the  one  position.  Two  sides  of 
the  polygon  are  at  present  Installed  and  when 
the  remaining  three  alternators  are  in  place 
the  third  section  will  be  erected.  Another  of 
the  valuable  features  of  the  plant  is  the  pro- 
vision of  large  cement-lined  conduits  under  the 
floor  of  the  station  for  the  passage  of  conduct- 
ors. These  are  virtually  tunnels  running 
lengthwise  of  the  building,  one  under  the  gen- 
erator room  and  the  other  under  the  switch- 
board ell,  both  painted  white,  lighted  by  incan- 
descent lamps  and  almost  large  enough  for  a 
man  to  walk  through.  The  wires  and  cables  are 
neatly  arranged  on  supports,  which  are  creosot- 
ed  wood  easily  distinguished  against  the  white 
interior. 

The  section  of  the  switchboard  at  the  right 
consists  of  three  generator  panels.  Each  of 
these  is  divided  into  three  parts,  the  upper- 
most carrying  the  indicating  instruments,  the 
middle  the  circuit  breakers,  and  the  bottom  in- 
struments employed  for  the  fleld  current.  The 
indicating  instruments  comprise  two 
ammeters,  one  for  each  phase,  and 
one  voltmeter  with  the  usual  plug 
switch.  There  is  also  a  pilot  lamp  and  a  syn- 
chronizing lamp.  The  circuit  breakers  are  of 
the  oil  brake  type  used  as  switches  and  each 
is  of  the  double  throw  pattern,  as  there  are  two 
sets  of  bus  bars.  On  the  bottom  panels  is  a 
fleld  ammeter  and  a  rheostat  wheel.  An  inter- 
esting point  in  this  connection  is  the  use  of  a 
small  pulpit  facing  the  switchboard,  containing 
three  rheostat  wheels.  Each  of  these  is  con- 
nected by  shaft  and  gear  under  the  floor  with 
the  gearing  actuated  by  the  rheostat  wheel  on 
the  generator  panel,  so  that  the  field  current 
can  be  regulated  either  from  the  pulpit  or  from 
the  switchboard.  The  connection  of  these  two 
wheels  is  indicated  when  the  operator  moves 
the  wheel  on  the  pulpit,  as  the  wheel  on  the 
switchboard  turns  simultaneously  with  it. 

The  center  section  of  the  switchboard  con- 
tains a  panel  for  the  exciters  and  space  for 
three  feeder  panels,  of  which  two  are  now  in 
position.  The  exciter  panel  at  the  upper  part 
contains  a  voltmeter  and  two  ammeters,  these 
for  the  two  dynamos;  at  the  middle  two  three- 
pole  single-throw  switches,  one  for  each  ma- 
chine, including  the  equalizer  connection;  and 
at  the  lowest,  the  fleld  rheostat  controller.  Each 
of  the  feeder  panels  is  similar  to  the  generator 
panel  except  that  it  also  has  two  ground  de- 
tectors and  two  recording  wattmeters. 

As  already  stated,  the  power  from  the  plant 
is  delivered  largely  to  synchronous  motors. 
Two  of  the  largest  motors  driven  by  the  plant 
are  located  about  1,500  feet  distant  in  a  com- 
paratively new  mill  erected  by  the  Columbus 
Manufacturing  Company.     One  of  these  f8  of 
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erected 


W»  horae-powier  capacity  at  225  revolution«B 
P«r  BlBute  and  the  other  of  400  horse-power  at 
th*  sane  speed.  Each  is  started  by  an  inde- 
pradent  induction  motor  spur-geared  to  It. 
these  operated  from  the  plant  through  trans- 
fbrmers.  which  step  down  the  pressure  to  575 
rolls.  The  pressure  at  which  the  synchronous 
motors  are  designed  to  run  after  the  syn- 
chronous speed  is  reached  is  5,500  volts.  Ex- 
citing current  is  obtained  from  a  9-kllowatt  125- 
volt  dynamo  belt  driven  from  the  main  shaft. 
The  synchronous  motors  are  placed  in  line  with 
each  other,  the  switchboard  faces  them,  the 
transformers  are  located  in  a  separate  room 
and  the  power  plant  generally  for  this  mill  pre 
sents  a  very  flne  appearance.  The  motors  drive 
large  sheaves  carrying  a  European  rope  drive 
for  the  mill  proper.  The  electric  apparatus  in 
this  plant  is  of  the  General  Electric  manufac- 
ture and  the  switchboard  is  equipped  with  stan- 
dard apparatus. 

Power-house  No.  2  was 
power     direct     to     the 
plant  of  the  Bibb  Man- 
ufacturing      Company^ 
whose    mill    is    located 
on      the      bluff     above 
Lovers'    Leap,    and   to 
furnish  light  and  water 
to   this   mill    and    the 
mill    village.      It    con- 
tains   space     for     two 
pairs    of     large    water 
wheels  and  one  smaller 
one.  all  of    which    are 
supplied      with      water 
from  the  forebay  by  a 
15-foot  steel  feeder  pipe 
brought     through      the 
bulkhead  alongside  the 
inner     end    of    power- 
house No.  1.    This  feed- 
er    passes     underneath 
the  entrance  to  power- 
bouite  No.  1,  and  is  di- 
vided  into  two  branches,  one  10  feet  in  dia- 
meter, and  the  other  11  feet.    Each  branch  is 
planned  to  conduct  the  water  to  one  of  the  large 
pair  of  wheels,  and  the  larger  penstock  In  ad- 
dition serves  the  single  wheel  through  a  branch 
pipe  5  feet  in  diameter.     Power-house  No.  2  is 
located  about  40  feet  below  power-house  No.  1 
and  about  100  feet  below  the  forebay;  the  pen- 
stocks are  accordingly  short,  and  they  are  sup- 
ported on  brick  piers  6  or  7   feet  apart  and 
3   feet  thick,  with  a  rock   fill  between   piers. 
The  comparatively  complex    run    of    pressure 
piping  and  draft  tubes  resulting  is  indicated  In 
the  accompanying  drawings.    Each  pair  of  the 
larger   wheels,   which    are    36-inch    horizontal 
Hercules  wheels,   is  designed  to  drive  a  hori- 
zontal   shaft   at   225   revolutions   per    minute; 
one  of  the  units  has  been  installed  and  is  cap- 
able of  developing  1,500  horse-power,  which  is 
transmitted   to  the  Bibb  mill   by  means  of  a 
rope  driven  on  the  American  system  installed 
by  the   Dodge   Manufacturing  Company.     The 
single  wheel  is  a  24-inch  horizontal  turbine  and 
is  used  to  drive  the  water-pumping  machinery 
and  the  lighting  generator. 

The  rope  drive  for  this  mill  is  an  interesting 
one.  The  receiving  shaft  for  the  power  trans- 
mission is  60  feet  higher  than  the  driving  shaft 
and  approximately  116  feet  from  the  center  of 
the  driving  sheaves.  Altogether  there  are  about 
7.0V>  feet  of  rope  carried  in  the  drive,  consisting 
of  30  wraps  of  1^-lncb  manila  rope.  The  driv- 
ing sheave  in  the  power-house  has  a  wooden  en- 
cloAure  fitted  with  window  glass,  while  the 
transmission  line  between  plant  and  mill  is 
protected  with  a  sheet-iron  covering.  This  is 
stiffened  by  lateral  angle  irons  which  also  senre 
to  discharge  rain  sideways  so  that  it  does  not 


fall  in  a  continuous  stream  toward  the  power- 
house. The  turbines  are  controlled  by  a 
Scheni'k  governor  to  maintain  a  constant  speed. 
The  second  unit  to  be  installed  is  to  have  a  ca- 
pacity of  1.000  horse-power  and  the  driving 
sheaves  in  the  rope  tower  are  mounted  on 
quills  with  this  idea  in  view,  so  that  various 
drives  can  be  shut  down  while  allowing  others 
to  run,  the  drive  in  the  mill  building  being  of 
the  usual  class  in  which  floors  or  departments 
are  made  independent.     The  quills  are  carried 


from  which  the  rest  of  the  machinery  is  driven 
by  belt.  This  includes  a  Stanley  lighting  unit 
of  150  kilowatts  capacity  giving  three-phase  al- 
ternating current  at  250  volts  and  75  cycles, 
running  at  1.000  revolutions  i)er  minute,  a  Holy- 
oke  rotary  duplex  fire  pump,  and  a  centrifu- 
gal pump  and  a  triplex  pump  for  the  general 
water  system.  The  Stanley  machine  is  excited 
from  a  Northern  Electric  dynamo  of  2  kilo- 
watts capacity  and  120  volts  belted  to  the  gen- 
erator. 


Mill 
Building 


Cross-Section  of  Plant  of  Columbus  Power  Company. 


on  an  8'/j-inch  forged  shaft  which  runs  at  300 
revolutions  per  minute.  These  various  sections 
of  rope  transmission  are  provided  with  the  us- 
ual electric  tell-tales  so  that  any  defects  can  be 
located  and  electric  push  buttons  are  conven- 
iently placed  on  each  floor  of  the  mill  to  sig- 
nal the  power-house  for  stoppage  of  machinery. 
The  single  wheel  in  power-house  No.  2  has  a 
capacity  of  225  horse-power  and  drives  a  shaft 


The  lighting  system  for  Bibb  City  and  mill 
is  controlled  from  a  switchboard  in  power- 
bouse  No.  2.  There  are  eight  feeders  all  told, 
five  for  mill  lighting,  one  lor  arc  lighting,  one 
for  the  village  houses  and  one  for  the  office  and 
boiler  house.  Each  of  the  feeders  is  controlled 
by  a  three-pole  single-throw  switch.  The  switch- 
board contains  panels  for  the  generator  and 
standard   instruments  throughout.     There  were 
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101  houses  in  Bibb  City  in  May  for  the  mill 
operatives,  each  of  which  is  supplied  with 
water  and  electric  light  free  of  charge.  It  will 
be  interesting  to  add  that  the  rent  of  the 
houses  is  based  on  the  number  of  rooms  and 
is  25  cents  per  room  per  week.  Power-house 
No.  2  has  white  brick  walls  with  a  slate-color 
wainscoating  around  the  bottom  and  the  under 
side  of  the  roof  is  drab  with  a  black  striping  on 
the  roof  members,  which  are  of  timber. 

The  water- works  comprise  a  large  centrifugal 
pump  for  drawing  water  from  the  wheel  case 
of  the  Bibb  mill  unit,  a  Deane  triplex  pump  for 
lifting  the  water  to  the  tank  on  the  bluff  and  a 
New  York  filter  of  .300,000 'gallons  daily  ca- 
pacity. The  centrifugal  pump  is  only  used 
when  the  pressure  of  water  in  the  wheel  case 
is  insufficient  to  pass  the  water  through  the 
filter,  which  carries  5  feet  of  sand.  Besides 
the  filter  there  is  the  usual  settling  tank  and 
clear  water  basin  and  from  this  the  Deane  pump, 
which  has  6x8-inch  plungers  discharges  to  the 
storage  tanks.  One  of  these  is  of  100,000  gal- 
lons capacity  for  the  general  water  supply  of 
both  the  mill  and  the  village,  another  is  of  35,- 
000  gallons  capacity  for  fire  purposes,  and  a 
third  is  of  5,000  gallons  capacity,  situated  in  a 


company  when  the  plant  was  erected  were  as 
follows:  H.  M.  Comer,  president;  J.  P.  Hansom, 
G.  Gunby  Jordan,  E.  T.  Comer  and  John  Hill, 
directors.  Mr.  H.  A.  Tibbs  is  engineer  of  the 
electrical  department.  The  dam  and  power- 
house were  erected  by  the  Hardaway,  Jones 
Company,  of  Columbus.  The  cost  of  the  devel- 
opment completed  will  be  about  ?450,000,  or 
|E0  per  horse-power. 


A  Concrete-Steel    Factory  Building   with 
Fiftv-Two-Foot  Roof  Girders. 


The  Central  Felt  &  Paper  Company's  factory 
at  Borden  Avenue  and  Dutchkill  Creek.  Long 
Island  City,  N.  Y.,  is  a  one-story  building  312 
feet  long  and  from  52  to  112  feet  wide,  built 
entirely  of  reinforced  concrete  of  the  Wight- 
Kaston-Townsend  Company's  system.  It  was 
originally  designed  with  brick  walls  and  wood- 
en roof  trusses  of  the  slow  burning  type,  but 
after  the  pile  foundations  and  brick  chimney 
were  built  it  was  decided  to  make  it  fii'eproof 
throughout,  and  reinforced  concrete  construc- 
tion, was  adopted  at  an  estimated  cost  15  per 
cent,  greater  than  that  of  the  original  design, 
because  it  was  computed  to  be  cheaper  than  any 


Moulds  and  Falsework  for  Girders  and  Columns  in  a  Concrete-Steel  Factory  Building. 


tower  of  the  mill  and  used  for  flushing  pur- 
poses. The  fire  tank  is  of  course  connected  in- 
dependently to  the  fire  pump.  The  large  gen- 
eral storage  tank  is  about  233  feet  above  the 
pump  and  the  smaller  tank  about  50  feet  lower 
than  the  large  one.  The  discharge  pipe  from 
the  pump  has  two  branches,  one  to  each  tank. 
The  flushing  tank  is  provided  with  a  large 
float  gauge  vvnich  is  visible  from  the  pump 
house  and  six  or  eight  times  a  day  the  tank  has 
to  be  filled.  For  general  purposes  between  tiO,- 
000  and  70,000  gallons  are  pumped  twice  a  day 
and  the  pump  is  operated  on  the  branch  that 
leads  to  this  tank  about  two  hours  at  a  time. 
The  centrifugal  pump  and  both  the  filter  and 
settling  tanks  can  be  by-passed  at  any  time. 
The  fire  pump  has  two  shafts  which  carry 
grooved  wheels  for  friction  driving. 

The  plant  was  designed  by  Mr.  William  C. 
■Whitner,  chief  engineer  of  the  water-power  de- 
velopment for  the  Virginia  Passenger  &  Power 
Company,  of  Richmond,  as  chief  engineer,  and 
was  constructed  under  the  direction  of  Mr.  Wil- 
liam S.  Lee,  Jr.,  now  chief  engineer  of  the 
Catawba  Power  Company,  near  Rock  Hill,  S. 
C,   as   resident   engineer.     The   officers   of   the 


oth.er  absolutely  fireproof  system.  This 
change  reduced  the  estimated  insurance  pre- 
mium to  about  one-twentieth  of  what  it  would 
have  been  with  the  original  design  and  an  ad- 
ditional sprinkler  system,  which  is  not  con- 
templated in  the  present  structure.  The  con- 
struction is  special  in  the  character  of  wall  and 
floor  slab  reinforcement,  in  the  arrangement 
and  pioportions  of  steel  in  shear,  in  the  pro- 
visions to  eliminate  irregularities  of  workman- 
ship and  in  the  system  of  falsework. 

The  site  is  a  fill  on  soft  mud,  in  which  the 
foundation  piles  are  driven  to  satisfactory  fric- 
tional  resistance  without  penetrating  to  hard 
bottom.  The  piles  are  in  clusters,  capped  about 
5  feet  below  grade,  with  concrete  footings  on 
which  the  piers  are  built  of  concrete  without 
reinforcement.  These  footings  are  about  16 
feet  apart  longitudinally  and  about  33,  44  and 
52  feet  apart  transversely;  they  support  rein- 
forced concrete  columns,  which  in  the  sides  of 
the  building  are  integral  with  the  walls,  and 
form  one  longitudinal  row  through  a  part  of 
.the  building.  The  columns  carry  one  upper 
floor,  the  curtain  walls  and  the  roof  girders, 
but  do  not  carry  the  lower  floor,  which  is  a  6- 


inch  layer  of  concrete  on  the  leveled  and  ram- 
med earth.  The  flat  roof  slopes  about  1:48  and 
is  divided  into  panels  about  16  feet  square  by 
the  reinforced  concrete  transverse  girders  and 
longitudinal   beams. 

The  6-inch  exterior  walls  carry  no  loads  ex- 
cept their  own  weight  and  the  adjacent  edges 
of  the  roof  slabs,  and  were  made  of  very  wet 
concrete  of  1  part  Atlas  Portland  cement,  2 
parts  sand  and  5  parts  fine  cinders.  They  are 
carried  down  a  few  inches  below  the  surface  of 
I  he  ground  and  are  supported  from  the  piers  on 
girders  of  reinforced  concrete,  built  integral 
with  the  wall.  There  is  a  cellar  under  the 
b5xl42-foot  beater  room,  and  the  floor  of  the 
latter  is  partly  carried  by  the  outer  walls  which 
here  have  steel  tension  rods  built  into  them, 
as  shown  in  the  elevation,  so  as  to  virtually 
form  wall  girders.  In  general  the  walls  are  re- 
inforced with  vertical  sheets  of  lock-woven 
steel  fabric,  close  to  the  inner  surface,  which 
are  folded  back  in  U-shaped  cross-section  at 
window  openings.  Sheets  of  the  same  material, 
bent  to  U-shape,  are  also  embedded  in  the  wall 
concrete  under  window  sills,  and  horizontal 
tension  rods  reinforce  the  upper  parts  of  the 
walls,  enabling  them  to  act  as  beams  to  carry 
the  edges  of  the  roof  slabs  over  window  open- 
ings. 

The  interior  columns,  from  14  to  20  inches 
square,  are  made  of  1:2:4  stone  concrete  rein- 
forced in  each  corner  by  one  vertical  steel  rod, 
from  %  inch  to  1^  inches  In  diameter.  In 
each  face  of  the  column  3/16-inch  tie  rods,  about 
12  inches  apart  vertically,  are  looped  tightly 
around  the  vertical  rods.  Over  the  piers  the 
thickness  of  the  wall  is  increased  4  inches  to 
make  12xl6-inch  buttresses,  which  are  virtually 
wall  columns  reinforced  by  vertical  steel  rods 
like  those  of  the  interior  columns. 

The  beater  room  floor  is  proportioned  for  a 
live  load  of  200  pounds  per  square  foot  and 
has  a  continuous  concrete  slab  7  inches  thick 
reinforced  with  two  sheets  of  lock-woven  fab- 
ric. The  upper  sheet  is  bent  from  the  upper 
side  of  the  slab  at  the  ends  of  the  11-foot  spans 
to  the  under  side  in  the  center.  The  under 
sheet  is  horizontal  and  about  V>  inch  from  the 
surface  of  the  ceiling.  At  the  ends  it  is  bent  to 
follow  the  outline  of  the  girder  and  wraps  part 
of  three  sides  of  the  latter. 

The  roof  is  proportioned  for  a  live. load  of 
40  pounds  per  square  toot  and  has  a  continuous 
slab  of  concrete  from  4  to  6  inches  thick  with 
two  sheets  of  steel  fabric  reinforcement.  It  is 
supported  on  longitudinal  beams  carried  at  the 
ends  and  middles  of  transverse  girders,  divid- 
ing it  into  panels  about  16  feet  square  in  the 
clear.  The  38x44-foot  engine  room  roof  and 
the  44x43-foot  boiler  room  roof  are  each  di- 
vided into  nine  equal  square  panels  by  two 
longitudinal  and  two  transverse  girders.  Three 
of  these  panels  have  their  surfaces  covered  by 
steel-concrete  tanks  12  and  14  feet  deep  and 
are  sub-divided  by  a  single  transverse  and  lon- 
gitudinal girder  through  the  center  of  each. 
The  sides  of  the  tanks  are  made  with  rein- 
forced concrete  slabs  and  vertical  beams,  cor- 
responding to  the  floor  construction,  and  the 
adjacent  main  girders  have  special  reinforce- 
ment, as  shown  in  the  sectional  elevations.  In 
these  cases  the  compressive  stresses  In  the 
girders  were  greater  than  the  compressive 
strength  of  the  concrete  and  the  latter  was  re- 
inforced by  horizontal  straight  steel  rods  in  the 
upper  flanges  in  addition  to  the  bars  in  the 
lower  flanges. 

The  cutting  room  roof  has  a  4-Inch  slab  sup- 
ported on  two  lines  of  8xl2-inch  longitudinal 
beams  carried  on  15x30-inch  transverse  girders 
about  12  feet  apart  on  centers.  The  beater 
room    roof    has    10x24-inch    transverse    girders 
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mbout  16  feet  apart  on  centers  which  carry 
6xl2-inrh  longitudinal  beams  at  their  center 
points.  The  machine  room  roof  has  15x30-inch 
transverse  girders  16  feet  apart  supported  on 
the  wall  columns  5u  feet  '1  inches  apart  in  the 
clear.  These  girders  are  said  to  be  the  longest 
concrete  beams  ever  built  and  are  considered 
by  the  contractor  to  be  very  satisfactory.  When 
the  falsework  was  removed  no  imperfections 
were  discovered  and  the  girders  were  rigid  and 
did  not  deflect  sensibly.  They  are  reinforced 
by  top  and  bottom  flange  rods  and  verticals,  ar- 
ranged as  shown  in  the  isometric  sketch,  and 
carry  two  equidistant  lines  of  6xl0-inch  longi- 
tudinal beams  with  bottom  flange  reinforce- 
ment rods,  as  shown  in  the  small  sketch.  All 
rods  have  the  ends  bent  to  form  anchor  hooks 
and  are  wired  at  intersections.  All  beam  and 
girder  reinforcing  rods  are  wired  together  to 
make  skeleton  trusses  before  they  are  put  in 
the  moulds,  and  are  set  in  place  as  rigid 
frames.     The  lock-woven  steel   fabric  is  used 


strength  of  80.000  pounds  per  square  inch  and 
are  dimensioned  for  a  maximum  working  unit 
stress  of  one-quarter  the  ultimate  strength.  The 
adhesion  between  the  round  steel  rods  and  the 
concrete  is  assumed  to  be  sufficient  to  develop 
the  full  ultimate  strength  of  the  rod  in  a  length 
of  about  twenty-six  diameters  and  no  special 
provision  is  made  to  lock  the  bars  to  the  con- 
crete except  by  bending  all  ends.  The  girders 
are  designed  to  have  all  shear  resisted  by  verti- 
cal rods,  which  are  spaced  and  dimensioned  in 
accordance  with  the  calculated  shear  diagram. 
All  reinforcement  rods  are  round,  and  in  this 
building  are  from  Y2  inch  to  1%  inches  in  di- 


M  a  i  n  Tran!iv6rse 
Roo-f  Girder. 


about  90,000  pounds  per  square  inch,  and  about 
1,000  cubic  yards  of  concrete. 

The  system  of  falsework  is  designed  so  that 
it  can  be  removed  quickly  and  easily  without 
injuring  the  concrete  and  so  that  nearly  all  of 
it  will  he  available  for  use  again.  The  interior 
columns  were  built  in  moulds  having  three  con- 
tinuous sides  and  one  sectional  side,  as  shown 
in  the  sketch.  The  three  long  sides  were  sim- 
ple panels  permanently  nailed  together,  and  the 
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Steel  Reinforcement  and  Special  Structural  Features  of  a  Concrete-Steel  Factory  Building. 


chiefly  for  reinforcing  the  wails,  the  floor  and 
roof  slabs  and  around  window  openings.  It 
is  made  with  transverse  wires  of  No.  9  gauge 
6  inches  apart  and  longitudinal  wires  of  No.  10 
gauge,  4  inches  apart.  At  intersections  the 
wires  are  locked  together  by  a  piece  of  No.  10 
wire. 

The  system  of  construction  may  be  briefly  de- 
scribed as  follower  It  is  assumed  that  stone 
and  cinder  concrete  have  ultimate  compressive 
strengths  of  52,000  pounds  and  36,000  pounds 
per  square  foot  respectively,  and  they  are  pro- 
portioned to  work  in  compression  ouiy,  at  a 
maximum  stress  of  one-sixth  the  ultimate 
strength.  Steel  rods  are  proportioned  to  take 
all  the  tensile  stresses  in  beams  and  girders, 
the  bending  stresses  in  columns,  and  some- 
times part  of  the  compressive  stresses  in  gird- 
ers;   they  are  assumed  to    have    an    ultimate 


anieter.  Wherever  there  are  horizontal  rein- 
forcement rods  in  both  top  and  lx)ttom  flanges 
of  the  girders  they  are  connected  by  vertical 
shear  rods  without  horizontal  ties.  Wherever 
there  are  no  top  flange  compression  rods  the 
bottom  flange  tension  rods  are  connected  by  U- 
shape  rods  with  the  loops  horizontal  and  the 
vertical  legs  down.  In  all  cases  the  vertical 
shear  rods  are  3/10  inch  in  diameter,  are  spac^ed 
from  4  to  18  Inches  apart  to  conform  with  the 
intensity  of  the  shear  and  are  tightly  secured 
to  the  horizontal  reinforcement  rods  by  lieing 
curled  once  or  twice  around  the  latter  at  both 
ends.  The  3/16-inch  horizontal  column  ties  are 
made  in  four  pieces,  one  on  each  side,  in  each 
plane,  with  vertical  spacing  about  equal  to  the 
diameter  of  the  column.  The  building  contains 
about  100,000  pounds  of  soft  steel  rods  and 
harder  steel  fabric  of  an  ultimate  strength  of 


fourth  side  is  made  of  short  transverse  boards 
successively  nailed  across  the  open  face,  from 
the  bottom  up,  as  the  concrete  is  rammed  in 
place,  thus  always  giving  free  access  to  the 
interior  to  place  the  cross  ties  and  ram  the  con- 
crete. Before  the  concreting  was  commenced, 
the  cross  ties  were  all  temporarily  assembled 
on  the  upper  ends  of  the  vertical  rods  and 
held  there  until  the  layei-s  of  concrete  were 
successively  rammed,  when  the  corresponding 
sets  of  ties  were  slipped  down  on  the  surface, 
another  section  of  boards  nailed  across  the 
open  side,  more  concrete  filled  in  to  the  top 
edge  of  the  board  and  so  on. 

Each  panel  of  the  wall  moulds  consisted  of 
two  separate  vertical  side  pieces  3  feet  high  and 
atjout  1(>  feet  long,  reaching  from  buttress 
to  buttress.  For  the  first  course  they  were 
seated    on    the    carefully    leveled    and    rammed 
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ground  and  securely  braced  by  inclined  or  hor- 
izontal struts  inside  and  outside  of  the  build- 
ing. After  the  concrete  had  set  for  three  days, 
the  moulds  were  loosened  and  lifted  until  the 
lower  edges  were  2  inches  below  the  top  of  the 
concrete.  In  the  new  position  they  were  sup- 
ported by  horizontal  bolts  through  their  lower 
edges,  across  the  top  of  the  concrete;  the  upper 
edges  were  tied  together  by  transverse  wooden 
strips  nailed  to  them  about  3  feet  apart,  and 
they  were  braced  to  the  falsework  supporting 
the  roof  and  column  moulds.  Care  having 
been  taken  In  starting  the  walls  to  exact  line 
and  dimensions  it  was  easy  to  keep  the  tops  of 
the  moulds  plumbed  as  they  were  raised  from 
time  to  time  and  thus  maintain  the  walls  In 
true  vertical  planes.  The  adhesion  between  the 
side  pieced  and  the  concrete  was  so  great  that 
it   would    support  them   safely   after   the  bolts 


were  removed,  but  was  not  great  enough  to 
make  it  difficult  to  remove  them  by  tapping  or 
prying,  so  that  they  were  easily  moved  up  for 
the  successive  courses  of  concrete  by  two  or 
three  men  at  each  panel.  The  bolts  passed 
through  sleeves  which  were  left  permanently 
embedded  in  the  walls.  At  first  iron  pipes  were 
used  for  this  purpose,  but  afterwards  it  was 
discovered  that  pasteboard  tubes  were  equally 
efficient  and  much  easier  to  trim  and  point 
after  the  moulds  were  removed. 

The  beam  and  girder  moulds  were  made,  as 
indicated  in  the  sketch,  with  the  bottom  piece 
separate  and  easily  detachable  from  the  verti- 
cal side  pieces,  both  being  independently  sup- 
ported on  transverse  cap  planks  of  vertical 
Gx8-inch  falsework  posts  from  6  to  8  feet  apart 
on  the  center  lines  of  the  girders.  The  bottom 
pieces  vj«re  single  longitudinal  planks  from  1 


to  3  inches  thick  and  the  side  pieces  were 
made  of  4x%-inch  vertical  boards  thoroughly 
nailed  to  2x4-inch  top  and  bottom  horizontal 
timbers.  A  third  2x4-inch  horizontal  piece  near 
the  top  received  the  loose  ends  of  the  trans- 
verse joists  carrying  the  longitudinal  boards 
for  the  bottom  of  the  floor  slab  mould.  Verti- 
cal strips  under  the  ends  of  the  joists  trans- 
mitted their  loads  to  the  lower  flanges  and  to 
the  post  caps.  The  lower  edges  of  the  side 
pieces  were  temporarily  screwed  to  the  bottom 
pieces  and  the  upper  edges  spaced  by  occasion- 
al cross  pieces  from  which  the  reinforcement 
rods  were  suspended  before  concreting  was  com- 
menced. The  first  boards  of  the  horizontal 
platform  were  nailed  to  the  edges  of  the  side 
pieces  and  to  the  ends  of  the  joists;  the  other 
boards  were  laid  in  place  loose.  After  the  floor 
slab  concrete  had  set  about  7  days,  the  floor 
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Joisu  wer«  revolved  90  degrees  to  lie  on  their 
flats  on  the  side  pieces  and  the  floor  boards  fol- 
lowed them  down  to  a  position  4  inches  below 
the  ceiling.  A  few  days  later  the  side  pieces 
of  the  beam  and  girder  moulds  were  unscrewed 
and  easily  removed,  leaving  the  bottom  pieces 
In  position  undisturbed  tor  about  three  weeks 
longer.  Then  they  were  dropped  1  inch  by  re- 
moving flllers  (not  shown  in  sketch),  from  the 
post  caps,  and  were  allowed  to  remain  in  that 
position  another  week.  This  system  enabled 
the  concrete  to  be  stripped  so  that  it  could  be 
rapidly  strengthened  by  freer  atmospheric  ac- 
tion and  at  the  same  time  retained  support  to 
Insure  safety  in  case  of  any  unusual  Imperfec- 


forcement  rods  were  wired  together  and  fixed 
accurately  in  place  in  the  moulds  before  con- 
creting was  commenced  and  held  there  in  such 
a  way  that  the  ramming  of  the  concrete  would 
not  disarrange  them.  In  building  the  walls 
wherever  concreting  was  stopped  longer  than 
usual,  the  horizontal  surface  was  thoroughly 
brushed  with  a  wet  broom,  washed  with  a  hose 
and  slushed  with  thin  neat  cement  mortar  be- 
fore concreting  on  it  was  resumed  the  next 
morning.  This  process  was  followed  only  when 
an  interval  of  more  than  one  day  elapsed  be- 
tween the  different  sections  of  concrete.  When 
the  Interval  was  only  over  night  it  was  found 
unnecessary  to  make  any  special  treatment  of 


when  the  concrete  would  freeze  solid  over  night. 
In  these  cases,  after  the  building  was  com- 
pletely enclosed,  salamanders  were  put  inside 
and  the  rooms  warmed  aljo\e  freezing  and  kept 
about  a  week  at  a  temperature  of  from  55  to  60 
degrees  Kahreuheit,  after  which  the  falsework 
was  removed  and  the  concrete  was  apparently 
in  perfect  condition.  The  experience  of  the 
contractors  Is  that  at  a  temperature  lower  than 
about  55  the  setting  of  the  cement  is  simply  re- 
tarded and  that  the  concrete  suffers  no  other 
injury  by  frost  than  the  delay  in  setting.  There- 
fore if  supports  are  properly  maintained,  it 
will  set  and  give  unimpaired  results  after  the 
low  temperature  has  ceased. 


Hot  Welf.-- 


Q[ 


Hoi--  We.ll. 


Plan,  CroM-Section  and  Pipe  Bracket  Detail  of  the  Power  Plant  of  the  Rochester  &  Eastern  Rapid  Railway,  Canandaigua,  N.  Y. 


tlon  through  flaws  or  carelessness.  In  very 
cold  weather  the  Interior  surfaces  of  the 
moulds  were  painted  with  heavy  black  oil  to  act 
as  a  filler  and  prevent  the  adhesion  of  the 
concrete  to  the  wood.  All  the  moulds  were 
•aaily  removed  from  the  concrete  and  were 
uMd  over  again  to  such  an  extent  that  only 
about  one-third  as  much  timber  was  required 
for  this  one-story  building  as  would  have  been 
needed  otherwise,  and  much  of  that  was  ituit- 
able  for  use  on  other  work  after  this  contract 
was  finished. 

The  concrete  was  mixed  by  hand,  made  very 
wet  and  delivered  to  the  different  parts  of  the 
baitding  in  wheelbarrows.     All  principal  rein- 


the  Joint  as  the  old  and  new  concrete  bonded 
together  satisfactorily.  Concreting  the  floor 
slabs  was  always  stopped  over  a  floor  girder 
and  the  edge  was  left  at  a  slope  of  about  40 
degrees.  If  work  was  resumed  within  12  or 
15  hours,  the  new  concrete  bonded  satisfactorily 
with  the  old.  If  through  any  accident  a  long 
delay  was  necessary,  the  edges  of  the  old  con- 
crete were  swept,  washed  and  slushed  as  pre- 
viously described.  In  all  cases  the  old  and  new 
concrete  was  additionally  bonded  together  by 
the  reinforcing  fabric,  which  was  built  Into 
the  Junction  of  all  different  members  in  the 
building. 
Some  of  the  floors  were  built  in  cold  weather. 


The  Wight-Easton-Townsend  system  of  con- 
struction as  applied  to  this  building  is  espe- 
cially designed  to  secure  three  principal  advan- 
tages: first,  to  have  the  steel  reinforcement 
accurately  set  in  its  permanent  position  in  the 
concrete  in  exactly  the  position  and  manner  de- 
signed by  the  engineer  without  involving  the 
necessity  of  skill  or  thoughtfulness  on  the  part 
of  the  concreters  and  without  danger  of  dis- 
placement through  carelessness;  second,  to  af- 
ford the  least  possible  chance  for  voids  in  the 
concrete,  thereby  insuring  the  best  adhesion  be- 
tween the  concrete  and  the  steel  and  the  most 
efficient  preservation  and  protection  of  the  lat- 
ter:  third,  to  provide  accurately  for  the  shear- 


k 


Jan.   1 6,  1904. 


THE     ENGINEERING     RECORD 


71 


ing  stresses  by  special  steel  rods  which  will  re- 
lieve the  concrete  of  all  shear.  The  contractors 
consider  this  the  most  difficult  feature  of  the 
design  and  that  the  diiterent  methods  adopted 
to  provide  for  it  constitute  the  essential  fea- 
tures of  variation  between  most  of  the  vari- 
.  ous  systems  of  reinforced  concrete  construction. 
To  verify  the  construction,  the  contractors 
made  a  private  test  of  three  special  beams 
built  at  the  building  with  the  cross-section 
here  shown.  Their  strength  was  computed  on 
the  assumption  that  the  stone  concrete  had  an 
ultimate  strength  of  52,000  and  the  cinder  con- 
crete of  36,000  pounds  per  square  foot.  One  of 
the  test  beams  was  made  of  1:2:4  stone  con- 
crete mixed  dry  and  thoroughly  rammed;  the 
others  were  made  of  1:2:5  cinder  concrete  mix- 
ed very  wet  and  puddled  rather  than  rammed 
in  the  moulds.  They  were  supported  on,  and 
the  bent  ends  of  their  tension  rods  were  an- 
chored into,  massive  concrete  piers  with  foot- 
ings below  the  surface  of  the  ground  and  heavy 
batters  on  the  sides  towards  the  centers  of  the 
spans.  The  beams  so  placed  had  a  clear  span 
of  20  feet  and  were  loaded  by  sand  bags  uni- 
formly distributed  over  the   whole  surface. 


Francis  H.  Bent  and  Rossiter  &  Wright  are 
the  associated  architects,  and  the  Wight-Easton- 
Townsend  Company  is  the  contractor. 


A  Modern  Electric  Railway  Power  Plant, 
Canandaigua,  N.  Y. 

A  new  electric  power  station  of  1,300  kilo- 
watts capacity  has  recently  been  built  at  Can- 
andaigua, N.  Y.,  that  is  noteworthy  from  the 
complete  character  of  its  equipment  lor  a  plant 
of  its  size.  It  is  of  the  type  having  boiler  and 
engine  rooms  located  side  by  side,  with  an  ex- 
tension for  the  electrical  transmission  controll- 
ing apparatus  at  one  side  of  the  engine  room. 
One  of  the  conspicuous  points  of  the  design  is 
the  arrangement  of  coal  storage.  The  station 
is  operated  condensing,  Tjoth  an  economizer  and 
a  feed-water  heater  are  employed  for  warm- 
ing the  boiler  feed  and  an  induced-draft  equip- 
ment with  a  short  smokestack  serves  the  boil- 
ers. The  plant  was  .constructed  for  the  Roches- 
ter &  Eastern  Rapid  Railway,  which  is  now 
operating  a  new  electric  interurban  line  be- 
tween Rochester  and  Canandaigua  and  is  ex- 
tending it  to  Geneva,   so  that  connections  can 


Engine  Room  of  the  Rochester  &  Eastern  Rapid  Railway,  Canandaigua,.  N.  Y. 


The  beams  all  behaved  in  a  similar  manner, 
the  first  cracks  appearing  on  the  under  side  at 
the  center  when  the  load  corresponded  within 
2  per  cent,  to  the  computed  amounts.  These 
cracks  were  succeeded  by  vertical  cracks  about 
midway  between  them  and  the  abutments,  and 
after  the  appearance  of  the  latter  cracks,  the 
concrete  commenced  to  crush  in  the  middle  of 
the  upper  side  of  the  beam;  the  beam  was  then 
considered  to  have  completely  failed,  but  after 
this  the  loading  was  continued  In  an  unsuc- 
cessful attempt  to  entirely  rupture  it.  The 
beam  gradually  settled  to  a  total  deflection  of 
about  15  inches,  the  concrete  being  entirely 
destroyed  In  the  center  and  the  reinforcement 
rods  exposed  but  not  broken.  The  latter  were 
estimated  to  have  stretched  nearly  3  inches  in 
their  total  length  and  to  be  thus  perceptibly  re- 
duced In  diameter  without  any  visible  rupture 
of  their  adhesion  to  the  concrete.  The  results 
obtained  from  the  beams,  which  were  rammed 
In  several  layers  and  those  filled  In  one  layer 
and  puddled  showed  no  practical  difference.  Mr. 


be  made  for  continuous  electric  transportation 
from  Rochester  to  Syracuse. 

The  power  house  is  built  with  brick  walls, 
on  concrete  foundations,  and  has  a  tar  and 
gravel  roofing  supported  by  steel  roof  trusses. 
The  general  dimensions  and  characteristics  of 
the  plant  are  indicated  in  the  accompanying 
plan  and  cross-section.  In  the  boiler  room 
there  are  1,124  horse-power  in  boilers,  with 
space  at  one  end  for  the  economizer  and  in- 
duced-draft fans  and  circulating,  dry  vacuum, 
fire  and  feed  pumps.  The  room  has  a  area  of 
about  2,800  square  feet,  or  2%  square  feet  per 
boiler  horse-power.  In  the  engine  room  there 
are  two  main  generating  units,  rated  together 
at  2,100  horse-power,  and  the  engine  room  has 
a  floor  area  of  2,535  square  feet,  so  that  includ- 
ing the  auxiliary  apparatus  there  in  place, 
which  comprises  two  steam-driven  exciter  units 
and  two  rotary  converters,  there  are  1.2  square 
feet  of  space  per  indicated  horse-power.  Tak- 
ing the  station  as  a  whole,  there  are  5,940 
square  feet  of  floor  space,  showing  2.83-  square 


feet  per  indicated  horse-power  of  the  main  gen- 
erating capacity. 

The  concrete  work  m  foundations  and  base- 
ment walls  consists  of  crushed  stone,  sand  and 
Lehigh  Portland  cement.  In  the  brickwork 
pressed  brick,  light  buff  In  color  In  the  exterior 
surfaces,  was  used,  laid  In  Portland  cement 
mortar.  The  average  thickness  of  the  walls, 
including  the  party  wall  between  engine  and 
boiler  rooms,  is  18  Inches.  The  floors  are  of 
steel  and  concrete  throughout.  The  engine 
room  is  spanned  by  a  20-ton  power  crane  built 
by  the  Reading  Crane  &  Hoist  Works,  having  a 
span  of  36  feet  3  inches  and  a  lift  of  22  feet. 

The  boilers  are  of  the  water-tube  type,  built 
by  the  Aultman  &  Taylor  Machinery  Company, 
three  all  told.  One  is  set  singly  and  the  two 
others  together.  They  have  a  rating  of  one 
horse-power  for  10  square  feet  of  heating  sur- 
face and  the  total  grate  area  of  the  plant  is  227.43 
square  feet,  showing  a  ratio  of  heating  to  grate 
surface  of  49.4  to  1.  They  are  hand  flred  from 
side-open  cars  run  on  narrow-gauge  tracking, 
furnished  by  Mr.  Arthur  Koppel,  of  New  York. 
The  tracking  system,  as  indicated  In  the  plan, 
connects  with  the  coal  bins  which  extend  along 
the  outside  boiler  room  wall.  The  boilers  are 
operated  under  induced  draft,  as  stated;  the 
products  of  combustion  are  conducted  from  the 
boilers  In  a  brick  duct  supported  above  the  floor 
behind  the  boilers  and  are  drawn  either 
through  or  around  the  economizer,  according  as 
to  whether  it  is  in  use  or  not,  by  means  of  two 
fans  which  discharge  through  the  short  stack. 
The  fans  are  of  the  full-housed  centrifugal 
type,  built  by  the  New  York  Blower  Company, 
of  Bucyrus,  O.,  and  have  wheels  85  inches  in 
diameter.  These  are  planned  to  discharge  40,- 
000  cubic  feet  of  air  per  minute  when  run  at 
250  revolutions  per  minute,  and  are  driven  each 
by  a  simple  vertical  8x8-Inch  New  York  Blower 
engine  of  16  horse-power.  The  stack  was 
erected  by  the  New  York  Central  Iron  Works 
Company,  of  Geneva,  and  is  of  %-inch  iron, 
5  feet  9  inches  in  diameter  and  24  feet  long. 
Assuming  one  fan  working,  under  normal  con- 
ditions, it  may  be  of  interest  to  note  that  the 
discharge  velocity  is  about  1,500  feet  per 
minute,  and  the  velocity  in  the  smoke  duct 
back  of  the  boilers,  with  an  allowance  for  the 
reduction  in  temperature  in  the  economizer,  is 
1,880  feet  per  minute. 

The  coal  storage  bins  are  of  concrete,  four  In 
number,  built  against  the  boiler  room.  They 
may  all  be  placed  in  communication  by  a  cen- 
tral gangway  and  three  of  them  are  reached 
through  doorways  in  the  boiler  room  wall, 
through  which  the  coal  car  Is  run  on  a  short 
lateral  track.  The  bunkers  are  cro.ssed  by  a 
standard  gauge  track  by  which  coal  is  delivered 
from  the  steam  railroad,  and  on  each  side  of 
this  track  Is  a  plank  roofing  over  the  bins.  A 
rough  approximation  would  indicate  that  there 
is  storage  space  for  about  250  tons,  when  fair- 
ly well  filled. 

The  steam  piping  was  built  for  a  pressure 
of  225  pounds  per  square  inch  and  the  header 
consists  of  flowed  steel,  the  flanges  throughout 
are  tongue  and  grooved,  and  Walworth  valves 
are  employed.  The  boilers  feed  into  the  side  of 
a  steam  header  supported  overhead  at  the  rear 
of  the  boilers  and  the  engine  connections,  the 
two  for  the  exciters  and  as  well  as  the  two  for 
the  main  engines,  are  taken  from  the  top  of 
the  header  and  passed  through  openings  In  the 
partition  wall.  The  engine  foundations  are  not 
carried  downward  much  below  ground  level, 
but  the  engines  are  supported  high  relative  to 
the  boiler  room,  and  the  engine  steam  leads 
to  the  large  engines  are  carried  horizontally  In 
the  engine  room.  In  both  theae  and  the  boiler 
leads,  however,  the  connections  with  the  header 
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mre  made  in  curves  on  a  4-foot  radius,  and  a 
■ingle  valve  is  placed  in  each  connection  close 
to  the  header.  The  header  itself  is  also  fitted 
with  valves,  to  cut  off  the  part  corresponding 
to  any  boiler.  Wherever  possible  the  condensa- 
tion in  the  high-pressure  lines  is  drained  back 
into  the  Imilers;  otherwise  the  water  is  led  to 
a  receiver  in  the  engine  room  basement,  where 
the  water  is  returned  to  the  boilers  by  means 
of  an  automatically  controlled  steam  pump. 

E^ch  of  the  main  engines  is  of  the  Williams 
vertical  cross-compound  pattern  and  was  built 
by  the  Quincy  Engine  Works,  of  Quincy,  III. 
Tl)e  live  steam  supply  to  each  of  these,  as  also 
to  the  exciter  engines,  is  equipped  with  a 
Cochrane  receiver-separator.  The  engines  have 
a  rating  of  1.050  horse-power  at  a  speed  of  150 
revolutions  per  minute,  a  steam  pressure  of 
150  pounds  and  a  back-pressure  of  2^  pounds 
absolute.  Their  cylinder  dimensions  are  22  and 
43x32  inches.  Each  of  them  is  direct  connected 
to  a  Westinghouse  alternator  mounted  between 
cranks.  This  has  a  capacity  of  650  kilowatts 
and  its  output  is  three-phase  current  at  3,000 
alternations  and  390  volts.  Each  of  the  ex- 
citer sets  consists  of  a  Westinghouse  37.5  kilo- 
watt 125-volt  direct-current  dynamo  direct 
connected  to  a  9  and  15x9-inch  vertical  com- 
pound Westinghouse  steam  engine.  Besides  the 
exciters  the  engine  room  contains  two  300-kilo- 
watt  rotary  converters  for  supplying  direct 
current  to  the  local,  sections  of  the  electric  rail- 
way. Behind  the  switchboard  which  stands 
across  the  opening  to  the  ell,  or  extension,  for 
the  electrical  apparatus  are  four  500-kilowatt 
transformers  for  raising  the  voltage  for  trans- 
mission of  the  current  to  the  various  substa- 
tions. The  switchboard  contains  nine  panels, 
two  for  the  main  generators,  one  for  the  trans- 
formers, four  for  the  rotary  converters,  one 
'for  the  direct-current  railway  feeders  and  one 
for  the  two  exciters. 

The  condenser  is  a  24-lnch  elevated-cone  jet- 
type  of  condenser  placed  outside  of  the  boiler 
room,  at  one  end  of  the  line  of  coal  bunkers. 
It  is  shown  in  dotted  line  in  the  cross-section 
Illustration,  though  it  should  show  only  In  a 
cross-section  looking  in  the  reverse  direction. 
It  is  of  the  Worthington  make,  furnished  with 
both  circulating  and  dry-vacuum  pumps,  and 
Is  required  to  condense  60,000  pounds  of  ex- 
haust per  hour.  The  pumps  are  located  in  the 
boiler  room,  near  the  condenser.  The  circu- 
lating pump  is  a  duplex  compound,  14  and 
20x19x15  inches  in  cylinder  sizes,  and  the  vac- 
uum pump,  8x16x12  inches  in  size.  The  cir' 
culating  water  is  taken  from  Canandalgua 
Lake  through  a  pipe  line  some  212  feet  long, 
and  the  discharge  pipe  from  the  condenser  is 
submerged  in  a  hot  well  which  has  an  overflow 
Into  a  trench  carried  back  into  the  lake  under- 
neath the  coal  bins,  which  have  a  wood  floor- 
ing over  the  trench. 

The  injection  pipe,  which  is  of  cast-iron  16 
Inches  in  diameter,  has  a  vertical  air  chamber 
immediately  above  the  strainer  foot-valve  at 
the  lake  and  a  similar  air  chamber  near  the  cir- 
culating pump.  The  pipe  line  for  the  supply 
to  the  boiler  feed  pumps  may  also  be  referred 
to  in  this  connection.  It  runs  from  the  lake 
and  Is  carried  by  the  feed  pumps  to  the  fire 
pump.  It  is  of  cast-iron  to  the  power-house 
and  wrought  iron  within  it.  To  the  feed  pumps 
it  is  8  inches  in  size  and  in  continuation  to  the 
fire  pump,  6  inches.  There  is  an  air  chamber 
at  the  foot-valve  and  one  at  the  flre-pump.  To 
the  pipe  are  connected  the  village  water  sys- 
tem, through  a  meter,  and  the  condenser  hot 
well.  The  main  exhaust  line  is  carried  on  cast- 
iron  rollers  on  brick  piers.  The  rest  of  the 
eteam  piping,  generally,  is  hung  from  the  roof 
trusses  or  supported  by  brackets  of  which  a 
drawing  is  given. 


For  the  operation  of  the  various  pumps  and 
the  fan  engines,  theie  is  an  auxiliary  system  of 
live-steam  piping.  This  begins  at  eiuli  end  ot 
the  main  header  and  is  brought  forward  in  th« 
boiler  room  and  joined  together  across  the 
boiler  fronts,  forming  a  continuous  ring  main 
around  the  boiler  room.  There  are  two  boiler 
feed  pumps,  ot  the  Deane  type,  9x5^4x12  Inches 
in  size,  with  outside  packed  double  plungers 
and  one  Are  pump,  this  14x8'...xl(»  inches;  the 
former  p'.aced  between  the  e;-onomizer  setting 
and  the  adjacent  boilers,  and  the  latter  in  the 
space  underneath  the  smoke  duct.  The  fire 
pump  is  of  the  plunger  aud  ring  pattern  and 
has  a  capacity  of  600  gallons  at  125  pounds 
steam  and  100  feet  per  minute  piston  speed. 
The  feed   water  Is  delivered  normally  through 
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a  feed-water  heater  and-  through  the  econo- 
mizer, but  each  of  these  can,  of  course,  be  by- 
passed. The  feed-water  heater  is  of  the  water- 
tube  type,  36  inches  in  diameter  and  141^  feet 
long,  furnished  by  Messrs.  William  Baragwan- 
ath  &  Son,  of  Chicago.  It  is  supported  over- 
head in  the  rear  of  the  boiler  room  and  re- 
ceives the  exhaust  from  the  pumps  and  ex- 
citer engines.  The  economizer,  which  was 
built  by  the  Green  Fuel  Economizer  Company, 
consists  of  32  sections  of  10  tubes  each,  9  feet 
high  and  4  9/16  Inches  in  diameter,  and  pre- 
senting 3.840  square  feet  of  heating  surface. 

The  contractors  and  engineers  for  the  rail- 
way and  plant  were  the  Comstock-Haigh-Walk- 
er  Company.  The  steam  piping  was  installed  by 
Messrs.  W.  T.  Hlscox  &  Company,  of  New  York. 


The  Conduit  of  the    Jersey    City  Water 
Supply  Company. 

P.iRT  U. — Concrete-Steel  Con.stkuution. 

There  are  four  stretches  of  masonry  conduit, 
including  the  Hook  Mountain  and  Watchung 
Mountain  tunnels.  Hook  Mountain  tunnel  was 
excavated  by  the  company  by  day  labor,  but 
the  trimming  and  lining  has  been  done  under 
contract  by  Mr.  Harold  Bouton,  of  Jersey  City. 
A  contract  for  Watchung  Mountain  tunnel  was 
made  with  the  Hudson  County  Contracting 
Company,  of  Jersey  City,  recently  reorganized 
as  the  Metropolitan  Construction  Company  of 
Jersey  City,  which  is  now  completing  the  lin- 
ing. The  tunnels  penetrate  sound  trap  and 
sandstone,  requiring  timbering  only  at  the  por- 
tals and  at  one  place  where  water  came  in  pret- 
ty freely — perhaps  200  feet  altogether  in  the 
total  length  of  both  tunnels.  No  unusual  diffi- 
culties were  encountered  and  no  novel  methods 
of  construction  employed.  The  cross-section  of 
the  lining  used  for  Hook  Mountain  tunnel  is 
shown  by  an  accompanying  drawing;  that  for 
Watchung  Mountain  differed  slightly  in  the  in- 
vert, and  in  several  places,  aggregating  some- 
what more  than  200  feet,  four  rings  of  brick 
were  used.  The  brick  side  walls  and  arch  were 
built  first  and  after  they  were  completed  the 
concrete  invert  was  placed  continuously  begin- 
ning at  the  higher  end  of  each  tunnel. 

Excavation  for  the  cut-and-cover  conduit  was 
begun  in  1900  by  sub-contractors  under  the  or- 
iginal contract  with  Mr.  Plynn,  considerable  por- 
tions of  the  trench  being  opened  that  year. 
When  the  undertaking  changed  hands,  as  de- 
scribed in  previous  articles,  the  cut-and-cover 
work  was  divided  into  four  contract  "sections, 
all  of  which  were  let  to  the  Eastern  Construc- 
tion Company  of  New  Jersey,  Mr.  Fred  J.  Gu- 
belman,  M.  Am.  Soc.  C.  E.,  president.  The  con- 
tract for  Section  4  was  sublet,  however,  to  the 
Cement  Paving  &  Construction  Company,  of 
Jersey  City.  No  work  was  done  on  Sections  3 
and  4  by  the  original  contractor. 

Operations  were  begun  by  the  Eastern  Con- 
struction Company  last  May.  The  difficulties 
on  Sections  1  and  2  were  materially  increased 
by  the  condition  into  which  the  partially  exca- 
vated trenches  had  fallen  by  reason  of  their 
standing  open  for  the  intervening  two  years. 
On  Section  1  a  number  of  short  drifts  or  tun- 
nels aggregating  1,541  linear  feet  had  been 
made  through  shale  rock  to  avoid  deep  cuts, 
but  it  seems  now  that  continuous  open  cutting 
would  have  been  more  economical  in  the  long 
run.  The  sheeting  and  bracing,  some  of  which 
even  when  first  placed  was  none  too  good,  had 
suffered  by  the  exposure,  and,  for  about  400  feet 
in  one  place,  had  been  set  so  as  to  make  the 
trench  a  foot  too  narrow.  Widening  and  re- 
bracing  a  wet  trench  from  22  to  38  feet  deep, 
in  woods,  through  soil  containing  large  boul- 
ders and  fine  running  sand,  with  the  bank 
loaded  with  the  previously  excavated  materials, 
is  not  a  particularly  enjoyable  piece  of  con- 
struction, but  it  was  successfully  accomplished. 
In  this  and  other  trench  work  on  this  section 
a  Jackson  bolster  and  excavator,  built  by  Mr. 
G.  D.  Grannis,  of  Syracuse,  N.  Y.,  was  found 
very  useful.  The  materials  on  this  section  were 
mostly  shale  rock,  clay,  gravel  and  fine  sand, 
containing  considerable  water.  The  phenom- 
enal wetness  ot  the  season  added  not  a  little  to 
the  difficulties  of  the  work  on  all  the  sections. 

On  Section  3,  9,896  feet  long,  located  largely 
along  a  rough  steep  side-hill  along  which  a  con- 
struction road  had  to  be  cut  before  other  oper- 
ations could  be  undertaken,  three  special  steel 
stiff-leg  bull-wheel  traveling  derricks  were  used. 
These  derricks,  one  of  which  is  shown  in  an  il- 
lustration, were  built  by  the  l^idgerwood  Man- 
ufacturing Company,  of  New  York,  had  plat- 
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forms  12x30  feet,  mounted  on  six-wheel  trucks, 
had  40-foot  latticed  steel  booms  and  traveled  on 
10-foot-gauge  tracks  laid  alongside  the  trench. 
These  derricks  handled  one-cubic-yard  steel  tip- 
ping Jjuekets,  into  which  the  materials  were 
shoveled  in  the  trench.  The  materials  were 
principally  gravelly  clay  and  boulders.  On 
Section  2,  2,600  feet  long,  there  was  a  great  deal 
of  rock  excavation,  largely  trap;  the  material 
above  the  rock  was  mostly  clay.  Section  4, 
3, 640  feet  long,  also  encountered  considerable 
rock,  but  there  was  also  much  clay  and  fine 
sand,  and  water  caused  no  little  annoyance.  A 
fourth  Lidgerwood  excavator  and  a  stiff-leg  der- 
rick were  used  on  this  section.  In  the  bottoms 
of  the  wet  trenches  box  sub-drains  were  used 
and  holes  were  left  into  the  invert  of  the  con- 
duit at  intervals  of  about  50  feet  to  permit  the 
filling  of  the  drain  after  the  conduit  was  fln- 
islied.  Wherever  the  box  drain  was  used  the 
invert  was  reinforced  with  sheets  of  expanded 
metal  laid  continuously.  At  the  easterly  end 
of  Section  3  the  gravelly  clay  was  of  such  a 
nature  that  the  deep  trench  could  be  cut  with 
almost  vertical  sides  and  would  stand  for 
months,  and  the  bottom  could  be  formed  exact- 
ly to  the  shape  required  for  the  conduit,  as  can 


the  outside  forms,  below  which  the  concrete 
was  built  against  the  hard  earth  or  rock  sides 
of  the  trench. 

For  lengths  of  a  few  feet  in  a  number  of 
places  where  the  bottom  of  the  trench  was  in 
soft  earth,  a  bed  of  concrete  6  inches  thick  at 
the  middle  and  from  8  to  18  inches  thick  at  the 
sides,  according  to  conditions,  in  which  sheets 
of  3-inch  mesh  No.  10  expanded  metal  were  em- 
bedded, was  placed  as  a  foundation  for  the  con- 
duit. On  420  feet  of  foundation  embankments 
the  base  of  the  conduit  was  extended,  as  shown, 
and  reinforced  with  %-inch  twisted  steel  rods. 
In  both  soft  earth  and  embankment  types  of 
conduit  the  transverse  reinforcing  rods  com- 
pletely encircled  the  bore  of  the  conduit.  In 
these  cases,  of  course,  the  rods  were  made  in 
two  or  more  pieces  and  their  ends  were  lapped 
1  foot  and  wired  together.  In  other  places  also 
a  rod  might  consist  of  more  than  one  piece  if 
the  ends  were  lapped  1  foot  and  wired  together. 
This  system  p£  reinforcing  was  adopted  after 
receiving  alternative  bids  on  three  systems  in 
the  tenders  for  the  main  contract,  including 
two  kinds  of  mesh  fabrics.  But  very  little  dif- 
ficulty has  been  experienced  in  keeping  the  rods 
in  their  proper  position  in  the  cross-section  by 


the  fifteenth  of  each  month  covering  the 
amounts  and  details  of  the  deliveries  to  be 
made  during  the  next  succeeding  month.  It 
was  stipulated,  however,  that  the  deliveries 
should  not  exceed  the  equivalent  of  a  certain 
maximum  average  number  of  barrels  per  work- 
ing day.  The  contractor  was  held  responsible 
for  the  proper  care  and  use  of  the  cement,  and 
any  injured  after  delivery  to  him  by  reason  of 
neglect  or  carelessness  on  his  part,  and  all  ce- 
ment used  in  work  rejected  by  the  engineer 
was  charged  and  will  be  deducted  from  the  final 
estimate.  It  was  provided  that  any  cement 
found  to  be  below  standard  at  the  time  of  de- 
livery should  be  credited  if  returned  to  the  com- 
pany in  carload  lots,  at  the  point  of  delivery. 
The  contractor  was  required  to  furnish  the  en- 
gineer at  the  close  of  each  day's  work,,  a  re- 
port in  writing  stating  the  number  of  barrels 
or  bags  of  cement  used  during  the  day  for  each 
and  every  class  of  work,  and  also  the  number 
of  batches  of  mortar  and  concrete.  These  va- 
rious requirements  were  clearly  stated  in  the 
specifications. 

Good  sand  was  found  at  several  places  along 
or  near  the  trench,  and  with  few  exceptions  but 
short   hauls  were  necessary  to  get    it    to    the 
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be  seen  in  one  of  the  views.  Excavated  mate- 
rials, except  rock,  were  used  almost  wholly  for 
refilling  and  embankments;  the  rock  was  used 
to  some  extent  for  this  purpose  also.  The  em- 
bankments have  slopes  of  1  on  1%  with  a  mini- 
mum depth  of  2  feet  above  the  arch  of  the  con- 
duit. 

Accompanying  drawings  show  the  principal 
types  of  conduit  construction,  Portland  cement 
concrete  reinforced  with  Ransome  steel  rods  be- 
ing used  everywhere  excepting  in  the  drifts  on 
Section  1,  in  the  concrete  lining  of  which  no 
steel  was  used.  About  90  per  cent,  of  the  con- 
duit in  open  trench  was  built  of  the  type  de- 
signed for  stiff  earth  and  rock  trenches,  this 
section  being  used  for  all  depths  of  cover  up  to 
about  10  feet.  A  few  pieces,  amounting  to  826 
linear  feet,  where  the  cover  was  about  15  feet, 
were  built  with  the  arch  8  inches  thick  at  the 
crown  and  the  side  walls  14  inches  thick  at  the 
springing  line.  The  reinforcement  consisted  of 
cold-twisted  %-inch  square  steel  rods  bent  to 
the  form  shown  in  drawings,  spaced  1  foot 
apart,  and  i/4-inch  longitudinal  twisted  rods 
placed  2  feet  apart  and  wired  to  the  transverse 
rods.  The  transverse  rods  were  made  of  such 
lengths  as  to  extend  1  foot  below  the  bottom  of 


exercising  a  little  watchfulness  as  the  concrete 
was  being  placed. 

The  concrete  was  made  of  one  part  Atlas 
Portland  cement  and  seven  parts  sand  and  bal- 
last, for  the  conduit  in  open  trench,  and  eight 
parts  for  the  linings  and  drifts,  the  mixtures 
being  balanced  so  as  to  make  a  dense  mass. 
The  proportions  were  fixed  by  volume,  100 
pounds  of  cement  being  assumed  to  occupy  1 
cubic  foot,  and  the  sand  and  ballast  being  meas- 
ured as  shoveled  into  boxes  in  the  usual  way. 
The  ballast  was  broken  trap  rock,  and  the  run 
ofthe  crusher  was  used.  The  crushers  were 
set  for  2-inch  stone,  but,  owing  to  the  charac- 
ter of  the  rock,  pieces  several  inches  long  and 
sometimes  wider  than  2  inches,  would  occasion- 
ally pass.  Such  pieces  were  rarely  thrown  out, 
except  from  the  thinnest  part  of  the  arch,  but 
when  kept  properly  distributed  in  the  mass 
were  considered  advantageous  rather  than 
otherwise  by  reducing  the  voids  in  the  aggre- 
gate. 

All  cement  was  furnished  in  carloads  to  the 
contractor  by  the  Jersey  City  Water  Supply 
Company  at  the  most  convenient  poirits  of  rail- 
road delivery,  the  contractor  being  required  to 
give  the  company  a  written  order  on  or  before 


works.  A  rock-crushing  plant  consisting  of 
two  portable  crushers  made  by  Juliau  SchoU  & 
Company,  of  New  York,  driven  by  Erie  City 
Iron  Works  engines,  was  set  up  at  a  convenient 
place  on  Section  2  and  furnished  practically 
all  stone  required  on  this  section  and  Section 
1.  For  Section  3  a  similar  plant  was  installed, 
while  for  Section  4  the  broken  stone  was  ob- 
tained mostly  from  outside  parties.  The  team- 
ing of  sand  and  broken  stone  was  sublet  to  va- 
rious local  parties,  but  the  Eastern  Construc- 
tion Company  found  that  it  could  save  money 
by  buying  and  furnishing  for  this  purpose  some 
thirty  of  the  IVi-cubic-yard  dumping  wagons 
made  by  the  Watson  Wagon  Company,  of  Can- 
astota,  N.  Y.,  since  their  use  insured  greater 
uniformity  and  better  measure  in  the  size  of 
loads,  payment  being  made  per  load,  with  a 
proportionate  price  for  partial  loads.  These 
wagons  also  furnished  a  readier  means  for 
checking  and  estimating  quantities  as  well  as 
greater  convenience  in  handling  the  materials. 
All  concrete  was  mixed  by  machine,  seven 
Ransome  portable  drum  mixers  being  used  on 
Sections  1,  2  and  3,  and  one  Ransome  and  one 
Smith  mixer  on  Section  4.  These  mixers  were 
set  bpside  the  trench  and,  on  Sections  1  to  3, 
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deliver^  the  concrete  through  iron  chutes  to 
dished  shoveling  boards  standing  on  six  legs 
on  top  of  the  forms,  as  shown  in  the  illustra- 
tion. The  concrete  was  mixed  very  wet.  the 
mortar  being  of  the  consistency  of  thin  mush, 
and  was  considered  Just  right  when  it  would 
just  flow  with  the  chutes  sloped  1  vertical  to 
S  horizontal.  Of  course,  the  chutes  had  gen- 
erally more  pitch  than  this.  and.  when  neces- 
sary to  get  the  slope,  the  mixers  were  raised 
on  blocking.  Coal  scoops  were  used  for  shov- 
eling the  concrete  from  the  watertight  dished 
boards  into  the  forms  and  were  found  not  only 
to  be  more  economical  than  shovels  in  moving 
the  concrete  more  rapidly,  but  they  better  pre- 
served the  proportions  of  mortar  and  water 
with  the  ballast.  The  large  proportion  of  water 
used  in  mixing  was  taken  up  by  the  cement  in 
setting.  During  warm  weather  the  concrete, 
after  removing  the  forms,  was  covered  with  a 
few  Inches  of  earth,  and  sprinkled  three  times 
a  day  for  two  weeks,  provision  for  sprinkling 
having  been  made  in  the  specifications.  Spe- 
cial   two-wheel    end-dumping   steel    measuring 


vert  should  be  placed  and  the  space  between 
them  and  the  concrete  poured  full  of  a  very 
wet  mixture  consisting  of  one  volume  of  Port- 
land cement,  one  volume  of  sand  and  one  vol- 
ume of  very  fine  crushed  stone.  This  method 
was  never  tried,  but  as  it  was  apparent  that  it 
would  require  more  time  for  the  construction 
than  the  urgency  of  the  case  would  permit,  the 
invert  was  formed  by  screeding,  being  finished 
by  troweling  while  the  mortar  was  plastic,  and 
the  two  bottom  parts  of  the  centers  were  not 
used.  No  outside  forms  were  employed  for  a 
width  of  about  5  feet  on  top  of  the  arch.  The 
centers  were  usually  left  in  place  about  forty- 
eight  hours.  Occasionally  they  were  greased 
with  cheap  vaseline  cut  with  kerosene.  To- 
wards the  close  of  the  work,  when  some  of  the 
centers  were  no  longer  needed,  the  %-inch  lag- 
ging taken  from  them  was  used  for  the  forms 
for  several  of  the  small  gate  chambers. 

The  general  method  employed  in  construction 
may  be  briefly  described  as  follows:  Forms 
were  set  for  a  given  section  to  be  built,  making 
a  continuous  inner  mould  for  the  conduit,  ex- 


care  was  taken  to  keep  the  forms  clean,  the 
whole  duty  of  one  laborer  being  to  scrape  oil 
the  fresh  concrete  whenever  work  was  shifted 
from  one  part  of  the  section  to  another. 

The  concrete  is  very  dense  and  free  from 
voids,  weighing  156  to  160  pounds  per  cubic 
toot.  This  was  well  shown  In  the  fragments  of 
about  200  linear  feet  of  conduit  ruptured  dur- 
ing the  flood  of  October  8  and  9,  when  one  side 
of  the  trench  for  a  short  distance  on  Section 
3  filled  with  water  while  the  other  side  was 
drained  through  a  side  trench,  the  conduit  act- 
ing as  a  dam.  A  portion  of  tlie  invert  only 
about  ten  days  old  was  forced  upward  and  then 
the  upper  parts  of  the  side  walls  and  the  arch 
were  crushed  in.  The  reinforcing  rods  were 
broken  in  most  instances  observed  rather  than 
being  pulled  out  of  the  concrete.  At  the  end 
of  each  day's  work  a  groove  was  formed  In  the 
face  of  the  concrete  all  around  to  bond  with  the 
following  concrete.  Fine  cracks  have  girdled 
the  conduit  at  many  of  these  joints,  but  no- 
where else,  as  far  as  noticed.  However  these 
cracks  do  not  seem  to  be  serious  and  will  prob- 
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barrows  were  used  for  sand  and  stone  and 
dumped  the  materials  directly  into  the  miser. 
On  Section  4  side-dumping  special  wooden 
measuring  barrows  were  used.  Tamping  bars 
and  forks  were  the  tools  for  working  the  con- 
crete properly  against  the  forms;  it  was  too 
wet  for  ramming. 

The  tjrpes  of  centers  employed  are  well  shown 
by  some  of  the  views,  those  on  Section  4  being 
covered  with  thin  sheet  steel.  All  of  them  were 
made  in  sections  12)^  feet  long  consisting  of 
eleven  parts  of  such  a  weight — about  200 
pounds — as  to  be  readily  bandied.  The  speci- 
fications required  that  the  conduit  should  be 
built  in  monolithic  sections  not  exceeding  20 
feet  in  length,  but  sections  50  feet  long  were 
used  wherever  the  top  of  the  conduit  was  not 
over  18  inches  above  the  undisturbed  ground. 
It  was  further  stipulated  that  If  necessary  to 
secure  smooth  surfaces  the  concrete  should  first 
be  deposited  in  the  invert  and  lower  part  of 
the  side  walls,  with  its  inside  face  at  least  1 
inch  back  from  the  finished  surface,  and  that 
Immediately  afterwards  the  forms  for  the  in- 


cept for  about  6  feet  in  the  lowest  part  of  the 
invert.  These  forms  were  supported  on  6-inch 
cubes  of  concrete,  which  were  built  into  the 
work.  Each  1214-foot  section  of  the  inside 
forms  bad  a  scuttle  about  2  feet  square  at  the 
crown  of  the  arch.  After  having  been  set,  the 
forms  were  then  greased  and  the  Ransome  rods 
placed  in  position.  Wherever  the  trench  was 
near  the  required  width,  no  back  forms  were 
used.  The  concrete  was  first  deposited  on  the 
outside  and  by  means  of  tamping  bars,  was 
forced  under  the  forms  until  it  appeared  on  the 
inside  and  filled  the  entire  space  between  the 
ground  and  the  forms.  Concrete  was  then 
thrown  through  the  scuttles  and  the  invert 
screeded  into  shape.  The  scuttles  were  then 
closed  and  the  work  of  making  the  concrete 
shell  was  continued.  Back  forms  in  sections 
about  12>4  feet  long  and  2  feet  in  width  were 
added  as  the  work  progressed  wherever  the 
width  of  the  trench  made  them  necessary,  until 
the  concrete!  had  been  all  placed,  except  about 
5  feet  along  the  crown.  The  crown  was  formed 
without  the  aid  of  the  outside  form.     Special 


ably  be  silted  up  soon  after  the  conduit  is  put 
into  service.  The  reinforcing  rods  extend 
across  these  joints.  Little  or  no  brushing  and 
plastering  of  concrete  surfaces  has  been  done, 
but  the  interior  of  the  conduit  is  smoother  than 
average  brickwork  in  similar  construction,  and 
it  is  claimed  that  the  coefficient  of  roughness 
will  be  less  than  that  of  riveted  steel  pipe  of 
the  same  size. 

At  Third  River,  on  Section  4,  the  conduit 
was  carried  across  the  stream  on  a  bridge  of 
concrete  reinforced  with  expanded  metal.  The 
bridge  consists  of  three  arches,  two  of  8  feet 
and  one  of  18  feet  span,  and  contains  overflow 
chambers  from  which  the  water  can  spill  Into 
the  river.  The  concrete  was  composed  of  one 
volume  of  cement  to  seven  volumes  of  sand  and 
ballast  The  structure  presents  a  neat  appear- 
ance just  as  exposed  by  removing  the  forms, 
without  troweling  or  other  finish.  Square  man- 
holes of  the  dimensions  shown  In  one  of  the 
drawings  were  formed  on  the  conduit  at  inter- 
vals of  about  500  feet.  These  have  as  covers 
flat  reinforced  concrete  slabs  with  a  projection 
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2  inches  wide  and  2  inches  deep  on  all  sides 
of  the  bottom  to  fit  over  a  similar  projection 
at  the  top  of  the  manhole.  These  covers  are 
buried  to  a  depth  of  about  2  feet  by  the  em- 
bankment, but  their  positions  are  indicated  by 
markers.  A  number  of  small  streams  are  car- 
ried beneath  the  conduit  by  syphon  barrel  cul- 
verts, of  concrete,  with  a  rectangular  chamber 
3%x6  feet  inside  at  each  end,  the  one  on  the 
inlet  end  having  a  sump  2  feet  deep.  Several 
■overhead  culverts  were  also  necessary.  These 
are  rectangular  concrete  troughs  2  feet  deep 
and  from  2  to  4  feet  wide  resting  on  the  arch 
of  the  conduit  and  having  suitable  aprons  of 
dry  stone  paving  at  each  end.  One  large  free- 
draining  culvert  which  was  required  beneath 
the  conduit  is  of  concrete;  it  is  5  feet  wide  and 

3  feet  high  inside,  the  top  being  an  arch  of  12 
inches  rise,  6  inches  thick  at  the  crown. 

This  conduit  is  a  noteworthy  example  of 
modern  steel  pipe  and  reinforced  concrete  con- 
struction; the  arrangements  tor  controlling  the 
flow  of  the  water  at  the  connection  with  the 
East  Jersey  conduit  and  at  the  place  of  distri- 
bution are  particularly  interesting. 

But  perhaps  the  most  notable  feature  of  the 
concrete  construction  was  the  rapidity  with 
■which  it  was  executed,  which  accounts  for  the 
otherwise  unnecessarily  large  equipment  which 
the  contractor  provided.  Trial  sections  of  the 
concrete  conduit  were  begun  about  July  1  and 
by  the  middle  of  that  month  three  mixers  were 
in  operation.  Other  mixers  were  added  from 
time   to   time   as   the   trench    could    be    gotten 


Mr.  E.  W.  Harrison,  chief  engineer,  and  Mr. 
William  B.  Fuller,  resident  engineer,  for  these 
works.  Mr.  F.  J.  Gubelman  gave  his  constant 
personal  attention  to  the  construction  in  behalf 
of  the  contractor. 


A  System  of  Hot- Water  Heating  by  the 
Use  of  Steam. 


A  hot-water  heating  system  that  has  apparent- 
ly met  with  marked  approval  in  Europe,  judging 
from  the  numerous  important  installations  of  it 
on  the  Continent,  is  that  invented  some  years 
ago  by  Capt.  A.  B.  Reck,  of  Copenhagen,  Den- 
mark. The  water  from  the  radiators  of  the 
warming  apparatus  is  returned  through  tubes  in 
a  so-called  reheater,  which  employs  steam  as 
the  heating  medium,  around  the  outside  of  the 
tubes,  and  the  water  then  passes  to  the  expan- 
sion tank,  located  in  the  usual  elevated  posi- 
tion, and  thence  to  the  flow  lines  leading  to  the 
radiation  surface,  completing  the  circuit.  The 
interesting  point,  however.  Is  that  the  riser 
from  the  reheater  to  the  expansion  tank,  before 
connecting  into  the  tank,  is  carried  through  a 
small  condensing  apparatus  and  through  a  cir- 
culator, so-called,  the  ofilces  of  which  are  as 
follows: 

The  circulator  is  essentially  an  enlargement 
of  the  riser  in  which  a  steam  pipe  terminates, 
so  that  steam  forced  into  the  water  can  heat 
it  above  what  it  was  in  the  reheater.  Besides 
the  water  pipe  rising  from  the  reheater,  a 
steam  riser  is  also  extended  from  it,  from  the 


steam  generation.  In  order  to  keep  the  system 
at  a  low  pressure  and  to  get  rid  of  the  air  col- 
lecting in  the  top  of  the  tank,  which  is  cov- 
ered, the  overflow  pipe  or  connections  thereto 
are  fitted  with  an  air  valve.  Owing  to  the  pos- 
sibility that  the  overflow  pipe  may  at  times 
become  filled  with  vapor  or  steam,  the  pipe 
is  not  continuous  to  the  steam  boiler,  but  the 
condenser  mentioned  is  inserted,  being  a  de- 
vice by  which  this  steam  is  condensed  by  the 
water  rising  from  the  reheater.  The  condenser 
is  usually  located  close   to  the  circulator. 

As  to  the  action  of  the  apparatus  some  gen- 
eral statements  were  made  recently  in  a  paper 
read  before  the  Institution  of  Heating  and  Ven- 
tilating Engineers,  by  Mr.  C.  Ingham  Haden. 
When  the  steam  pressure  in  the  boiler  or  sup- 
ply pipe  exceeds  the  pressure  due  to  the  height 
of  the  column  of  water  from  the  circulator  to 
the  water  line  into  the  expansion  tank,  the 
steam  will  make  its  way  into  the  circulator  and 
mix  itself  directly  with  the  hot  water  ascend- 
ing from  the  reheater  through  the  main  rising 
pipe. 

The  result  of  the  admixture  of  the  steam 
with  the  water  in  the  circulator  will  be,  he  ex- 
plained, that  the  water  is  caused  to  boil  in  that 
part  of  the  rising  pipe  above  the  circulator,  so 
that  numerous  steam  bubbles  will  be  contained 
in  the  water  column  ascending  through  the 
said  pipe.  The  temperature  of  the  water  in 
this  pipe  depends  greatly  on  the  pressure  of 
the  steam  penetrating  into  the  circulator,  so 
that  the  steam  pressure  is  normally  maintained 
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ready,  the  last  one  being  started  about  the  mid- 
dle of  August.  After  construction  was  com- 
menced, the  rate  of  progress  was  rapid  until 
completion.  Between  July  25  and  November 
14,  18,500  feet  of  conduit  were  built.  On  one 
section,  in  65  days,  excluding  Sundays  and 
holidays,  but  including  days  on  which  it  storm- 
ed, 2,586  feet  of  conduit  were  constructed  by  a 
gang  of  38  men,  an  average  of  39.8  linear  feet 
per  day.  By  October  21  the  contractor  had 
built  all  the  conduit  except  two  short  pieces 
held  open  by  order  of  the  water  company  and 
a  short  length  in  the  deep  cut  on  Section  1.  On 
November  10  there  remained  to  be  constructed 
only  20  feet  held  open  in  one  place  to  accom- 
modate other  work  and  100  feet  at  Watchung 
tunnel  which  cannot  be  completed  until  after 
the  tunnel  lining  is  finished.  As  stated  early 
in  this  article,  the  contractor  did  not  begin  op- 
erations of  any  kind  until  in  May,  and  there 
now  remains  to  be  done,  when  suitable  weather 
returns  in  the  spring,  only  comparatively  small 
parts  of  the  grading  and  clearing-up. 

Mr.  J.  Waldo  Smith   is  consulting  engineer. 


steam  space,  and  the  water  riser  connects  into 
the  bottom  of  the  circulator,  while  the  steam 
riser  terminates  within  it  at  the  upper  part.  It 
will  thus  be  seen,  as  may  be  noted  in  passing, 
that  the  steam  and  water  systems  are  brought 
into  communication  at  this  point.  The  top  of 
the  circulator  is  connected  into  the  bottom  of 
the  expansion  tank,  by  a  pipe  that  has  already 
been  referred  to  as  a  part  of  the  water  riser, 
and  from  the  bottom  of  the  tank  is  dropped 
the  main  flow  line.  The  circulator  is  supported 
a  few  feet  below  the  expansion  tank,  and  the 
column  of  water  represented  by  the  connec- 
tion between  circulator  and  tank  is  overbal- 
anced by  the  column  represented  by  the  flow 
pipe  from  the  bottom  of  the  tank  to  the  flow 
mains,  the  establishment  of  this  relation,  as  a 
means  for  accelerating  circulation,  being  the 
object  of  the  apparatus.  To  take  care  of  the  wa- 
ter added  to  the  water  system  by  the  condensa- 
tion of  steam  in  the  circulator,  an  overflow  pipe 
is  attached  to  the  expansion  tank,  leading  to 
the  water  space  of  the  steam  boiler,  assuming 
that   a    low-pressure    boiler    is    employed    for 


just  sufficient  to  cause  it  to  enter  the  circula- 
tor. The  condensation  in  the  reheater  is,  of 
course,  returned  to  the  boiler. 

It  will  be  seen  that  as  long  as  the  pressure 
in  the  boiler  is  kept  so  low  that  the  steam 
cannot  enter  into  the  circulator,  the  apparatus 
will  work  as  any  ordinary  hot-water  apparatus, 
the  difference  being  that  the  hot-water  boiler 
is  replaced  by  the  steam  boiler  and  reheater. 
The  property  of  the  circulator  that  is  empha- 
sized is  that  it  can  be  used  in  the  morning  in 
moderate  weather  or  when  any  sudden  fall  in 
temperature  takes  place,  owing  to  its  capacity 
to  accelerate  the  circulation.  It  is  asserted 
that  when  the  Reck  circulator  is  fitted  to  a 
hot-water  heating  apparatus,  the  hot  water  will 
circulate  say  four  times  more  quickly  through 
mains  and  pipes  than  without  it,  and  that  as  a 
result  the  sectional  area  of  the  piping  need 
only  be  one-fourth  as  large,  containing,  there- 
fore, one-fourth  the  quantity  of  water.  In  brief, 
the  points  that  are  regarded  as  the  principal 
features  of  the  system  are  quick  heating  and 
small  piping. 
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Details     of    the     Wiliiamsburg     Bridge 
Towers. 


Tb.e  general  features  of  design  and  the  im- 
ponant  operations  of  i-onstruction  and  erection 
for  tlie  new  East  River  bridge,  officially 
known  as  the  Williamsburg  bridge,  across  tlie 
East  River,  between  the  new  bridges  No.  3 
and  No.  4,  have  been  abundantly  described  by 
about  thirty  articles  published  in  The  Engi- 
neering Record  as  the  work  has  progressed  dur- 
ing the  last  six  years.  The  structure  has  now 
reached  such  an  advanced  stage  of  completion 
that  its  present  appearance,  in  most  respects, 
is  that  of  tho  finished  structure.  The  character 
of  the  8te«l  work  is  of  special  interest  on  ac- 
count 01'  the  great  capacity  of  the  bridge — 
much  larger  than  that  of  any  other  long-spau 
yet  fflmpleted — its  height,  and  the  development 
of  massive  members  designed  in  accordance 
with  the  most  advanced  American  practice.  The 
Bpe<.'ial  features  have  been  recorded  in  the  il- 
lustrations of  the  design  published  by  this  Jour- 
nal. In  many  cases  these  have  appeared  at  con- 
siderable intervals  as  the  different  parts  of  the 
work  were  put.  under  contract.  The  illustra- 
tions were  necessarily  condensed  so  as  to  per- 
mit the  presentation  of  the  whole  large  struc- 
ture, and  therefore  many  of  the  details  which 
were  actually  shown  could  not  be  emphasized 


tially  of  an  upper  and  lower  portion.  The  low- 
er portion  is  about  100  feet  high  and  is  made  of 
two  separate  towers  seated  on  independent  ma- 
sonry piers  and  connected  at  the  top  by  a  sys- 
tem of  transverse  girders  and  portals.  Each 
half  of  the  tower  has  four  vertical  columns 
braced  together  on  all  siles. 

The  horizontal  braces  between  the  tower 
legs  are  made  with  pairs  of  built  channels 
with  their  flanges  turned  inwards  and  latticed. 
The  diagonal  brai'es  have  l-shaped  cross-sec- 
tions made  with  two  p^iirs  of  large  angles  rivet- 
ed together  back  to  back  and  latticed.  Both 
horizontal  and  longitudinal  braces  are  fleld- 
riveted  at  the  ends  between  pairs  of  jaw  plates 
in  the  planes  of  the  column  webs  or  of  their 
coyer  plates.  At  intersections  all  the  diagon- 
al members  are  mitred  and  are  field-riveted  to 
flange  connection  plates.  The  columns  have 
closed  rectangular  cross-sections  made,  in  the 
lower  sections,  with  two  48x%-inch  cover 
plates,  two  32x%-inch  inside  cover  reinforce- 
ment plates,  two  46x%-inch  web  plates,  two 
29%x%-inch  outside  web  reinforcement  plates 
and  four  8x6x%-inch  flange  angles.  They  are 
stiffened  by  horizontal  transverse  diaphragm 
plates  about  10  feet  apart  which  are  pierced 
with  manholes  to  allow  access  to  the  interiors 
of  the  columns  in  one  of  which  an  iron  ladder 
is  provided. 


connected  to  the  column  webs  by  vertical  flange- 
angles,  as  indicated  in  the  illustration  of  aa 
outside  tower  column,  which  also  shows  a  por- 
tion of  a  column  splice  and  the  connection  of 
the  longitudinal  bracing  and  a  transverse'  diag- 
onal. The  illustration  of  an  inner  column 
above  the  roadway  is  made  from  a  photograph 
looking  from  the  center  of  the  tower  towards- 
the  river,  at  the  conneition  at  the  upper  side 
of  the  main  portal  girder  and  shows  the  knee- 
brace  connection  which  stiffen  the  web  mem- 
bers of  the  portal  and  the  heavy  rectangular 
diagonal  strut  above  it.  The  illustration  of  the 
outside  column  is  taken  from  a  point  near  the- 
center  of  one  group  of  four  columns  and  shows 
the  typical  connections  of  horizontal  and  in- 
clined transverse  and  longitudinal  struts  for 
an  outer  column  above  the  roiiuway.  The- 
scale  may  be  judged  from  the  dimensions  of  the 
horizontal  struts,  which  are  each  made  with 
24-inch  vertical  plates,  and  the  diagonals, 
which  are  made  with  pairs  of  GxSVi-inch  angles. 
The  top  flange  of  the  latticed  portal  girder 
in  the  other  illustration  is  made  with  a  pair  of 
18-inch  web  plates  and  two  6x4-inch  angles. 
The  diagonal  strut  above  it  is  made  with  four 
6x4-inch  angles.  The  portal  girder  over  the 
sidewalk  is  made  with  6x4-inch  angles  In  the 
top  flange  and  curved  6x8-inch  angles  in  the 
bottom    flange,    and    the   adjacent   longitudinal 
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so  as  to  especially  display  their  many  Interest- 
ing features.  Since  the  completion  of  the  dif- 
ferent portions  of  the  work,  many  of  the  spe- 
cial connections  can  be  seen  to  advantage  in 
the  structure,  and  The  Engineering  Record  has 
secured  some  8i>ecial  photographs  of  these  for 
the  purpose  of  illustrating  some  of  the  typical 
features  which  can  be  thus  observed  at  a  glance 
without  the  effort  necessary  to  read  the  sep- 
arated or  complex  drawings. 

The  main  towers  are  much  the  largest  steel 
bridge  towers  ever  built  and  their  massive  con- 
Btmction  and  great  rigidity  is  evident  from  the 
accompanying  detail  views  which  show  several 
of  the  principal  connections.  These  towers 
were  described  in  The  Engineering  Record  of 
February  12,  1898,  and  their  erection  was  de- 
scribed May  5,  1900.  They  are  about  310  feet 
blgh  above  the  tops  of  their  piers;  about  125 
feet  long;  45  feet  wide  over  all  at  the  base,  and 
about  100  feet  long  and  20  feet  wide  at  the  top. 
EACh  one  carries  four  main  cables  and  one  end 
of'  the  l,COO-foot  suspended  span,  and  one  end 
of  the  300-foot  approach  span.  The  tower 
weighs  about  3,000  tons,   and  consists  essen- 


The  lower  section  of  the  column  about  20 
feet  long  is  battered  to  an  extended  base  8  feet 
square,  and  the  sides  are  stiffened  by  two  inner 
vertical  ribs  2  feet  wide  on  each  side.  The  two 
sides  of  the  lower  part  of  the  tower  are  con- 
nected below  the  roadway  level  by  transverse 
trusses  and  heavy  arched  portal  frames.  The 
eight  columns  are  vertical  up  to  this  point  and 
their  tops  are  capped  with  horizontal  steel 
plates  on  which  beveled  castings  are  seated  to 
receive  the  feet  of  the  upper  portions  of  the 
columns,  which  are  battered  both  longitudin- 
ally and  transversely,  but  are  parallel  in  the 
transverse  planes. 

The  construction  of  the  members  Is  similar 
to  those  in  the  lower  part  of  the  tower,  except 
that  the  two  pairs  of  columns  on  each  side  of 
the  center  line  are  connected  above  the  side- 
walk by  heavy  portal  struts  and  at  the  tops  by 
plate  girders  carrying  the  saddles.  The  two 
sets  of  columns  are  also  connected  over  the 
roadway  by  deep  transverse  girders  and  por- 
tals. The  sidewalk  portals  are  virtually  double 
plate-girders  with  a  transverse  connecting  dia- 
phragm and  open  panels  in  the  web. '  They  are 


horizontal  strut  is  made  with  24-inch  web 
plates  and  3%x3V{!-inch  flange  angles.  The 
adjacent  ends  of  the  two  300-foot  land  spans  on 
each  side  of  the  river  are  carried  by  steel  tow- 
ers about  86  feet  high  trom  the  top  of  the  ma- 
sonry to  the  pedestal  seats.  These  towers  are 
substantially  double,  each  being  composed  of 
two  symmetrical  halves  united  by  a  pair  of 
transverse  plate  girders  and  curved  portal 
struts  at  the  top.  Each  half  has  two  bents 
each  composed  of  two  posts  battered  in  verti- 
cal longitudinal  planes.  Each  post  has  an  open 
rectangular  cross-section  made  with  two  24- 
inch  web  plates,  one  27-lnch  cover  plate  and 
four  4x4-inch  angles.  The  lower  ends  are  milled 
square  and  are  seated  on  cast-steel  base 
plates  with  beveled  top  flanges  about  30  inches 
high,  each  base  plate  being  supported  on  a  sep- 
arate granite  pedestal.  The  four  sides  of  each 
half  of  the  tower  are  braced  with  horizontal 
and  diagonal  transverse  and  longitudinal 
struts  corresponding  in  their  design  and  con- 
nections with  those  described  for  the  main  tow- 
ers. These  towers  were  illustrated  and  de- 
scribed in  this  -Journal  February  19,  1898. 
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A    French    Cantilever    Bridge    without   a 
Suspended  Span. 

The  oSSloot  span  suspension  bridge  across 
the  Saoue  at  Villetranche,  France,  has  recently 
been  leplared  by  a  three-span  cantilever  bridge' 
521  I'ept  long  between  anchorages,  which  is  sup- 
ported en  the  old  abutments  and  ou  two  new 
channel  piers  having  pneumatic  caisson  foun- 
dations. The  bridge  carries  a  2.S-foot  highway, 
a  railroad  track  between  the  trusses  and  a  10- 
foot  cantilever  sidewalk  on  each  side.  It  has 
two  side  spans  150  feet  long  and  a  center  span 
220  feet  long  on  centers.  There  is  no  suspend- 
ed span  and  the  main  trusses  are  continuous 
over  the  piers  from  the  abutment  anchorage 
to  the  center  of  the  channel  span.  The  trusses 
are  riveted  girders  with  vertical  members  and 
diagonal  ties  in  one  direction  only.  The  bot- 
tom chord  of  the  center  span  is  a  segment  of 
a  circle  of  188  feet  radius,  which  gives  it  a 
rise  in  the  center  of  4.7  feet  above  the  tops  of 
the  piers.  The  bottom  chords  of  the  side  spans 
have  the  same  radius  so  as  to  be  symmetrical 
with  the  center  span  at  the  pier,  but  at  the  abut- 


of  the  span  was  counterbalanced  by  a  load 
of  about  12  tons  and  the  span  was  hauled  to- 
ward the  center  pier  by  windlasses  and  tackles 
attached  to  the  shore  ends  oi  the  trusses  and 
to  the  abutments.  When  the  trusses  projected 
about  56  feet  on  one  side  of  the  river  and  62 
feet  on  the  other  side,  the  overhanging  ends 
were  seated  on  falsework  towers  built  up  from 
the  deck  of  a  158-ton  boat  moored  below  it. 
The  bearing  of  each  span  on  the  tower  was 
made  with  four  jacks;  two  of  them  were  hydrau- 
lic to  compensate  for  the  displacement  of  the 
boat  and  the  other  two  were  screw  jacks  to  ad- 
just the  level  of  the  pier  seat.  The  boats  were 
guided  by  four  anchor  lines  wound  on  windlass- 
es as  the  span  advanced,  and  the  launching  was 
successfully  completed  at  a  time  when  there 
was  neither  wind  nor  current  to  contend 
against.  As  the  moving  lower  chord  which 
was  supported  on  the  stationary  roller  bearings 
was  curved,  it  was  necessary  to  provide  an 
adjustment  by  which  the  height  of  the  latter 
could  be  constantly  varied.  Each  bearing  was, 
therefore,  made  with  a  pair  of  wheels  set  in  a 
horizontal  frame  which  had  a  center  pivot  on 
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ments  are  tangent  to  a  horizontal  line  3.44  feet 
above  the  tops  of  the  piers.  The  top  chords  of 
all  spans  are  segments  of  parabolic  curves, 
those  of  the  side  spans  being  tangent  to  the 
horizontal  at  the  abutments.  The  trusses  are 
32  feet  deep  at  the  piers  and  9  feet  deep  in 
the  center  of  the  middle  span.  The  roadway  is 
graded  from  about  the  centers  of  the  abutments 
to  the  center  of  the  truss  in  the  middle  of  the 
river.  The  main  vertical  post  over  each  pier  is 
a  rectangular  closed  member  CV.  feet  wide.  The 
floor-beams  are  lattice-girders  or  plate-girders 
according  to  the  depth  of  the  truss  and  they 
support  a  solid  buckle-ptate  floor  and  pavement. 
The  most  interesting  feature  of  the  work  was 
the  erection  which  was  executed  by  a  combina- 
tion of  methods  provided  to  avoid  any  obstruc- 
tion of  navigation  between  the  anchorages.  The 
anchor  arms  are  150  feet  long,  weigh  164  tons 
each  without  the  floor  plates  and  part  of  the 
wind  bracing  and  were  erected  on  the  opposite 
banks  of  the  river  beyond  the  abutments.  Each 
one  was  mounted  on  four  sets  of  rollers,  two 
sets  seated  on  the  abutment  and  the  other  two 
sets  341/2  feet  beyond  them.     The  anchor  end 


the  top  of  a  hydraulic  jack.  The  rollers  were 
thus  enabled  to  conform  to  the  curve  of  the 
chord  and  to  be  raised  as  the  deeper  portions 
of  the  truss  passed  beyond  them. 

The  center  span  was  erected  from  pier  to 
pier  by  the  ordinary  cantilever  method  by  the 
use  of  simple  overhanging  movable  derricks. 
The  final  adjustment  of  the  heights  of  the  con- 
necting members  in  tne  '■enter  panel  was  made 
by  increasing  the  thickness  of  the  bed-plate  on 
one  abutment  and  by  decreasing  the  diameter 
of  the  rollers  on  t.ie  other  abutment.  The  truss 
pieces  were  then  finished  to  fit  the  panel  and 
were  assembled  without  difficulty.  The  total 
weight  of  the  bridge  is  1,478,220  pounds  and 
the  cost  was  about  $110,500.  A  description  of 
the  bridge  was  published  in  the  "Genie  Civil," 
of  October  31,  1903. 


Exports  of  Gebm.^n  Locomotivt.s  aggregated 
18,100  short  tons  during  the  first  nine  months 
of  1903,  of  which  6,100  tons  went  to  the  British 
East  Indies,  4,850  tons  to  Spain,  1,250  tons  to 
Italy,  1,100  tons  to  Holland  and  750  tons  to 
Denmark. 


The    Ambridge    Plant    of    the    American 
Bridge  Company. 

Pabt  IX. — Eye-Bab  Shop. 
The  220x225-foot  eye-bar  shop  la  near  the 
south  end  of  the  plant,  between  the  foundry 
and  the  power-house,  and  is  served  by  the  longi- 
tudinal surface  tracks  parallel  and  adjacent  to 
it  at  one  end  and  by  yard  cranes  parallel  to  the 
two  sides.  It  will  have,  when  the  equipment 
is  completely  installed,  a  maximum  capacity  of 
about  50,000  tons  a  year  of  eye-bars  up  to  18 
inches  wide  and  3  inches  thick,  M'hich  will  be 
forged  in  two  separate  departments  adjacent  to 
each  other  under  the  same  roof.  One  of  them 
is  adapted  for  the  manufacture  of  heads  up  to 
18  Inches  wide,  and  the  other  for  larger  sizes, 
up  to  36  inches  wide,  for  which  the  heavy  ma- 
chinery is  already  installed.  The  building  con- 
forms, in  most  respects,  to  the  standards  of 
framework  and  construction  details  adopted  for 
the  Ambridge  plant  and  described  in  previous 
articles.  There  are,  however,  special  features 
of  the  framing  which  are  notable,  as,  tor  ex- 
ample, the  arrangement  by  which  the  roof  is 
supported  over  so  large  and  wide  an  area.  The 
wall  columns  are  supplemented  by  only  two  in- 
terior columns  placed  ou  the  transverse  axis  of 
the  building,  30  feet  each  side  of  the  longitud- 
inal axis,  and  thus  80  feet  distant  from  the  side 
walls  and  112%  feet  from  the  end  walls.  This 
arrangement  leaves  the  floor  practically  unob- 
structed for  swinging  the  longest  bars  in  any 
direction. 

The  interior  columns  and  corresponding 
ones  in  the  end  walls  support  two  lines  of  main 
longitudinal  girders.  The  side  wall  columns 
are  spaced  45  feet  apart,  except  in  the  end  pan- 
els where  they  are  22 14  feet  apart.  Their  tops 
are  connected  by  lighter  longitudinal  trusses 
which,  with  the  center  trusses,  support  the 
eleven  lines  of  transverse  roof  trusses  22%  feet 
apart,  each  line  containing  three  spans.  The 
80-foot  side  spans  have  their  top  chords  seated 
on  those  of  the  main  longitudinal  trusses  and 
have  a  clearance  of  about  20  feet  from  the  floor 
to  their  horizontal  bottom  chords.  Although  it 
is  only  60  feet  between  the  inner  ends  of  the 
side  trusses,  the  center  trusses,  which  span  the 
space  between  them,  have  a  length  of  71  feet, 
and  are  supported  by  .vertical  posts  at  the  first 
panel  points  of  the  top  chords  of  the  side 
trusses.  This  allows  clearance  for  the  main 
cranes  which  travel  on  rails  carried  on  the  top 
chords  of  the  main  longitudinal  trusses.  The 
lower  chords  of  the  center  trusses  are  43  feet 
above  the  fioor  line  with  an  8-foot  clere-story 
between  the  center  and  side  roof  trusses.  The 
transverse  roof  trusses  are  connected  by 
twenty-five  lines  of  10-inch  I-beam  purlins  and 
two  lines  of  longitudinal  struts,  above  the  hips 
of  the  side  trusses,  and  by  eight  lines  of  longi- 
tudinal struts  in  the  planes  of  the  bottom 
chords.  Eight  lines  of  longitudinal  runway 
girders  are  suspended  from  the  bottom  chords 
and  rigidly  braced  to  them.  The  trusses  in  the 
end  and  two  intermediate  panels  are  X-braced 
by  single  angles  in  the  planes  of  both  top  and 
bottom  chords.  The  remaining  panels  have 
bracing  in  the  plane  of  the  bottom  chords  of 
the  side  trusses.  The  upper  pans  of  the  side 
walls  are  braced  with  zigzag  angles  which,  with 
the  eaves  struts  and  the  lower  girts,  are  sub- 
stantially equivalent  to  lattice-girders. 

The  framework  is  proportioned  for  a  total 
roof  load  of  50  pounds  per  square  foot,  for  a 
wind  pressure  of  20  pounds  per  square  foot  of 
the  vertical  projection  of  the  walls,  and  for  the 
maximum  crane  loads.  It  is  assumed  that  the 
20-ton  cranes  will  each  expose  a  maximum  load 
of  38,000  pounds  on  each  of  two  wheels  9  feet 
apart,  and  that  a  pair  of  eye-bar  hoists  will  im- 
pose a  maximum  load  of  9,000  and  a  minimum 
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kMul  of  S.000  paunde  on  each  o{  four  wheels 
igaced  66  inches,  15  inches  and  66  inches  apart. 
The  framework  is  built  entirely  o(  medium 
atcel  proportioned  for  a  maximum  tensile 
stress  of  16.000  pounds  net  per  square  inch,  for 
9,#00  pounds  shear  and  for  a  compression  of 
16.000  pounds  reduced  by  the  formula 
P  =  16,000  !-  (1  +  (I*  -:-  12,500  r'l].  Rivets  are 
stressed  to  11.000  pounds  per  square  inch  in 
disar  and  to  22.000  pounds  in  bearing.  The 
interior  column-bases  are  proportioned  for 
maximum  loads  of  604.000  pounds  eacn,  those 
of  the  side  columns  from  100.000  pounds  to 
234.000  pounds  each,  and  those  of  the  main  end 
columns  for  391.000  pounds  each. 

The  shop  is  divided  by  the  longitudinal 
trusses  into  two  80-foot  side  aisles  and  one  60- 
foot  center  aisle  which,  at  floor  level,  are  sep- 
arated only  by  a  single  column  in  the  center  of 
each  side  of  the  center  aisle.  At  a  height  of 
about  18  feet  they  are  separated  by  the  longi- 
tudinal trusses.  Each  side  aisie  is  equipped 
with  two  parallel  crane  runways  of  27>-i-foot 
span.  E^ach  runway  will  have  two  or  more 
cranes  of  5  tons  capacity,  part  of  wnich  will  be 
fitted  with  assembling  hoists,  as  described  in 
the  issue  of  Dec  12.  There  will  be  in  the  cen- 
ter of  each  aisle  a  clear  space  of  over  12  feet 
between  the  adjacent  runways.  The  assem- 
bling hoists  have  the  beams  longer  than  the 
crane  girders  so  as  to  project  cantileverwise 
part  way  across  this  space  and  nearly  meet 
there,  thus  enabling  bars  to  be  shifted  trans-' 
Tersely  from  one  runway  to  another  by  means 
of  the  trolley  hoists,  if  necessary.  In  one  of 
the  side' aisles  a  third  runway  consisting  of  a 
single  longitudinal  I-beam  is  provided  near  the 
center  of  the  space  between  main  runways.  A 
four-wheeled  trolley  runs  on  the  lower 
flanges  of  the  beam  and  carries  a  5-ton  ditFeren- 
tial  hoist  operated  by  sprocket  wheel  and  hand 
chain  for  handling  small  bars  and  other  light 
weights.  In  the  main  aisle  there  is  one  20-ton 
crane  of  60-foot  span  carried  on  the  top  chords 
of  the  main  longitudinal  trusses. 

Eye-bar  blanks  are  received  at  the  shop  on  a 
surface  track  running  through  it  transversely 
at  one  end,  and  the  finished  bars  are  delivered 
on  a  similar  track  at  the  opposite  end.  There 
are  no  other  surface  tracks  in  the  shop.  The 
walls  are  of  the  standard  Ambridge  type  of 
concrete  with  steel  skeletons  up  to  a  height  of 
about  9^  feet,  above  which  there  is  on  all  sides 
a  continuous  line  of  windows  about  10  feet 
high  with  fixed  sash,  designed  to  be  pivoted  on 
the  center  line  later,  if  necessary.  The  clere- 
story of  the  center  aisle  is  completely  filled 
with  windows  having  sliding  sash,  except  at 
three  places  on  each  side,  where  long  purlins 
project  about  half  way  across  the  roof  of  the 
side  aisles.  They  have  double  pitched  sky- 
light roofs  and  end  windows.  There  is  a  moni- 
tor 15  feet  wide  which  extends  the  full  length 
of  the  middle  aisle  on  the  center  line.  It  has 
three  full  width  skylights  with  an  aggregate 
length  of  90  feet.  The  main  and  side  aisle 
roofs  are  hipped  and  the  steep  parts  are  cov- 
ered with  slate.  The  flat  portions  are  covered 
with  slag  roofing  on  2>4-inch  planks  sloped 
1:12.  In  the  ends  of  the  building  there  are 
rows  of  windows  corresponding  with  those  in 
the  middle  aisle  clere-story.  Most  of  the  doors 
are  about  9  feet  high  and  slide  horizontally. 
The  lower  edge  of  each  door  has  bearing  on 
double  fianged  wheels  engaging  sunken  rails, 
and  the  upper  edge  is  fitted  with  light  horizon- 
tal rails,  the  heads  of  which  engage  narrow 
channel  bars  which  permit  longitudinal  mo- 
tion and  lock  them  transversely.  The  doors 
are  made  with  No.  32  galvanized  corrugated 
steel  on  channel  and  angle-iron  frames.  All 
of  the  upper  part  of  the  wall  not  occupied  by 
windows  is  sheathed  with  No.    32    galvanized 


corrugated  steel.  Four  60-inch  ventilators  with 
dampers  are  set  in  the  center  line  of  the  mon- 
itor roof. 

The  main  longitudinal  trusses  are  made  with 
built  members  and  riveted  connections  through- 
out, and  are  designed  to  carry  root  loads  of 
78,300  pounds  at  each  panel  point.  The  top 
chord  is  supported  at  the  centers  of  the  panels 
by  sul)-vertical8  from  the  intersections  of  the 
diagonals.  It  is  made  with  two  20xl{^-inch  web 
plates,  four  6x4-inch  flange  angles,  two  4xVi- 
inch  reinforcement  plates  and  one  22xi,i-inch 
cover  plate,  and  has  a  maximum  stress  of  598,- 
000  pounds.  The  lower  chord  maximum  sec- 
tion has  two  18xV.-inch  web  plates  and  four 
6x4x13, 16-inch  angles.  Part  of  the  web  mem- 
bers have  I-shaped  cross-sections  made  with  a 
web  plate  and  four  flange-angles,  and  the  others 
have  rectangular  cross-sections  made  with  two 
channels  latticed.  The  side  longitudinal  truss- 
es are  12  feet  deep  over  all  and  45  feet  long  on 
centers  of  columns,  and  are  made  with  zigzag 
diagonals  in  the  four  panels.  The  U-shaped  top 
chord  has  a  maximum  stress  of  126,000  pounds 
and  is  made  with  a  12-inch  top  cover-plate,  two 
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12-lnch  web  plates  and  two  3x3-inch  flange- 
angles.  The  bottom  chord  is  made  with  two  12- 
inch  web  plates  and  two  3x3-lnch  flange  angles 
riveted  to  the  inside  on  the  lower  edge  and 
latticed.  The  web  members  are  made  with  sin- 
gle and  double  pairs  of  angles  latticed. 

In  the  sides  of  the  building  the  truss  in  the 
short  panel  between  the  last  two  columns  is 
replaced  by  a  plate-girder  4  feet  deep,  which 
connects  the  tops  of  the  columns  and  gives 
clearance  for  Klnnear  rolling  doors  16  feet  high 
and  12  feet  wide,  in  order  to  pass  cars  on  the 
surface  track  through  each  end  of  the  build- 
ing. The  center  aisle  roof  trusses  have  a  max- 
imum stress  of  90,000  pounds  in  the  top  chord 
and  88,000  pounds  in  the  bottom  chord.  They 
are  made  with  pairs  of  angles  back  to  back 
riveted  to  connection  plates  between  them  at 
panel  points.  The  trusses  are  field-spliced  in 
the  center  panel  and  field-riveted  at  the  ends 
to  the  vertical  posts  and  kneebraces  which  sup- 
port them  from  the  top  cbordti  of  the  side 
trusses.  The  side  trusses  carry  crane  girder 
loads  as  well  as  dead  weight  and  roof  load  and 


develop  maximum  stresses  of  247,000  pounds 
and  253,000  pounds  in  the  top  and  bottom 
chords  respectively.  They  are  seated  at  the 
outer  ends  on  the  caps  of  the  wall  columns,  to 
which  they  are  kneebraced  with  pairs  of  45-d6- 
gr^e  channel  bars  riveted  across  the  column 
flanges.  The  bottom  chords  are  fleld-riveted  to 
jaw-plates  on  the  vertical  posts  o£  the  longitud- 
inal trusses  which  carry  the  weight  of  the  roof 
trusses.  The  top  chords  terminate  at  the  first 
panel  from  the  ends  on  the  center  lines  of  the 
vertical  posts  for  the  center  trusses,  but  their 
flange  angles  and  cover-plates  are  continued  to 
form  struts  bracing  them  to  the  top  chords  of 
the  longitudinal  trusses  where  they  are  con- 
nected to  the  web  plates.  At  the  flrst  and 
fourth  panel  points  from  each  end  of  the  top 
chord  the  vertical  suspenders  project  beyond 
the  bottom  chords  to  carry  the  cantilever  gird- 
ers which  support  the  crane  runways,  as  indi- 
cated by  the  cross-section  diagram.  These  can- 
tilevers in  the  center  of  the  truss  are  two  15- 
inch  channels  12  feet  2%  inches  long,  web-con- 
nected at  the  ends  to  the  20-inch  I-beams  which 
form  the  runway  girders.  At  the  ends  of  the 
truss  the  cantilevers  are 
pairs  of  12-ineh  channels 
about  6  feet  long  which 
carry  the  runway  girders 
in  the  same  manner  at  a 
distance  of  15 '^  inches  be- 
yond the  suspenders  and 
are  connected  at  the  oppo- 
site ends  to  the  columns. 
The  10-inch  I-beam  purlins 
are  seated  on  the  cover- 
plates  of  the  top  chord 
and  abut  on  its  center 
line;  3-inch  spiking  pieces 
are  bolted  to  their  top 
flanges,  and  to  them  the 
tongued  and  grooved  roof 
planks  are  nailed. 

The  main  longitudinal 
trusses  transmit  their 
loads  to  the  columns 
through  both  the  top  and 
__  ,  bottom  chord  connections. 
The  latter  are  fleld-riveted 
to  wide  jaw-plates  which 
are  shop-riveted  to  both 
webs  of  the  columns.  The 
top  chords  of  the  adja- 
cent spans  abut  on  the 
caps  of  the  center  columns, 
to  which  they  are  con- 
nected by  field-rivets  to 
jaw-plates  projecting  above 
and  beyond  the  column 
weljs,  thus  securing  great  rigidity.  The  col- 
umns at  the  ends  of  the  center  longitudinal 
trusses  are  similar  to  those  in  the  middle,  ex- 
cept that  they  are  lighter  and  have  20-lnch  web 
plates  and  one  22-lnch  cover  plate  on  the  outer 
flanges.  The  truss  connections  are,  of  course, 
made  to  one  side  of  the  column.  This  building 
required  1,800,000  pounds  of  structural  steel, 
and  has  been  In  service  since  January,  1903. 
(To  be  continued.) 
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Mechanioai.  Stokers  seem  to  have  been  a 
general  failure  in  India,  if  the  status  of  the  con- 
ditions is  to  be  accepted  from  a  report  recently 
made  to  the  Indian  Government  by  Mr.  Freder- 
ick Grover,  on  the  smoke  nuisance  of  Calcutta. 
The  difficulties  appear  to  be  largely  the  inabil- 
ity of  the  stokers  to  deal  with  Indian  coal, 
which  yields  frequently  over  25  per  cent,  of  ash, 
and  the  prejudices  of  the  native  flreman.  He 
is  accused  of  stoking  through  emergency  flre 
doors  instead  of  throwing  the  fuel  into  the  ele- 
vated feed  hoppers,  which  are  not,  as  a  rule, 
provided  with '  conveniently  located  platforms. 
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The      Marietta      Long-Span      Highway 
Bridge. 

Paw  III. — Falskwobk.  Tra\xujis  and 
Bkbction. 

The  130-foot  and  the  600-foot  aachorage  spans 
And  the  two  220-foot  spans  were  erected  on 
false  works  of  the  ordinary  construction,  with  a 
vertical  bent  under  each  panel  point.  For  all 
except  the  first  220-foot  span  the  lower  story 
of  each  bent  was  formed  by  driving  35-foot 
piles  to  a  depth  of  about  10  feet  The  parts  of 
the  piles  extending  above  the  ground  were 
braced  with  4xl2-inch  timbers  and  capped  with 
«  12xl2-inch  transverse  beam.  Under  the  first 
220-foot  span  the  piles  were  not  driven  into  the 
ground,  but  were  seated  on  12xl2-inch  mud  sills. 
each  long  enough  to  receive  two  piles.  Nine 
piles  were  used  under  each  bent  for  the  600- 
loot  span,  and  five  for  each  bent  under  the 
other  spans.  Above  the  piling  the  false^work 
bents  were  each  composed  of  from  one  to  three 
vertical  panels,  each  braced  transversely  by 
four  diagonal  timbers  and  seated  on  a  12x12- 
Inch  horixontal  tie  or  cap.  The  cap  on  top  of 
the  upper  panel  was  also  a  12xl2-inch  timber. 
There  were  in  each  bent  five  12xl2-inch  vertical 
timbers,  two  under  each  truss  and  one  in  the 
middle,  besides  two  outside  posts  battered  1:6, 
which  took  bearing  on  the  top  cap  directly  un- 
der the  traveler  track.  Under  the  600-foot  span 
there  were,  above  the  piles,  three  vertical 
panels  or  stories  of  falsework,  each  21  feet 
high,  except  the  first  one  at  the  lower  end, 
which  was  17  feet  high.  Fifteen  lines  of  8x12- 
Inch  horizontal  longitudinal  timbers,  five  lines 
at  each  story,  extended  the  entire  length  of  the 
span.  On  top  of  the  top  caps  were  five  lines  of 
12xl2-inch  longitudinal  timbers.  At  intervals, 
-leaving  two  or  three  open  spaces,  the  bents 
were  braced  together  longitudinally  with  diag- 
onal timbers,  forming  towers.  Under  the  600- 
foot  span  were  five  towers  each  60  feet  or  two 
panels  long. 

All  the  12xl2-inch  and  8xl2-inch  timbers 
were  white  oak  and  were  afterwards  sawed  up 
«nd  used  In  the  bridge  for  flooring,  raising 
blocks  or  ties.  The  timbers  which  were  after- 
wards used  for  the  14-inch  roadway  Joists  were 
first  used  without  cutting  for  all  diagonal  brac- 
ing in  the  falsework.  The  connections  for  the 
vertical  posts  and  cross  ties  or  caps  were  made 
with  3xH-lnch  steel  scabs  about  2V-.  feet  loug, 
placed  on  opposite  sides  of  the  posts,  and  had 
holes  for  three  %-inch  bolts  to  connect  them. 
All  holes,  except  one  In  each  scab,  were  slotted 
15/16x1%  inches  to  allow  for  slight  inaccur- 
acies in  boring  the  timbers.  The  14-lnch  diag- 
onal timbers  were  connected  by  %-inch  bolts, 
without  scabs,  and  were  bored  only  on  the  cen- 
ter line  80  that  their  strength  as  joists  was  not 
Impaired.  The  220-foot  spans  were  erected  first 
and  the  main  part  of  the  falsework  used  under 
them  was  removed  and  used  under  the  600-foot 
span  or  the  130-foot  span  without  refitting.  The 
traveler  runs  were  set  36  feet  apart  on  the 
falsework  and  supported  on  20-inch  and  24-Inch 
I-beams  borrowed  from  the  permanent  stringers 
of  the  roadway,  and  from  the  contractor's 
stock.  Two  I-beams  under  each  run  carried 
<x6-lnch  cross  ties  about  3  feet  long  for  the 
traveler  rails.  The  660-foot  span  was  erected 
without  falsework  by  simultaneously  building 
out.  as  cantilevers,  the  arms  from  piers  No.  2 
and  3  until  they  met  at  the  center  of  the  270- 
foot  span.  A  track  for  bringing  material  for- 
ward on  the  bridge  was  provided  from  the  ma- 
terial for  the  street  railway  track. 

The  plate  girder  approach  was  erected  with- 
out false  works  by  an  overhead  platform  trav- 
«ler  with  two  60-foot  10-tou  booms.  The  220- 
foot  spans  were  erected  by  a  three-bent  out^de 


traveler  of  the  ordinary  type,  which  was  36 
feet  long  and  about  55  feet  high.  It  had  an  in- 
side clearance  40  feet  high  and  35  feet  wide, 
was  built  entirely  of  timber,  rolled  on  six 
double-flange  wheels,  and  with  engine  and 
tackle  complete  did  not  weigh  more  than  60,- 
000  pounds.  The  travelers  used  for  erecting 
the  130-foot  span  and  the  600-foot  span  were 
similar  in  design,  but  larger,  in  propor- 
tion .to  the  work  they  handled.  The  one  used 
for  the  600-toot  span  was  60  feet  long  and  more 
than  100  feet  high,  with  an  inside  clearance 
sufficient  to  cover  the  truss  at  the  highest  point. 
The  300-foot  cantilever  arm  was  erected  by 
an  overhead  traveler  128  feet  in  extreme  length 
and  about  30  feet  high  at  the  center  post,  it 
rolled  on  four  double-flanged  wheels  on  two 
rails  28  feet  apait.  laid  on  the  top  chords  of 
the  trusses.  This  traveler  had  two  fixed  booms 
64  feet  long  with  a  capacity  of  about  85,000 
pounds  each,  and  was  used  also  for  the  erec- 
tion of  the  adjacent  half  of  the  suspended  span. 
It  was  of  simple  construction,  all  wood  except 
the  adjustable  steel  guy  rods  from  the  top  of 
the  center  posts  to  the  booms  and  to  the  an- 
chorage. At  the  tops  of  the  vertical  center 
posts  the  steel  rods  were  pin-connected  to  rivet- 
ed shoes  which  took  bearing  on  the  ends  of 
the  timbers.  At  the  lower  ends  the  rods  had 
nuts  bearing  on  angle  seats  connected  to  the 
lower  chords.  The  lower  chords  were  made 
double  and  spliced  with  inside  packing  blocks. 
The  two  trusses  of  the  traveler  were  connected 
by  five  transverse  struts  bolted  across  the  tops 


erector.  The  erection  diagram  tor  the  trusses 
was  marked  with  reference  letters  correspond- 
ing to  the  successive  positions  of  the  traveler, 
and  each  member  of  the  truss  had  a  correspond- 
ing reference  letter  indicating  at  what  position 
of  the  traveler  it  was  to  be  assembled.  The 
members  were  also  marked  1  or  2  to  Indicate 
whether  they  were  to  be  assembled  at  the  first 
or  second  lift.  At  the  panel  points  In  the  dia- 
gram the  members  were  P  or  B  to  show 
whether  they  were  connected  by  pins  or  bolts. 

The  adjustment  necessary  for  the  final  con- 
nection of  the  two  cantilever  portions  was 
made  with  eight  vertical  wedges,  one  in  each 
chord  of  each  truss  where  the  270-foot  span 
joins  the  cantilever  arm.  During  erection  the 
wedges  were  inserted  in  the  top  chord  in  the 
panel  where  the  slotted  eyebars,  as  previously 
mentioned,  were  placed  in  the  permanent  struc- 
ture, thus  enabling  the  top  chord  to  carry  con- 
tinuous tension  at  that  time.  The  wedges  were 
inserted  in  the  bottom  chord  between  the  270- 
toot  span  and  the  cantilever  arm,  thus  allowing 
compression  to  pass  through  that  point.  The 
wedges  were  of  cast-iron  5  feet  9  inches  long, 
1  foot  2%  Inches  wide,  about  S^-j  inches  thick 
at  the  point  and  provided  for  a  maximum  dis- 
placement of  about  10  Inches.  They  took  bear- 
ing on  the  sides  against  cast-steel  guide  blocks 
which  had  planed  bearing  surfaces  2  feet  long, 
the  same  width  as  the  wedge,  and  were  pin- 
connected  to  the  trusses.  A  tongue  on  the 
guide  block  moved  in  a  groove  in  the  wedge  to 
guide    it   vertically.     Each   wedge   was   set  en- 
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Cantilever      Traveler 
Traveler  for  Erecting  the  Marietta  Highway  Bridge. 


of  the  lower  chords  and  by  a  diagonal  cross 
bracing  of  4x8-inch  timbers  in  each  of  the  four 
panels  thus  formed.  The  two  vertical  posts 
were  braced  together  with  a  12xl2-inch  top 
strut  and  two  6xl2-inch  diagonal  timbers.  The 
traveler  while  moving  was  counterwelghted 
with  a  12-ton  dead  load,  and  while  lifting  was 
anchored  to  the  top  chord  of  the  bridge  for  an 
upward  reaction  of  26  tons  on  each  truss.  The 
estimated  weight  of  the  traveler  was  about  59,- 
000  pounds,  and  its  rigging  did  not  exceed  10,- 
000  pounds.  The  hoisting  engine  was  not  car- 
ried on  the  traveler,  but  was  permanently 
seated  on  the  pier.  Where  the  top  chord  of  the 
bridge  was  composed  of  eyebars  lOxlO-inch 
cross  timbers  about  3  feet  apart  were  usually 
laid  on  them  and  on  top  of  these  a  solid  beam 
16  inches  wide  and  2  feet  deep  was  built  of 
three  8xl6-lnch  timbers  bolted  together  to  re- 
ceive the  rails  of  the  traveler  track.  In  some 
panels  two  24-inch  I-beams  supported  on  the 
bars  only  at  the  ends  about  2  feet  from  the 
pier  center,  were  used  instead  of  tlie  wooden 
beams. 

The  traveler  used  to  erect  tlje  80-foot  canti- 
lever arm  and  adjacent  half  of  the  .suspended 
span  W81S  similar  to  the  one  just  described,  but 
somewhat  smaller,  being  only  100  feet  long 
over  all  and  about  27  feet  high.  It  was  propor- 
tioned for  correspondingly  smaller  live  loads 
and  weighed  about  52,000  pounds. 

The  erection  of  the  650-foot  span  was  very 
carefully  planned  In  advance,  and  complete  in- 
structions and  drawings  were  furnished  to  the 


tirely  driven  so  that  the  force  required  to  move 
it  would  be  only  that  necessary  to  withdraw  It. 
The  wedges  were  operated  by  means  of  nuts 
and  screws. 

In  order  to  operate  the  wedges  it  was  neces- 
sary to  have  adjustable  laterals  in  the  panels 
where  they  were  located.  To  take  care  of  the 
lateral  stress.  In  the  bottom  chord,  from  the 
270-foot  span  during  erection,  the  end  floor- 
beam  and  the  bottom  laterals  from  the  canti- 
lever arm  were  omitted,  and  diagonal  rods 
meeting  at  the  center  of  the  end  floor-beams  on 
the  270-foot  span  were  inserted.  These  rods 
were  2%  inches  square  and  had  turnbuckle  ad- 
justments. Where  the  floor-beam  was  omit- 
ted a  wooden  strut  was  Inserted  and  wire 'cables 
\ised  to  hold  the  ends  of  the  bottom  chord  of 
the  cantilever  in  place  laterally.  Wire  cables 
were  also  used  for  top  laterals  In  the  adjust^ 
ment  panel  during  erection.  There  are  uo  top 
laterals  in  this  panel  in  the  permanent  struc- 
ture. After  final  connection  was  made  at  the 
center  of  the  270'-foot  span  the  wedges  were 
taken  out  and  the  permanent  members  inserted, 
leaving  the  suspended  span  free  to  move  longi- 
tudinally, but  anchored  laterally  as  described. 

In  the  300-foot  cantilever  arm  temporary  di- 
agonal erection  struts  of  12xl2-inch  timber 
were  placed  in  the  third,  fifth,  and  seventh 
panels  from  the  pier.  In  the  upper  half  of  the 
first  panel,  at  either  end  of  the  270-foot  span, 
two  temporary  tie  rods  1%  inches  In  diameter 
were  used  during  erection  to  support  the  over- 
head traveler  at  that  point. 


Jan.  i6,  1904. 


THE     ENGINEERING    RECORD 


81 


The  erector  was  instructed  to  set  the  wedges 
«o  that  the  wide  ends  were  flush  with  the  ends 
of  the  shoe  plates  and  to  set  the  bridge  shoes  at 
the  main  piers  with  corrections  for  normal 
temperature  of  60  degrees;  he  was  also  in- 
structed when  making  the  final  adjustments  to 
first  bring  the  ends  of  adjacent  halves  of  the 


Le^er  and  Pcxvyl^ 
Rakhef  Wheel. 
Nut 


suspended  span  opposite  each  other  horizon- 
tally, then  to  make  the  bottom  chord  connec- 
tions and  finally  to  release  the  wedges  until  top 
chord  and  diagonal  connections  were  made  and 
the  span  swung  free.  He  was  furnished  with  a 
table  of  computations  for  the  operation  of  the 
wedges  which  showed  the  distances  which  certain 


chords  moved  horizontally  and  vertically  when 
the  wedges  were  drawn  to  given  positions;  It 
showed  the  corresponding  relative  positions  of 
the  center  pins  and  their  distances  apart;  It 
showed  how  much  the  top  and  bottom  chorda 
were  lengthened  or  shortened,  raised  or  lower- 
ed, and  also  gave  the  variations  In  position  due 
to  the  changes  in  temperature. 

The  erection  of  the  220-foot  spans  was  com- 
menced In  the  latter  part  of  July,  1902.  The 
600-foot  span  was  erected  next,  but,  owing  to 
delay  caused  by  the  abandonment  of  the  work 
by  the  sub-contractor  for  the  erection,  the  last 
pin  of  this  span  was  not  driven  until  December 
28,  1902.  Prior  to  this,  high  water  in  the  river 
had  proved  very  troublesome,  and  the  false 
works  were  at  times  in  considerable  danger 
from  drift  and  Ice.  As  a  precaution  against 
an  emergency  of  this  kind,  the  600-foot  span 
had  been  proportioned  so  that  it  would  carry  It- 
self as  a  disconnected  span  without  the  reliev- 
ing stresses  from  the  cantilever  arm,  and  as 
soon  as  the  last  pin  was  driven  In  this  span  the 
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renoTal  of  the  false  works  was  begun.  In 
March  and  April  there  was  further  delay  to 
progress  from  labor  troubles,  and  the  two  pro- 
jecting arms  of  the  650-foot  cantilever  span 
were  not  connected  until  June  18,  1903.  The 
bridge  was  thrown  open  to  traffic  on  August  21. 
1903,  and  the  first  electric  railway  car  crossed 
on  the  following  day. 

Mr.  C.  L.  Strobel,  M.  Am.  Soc.  C.  E.  was  the 
consulting  engineer  and  designer  of  the  bridge; 
and  the  contractor  for  the  steel  superstructure 
was  the  American  Bridge  Company  of  New 
York,  Mr.  Paul  L.  Woelfel.  M.  Am.  Soc.  C.  E., 
chief  engineer  of  design;  Mr.  S.  P.  Mitchell, 
chief  engineer  of  erection;  Mr.  H.  A.  Greene, 
Assoc.  M.  Am.  Soc.  C.  E..  erecting  manager  in 
charge  of  the  work.  The  false  work  and  the 
wood  work  of  the  floor  were  put.  in  place  by 
day  labor. 


Supporting   an    Old    Wall   from   a    New 
Building. 

The  Imperial  Hotel,  on  Broadway  between 
Thirty-first  and  Thirty-second  streets'.  New 
York,  consists  of  two  portions,  one  of  which  is 
ten  stories  high  and  was  built  several  years 
ago.  The  other  part  is  seventeen  stories  high 
above  the  basement  and  is  built  on  a  90x80-fool 
lot  recently  acquired  adjacent  to  the  old  part  of 
the  building.  In  the  old  building  the  brick  ex- 
terior walls  carried  the  ends  of  the  floor-beams. 
The  new  building  is  of  steel-cage  construction 
and  the  walls  afe  thin  curtains  supported  by 
the  columns  at  every  story.  It  was  desired  to 
retain  the  wall  between  the  old  and  new  parts 
of  the  building,  "but  to  provide  unobstructed 
communication  and  to  make  rooms  continuous 
through  both  parts  in  the  lower  stories,  it*was 
determined  to  remove  a  portion  of  the  wall 
about  30  feet  long  from  the  basement  to  the 
third  floor.  In  order  to  do  this,  special  pro- 
vision was  made  for  carrying  the  upper  stories 
of  this  part  of  the  wall  and  their  portion  of  the 
floor  loads  on  a  deep  box  girder  supported  on 
the  tops  of  two  wall  columns  forming  part  of 
the  regular  framework  of  the  new  structure. 
Placing  these  columns  and  girder  in  position 
and  transferring  the  load  of  the  old  building  to 
them  was  a  difflcult  and  delicate  piece  of  work 
successfully  accomplished  by  the  careful  and 
ingenious  operations  here  described. 

Two  vertical  slots  about  30  inches  wide  were 
cut  entirely  through  the  wall  from  the  base- 
ment to  a  point  about  half-way  between  the 
second  and  third  floors  on  the  center  lines  of 
columns  No.  42  and  46,  which  were  to  carry 
the  upper  part  of  the  wall.  These  columns 
were  seated  on  sets  of  distributing  and  canti- 
lever girders  with  I-beam  grillages  and  con- 
crete piers  carried  down  to  the  solid  rock.  The 
columns  are  about  46  feet  long,  shop-riveted  in 
single  sections  with  reinforced  angle  brackets 
on  the  face  and  one  side  of  each  to  receive  the 
floor  and  wall  beams  of  the  new  building.  At 
the  top  of  each  column  wide  gusset  plates  were 
riveted  across  both  flanges  and  their  project- 
ing edges  were  stiffened  with  pairs  of  flange 
angles  to  provide  reinforcement  for  the  girder 
seats  on  the  cap  plates.  These  seats  were  about 
28  inches  apart  on  centers  and  were  just  clear 
of  the  wall  on  opposite  sides.  On  them  were 
seated  the  two  separate  halves  of  the  main 
girder,  each  of  them  having  a  54x'/i-inch  web 
plate  33  feet  2  Inches  long. 

Each  flange  consisted  of  two  6x6x%-inch 
angles  and  one  8x%-inch  cover  plate.  The  an- 
gles were  both  riveted  to  the  web  plate  with 
their  horizontal  flanges  in  the  same  direction, 
so  that  one  angle  had  the  back  and  the  other 
the  front  of  its  vertical  flange  riveted  to  the 
web  plate,  and  their  horizontal  flanges  were  in 


contact.  This  arrangement  provided  a  normal 
flange  area  and  left  no  projection  on  the  back 
of  the  web  except  the  thickness  of  one  angle. 
The  girder  webs  were  thus  enabled  to  be  set 
close  to  the  wall  and  were  temporarily  fasten- 
ed together  by  horizontal  connection  bolts  in 
holes  drilled  through  the  brick  work.  They 
were  flange-bohed  to  the  seats  on  the  column 
caps  and  the  construction  of  the  framework  of 
the  new  part  of  the  building  was  continued  in 
the  ordinary  way.  The  third  floor  Deams  of 
the  new  part  were  supported  on  seats  riveted 
to  the  face  of  the  iwx-girder.  The  old  third 
floor  beams  were  temporarily  supported  on 
shores,  and  short  pieces  were  cut  off  from  their 
ends  so  that  they  would  clear  that  half  of  the 
box-girder  which  was  seated  in  the  old  part  of 
the  building.     Permanent  bearings  for  the  cut 
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fast  to  the  chord  angles.  The  wedges  were 
driven  uiiiii  they  took  up  a  large  part  of  the 
weight  of  the  wall  and  then  the  brickwork  in- 
tervening between  the  2-toot  holes  was  cut  out 
and  the  spaces  were  filled  with  corresponding 
pairs  of  blocks  which,  with  the  first  ones,  cov- 
ered the  full  length  of  the  girder.  The  wedges 
were  adjusted  imtil  the  bearing  was  substan- 
tially equal  on  all  the  atones  and  the  support 
of  the  wall  was  completed.  The  wall  under 
and  between  the  girders  and  between  the  col- 
umns was  then  removed  and  the  brickwork 
carefully  filled  in  between  the  other  sides  of 
the  columns  and  the  wall.  The  webs  of  the 
girders  were  then  connected  by  transverse  ver- 
tical diaphragms  field-riveted  in  place.  The 
girders  carry  eight  stories  of  wall  and  floor 
load  having  a  calculated  weight  of  315  tons. 
i^,j. 


.       [    Half  PI 
n      r      Half  Plan  of  Bojttom  Chord     I 
Mjii      ;il r     '•■•"    :=l     '"      '     ? 


Ian  of  Top  Chord 


Ota  Brkk  Wall  X 


8  Stories  of  Wall  and  Floors. 


Ce-nfzr  Linz^ 


5fee/  Wzdg^ 
and  Cernenf   Jg:^. .. 

KyOranitz      .  f 


ITxi-Pl — r: 


J'sr*. 


mi' Pis. 


Plan  at  yij. 
Top  of  FS^'l 
Column.    ^^, 


?-\,-PI-s-.^k\ 
6-^4-''i-lf  .   /  %   il 


n^ '1111111111 


TXTTTTTTTT 

'°^'  illllilJJi 


Imperial  Hotel,  New  York:   Columns  and  Girders  in  New  Building  for  Supporting  Old  Wall. 


ends  of  the  old  floor-beams  were  then  secured 
by  riveting  to  their  web  pairs  of  fixG-inch  hori- 
zontal cantilever  angles  which  projected  far 
enough  for  their  lower  flanges  to  take  bearing 
on  the  tops  of  the  lower  flange  angles  of  the 
wall  girder,  as  indicated  in  the  cross-section." 

Meantime  holes  2  feet  wide,  about  21  inches 
high  and  2  feet  apart  in  the  clear  were  cut  en- 
tirely through  the  brickwork  just  above  the  top 
flanges  of  the  girders.  In  each  of  these  holes 
a  pair  of  cut  granite  etones  10  inches  thick 
were  set  with  thin  steel  wedges  ijetween  them. 
The  upper  stones  were  aijout  1  inch  wider  than 
the  2-foot  wall  and  the  lower  stones  were  about 
■J4  Inches  wide  and  rested  on  transverse  i4-lnch 
steel  plates  2  feet  long  which  were  laid  across 
the  top  flanges  of  the  half  girders,  and  riveted 


Messrs.  Warren  &  Wetniore  were  the  archi- 
tects of  the  building  and  Mr.  F.  A.  Burdett  con- 
sulting engineer.  Mr.  H.  H.  Forsyth  was  in 
charge  of  the  shop  detailing  and  designing  of  the 
steel  work  for  which  the  J.  B.  &  J.  M.  Cornell 
Company  were  aub-contractor:i,  Messrs.  M.  Reirt 
&  Company  being  the  general  contractors. 


TiiK  New  BN(ii..'^ND  Water  Works  As.s()cia- 
TKi.N  held  its  annual  meeting  at  Boston  on  Wed- 
nesday with  an  attendance  of  ninety-five.  The 
secretary  reported  the  membership  to  be  586, 
one  less  than  a  year  ago.  The  editor  reported 
that  a  card  index  of  all  articles  published  in 
the  "Journal"  up  to  the  end  of  1902  had  been 
prepared  and  would  probably  be  printed  dur- 
ing the   year. 
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Types     and     Details     of     Bridge     Con- 
struction— XVIII. 

By   Frank  W.   Skinner,   C.   E. 

Plate  Gikdlb  Akches  (Concluded.) 
A  foot  bridge  which  was  built  across  the 
Seine  at  Paris,  to  afford  access  to  the  exposi- 
tion of  1900,  is  about  394  feet  in  total  length 
by  26  feet  in  clear  width,  and  about  27  feet  in 
clear  height.  It  was  described  In  The  Engi- 
neering Record  of  July  14,  1900.  It  has  a  cen- 
ter span  of  246  feet  and  two  side  spans  of  near- 
ly 74  feet  each,  and  combines  arch  and  can- 
tilever principles  in  a  very  curious  and  unusual 
manner.  The  main  span  consists  of  a  two- 
hinge  steel  arch  whose  two  ribs  are  box  gir- 
ders at  the  ends,  and  lattice  girders  in  the  mid- 
dle, built  up  of  plates  and  angles,  having  a 
uniform  width  of  27  Vi  inches  and  a  depth  vary- 
ing from  3  to  GM;  feet.  Both  intrados  and  ex- 
trados  are  concentric  parabolic  curves,  the 
former  having  a  rise  of  46  feet.  Between  the 
haunches  the  lattice  girder  floor-beams  are  pin- 
connected  to  the  lower  ends  of  stiff  vertical 
suspenders  from  the  arch   ribs.     The  ten  mid- 
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The  Alexander  III.  highway  bridge  across 
the  Seine,  at  the  exposition  grounds,  Paris,  is 
the  largest  and  most  important  cast-steel  arch 
span  in  the  world.  It  is  interesting  on  account 
of  its  magnitude,  for  the  very  flat  curve  of  the 
arch,  for  the  adjustments  of  the  crown  seg- 
ments, for  the  great  amount  of  ornamental 
work  and  the  architectural  beauty  of  the  struc- 
ture, for  the  methods  of  manufacture  of  the 
cast-steel  segments  and  for  the  very  elaljorate 
and  unusual  method  of  erection.  The  bridge 
is  skewed  6  degrees  and  22  minutes  and  has  a 
width  of  131  feet.  It  carries  the  full  width  of 
the  street  and  sidewalks  without  obstructing 
the  vista,  and  having  the  standard  pavement 
and  heavy  parapets  with  ornamental  lamp 
posts  at  every  panel  appears  from  the  street 
like  a  special  promenade  rather  than  a  bridge. 
The  67-foot  roadway  has  a  2  per  cent,  grade 
to  the  center,  about  32  feet  above  water  level, 
and  is  slightly  crowned' transversely;  the  two 
32-foot  sidewalks  are  pitched  sharply  to  the 
center  gutters. 

Each  end  is  flanked  by  a  pair  of  masonry 
towers   rising   about.  75   feet  above  the    pave- 
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on  the  river  banks  with  their  outer  edges  sup- 
ported on  piles,  and  were  sunk  to  a  sandy 
stratum  about  26  feet  below  ordinary  water 
level.  They  were  filled  with  concrete  having 
transverse  grooves  in  the  upper  surface  to 
bond  with  the  upper  part  of  the  piers  and  afford 
resistance  to  the  horizontal  thrust. 

There  are  fifteen  cast-steel  plate  girder  ribs, 
5.56  feet  apart  on  centers,  which  are  segments 
of  a  circle  of  802  feet  radius.  Each  rib  is  a 
three-hinge  arch  of  353  feet  span,  and  20%  feet 
rise  of  intrados.  The  skewback  pins  are  set 
in  pedestals  which  project  from  the  face  of  the 
abutments  so  as  to  increase  the  span  to  358 
feet.  Each  rib  has  a  minimum  depth  of  about 
34  inches  at  the  crown  and  a  maximum  depth 
of  about  60  inches  at  the  haunches  and  Is  cast 
in  32  segments  of  an  average  length  of  about 
12  feet  and  a  weight  of  from  three  to  four  tons. 
The  outside  ribs  have  a  channel-shaped  cross- 
section  with  the  web  convex  outwards.  The 
other  ribs  have  I-shaped  cross-sections;  all  the 
webs  are  vertical  and  each  section  has,  on  both 
sides  and  both  ends,  a  flange  about  2  feet  wide, 
which  is  strengthened  by  transverse  webs.  All 
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die  pairs  of  verticals  are-  braced  together  at 
the  top  by  curved  portal  frames.  Beyond  the 
haunches  the  floor  is  a  deck  supported  on  ver- 
tical columns  seated  on  the  arch  ribs,  and 
braced  together  transversely  by  horizontal 
struts  and  X-bracing.  All  connections  are  riv- 
eted, and  the  ends  of  the  ribs  are  flange  bolted 
to  cast-steel  shoes  which  have  rocker  bearings 
on  the  10-inch  pedestal  pins. 

The  side  spans  resemble  segmental  semi- 
arches  corresponding  to  the  center  arch,  hinged 
to  the  main  skewback  pins  and  supported  at 
the  opposite  ends  on  the  tops  of  vertical  rocker 
posts.  In  reality,  under  dead  load  alone,  the 
rocker  posts  are  in  tension,  and  the  thrust  at 
the  shore  end  of  one  side  span,  balances  the 
thrust  of  the  other  side  span,  and  the  two  are 
tied  together  by  the  floor  stringers  acting  in 
tension  from  end  to  end  of  the  bridge,  making 
with  the  semi-arches  a  separate  system  in 
equilibrium.  The  bridge  was  proportioned  for 
a  live  load  of  548  pounds  per  linear  foot.  Its 
end  spans  were  erected  on  falsework,  and  the 
center  span  was  erected  from  both  ends  sim- 
ultaneously by  the  cantilever  method. 


Steel   Arch  Bridge  over  the  River  Seine,  at  Paris. 

ment  and  ornamented  with  sculpture  and  stat- 
uary. The  roadway  is  carried  across  the  wide 
low  abutment  piers  on  plate  girder  approaches, 
enclosed  in  ornamental  masonry  with  curtain 
walls  in  which  there  are  archways  for  the  low- 
level  Intersecting  streets  and  passages.  The 
embankments  are  retained  by  long  and  hand- 
some wing  walls  parallel  with  the  river  on  the 
shore  edges  of  terraces,  from  whic'i  there  are 
entrance  stairways  to  the  end?  of  the  span. 
The  skewbacks  are  about  at  lower  street  grade 
and  the  face  walls  ^i  the  abutments  above 
them  are  p''  J  with  ornamental  arches  of 
about  9  feet  span.  The  faces  of  the  arch  ribs 
and  the  roadway  platform  are  masked  with 
cast-iron  plates  enriched  with  mouldings, 
sculpture  and  elaborate  ornamentation. 

The  rise  of  the  arch  is  only  about  1/17  of 
the  span,  so  that  the  thrust  developed  causes 
a  maximum  reaction  of  about  850  tons,  making 
a  very  small  angle  with  the  horlzontaT^ftt^-aaf  h 
skewback  pedestal.  To  resist  this  the  concrete 
and  masonry  abutment  piers  were  built  on  the 
largest  (110xl44-foot)  steel  pneumatic  caissons 
ever  made.     They  were  assembled  in  position 


metal  is  2  inches  or  more  in  thickness.  The 
hinge  pins  are  about  8  inches  in  diameter,  and 
have  semi-cylindrical  bearings  in  the  crown 
and  end  segments,  which  have  tapered  flanges 
converging  towards  their  centers  and  are  re- 
inforced by  center  ribs. 

The  faces  of  the  radial  flanges  at  the  ends 
of  the  arch  segments  were  countersunk  so  as 
to  have  bearings  only  on  the  webs  and  around 
the  edges,  and  they  were  drilled  for  twelve 
l>4-lnch  connection  bolts.  Inclined  seats  were 
cast  on  the  top  flanges  and  have  four  holes 
drilled  in  each  to  receive  the  connection  bolts 
through  the  bases  of  the  vertical  spandrel 
posts.  The  seats  on  the  top  flanges  of  the 
pedestals  are  horizontal  and  have  spherical 
sockets  without  bolt  holes. to  receive  the  con- 
vex centers  of  the  end  post  bases.  All  the  seg- 
ment joints  have  full  bearings,  except  those 
between  the  crown  segments  and  the  adjacent 
ones,  which  have  bearing  only  in  the  plane  of 
the  web  and  have  the  end  flanges  beveled  on 
botfr-sldes  of  the  center  vertical  lines  so  as  to 
give  horizontal  clearances  of  about  0.6  inch  for 
transverse  movement  of  the  crown  pins. 
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The  pedestal*  Xor  the  outer  ribs  are  in  two 
ploec€.    bolted    together    through    longitudinal 
Tertlcal  webs.    All  have  horiiontal  and  nearl.v 
Tertlcal  masonry  seats  on  the  lower  edge  and 
base  respectively  and  carry  the  skewback  pins 
oat  nearly  3  feet  clear  of  the  abutment  cop- 
ings.   The  arch  ribs  have  no  direct   lateral  or 
■way  bracing  except  for  the  center  balf  of  the 
span,  where  the  floor  system  is  connected    to 
them.     Over  the  haunches  the  spandrel  posts 
have  a  transverse  web  and  four  flange  angles 
with  their  flanges  turned  in.  except  on  the  outer 
ribs,  where  they  are  of  cast-iron  with  moulded 
faces.     The  spandrel  posts  have  top  and  bot- 
tom horizontal  transverse  struts  made  with 
pairs   of   channels    latticed,   between   which 
there  are  X-braces  made  of  pairs  of  angles    v 
riveted   together   back   to  back   and   having 
their  flanges  turned   in  opposite  directions 
to  clear  at  intersections.  s; 


l)eveled   to   fit   the  top  flanges  of  the  ribs  on 
which  they  are  seated. 

The  bridge  is  proportioned  for  a  dead  load 
of  332.859  pounds  for  each  semi-arch  rib,  and 
for  a  live  load  of  82  pounds  per  square  foot. 
The  arch  ribs  have  been  proportioned  for  maxi- 
mum tension  stresses  of  12,800  pounds  and  14,- 
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the  most  favorable  conditions  the  correspond- 
ing minimum  stresses  are  2.582  pounds  and 
4,000  pounds.  For  a  temperature  variation  of 
26  degrees  centigrade,  the  arch  thrust  is  in- 
creased or  diminished  about  2.2  per  cent,  and 
the  crown  rises  or  falls  0.2  inch  for  each  de- 
gree. Under  full  live  load  the  skewback  pres- 
sures are  2,004,060  pounds  for  each  pedestal, 
which  gives  pressures  of  7,850  pounds  per 
square  Inch  on  the  pin,  and  98,300  pounds  and 
25,600  pounds  per  square  foot  on  the  granite 
seats  and  on  the  pier  masonry  respectively. 
The  deflection  at  the  crown  under  dead  load  is 
5%  inches  and  under  full  live  load  is  8.1  inches. 
Tension  tests  of  the  steel  in  the  arch  ribs 
showed  a  maximum  elastic  limit  and  ultimate 
strength  per  square  inch  of  about  51,000  and 
93,000  pounds  respectively. 

The  contracts  for  casting  the  arches  were 
awarded  to  five  different  firms,  each  of  whom 
made  from  two  to  five  ribs,  all  performing  the 
work  by  different  methods,  under  the  same  gen- 
eral supervision.  Full  size  drawings  of  each  seg- 
ment were  furnished  to  each  shop  and  wooden 
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Cross- Soc+ion  at  Center  of  Span. 


Some  Details  of  the  Steel  Arch  Bridge  over  the  Kiver  Seine,  at  Paris. 


The  roadway  pavement  Is  laid  on  flat  steel 
plates,  stiffened  with  channel  bars  riveted  to 
the  under  side,  supported  on  transverse  plate 
girder  floor-beams  5>/i  feet  long,  web-connected 
to  longitudinal  girders  supported  by  vertical 
spandrel  posts  seated  on  the  top  flanges  of  the 
ftrch  ribs,  about  12  feet  apart,  from  the 
baunches  to  the  skewbacks.  In  the  center  of 
the  span  the  lower  edges  of    the    girders  are 


200  pounds  per  square  inch,  tor  dead  and  live 
loads  respectively.  The  maximum  compres- 
sion in  the  top  flanges  under  ordinary  loads  is 
13,640  pounds,  and  for  dead  load  only  is  9,280 
pounds  per  square  inch.  Under  the  most  un- 
favorable loads  the  maximum  stresses  are  22,- 
670  pounds  and  21,230  pounds,  and  In  the  bot- 
tom and  top  flanges  respectively  of  the  thir- 
teenth segment  from  the  skewback,  and  under 


patterns  were  made  of  each  segment  in  the  in- 
termediate semi-arch  ribs,  and  of  all  the  seg- 
ments in  the  outside  arch  ribs.  They  were 
moulded  with  the  webs  horizontal  and  the  cores 
were  made  of  coke  with  a  coating  of  sand  and 
an  Iron  skeleton.  The  moulds  were  baked  for 
36  hours  at  a  temperature  of  about  300  degrees 
centigrade,  and  were  surfaced  with  clay  and 
graphite.    The  moulds  were  inclined  somewhat 
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from  the  horizontal  ■when  poured  and  various 
devices  were  resorted  to  to  secure  free  shrink- 
age, for  which  1.8  per  cent,  was  allowed,  and 
to  avoid  cracks. 

In  one  shop  the  metal  was  poured  fast  at 
first  and  then  slowly.  In  another  shop  the 
flasks  were  loosened  in  15  minutes  after  they 
were  poured.  In  the  other  shops  the  castings 
remained  in  the  moulds  from  one  to  five  days. 
In  one  shop  the  castings  were  annealed  by  heat- 
ing to  1,000  degrees  centigrade  in  30  hours, 
maintaining  that  temperature  for  6  hours  and 
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casting  allowed  to  cool  gradually  for  about  45 
hours.  At  another  works  after  a  preliminary 
annealing  the  temperature  was  raised  in  12 
hours  to  1,000  degrees  and  maintained  there 
for  2   hours,   then   quickly  reduced   to  700   de- 
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done  as  rapidly  as  possible  special  precautions 
were  taken  at  the  shops  to  have  the  pieces  per- 
fect and  the  joints  accurately  fitted  so  as  to 
avoid  danger  of  delay  in  the  field.  In  one  of 
the  shops  the  segments  were  assembled  on  a 
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Alexander  III.  Bridge  at  Paris:     Longitudinal  Section,  Half  Elevation  and  Details. 


then  cooling  them  for  G2  hours.  In  another 
.shop  the  heating  was  about  the  same,  but  the 
(tooling  to  HOO  degrees  was  made  in  12  hours 
in  a  hermetically  sealed  furnace  and  from  600 
degrees  to  normal  in  12  hours  in  an  open  fur- 
nace. In  another  shop  the  temperature  was 
raised  to  900  degrees  in  40  hours  and  then  sud- 
denly lowered  to  fiOO  degrees  by  opening  the 
furnace.    The  furnace  was  then  sealed  and  the 


grees,   the  furnace   sealed  and   cooling    slowly 
continued  for  12  or  14  hours. 

The  castings  were  roughly  dressed  after  an- 
nealing, marked  by  templates  and  gauges,  the 
bearing  surfaces  planed  and  sometimes  ground 
ai)d  then  they  were  assembled  on  special  plat- 
forms and  the  splice  bolt  holes  accurately 
bored.  As  it  required  about  two  months  to  re- 
place a  segment  and  as  the  erection  had  to  be 


concrete  floor  covered  with  iron  plates,  on 
which  the  outlines  of  the  semi-arch  were  accu- 
rately marked.  At  another  shop  a  heavy  tim- 
ber deck  was  built  with  iron  plates  at  connec- 
tion points  and  iron  channels  set  in  its  surface 
at  the  lines  of  the  neutral  axis  of  its  chord  and 
of  the  top  and  bottom  flanges,  and  on  them  the 
diagram  of  the  rib  was  marked.  At  another 
shop  the  segments  were  supported  at  the  joints 
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OB  marble  pedMUUs  shimmed  up  level  on 
planed  rails,  thus  raising  the  segments  so  that 
the  under  sides  of  the  outside  ribs  were  acces- 
alble. 

In  erection  the  arch  ribs  were  assembled  In 
pairs  on  a  curved  platform  suspended  from  a 
moTable  falsework  bridge  in  the  center  of  the 
channel  and  supported  on  towers  and  trestle 
benta  at  the  sides.  The  movable  falsework 
bridge  had  two  lattice  girder  steel  trusses  364 
feet  long,  24.6  feet  deep  and  18.7  feet  apart  on 
centers,  which  projected  about  21  feet  berond 
each  end  of  the  arch  span  and  were  supported 
on  steel  towers  about  25  feet  high  which  rolled 
on  transverse  tracks  on  the  river  banks.  The 
bridge  was  erected  on  shore  In  short  sections 
which  were  successively  connected  and 
launched  across  the  channel  by  protrusion, 
with  a  50-foot  pilot.  The  falsework  trusses 
were  intermediately  supported  at  two  points 
174  feet  apart,  by  pile  piers  in  the  middle  of 
the  channel. 

The  bridge  carried  between  the  trusses  two 
trolley  tracks,  9.36  feet  apart.  On  each  track 
two  trolleys  traveled  from  end  to  end  of  the 
trusses  and  received  the  arch  segments  from 
transverse  surface  tracks  on  the  banks  and  de- 
livered them  to  the  required  position  on  the 
falsework  platform.  The  trolleys  were  tra- 
versed by  endless  chains,  which,  with  their 
hoisting  tackles,  were  operated  by  steam  en- 
gines seated  on  cantilever  platforms  at  the  ends 
of  the  trusses.  After  erecting  two  arch  ribs  the 
movable  bridge  was  moved  18.7  feet  anti  erected 
the  next  pair  of  ribs,  and  so  on.  The  arch  seg- 
ments were  lifted  by  two  pairs  of  hook-bolt 
clamps  engaging  the  top  flanges.  The  clamps 
were  attached  to  the  ends  of  a  yoke,  about  i 
feet  long,  which  had  a  pivoted  connection  to 
the  hoisting  tackle.  This  connection  was  mov- 
able along  the  yoke  and  its  position  was  ad- 
Justed  by  a  screw  rod  and  ratchet,  by  which  it 
conld  be  varied  to  secure  the  exact  inclination 
required  for  the  different  segments. 

One  day  was  required  to  place  the  four  skew- 
back  pedestals  and  two  days  to  assemble  the 
remaining  segments  of  one  pair  of  ribs.  The 
radial  segment  joints  were  very  carefully 
cleaned  and  greased  and  the  segments  were 
tilted  by  the  screw  adjustment  on  the  suspen- 
sion yoke  until  they  were  exactly  parallel  to 
their  required  position  and  gradually  lowereil 
to  place  with  the  shore  end  sliding  smoothly 
down  in  conUct  with  the  end  of  the  last  seg- 
ment placed.  When  the  flange  holes  matched 
two  drift  pins  were  inserted,  the  splice  bolts 
put  in  place  and  pairs  of  camber  wedges  drlv 
en  gently  under  the  bottom  flange  near  the 
ends  of  the  segment 

After  all  the  segments  were  assembled  and 
aligned  the  end  segments  were  blocked  away 
from  the  pier  masonry  so  as  to  relieve  the 
skewback  pedestals  of  nearly  all  pressure,  and 
the  Joint  between  the  bases  of  the  pedestals 
and  the  granite  seats  were  grouted.  Measnre- 
menU  were  made,  temperature  noted  and  the 
corrections  were  calculated  for  the  open  joints 
b«tween  the  key  segments  and  the  adjacent 
ones  and  steel  wedges  previously  prepared, 
were  combined  to  correspond  within  about 
1/60  inch  and  were  driven  to  adjust  the  crown 
segments.  Notwithstanding  every  care  It  was 
generally  found  that  the  bearings  for  the  cen- 
ter pin  diverged  about  1/100  inch,  and  this 
waa  rectified  by  grinding  the  face  of  one  of 
the  adjustment  wedges. 

After  the  bearings  were  satisfactorily  ad- 
justed the  arch  ribs  were  temporarily  braced 
by  horizontal  transverse  struts  and  pairs  of 
screw  rods  at  the  segment  Joints  with  hori- 
zontal and  vertical  X-bracing  of  wooden  struts 
in  the  panels  thus  formed.  Twenty-four  16-ton 
Jack  screws  with  4-lnch  stroke  were  put  under 


the  joints  of  each  arch  rib  so  that  each  would 
support  the  ends  of  two  segments.  Twenty  of 
these  screws,  those  over  the  suspended  plat- 
form, were  dynamometers,  made  by  placing  the 
screws  in  sleeves  which  engaged  cylinders  and 
took  bearing  on  carefully  rated  spiral  springs. 
The  outsides  of  the  sliding  sleeves  were  grad- 
uated so  as  to  indicate  the  amount  of  compres- 
sion on  the  springs  at  any  position.  The  Jacks 
were  screwed  up  to  a  pressure  of  5  or  6  tons 
each  at  the  crown  and  7  or  8  tons  at  the 
haunches  so  as  to  receive  as  nearly  as  possible 
the  calculated  weight  of  the  segments  they  sup- 
ported and  to  prevent  the  development  of  arch 
stresses.  The  camber  wedges  were  thus  re- 
leased and  removed.  All  the  Jackscrews  were 
uniformly  operated  to  raise  the  arch  slightly 
and  the  crown  and  skewback  wedges  were  ad- 
justed. Finally  the  Jacks  were  slacked  off  in 
groups,  the  first  being  slacked  from  5  to  4 
tons,  the  second  from  5  to  3  tons;  then  the 
first  from  4  to  2  tons,  the  second  from  3  tons 
to  1  ton,  and  so  on,  the  whole  operation  taking 
only  about  two  hours.  Twenty  working  days 
were  required  for  the  actual  erection  of  one 
pair  of  arch  ribs,  but  several  days  more  were 
really  occupied  by  holidays  and  delays. 

The  foundations,  superstructure  and  erection 
were  described  in  The  Engineering  Record  of 
February  26,  1898;  September  4,  1897,  and 
March  11,  1899.  They  were  also  fully  Illustrat- 
ed In  several  foreign  journals,  including  the 
"Annales  de  la  Construction,"  of  July,  October 
and  November,  1899;  the  "Ge;iie  Civil,"  of  June 
26,  1897,  and  February  4,  July  8  and  15,  1898; 
the  "Revue  Industrlelle,"  of  July  9,  1898,  and 
"Engineering,"  of  August  20,  1897. 


Letters  to  the  Editor. 


Chert    Roads   in    Atlanta. 

Sir: — For  several  years  past  the  city  coun- 
cil of  Atlanta  has  appropriated  fl4,000  annual- 
ly for  chert  and  macadam  pavement.  We  find 
that  we  get  better  results  from  this  expenditure 
than  any  other  we  make,  the  amount  consid- 
ered. Fulton  County  outside  of  the  city  limits, 
spends  on  this  pavement  each  year  not  less 
than  $30,000. 

For  resident  streets  and  county  roads  there 
is  no  better  pavement  than  a  properly  made 
chert  and  macadam  pavement.  Our  soil  Is  es- 
pecially adapted  to  road-making,  being  stiff 
red  clay,  possessing  a  good  deal  of  iron,  with 
the  country  rolling  and  easily  drained.  Our 
method  of  making  such  a  road  is  as  follows: 

First  the  roadbed  is  graded  and  properly 
shaped;  for  a  40-foot  roadbed  the  center  is  10 
inches  higher  than  the  gutters.  It  Is  then  roll- 
ed with  a  15-ton  steam  roller,  and  low  places 
filled  up  and  rerolled.  Gutters  of  4  feet  width 
and  6  inches  depth  are  made  wiih  old  Belgian 
blocks,  or  well-shaped  rubble.  Between  these 
gutters  we  spread  4  Inches  of  broken  stone, 
which  is  thoroughly  rolled  with  the  15-ton 
steam  roller.  Then  3  inches  of  a  harder  stone, 
broken  smaller  than  the  first  layer.  Is  spread 
and  a  small  amount  of  the  dark  red  clay,  well 
pulverized,  is  forked  in  among  the  stones, 
which  are  thoroughly  wet  by  a  wheel  sprinkler 
and  then  well  rolled.  On  top  of  this  we  place 
3  Inches  of  chert,  from  Spark's  Gap,  near  Bir- 
mingham, Ala.,  taking  care  to  break  up  and 
scatter  uniformly  the  cement  rock  therein. 
This  is  then  thoroughly  wet  and  rolled,  as  are 
the  two  former  layers,  care  being  taken  to  keep 
the  roadbed  In  proper  shape  through  each  suc- 
cessive step. 

Such  a  pavement  costs  us  about  60  cents  per 
square  yard.  If  once  in  3  years  the 
surface  of  the  roadbed  is  scarified 
by  a  "porcupine,"  or  by  spikes  In  the 
steam  rollers  and  reshaped  and  rolled,  and  then 


2  inches  of  new  chert  put  on  and  rolled,  this 
pavement  will  withstand  ordinarily  heavy  traf- 
fic. This  resurfacing  will  cost  about  12 '4  cents 
per  square  yard.  The  surface  Is  hard  and  can 
be  cleaned  by  light  sweeping. 

The  chert  we  use  Is  dark  reddish  brown  in 
color.  There  is  a  light  gray  limestone  chert 
In  Southern  Tennessee  and  North  Georgia 
which  Is  objectionable  on  account  of  Its  dust, 
for  It  Is  easily  pulverized. 

My  idea  of  a  perfectly  modern  paved  city 
would  be  to  use  kreodine  wood-block  pavement 
of  3x6x4-inch  long  leaf  Georgia  pine  blocks, 
laid  as  now  being  done  In  Indianapolis,  for 
all  business  and  heavy  traffic  streets,  and  chert 
and  macadam  pavement  with  proper  gutters 
for  streets  of  lighter  traffic.  Sewer,  gas,  water 
and  electric  conduits  should  be  placed  In  the 
street  before  the  chert  and  macadam  pavement 
is  put  down;  this  should  be  done  with  all  kinds 
of  pavement. 

Yours  truly,  H.  L.  Collier, 

Com.  Pub.  Wks. 

Atlanta,  Jan.   7. 


Current  Meter  Rating  Stations. 

Sir: — I  have  read  with  Interest  the  article 
appearing  on  page  768,  Vol.  48,  of  The  Engi- 
neering Record,  describing  a  new  current  meter 
rating  station  at  Denver.  The  mechanical  fea- 
tures of  the  rating  station  have  been  very  in- 
geniously worked  out,  the  design  being  a  mark- 
ed Improvement  over  existing  stations  of  the 
kind.  But  I  have  always  preferred  a  station 
that  can  be  operated  without  a  car  running  on 
rails.  There  Is  always  more  or  less  vertical 
vibration  where  the  meter  Is  carried  by  such  a 
car,  and  It  Is  a  question  as  to  whether  this 
does  not  seriously  affect  the  revolutions  of  the 
wheel.  A  meter  is  never  subject  to  a  motion 
of  this  kind  when  operated  In  the  field,  and  It 
would  seem  that  If  a  station  could  be  con- 
trived whereby  the  instrument  could  be  moved 
through  still  water  under  practically  the  condi- 
tions met  with  while  In  use,  the  rating  would 
be  more  reliable.  There  is  another  feature  of 
the  new  station  which  might  be  commented 
upon.  The  car  is  designed  to  be  pushed  by 
hand  and  it  is  a  difficult  task  to  maintain  a  uni- 
form velocity  throughout  a  run.  If  it  be  known 
that  the  relation  between  the  revolutions  of  the 
meter  wheel  per  second  and  the  velocity  of  the 
car  in  feet  per  second  can  be  expressed  by  an 
equation  of  the  first  degree,  a  varying  speed 
might  not  threaten  the  accuracy  of  the  work. 

The  most  satisfactory  station  I  have  yet  seen 
is  located  on  the  city  reservoir  at  Cheyenne. 
It  was  installed  by  the  Irrigation  Investiga- 
tions of  the  Department  of  Agriculture  and 
has  been  in  use  for  several  years.  The  design 
of  the  mechanical  parts  was  changed  somewhat 
this  last  season.  The  station  as  originally 
constructed  has  been  already  described  In  the 
bulletins  of  the  Department.  As  it  now  stands, 
a  steel  boat  has  been  substituted  for  the  wood- 
en fioat,  and  the  operator  Is  located  therein  in- 
stead of  at  the  driving  wheel.  The  boat  Is  pro- 
pelled through  the  water  by  means  of  a  wire 
belt  passing  over  wheels  10  feet  in  circum- 
ference at  diagonally  opposite  corners  of  the 
reservoir.  These  wheels  are  286  feet  apart,  per- 
mitting a  run  of  200  feet  after  a  uniform 
speed  has  been  attained.  The  meter  Is  held  by 
a  clamp  sufficiently  far  below  the  surface  of 
the  water  to  be  beyond  the  effect  of  currents 
set  up  by  the  boat.  The  perstm  In  the  boat 
starts  a  stop  watch  when  the  beginning  of  the 
200  feet  run  Is  reached  and  counts  the  revolu- 
tions of  the  meter  wheel  until  the  terminal  sig- 
nal is  approached.  Two  meters,  one  on  each 
side  of  the  boat,  can  be  rated  simultaneously 
with  the  assistance  of  another  observer.     The 
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assistant  at  the  driving  wheel  is  enabled  to 
give  a  uniform  velocity  to  the  boat  by  using  a 
stop  watch  and  timing  the  revolutions  of  the 
crank  or,  if  moving  at  slow  velocities,  he  may 
regulate  the  speed  by  observing  graduations 
painted  on  the  circumference  of  the  wheel.  The 
cost  of  a  station  similar  to  the  one  just  de- 
scribed should  not  exceed  |100,  Including  the 
boat  and  all  necessary  apparatus  for  rating  a 
meter. 

Sincerely  yours,  Clarence  T.  Johnston, 
State  Engineer. 
Cheyenne,  Wyo.,  December  28,  1903. 


Steel-Cobe  Dams  of  the  Southebn  California. 
Mountain  Watee  Co. 
Sir: — I  want  to  thank  you  for  the  editorial 
article  in  your  issue  of  November  21,  1903,  on 
the  construction  of  dams  owned  by  the 
Southern  California  Mountain  Water  Company, 
but  while  it  does  not  say  so,  it  implies  that  the 
conception  of  Lower  Otay  dam  was  not  origi- 
nal. 1  notice  you  say,  further,  such  a  dam  was 
"suggested,  among  others,  by  Mr.  A.  G.  Meno- 
cal  for  the  proposed  San  Carlos  dam  across  the 
San  Juan  river  in  Nicaragua,"  etc.  Do  you 
mean  he  suggested  a  steel-core  dam  like  the 
Lower  Otay  dam?  The  idea  was  original  with 
me,  except  to  this  extent:  A  Mr. 
Brown^  now  an  engineer  at  Chicago, 
planned  a  steel  face  dam,  to  be  erected 
below  the  Bear  River  dam  in  Southern  Cali- 
fornia. In  fact,  I  think  Mr.  Brown  built  the 
Bear  River  dam.  That  plan,  however,  was  con- 
demned on  account  of  the  fact  that  an  explosion 
of  dynamite  could  break  any  part  of  the  steel 
structure  and  then  the  whole  dam  would  go. 

The  Lower  Otay  dam  was  originally  contem- 
plated as  a  standard  masonry  dam.  When 
searching  for  bedrock,  supposed  to  exist  within 
a  tew  feet  of  the  surface,  rotten  porphyry  was 
found.  We  had  to  excavate  90  feet  before  reach- 
ing porphyry  of  sufficient  hardness.  These  cir- 
cumstances made  the  dam  necessarily  double 
the  size  originally  contemplated.  A  steel-core 
dam  was  the  idea  that  then  came  to  me,  forced 
practically  by  necessity,  and,  so  far,  it  is  the 
tightest  dam  I  have  any  knowledge  of,  though 
on  account  of  scarcity  of  rain  during  the  past 
five  years,  we  have  not  had  more  than  a  90-foot 
head  on  it. 

Before  the  Lower  Otay  dam  was  constructed, 
I  wrote  to  four  or  five  prominent  engineers  in 
the  United  States  with  whom  I  had  a  speaking 
acquaintance,  submitted  my  ideas  and  asked 
their  advice.  Not  one  of  these  engineers  would 
give  his  unqualified  approval,  yet  not  one  could 
find  anything  in  it  to  condemn.  It  was  sim- 
ply a  bold  breaking  away  from  the  recognized 
rules  and  I  had  to  go  it  alone.  Since  that  time, 
engineers  have  come  here  to  inspect  the  dam 
from  Vienna,  Berlin,  Paris,  St.  Petersburg, 
Sweden  and  all  parts  of  the  United  States.  Dur- 
ing the  past  month,  the  chief  engineer  of  Aus- 
tralia was  met  here  by  the  former  chief  engi- 
neer of  Australia,  now  a  prominent  engineer  of 
London,  for  the  sole  purpose  of  inspecting  the 
dam  and  applying  the  principle  in  damming  a 
river  in  Australia.  My  advice  to  them,  how- 
ever, when  they  submitted  the  condition  of  af- 
fairs in  Australia,  was  not  to  try  it  on  account 
of  the  great  floods  they  have  there  at  all  sea- 
sons of  the  year  along  the  river  in  question. 

The  Lower  Otay  dam  was  made  so  that  it 
practically  would  not  settle,  by  allowing  all 
the  loose  rock,  which  contained  a  large  amount 
of  fine  rock  and  dust,  to  fall  about  70  feet.  It 
is  now  five  years  since  the  dam  was  completed, 
and  there  are  no  signii  of  a  settlement  of  even 
an  inch. 

The  Upper  Otay  dam  was  built  by  me  without 
consultation,  but  it  has  been  reinforced  very 


strongly  at  the  ends  where  It  butts  Into  the 
rocks  on  either  side.  Mr.  Hiram  N.  Savage, 
who  was  ray  consulting  engineer,  fearing  he 
might  be  held  responsible  in  case  of  its  fail- 
ure, when  it  neared  completion,  called  my  at- 
tention to  the  fact  that  I  had  not  discussed 
the  construction  with  him  at  all,  and  he  did  not 
want  to  be  held  responsible.  I  told  him  I  had 
not  discussed  the  matter  with  him  because  I 
was  afraid  he  would  condemn  it.  When  the 
dam  was  near  completion,  he  began  to  have 
more  confidence  in  it,  and  I  believe  now  thinks 
it  would  stay.  The  dam  has  not  had  more  than 
a  50-foot  head  yet.  It  can  do  no  harm  if  it  does 
go  out,  as  it  holds  about  one-fifteenth  as  much 
water  as  the  dam  below,  and  it  will  empty  into 
the  Lower  Otay  reservoir.  The  water  of  the 
lower  reservoir  will  back  up  against  the  Upper 
Otay  dam  when  the  lower  is  filled. 
Very  respectfully,  B.  S.  B.\bcock,  President. 

Coronado,  Jan.  2. 

IThe  editorial  statement  to  which  Mr.  Bab- 
cock  refers  in  the  beginning  of  his  letter,  re- 
lates to  the  use  of  rock-fill  dams  without  a 
steel  core.  The  ste61  core  is  original  with  him 
so  far  as  The  Engineering  Record  knows.] 


Heating  Costs  of  Various  Systems. 

Sir: — Referring  to  the  article  by  Mr.  J.  B. 
Holbrook,  on  "Heating  Costs  of  Various  Sys- 
tems," published  in  your  issue  of  December  26, 
we  note  that  he  gives  a  great  deal  of  data  rel- 
ative to  cost  of  various  systems  per  cubic  foot 
of  contents  heated.  He  has  gone  into  much 
detail  in  the  case  of  buildings  heated  by  the 
fan  or  mechanical  system',  but  has  practically 
left  the  other  systems  out,  except  to  give  his 
final  results.  The  data  given  on  cost  of  fan  sys- 
tem heating  clearly  shov/  how  this  item  may 
vary,  depending  upon  such  variable  conditions 
as  class  of  building,  guaranteed  temperature, 
etc.  Even  in  the  regular  factories  of  different 
sizes  the  cost  appears  to  vary  greatly,  being 
less  per  cubic  foot  of  contents  as  the  volume 
increases.  The  amount  of  galvanized  duct  work 
is  an  item  which  will  be  found  most  variable. 
In  some  instances  the  cost  of  this  material 
will  fully  equal  that  of  the  rest  of  the  appara- 
tus, including  fan,  engine  and  heater;  this  be- 
ing, probably,  an  extreme  case,  while  at  times 
the  cost  of  galvanized  work  will  be  only  a  small 
percentage  of  the  cost  of  these  parts.  The  type 
of  fan  and  method  of  driving,  are  other  factors 
which  govern  the  cost.  The  fan  may  be  built  of 
the  full  steel  plate  housing  type,  and  carried  on 
the  fioor  without  special  foundations,  or  it  may 
be  of  the  three-quarter-housing  type  with  lower 
part  of  the  scroll  or  Invert  made  in  the  foun- 
dation. 

Referring  to  the  method  of  driving  it  will 
be  found  that  the  motive  power  used  will  ma- 
terially affect  the  cost.  Alternating  motors 
cost  more  than  direct-current  motors,  and  the 
latter  cost  more  than  steam  engines.  In  some 
instances  fans  may  be  driven  from  line  shaft- 
ing, which  still  further  reduces  first  cost;  and 
sometimes  fans  are  driven  from  line  shafting 
in  the  daytime  and  are  driven  from  a  belted 
engine  at  night,  as  it  is  often  necessary  to  keep 
the  fan  running  continuously  in  severe  weather. 
This  combination,  of  course,  increases  the  first 
cost. 

The  relative  amount  of  heater  and  the  rela- 
.  live  air  change  used  to  accomplish  a  given  re- 
sult are  matters  which  still  further  enter  into 
Mr.  Holbrook's  calculation.  Glancing  over  the 
table,  it  is  observed  that  the  size  of  heater 
used  In  the  twenty-two  Installations  illustrated 
varies  from  1  linear  foot  to  69  cubic  feet  to  1 
foot  to  228  cubic  feet  of  contents  heated.  This 
brings  to  mind  a  comparison  of  the  bids  re- 
cently made  on  a  foundry  containing  1,800,000 


cubic  feet  of  space.  There  were  four  bidders, 
three  of  whom  were  fan  manufacturers,  the 
fourth  being  an  exponent  of  hot-water  heating. 
The  figures  were  about  as  follows: 

Heater 

C0II9,  Price  Rslative 

Bidder.       System.             lln.  ft.  per  cu.  ft.  price. 

1        Two  lift,  fans     35,000  10.0064  100 

-2       One  lift,  fan       11,000  0.0034  65 

3  One  12-ft.  fan       18,000  O.OOSO  47 

4  Hot  water                   0.0088  »8 

In  the  two  foundries  mentioned  in  Mr.  Hol- 
brook's table  the  guaranteed  temperature  is 
50  degrees,  and  the  heater  ratios  are  respect- 
ively 1:140  and  1:153,  the  change  of  air  being 
once  every  thirty  minutes  in  the  former  and 
once  every  thirty-five  minutes  In  the  latter. 
In  the  ship-building  plant  cited  the  guaranteed 
temperature  is  60  degrees,  while  the  heater 
ratio  is  1:228  cubic  feet  heated  and  the  air  Is 
changed  every  twenty-five  minutes.  From  this 
comparison  it  would  appear  that  in  determin- 
ing the  size  of  heaters  for  the  foundries,  suf- 
ficient allowance  had  not  been  made  for  the 
heat  given  off  by  the  cooling  Iron. 

In  general,  our  practice  has  been  to  use  a 
fan  giving  a  slightly  quicker  air  change  than 
that  shown  In  the  majority  of  those  given  in 
the  table,  and  a  heater  which  would  be,  on  the 
average,  a  trifie  smaller.  The  result  of  this 
change  is  that  larger  volumes  of  air  at  slightly 
lower  temperatures  are  handled,  the  tendency 
being  to  avoid  unevenness  in  temperature  oc- 
casioned by  very  warm  air  being  discharged 
from  the  outlets.  It  is,  of  course,  appreciated 
that  the  use  of  a  relatively  small  fan  and  a 
larger  heater  is  more  economical  in  first  cost 
and  operation,  providing  the  distribution  of 
heat  is  properly  made,  but  the  heating  will  be 
more  uniform  where  larger  volumes  of  air  at 
lower  temperatures  are  handled. 

Taking,  for  example,  a  factory  containing  ap- 
proximately 1,000,000  cubic  feet  of  air,  using 
an  engine-driven  fan  of  the  three-quarter  type 
and  a  heater  for  low-pressure  steam,  and  esti- 
mating an  average  galvanized  iron  pipe  lay- 
out, our  practice  would  show  that  the  cost,  ex- 
clusive of  boiler,  steam  fitting  and  foundations 
would  be  in  the  aggregate,  delivered  and  erect- 
ed, ready  for  steam  connections  about  as  fol- 
lows: Fan  and  engine,  10.00094;  heater, 
$0.00103;  galvanized  iron  pipe,  J0.00128;  total 
cost  per  cubic  foot,  J0.00325. 

This  apparatus  would  carry  a  guarantee  of 
GO  degrees  in  zero  weather,  using  re-circulated 
air.  From  this  it  would  appear  that  Mr.  Hol- 
brook's estimate  of  cost  of  fan  system  of  from 
J0.0036  to  $0,007  is,  if  anything,  a  trifie  high. 
It  is  also  shown  by  the  illustrations  given  In 
his  table  under  the  lettered  headings. 

In  conclusion  we  would  say  that  If  a  table 
similar  to  the  one  on  mechanical  heating  could 
be  compiled  showing,  comparatively,  the 
amount  of  radiation,  size  of  boiler  and  cost  per 
cubic  foot  of  contents  for  buildings  heated  by 
the  various  systems  mentioned  in  Mr.  Hol- 
brook's article,  it  would  be  very  interesting,  as 
well  as  instructive. 

Yours  very  truly,  B.  F.  Stubtevant  Co., 
By  B.  T.  Child. 

Boston,  Jan.  6. 


Crushee  Dust  fob  Mobtak  and  Concrete. 
Sir: — Referring  to  your  editorial  on  page  795 
of  The  Engineering  Record  of  December  26, 
1903,  with  reference  to  the  opposition  to  the 
use  of  crusher  dust,  I  wish  to  take  sides  with 
yon  on  that  question,  and  heartily  second  your 
lemarks.  I  will  state  that  previous  to  testing 
this  material,  I  felt  as  almost  all  engineers  do 
who  have  not  the  time  or  facilities  for  testing 
it,  prejudiced  against  It.  I  haTe  had  facilities 
for  testing  and  observing  its  strength  In  labor- 
atory practice  for  the  past  5  years,  in  briquettes 
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and  concrete  begins,  using  the  crusher  dust  in- 
stead of  sand.  For  briquettes  I  used  what 
would  pass  a  sieve  having  100  meshes  to  the 
square  inch,  retaining  all  the  fine  dust  equal 
to  about  33  per  cent.,  and  in  concrete  \ising 
larger  stone  with  the  dust.  In  making  bri- 
quettes 1  used  a  rather  wet  mixture,  2>i.  to  1 
by  volume  or  2V2  parts  crusher  dust  to  1  part  of 
cement,  using  15  per  cent,  by  weight  of  water. 
These  ingredients  were  mixed  and  worked  thor- 
oughly into  mortar,  and  tamped  somewhat  after 
the  fashion  of  tamping  concrete.  1  have  re- 
cently had  occasion  to  break  some  of  these 
briquettes,  after  they  had  been  kept  3  years  in 
water,  breaking  them  when  taken  from  the 
water.  They  were  made  of  3  different  kinds  of 
good  Portland  cement,  and  the  results  were  so 
high,  that  I  preferred  to  have  the  breaking  wit- 
nessed by  some  flrst-class  engineers,  who  could 
substantiate  what  I  said.  I  found  no  failures; 
the  crusher  dust  mortar  was  easily  50  per  cent. 
stronger  than  the  best  sand  mortar  that  could 
he  obtained,  and  in  some  cases,  strange  as  it 
may  seem,  about  equal  to  the  neat  cement.  As 
there  has  been  some  difference  of  opinion  on 
this  question,  and  I  have  been  thoroughly  con- 
vinced of  the  superiority  of  crusher  dust  to 
sand  after  about  5  years  of  study  and  experi- 
ence with  it,  I  would  advise  those  who  do  not 
believe  in  it  simply  because  they  do  not  know 
about  it,  and  have  not  tested  it,  to  try  it  before 
passing  judgment  on  its  merits. 

Yours  very  truly,  Nelsox  A.  Halletx. 
Boston,  Jan!  6. 


Book  Notes. 


When  the  first  edition  of  Prof.  Walter  Cor- 
ing Webb's  "Railroad  Constr\iction"  appeared, 
a  review  of  it  was  printed  in  these  columns 
which  applies  equally  well  to  the  new  edition. 
When  the  publishers  brought  out  this  second 
edition,  a  copy  was  sent  to  the  engineer  in 
charge  of  an  important  railway  survey  then 
about  to  begin,  with  a  request  to  give  the  book 
a  practical  test.  His  reply  was  received  a  short 
time  ago,  and  is  as  follows:  "I  have  read  the 
chapters  on  surveys,  alignment,  curves,  earth- 
work, trestles,  tunnels  and  culverts,  all  of 
which  are  very  clear  and  explicit,  the  chapters 
on  curves  and  transition  curves  especially  so. 
The  chapter  on  earthwork  takes  in  all  one  de- 
sires. I  can  safely  say  that  the  book  will  b^ 
invaluable  to  a  young  engineer,  and  I  heartily 
recommend  it  to  all  who  may  require  a  field- 
book."  This  opinion  is  practically  the  same 
as  that  expressed  in  the  review  of  the  first  edi- 
tion. (New  York,  John  Wiley  &  Sons;  moroc- 
c-o,  pocket-book  size,  690  pages,  JS.) 

The  Passaic  valley  has  been  subject  to  several 
floods  of  late  which  are  of  exceptional  interest 
to  those  engineers  engaged  in  water-power  de- 
velopment. Not  only  is  the  basin  of  this  stream 
an  unusual  one  topographically  and  physically, 
but  it  has  been  subjected  In  1902  and  1903  to 
conditions  making  the  runoff  greater  than  is 
usually  the  case.  The  Importance  of  these 
floods,  which  affect  a  third  of  the  population  of 
the  State  of  New  Jersey,  and  also  some  of  the 
peculiar  features  of  its  drainage  have  been  de- 
scribed in  this  journal  lately.  A  much  more 
complete  article  on  the  subject  has  been  issued 
by  the  U.  8.  Geological  Survey  under  the  title 
"The  Paseaic  Flood  of  1902."  This  monograph 
is  by  Messrs.  G.  B.  Hollister  and  M.  O.  heighton, 
and  is  issued  in  the  series  of  Water  Supply  and 
Irrigation  Papers. 

A  number  of  months  ago  mention  was  made 
of  the  appearance  of  a  third  edition  of  the  first 
volume  of  Prof.  Forrest  R.  Jones'  "Machine 
Design."  That  volume  is  concerned  with  the 
kinematics  of  machinery.    The  second  volume. 


of  which  the  revised  edition  has  just  appeared, 
is  a  discussion  of  the  principles  underlying  the 
form,  strength  and  proportions  of  the  parts  of 
machines, -and  the  methods  of  applying  those 
principles  in  designing  work.  The  character 
of  the  book  has  not  been  changed  in  the  prep- 
aration of  the  new  edition,  but  it  has  been  im- 
proved by  the  addition  of  about  eighty  pages 
of  new  information,  largely  supplied  by  leading 
manufacturing  companies,  and  by  the  addition 
of  many  new  examples  illustrating  the  appli- 
cation of  the  principles  explained  in  the  text. 
For  those  who  are  unacquainted  with  this  care- 
fully written  work,  it  should  be  added  that  It 
discusses  from  the  standpoint  of  the  designing 
room  such  subjects  as  bearings  and  lubrication, 
gearing,  belt  and  rope  transmission,  screws, 
keys,  shafting,  couplings,  flywheels  and  pulleys, 
riveting  and  the  selection  of  materials  for  parts 
of  machines.  A  book  on  a  subject  already  so 
well  covered  by  other  authors,  which  passes 
through  two  editions  in  four  years,  is  shown  by 
that  fact  alone  to  have  unusual  merit.  (New 
York,  John  Wiley  &  Sons;  cloth,  f)x9  ins.,  435 
pages,  $3.) 

A  Text-Book  of  Electbic.vl  Macihneby. 
Volume  I,  Electric,  Magnetic  and  Electro-Static 
Circuits.  By  Harris  J.  Ryan,  Henry  H.  Norris 
and  George  L.  Hoxie.  New  York,  John  Wiley 
&  Sons,  cloth,  9x6  ins.,  260  pages,  f2.50. 

This  book  is  the  result  of  several  years  of  ex- 
perience in  the  use  of  the  text  with  the  classes 
in  electrical  engineering  at  Cornell  University. 
The  authors  express  their  obligation  for  the 
material  in  the  volume  to  all  contributors  to 
the  literature  of  the  profession,  and  claim 
credit  only  for  the  manner  in  which  the  infor- 
mation is  presented.  How  that  manner  will 
appeal  to  the  reader  depends  entirely  on  his 
previous  reading.  If  his  elementary  physics 
has  been  learned  through  the  medium  of 
Ganot's  famous  treatise,  he  will  find  nothing 
but  difliculty  In  this  new  book.  If  his  knowl- 
edge of  mathematics  is  limited  by  algebra  and 
trigonometry  he  will  be  equally  at  sea.  But 
if  he  has  the  training  whi(h  a  young  man  of 
eighteen  now  receives  in  one  of  the  many  sci- 
entific schools  of  the  country,  the  book  will  be 
a  revelation.  There  are  a  large  number  of  en- 
gineers who  have  kept  up  their  interest  in  sub- 
jects outside  their  specialties,  and  it  they  care 
to  understand  the  elements  of  electricity  as  it 
is  to-day  taught  In  the  best  schools  they  will 
find  this  book  an  excellent  source  of  the  de- 
sired information.  It  is  extremely  concise  and 
precise  in  statement  and  is  not  so  easily  read 
as  the  more  diffuse  popular  works  with  which 
the  country  is  unfortunately  flooded. 

Vectobs  AM)  RoToiis.  By  O.  Henricl  and  G.  C. 
Turner.  New  York,  Longmans,  Green  &  Co.; 
cloth,  5x7%  Ins.,  219  pages,  $1.30. 

Vector  analysis  has  assumed  such  an  import- 
ant place  in  certain  branches  of  engineering 
that  it  is  essential  to  have  a  working  knowledge 
of  it  in  order  to  be  acquainted  with  the  easiest 
methods  of  solving  certain  classes  of  problems. 
In  its  elementary  outlines  it  is  a  very  simple 
subject,  familiar  to.  all  through  the  polygon 
of  forces  although  that  is  not  commonly  taught 
as  an  example  of  vectors.  One  ot  the  leading 
authorities  concerning  It  is  Professor  Henrici, 
and  engineers  will  doubtless  be  glad  to  know 
that  his  lectures  on  the  subject  have  been  ar- 
ranged in  book  form  by  Professor  Turner, 
under  the  above  title. 

This  work  explains  the  use  of  vectors  and 
rotors  in  solving  problems  in  geometry,  con- 
current forces,  centers  of  gravity  and  the 
stresses  in  beams  and  trusses.  It  does  not  en- 
ter into  the  use  of  vectors  in  electrical  prob- 
lems. Many  readers  whose  opportunities  for 
study  are  limited  have  been  compelled  to  pass 


over  parts  of  the  mathematical  sections  of  re- 
cent electrical  treatises  through  inability  to  put 
the  time  on  these  sections  which  a  steady  pas- 
sage through  the  difficulties  ot  vector  analysis 
involves.  A  few  evenings  spent  in  reading  this 
little  work  will  afford  just  the  introduction  to 
the  subject  they  require,  and  will  also  indi- 
cate numerous  applications  of  this  new  mathe- 
matical method  which  are  foreign  to  the  field 
of  electricity. 

Gbaphic  Statics.  By  Jerome  Sonderlcker. 
New  York,  John  Wiley  &  Sons;  cloth,  9x6  Ins., 
145   pages,   3  plates,   |2.00. 

Professor  Sondericker's  book  on  graphic 
statics  is  essentially  a  text-book  and  not  a 
treatise,  like  the  Culmann-Ritter  volumes.  It 
is  the  outgrowth  of  the  author's  long  experi- 
ence In  teaching  the  subject  at  the  Massachu- 
setts Institute  of  Technology,  and  the  reader  is 
assumed  to  have  a  knowledge  of  statics  and  the 
strength  of  materials.  The  purpose  ot  the  book 
is  not  only  to  explain  the  general  principles  in- 
volved, but  also  to  point  out  the  procedure  in 
the  construction  of  the  drawings,  which  is  an 
important  feature  of  instruction. 

In  an  elementary  work  on  a  subject  already 
so  well  covered,  particularly  in  the  German 
language,  the  merits  of  a  new  book  must  be 
sought  in  the  manner  In  which  the  principles 
are  presented.  Professor  Sonderlcker  has  de- 
veloped his  subject  with  clearness  and  concise- 
ness, so  that  no  one  qualified  by  previous  study 
to  take  up  work  In  graphic  statics  should  find 
any  serious  difficulty  in  understanding  the  book 
and  applying  in  practice  the  principles  it  states. 
Trusses,  beams  and  masonry  arches  are  well 
covered,  so  far  as  the  scope  of  the  book  ex- 
tends. 

Annl'aibe  Statistique  et  Descbiptif  DE.S  Dis- 

TUIBUTIONS   D'EaU   DE   FbANCE,    AlOEBIE,    Tl'NlSIE, 

Beloique,  Suisse  et  Gbandduche  de  Luxem- 
i!OUB(i.  By  Dr.  Imbeaus,  Captain  Hoc,  and 
Messrs.  Van  Lint  and  Peter.  Paris,  Vve.  Ch, 
Dunod;    1,675  pages,  25  francs. 

This  volume  contains  a  full,  concise  and  sat- 
isfactory description  of  water  works  in  more 
than  1.300  cities  in  France  and  French-speaking 
countries.  Of  these  supplies,  626  are  in  cities 
of  more  than  5,000  Inhabitants,  and  the  total 
population  supplied  by  them  is  about  17,000.- 
000.  The  combined  average  daily  use  of  water 
is  about  802  million  gallons  per  day,  or  47  gal- 
lons per  capita  for  the  whole  population  sup- 
plied. The  cost  of  construction  of  the  works 
has  amounted  to  approximately  $250,000,000,  or 
nearly  $15  for  each  inhabitant  of  the  cities  sup- 
plied. Forty-five  of  the  cities  have  double  sup- 
plies; that  is  to  say,  two  pipe  systems  are  pro- 
vided, one  supplying  water  for  drinking  and 
domestic  purposes,  and  the  other  water  of  in- 
ferior quality  for  public  and  industrial  uses. 

About  three-fourths  of  the  cities  are  supplied 
by  ground  water  and  only  one-fourth  with  sur- 
face water,  and  of  the  surface  waters,  a  large 
majority  are  purified  by  sand  flitration  before 
use.  Nevertheless  about  fifty  cities  are  still 
supplied  with  untreated  river  water.  The  large 
number  of  cities  supplied  from  springs  in  the 
chalk  and  other  calcareous  formations  which 
underlie  many  ot  the  most  populous  districts, 
and  from  springs  in  the  glacial  moraines  in  the 
north  of  Switzerland,  is  a  very  striking  feature 
of  the  summary.  The  descriptions  of  the 
smaller  supplies  are  often  brief,  while  the 
works  of  the  larger  cities  are  treated  at  much 
length,  the  water  works  of  Paris  and  its  sub- 
urbs, for  Instance,  requiring  80  pages  for  their 
description. 

The  work  is  arranged  upon  a  well  chosen 
system,  and  contains  a  large  amount  of  most 
useful  information  to  students  of  the  art  of 
water  supply. 


Jan.  23,  1904. 
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Unsolved  Problems  in  Engineering. 


The  fields  of  engineering  have  been  growing 
broader  with  every  advance  in  each  particular 
branch  of  physical  science,  so  that  every  step 
In  those  special  fields  of  research  either  give 
new  phases  to  engineering  problems  or  create 
new  problems  themselves.  In  other  words, 
questions  of  power  and  of  construction  have 
become  more  refined  as  well  as  more  extended. 
It  was  but  a  comparatively  few  years  ago  that 
the  design  and  construction  of  many  even  of  the 
larger  engineering  works,  whether  in  the  ap- 
plication of  power  or  in  structures,  required 
chiefly  the  exercise  of  good  judgment  consist- 
ing largely  of  those  rather  obscure  mental  op- 
erations, trained  b7  experience,  through  which 


desired  results  were  obtained  without  quanti- 
tative considerations  or  the  use  of  refined  or 
theoretical  principles.  Indeed,  there  are 
many,  and  perhaps  hundreds,  of  civil  engineers 
living  at  the  present  time  who  may  remember 
the  feeling  of  almost  contempt  entertained  by 
many  engineering  practitioners  for  the  mathe- 
matical treatment  of  engineering  problems 
connected  with  actual  wOrk  to  be  done.  The 
application  of  mathematical  formulae  derived 
from  the  theory  of  internal  stress  or  of  elas- 
ticity in  solid  bodies,  or  from  the  thermo- 
dynamics of  the  steam  engine;  or  the  temper- 
ing of  structural  design  by  refined  molecular 
theories  or  the  results  obtained  by  microscopic 
analyses  of  materials  used  in  engineering 
operations,  would  have  been  considered  almost 
preposterous  not  many  years  ago.  Yet,  at  the 
present  time,  all  these  refinements  of  mathe- 
matical theory  and  purely  physical  analysis 
are  tempering  in  a  most  substantial  manner, 
many  if  not  all  of  the  branches  of  engineering 
work  including  the  manufacture  and  applica- 
tion of  power  and  the  design  of  structures. 

This  view  of  engineering  work  Is  illustrated 
in  a  most  interesting  and  marked  manner  by 
the  eleventh  James  Forrest  lecture  before  the 
Institution  of  Civil  Engineers,  printed  in  the 
"Minutes"  of  the  Proceedings  of  the  Institu- 
tion for  November,  1903.  This  lecture  was  de- 
livered by  Mr.  William  H.  Maw,  M.  Inst.  C.  E., 
who  indicated  in  a  general  way  what  he  con- 
siders some  of  the  unsolved  problems  in  engi- 
neering, both  as  to  the  production  and  use  of 
power  .and  the  application  of  engineering  ma- 
terials in  structures  and  tools.  It  would  be 
useless  for  any  lecturer  to  attempt  to  cover  in 
a  comprehensive  manner  a  statement  of  even 
some  of  these  problems,  but  Mr.  Maw  has  set 
forth  enough  of  the  principal  features  of  a 
few  of  them  to  show  how  vast  is  the  field  of 
unsolved  problems  in  engineering. 

Without  referring  to  developments  in  steam 
and  electrical  engineering,  in  such  an  everyday 
matter  as  the  design  of  plate  girders  or  of 
rolled  beams,  there  arise  problems  in  the  treat- 
ment of  material  which  are  yet  essentially  un- 
touched. As  Mr.  Maw  indicated,  we  have  prac- 
tically no  information  as  to  the  effect  of  com- 
bined stresses  on  the  materials  in  either  the 
web  or  the  flanges  of  these  simple  structures. 
The  tests  of  materi^s  subjected  to  any  single 
stress  are  exceedingly  simple,  but  tests  under 
concurrent  stresses  would  be  more  complicated 
and  difficult,  and  it  is  for  that  reason  that 
we  have  practically  no  data  on  the  failure  of 
material  under  the  more  complex  conditions 
of  stress.  All  portions  of  the  web  of  a  built  or 
rolled  girder  are  sul)jected  to  tension,  compres- 
sion and  shearing  concurrently,  the  tension 
and  compression  acting  at  right  angles  to  each 
other.  No  engineer  has  any  definite  quantita- 
tive information  on  which  to  make  his  design 
either  of  web  or  flanges  on  any  other  assump- 
tion than  that  the  material  is  subjected  to  a 
single  condition  of  stress.  Even  the  data  ob- 
tained by  the  testing  of  beams  or  girders  under 
transverse  loading  are  all  treated  and  inter- 
preted as  it  any  particular  portion  of  the  mate- 
rial is  subjected  to  a  single  stress  only,  whether 
that  stress  be  tension,  compression  or  shearing. 
In  other  words,  we  are  absolutely  without 
quantitative  information  regarding  the  effect  of 
concurrent  stresses,  although  nearly  all  mate- 
rial used  by  engineers  in  structures  is  subject 
to  such  concurrent  stresses.  Mr.  Maw  limits 
his  observations  in  this  particular  case  to  the 
webs  of  plate  girders,  but  he  might  have  ex- 
tended his  observations  to  the  webs  of  rolled 
girders  and  to  the  flanges  of  built  girders  with 
equal  force. 

Again,  while  wind  loads  are  recognized  and 
treated   in   connection    with   bridge  and   other 


structural  design  as  if  their  action  is  simple 
and  well  understood,  engineers  are  without  any 
data  of  a  really  reliable  character  as  to  the 
relation  between  wind  velocity  and  the  pres- 
sure corresponding  to  It.  The  Weather  Bureau 
states  without  qualification  the  velocities  of 
wind  in  miles  per  hour  as  observed  by  the  cup 
and  ball  or  other  anenometers,  but  even  this 
branch  of  wind  observation  is  not  based  upon 
any  reliably  approximate  basis.  The  usual 
anenometer  observations  are  assumed  to  indi- 
cate horizontal  wind  velocities,  but  the  direc- 
tion of  the  wind  is  just  as  variable  and  sub- 
ject to  the  same  extent  of  sudden  material 
changes  as  the  velocity  itself.  Anyone  who 
has  ever  attempted  to  measure  wind  pressures 
upon  an  exposed  surface  by  adequate  appli- 
ances will  realize  that  there  is  no  such  thing 
as  a  constant  wind  pressure  or  wind  velocity 
for  any  sensible  length  of  time.  We  are  also 
equally  in  the  dark  as  to  actual  pressures 
against  exposed  surfaces  of  bridges  or  other 
structures.  Indeed  it  may  almost  be  said,  and 
perhaps  quite  so,  that  there  is  no  problem  in 
connection  with  wind  pressure  or  velocity 
which  has  yet  been  solved,  although  engineers 
are  constantly  using  both  pressures  and  veloci- 
ties as  if  they  were  matters  known  with  com- 
plete definition. 

With  the  advance  of  scientific  knowledge. in 
so  many  different  directions  at  the  present 
time,  it  is  scarcely  possible  for  the  engineer 
confining  himself  to  his  own  field  of  operations 
to  reach  the  solution  of  even  any  one  of  these 
innumerable  unsolved  problems.  The  engi- 
neer's work  involves  on  every  hand  the  niceties 
of  engineering  science  which  are  fundamental- 
ly based  upon  almost  every  branch  of  physics 
and  upon  the  ultimate  constitution  of  matter, 
as  is  markedly  illustrated  in  the  use  of  the 
latest  steel  products.  Although  much  is  known 
about  the  physical  qualities  of  nickel-steel 
there  is  far  more  remaining  to  be  found  out  by 
the  engineer  aided  by  the  metallurgist.  The 
physical  properties  possessed  by  different  com- 
binations of  nickel  and  Iron  and  which  are 
required  by  the  civil  engineer  in  many  ma- 
chines and  structures  still  remain  largely  un- 
known quantities  with  scarcely  more  than  a 
hint  of  ultimate  results  in  the  information  al- 
ready available. 

Some  remarkable  results  have  lately  been 
obtained  in  the  investigations  not  only  of  the 
alloys  of  iron  with  such  large  proportions  of 
nickel  as  30  to  35  per  cent.,  but  also  by  the 
combination  of  iron  and  carbon  with  tungsten, 
chromium  and  other  elements  which  affect  such 
practical  operations  as  the  manufacture  of  tools 
for  the  cutting  or  planing  of  iron  or  steel  in 
the  manufacture  of  the  heaviest  structural 
members.  It  has  been  found  that  the  com- 
bination of  the  proper  proportions  of  some 
of  these  simple  metals  will  produce  com- 
plex metals  some  of  which  have  only  one-thir- 
teenth the  coeflJcient  of  expansion  or  contrac- 
tion belonging  to  either  of  their  elements  and 
others  of  which  appropriate  for  cutting  tools 
actually  harden  their  cutting  edge,  under  ser- 
vice, probably  by  the  intense  pressure  and  the 
heat  resulting  from  such  use. 

These  and  other  features  of  a  similar  char- 
acter of  Mr.  Maw's  lecture  disclose  the  mar- 
velous progress  which  has  been  made  in  engi- 
neering problems,  solved  and  unsolved,  and 
engineering  science,  within  the  past  forty  or 
fifty  years.  They  indicate,  further,  the  many 
directions  in  which  the  engineer  practitioner 
at  the  present  time  must  be  elaborately  fitted 
in  his  educational  training  and  by  the  study  of 
his  subsequent  experience.  These  refined  de- 
mands made  upon  the  members  of  the  engi- 
neering profession  have  a  pointed  significance  • 
both   as  to  his   professlonaJ   training  In   tUo 
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ensiiieering  school  and  as  to  the  Imperative  ne- 
cessity of  his  constant  interpretation,  from  the 
most  advanced  point  of  view,  of  all  the  physi- 
cal phenomena  which  have  any  bearing  upon 
his  practical  work. 


Iron  Alloys. 


Of  recent  years  our  knowledge  of  the  consti- 
tution of  iron  and  steel  has  increased  with 
great  rapidity.  This  increase  Is  mainly  due 
to  two  lines  of  research,  the  one  being  pyrome- 
try  and  the  other,  mlscroscopic  work.  The  re- 
lation between  the  physical  properties,  the  heat- 
treatment  and  the  mlcrostructure  of  steel  is  re- 
ceiving the  attention  of  all  those  who  are  in 
any  way  Interested  in  the  manufacture  or  use 
of  steel.  As  there  are  many  engineers  who  are 
large  users  of  steel  and  iron  who  have  not  had 
the  opportunity  of  keeping  in  touch  with  the 
work  of  the  numerous  investigators  of  the 
properties  of  Iron  alloys,  it  may  be  of  interest 
to  point  out  here  a  few  of  the  leading  deduc- 
tions from  this  Important  experimental  work. 
The  study  of  metals  by  the  aid  of  the  micro- 
scope, termed  metallography,  was  origi- 
nated with  Dr.  Sorby  as  far  back  as  1864.  For 
a  while  he  was  the  only  worker,  but  some  four- 
teen years  later  Professors  Martens  and  Arnold 
took  up  the  subject  Independently  and  gave 
the  science  such  an  Interest  that  to-day  It  is 
of  the  utmost  Importance.  In  1901  the  Iron 
and  Steel  Institute  formed  a  committee  to 
straighten  out  the  nomenclature  of  the  subject 
and  Issued  a  glossary  of  terms  with  their  Ger- 
man and  French  equivalents  and  in  this  way 
greatly  strengthened  this  branch  of  investiga- 
tion. 

The  Importance  of  the  use  of  the  microscope 
haa  been  shown  in  the  results  of  numerous  re- 
searches  recently.     Dr.    Stansfield,   of   McGlll 
University,  in  a  paper  before  the  September 
meeting  of  the  Iron  and  Steel  Institute,  1903, 
showed  that  there  were  several  stages  In  the 
burning  and  overheating  of  steel.    First  there 
was  overheating,  which  took  place  below  the 
point  of  Incipient  fusion.    Then  there  was  par- 
tial melting  or  burning,  (a)  merely  producing 
segregation  of  carbon    in    the    joints    of    the 
grains,   (b)   accompanied    with    liquation    and 
oxidation  in  the  flaws,  (c)  further  liquation  and 
oxidation  in  the  flaws.    He  further  showed  that 
steel  which  had  been  merely  overheated  could 
be  completely  restored  by  heating  just  above  Its 
highest   recalescence   point    and    allowing    to 
cool;   that  steel  In  the  stage   (a)   could  be  re- 
storad  by  suitable  annealing;  that  forging  was 
necessary  for  steel  In  the  stage  (b)  whilst  steel 
In  the  stage  (c)  could  be  restored  with  difficul- 
ty, if  at  all. 

The  work  of  Stead  and  others  has  shown  that 
heating  to  high  temperatures  produces  a 
coarsely  crystalline  structure  and  that  good 
steel  can  be  easily  spoilt  by  heating  to  a  tem- 
peratore  a  little  above  that  usually  employed 
for  rolling  or  forging.  To  restore  such  steel 
to  lU  original  or  even  better  condition,  It  is 
only  necessary  to  reheat  to  about  900  degrees 
centigrade  for  a  short  time. 

During  the  last  five  years  the  work  for  the 
sixth  report  to  the  Alloys  Research  Ck)mmittee 
of  the  Institution  of  Mechanical  Engineers, 
London,  has  been  upon  the  influence  of  thermal 
treatment  on  different  steels  containing  from 
0.13  to  1.30  per  cent  carbon.  In  contrasting 
the  mlcrostructure  with  the  physical  proper- 
ties, a  great  advance  has  been  made  upon  the 
fifth  report  and  the  whole  work  of  the  com- 
mittee shows  the  importance  of  this  line  of  re- 
search. 

It  Is  now  generally  recognized  that  iron,  low- 
carbon,  medium  carbon  and  high-carbon  steel, 
^d  white  and  gray  cast-iron  form  one  contlnu- 


THB    BNGINEBRING    RECORD 

ous  series  of  alloys.  The  freezing-point  curve  for 
the  alloys  of  iron  and  carbon  consists  of  two 
Inclined  branches  meeting  at  4.3  per  cent,  car- 
bon and  about  1150  degrees  centigrade.     The 
one   branch,   starting   from    the    solidification 
point  of  pure  iron,  1,600  degrees  centigrade,  de- 
notes the  freezing  out  of  crystals  of  Iron;   the 
other     branch     denotes     the    solidification    of 
graphite,   which  usually   floats  to   the   surface 
as  kish.    There  Is  a  third  or  horizontal  branch 
passing  through  the  intersection  of  the  other 
two  and  this  extends  from  2  per  cent,  carbon 
onwards.     This  branch   denotes  the  solidifica- 
tion of  the  mother  liquor  or  entectlc  of  alter- 
nate laminas  of  iron  and  graphite  in  the  case 
of  gray  cast-iron  and  the  entectlc  of  alternate 
laminas  of   iron  and   the   carbide   of   Iron   or 
cementite   in   the   case   of  white   irons.     Now, 
steel  proper  is  found  outside  the  region  of  this 
horizontal  branch,  i.e.,  in  the  region  0  to  2  per 
cent  carbon,  and  solidifies  as  a  solid  solution 
which  at  a  lower  temperature  rearranges  Itself 
with  the  evolution  of  heat    In  fact  it  behaves 
like  a  liquid  solution  and  has  two  constituents, 
ferrlte  or  pure  iron  and  cementite  or  iron  car- 
bide   (Fe.C),   whose   entectic   point   is  0.8   per 
cent  carbon.     In  other  words,  steel  with  less 
than  0.8  per  cent,  carbon  consists  of  ferrlte  in  a 
groundmass  of  alternate  laminas  of  ferrlte  and 
cementite   (which  groundmass  is  called  pearl- 
ite)  ;    steels  with  0.8  per  cent   carbon  consist 
of  pearllte  alone;  steels  with  mol-e  than  0.8  per 
cent  carbon  consist  of  cementite  in  a  ground- 
mass  of   pearllte. 

The  Iron  which  crystallizes  out  of  pure  gray 
or  white  iron  contains  say  2  per  cent,  of  carbon 
in  solution  and  is  therefore  practically  a  high 
carbon  steel  and  so  rearranges  itself  at  a  lower 
temperature  into  cementite  and  pearllte. 

The  above  holds  good  for  steel  which  has 
cooled  comparatively  slowly  past  the  points  of 
rearrangement  or  the  recalescence  points.  If, 
however,  we  quench  our  specimens  from  above 
this  temperature  at  which  the  changes  take 
place  we  tend  to  prevent  these  changes;  our 
steels  are  hard,  because  they  are  in  the  form 
of  martensite,  which  is  hard.  That  is  to  say 
our  iron  and  carbon  remain  in  the  form  of  a 
solid  solution,  in  which  state  they  exist  above 
the  critical  temperatures.  Finally,  steels 
which  lie  between  the  hard  and  soft  states  are 
those  which  have  been  rapidly  cooled  past  the 
recalescence  points,  but  nrft  so  rapidly  as  to 
prevent  all  change.  Hence  we  have  a  transi- 
tion Jorm  called  sorbite.  Such  in  brief  is  the 
general  view  of  iron  and  steel  now  held  by 
those  who  have  given  the  subject  the  most  care- 
ful study.  Nobody  acquainted  with  the  recent 
literature  of  metallurgy  can  fail  to  appreciate 
the  importance  of  these  views,  and  the  neces- 
sity of  a  general  understanding  of  them. 


New  Engineering  Text-Books. 


It  would  be  an  interesting  and  instructive 
undertaking  for  an  engineer  who  graduated 
from  a  technical  school  fifteen  years  ago,  say, 
to  spend  a  few  evenings  In  a  careful  study  of 
the  best  text-books  now  employed  in  such  insti- 
tutions. The  enormous  growth  of  laboratory 
facilities  within  this  period  is  well  known.  It 
Is  generally  appreciated  that  students  to-day 
are  able  to  experiment  with  actual  engines  and 
locomotives,  with  hydraulic  power  plants  of 
commercial  size,  and  with  the  same  testing 
machinery  which  is  employed  in  the  offices  of 
inspectors  of  material.  It  is  even  held  by 
some  engineers  that  too  much  attention  is  paid 
to  such  laboratory  work.  They  believe  that  the 
time  devoted  to  it  precludes  thorough  ground- 
ing In  the  fundamental  scientific  principles 
which  are  the  basis  of  sound  engineering  prac- 
tice.    A   little   reflection   will    show    that   the 
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weight  of  such  a  criticism  depends  mainly  on 
the  character  of  the  course  any  particular  stu- 
dent is  taking.     The  electrical  course  must  be 
taught  very  largely  by  the  laboratory  method, 
while  the  railway,   structural    and    municipal 
engineering  courses  really  need  only  a  slight 
amount  of  practical  instruction,  just  enough  to 
fix  in  the  mind  the  methods  of  handling  field 
instruments    for    different     purposes     and     of 
using  drafting  instruments  in  a  careful  manner. 
It  is  a  waste  of  time  to  attempt  to  turn  out 
rapid  instrument-men  or  expert  draftsmen.  The 
laboratory  work  of  the  mechanical  engineering 
course  is  between  that  of  the  electrical  and  so- 
called  civil  courses.    It  is  probably  safe  to  say 
that  those  schools  which  aim  most  definitely  to 
produce  engineers  ready  to  accept  positions  of 
some  responsibility  immediately  on  gradaation 
are  those  in  which  the  careful  scientific  train- 
ing is  least  developed.     They  approach  more 
closely  to  the  trade  or  industrial  school  type 
than  is  desirable,  for  the  technical  school  of 
the  most  useful  sort  does  not  attempt  to  turn 
out  an  engineer,  but  rather  a  young  man  pos- 
sessing  such   knowledge  that  after  a  little  of 
the  experience  which  comes  only  by  practical 
work  he  will  be  fitted  to  assume  fairly  import- 
ant responsibilities. 

The  changed  methods  of  instruction  which 
the  prevalence  of  large  laboratories  has  ren- 
dered necessary  is  marked  by  the  abandonment 
of  certain   text-books  without  which  no  engi- 
neering school  of  former  days  would  have  dared 
to  attempt  to  conduct  classes.     The  mysterious 
books  of  Rankine  and  the  ponderous  volumes 
of  Welsbach  are  fortunately  obsolete  as  class- 
room manuals.     While  they  were  produced  by 
master  minds  their  character  Is  wholly  out  of 
keeping  with  the  modern  principle  of  clearness, 
conciseness   and   directness.     Probably   Profes- 
sor  Mansfield    Merriman   has   done   more   than 
any  other  one  man  in  this  country  to  prove  the 
possibility   of  presenting   an  engineering  sub- 
ject in  a  clear  manner  and  without  any  sacri- 
fice of  scientific  precision.    He  was  apparently 
the  first  to  recognize  that  a  text-book  must  be 
written  for  young  men  with  only  a  limited  sci- 
entific training  and  yet  be  as  thorough  and  ac- 
curate  as   a   paper   presented   before   a  profes- 
sional society.     The  example  he  set  has  been 
followed   by  many  others,  until  to-day  nobody 
has  to  worry  over  the  ambiguities  and  diffuse- 
ness  of  the  old-time  books.     In  fact  it  would 
not  be  possible  to  give  really  thorough  instruc- 
tion in  all  the  courses  taught  to-day  in  four 
years  in  the  technical   school   of   the  highest 
class  without  such  improved  books  for  the  stu- 
dents. 

The  graduate  in  civil  engineering  of  fifteen 
years  ago  who  considers  himself  acquainted 
with  the  elements  of  electricity,  for  example, 
but  has  not  kept  up  his  acquaintance  with  the 
subject  through  a  careful  reading  of  electrical 
journals,  will  have  a  surprise  in  store  for  him 
in  such  a  book  as  Ryan,  Norris  and  Hoxie's 
"Electrical  Machinery."  This  is  an  elementary 
work,  to  be  covered  in  fifty  recitations  by  un- 
dergraduates. Everything  in  it  must  be  un- 
derstood as  thoroughly  as  the  alphabet  by  an 
engineer  who  undertakes  to  employ  electric  ap- 
paratus in  an  intelligent  manner.  Yet  the  man- 
ner in  which  the  Information  is  imparted,  the 
clearness  with  which  the  phenomena  of  electric 
currents  are  presented  by  methods  the  direct 
reverse  of  those  of  former  days,  make  the  book 
to  old-time  graduates  almost  equivalent  to  a 
work  on  some  new  subject. 

Moreover,  this  work,  typical  of  the  best  books 
now  brought  out  in  electrical  branches,  does 
not  show  those  changes  which  have  character- 
ized the  progress  in  school  literature  in  other 
subjects.     The  prolixity  or    obscurity    of    the 
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mathematical  works  of  twenty  years  ago  gave 

way  first  to  superficiality.  Text-books  were 
printed  for  the  apparent  purpose  of  giving  only 
a  smattering  of  a  subject.  They  were  easily 
mastered,  but  their  lack  of  scientific  value  gave 
them  but  a  short  life.  Professor  John  Perry 
and  others  who  assisted  him  in  his  crusade  for 
sane  teaching  in  mathematical  subjects  punc- 
tured the  pedantry  of  such  toy  treatises.  He 
showed  that  the  mathematics  of  engineering 
and  the  mathematics  of  advanced  mathemati- 
cians must  be  taught  in  different  ways;  that 
both  grades  of  students  suffered  by  an  attemipt 
to  combine  the  two  courses.  He  and  his  fol- 
lowers have  proved  by  the  success  of  their  own 
classes  that  rigorous  demonstrations  and  meth- 
ods should  not  be  debased  into  ruleof-thumb 
processes  of  computation.  Both  have  their 
uses  and  should  not  be  taught  as  equivalents. 
Such  a  book  as  Maurer's  "Technical  Mechan- 
ics," devoid  of  mathematical  fireworks  but 
clear  and  thorough,  will  repay  careful  examin- 
ation by  any  one  who  believes  analytical  me- 
chanics was  as  well  taught  a  generation  ago 
as  it  is  to-day.  In  short  the  advance  In  the 
character  of  elementary  text-books  has  been  no 
less  marked  than  the  progress  in  engineering 
practice. 


The  Meeting  of  the  American  Society  of 
Civil  Engineers. 

The  annual  meeting  of  the  American  Society 
of  Civil  Engineers  this  week  was  marked  by  an 
unusually  large  attendance  of  the  older  mem- 
bers. The  presence  of  these  engineers,  the  men 
whose  work  was  largely  responsible  for  the 
position  the  engineering  profession  holds  to- 
day, was  particularly  gratifying  to  the  younger 
members.  The  latter  have  naturally  undertak- 
en the  responsibility  o£  the  management  of  the 
society's  affairs,  but  at  a  meeting  of  the  im- 
portance of  that  of  this  week  the  counsel  of 
the  men  who  made  the  American  Society  of 
Civil  Engineers  was  highly  desirable.  The  at- 
tendance was  representative  of  the  society, 
both  geographically  and  when  measured  by 
the  age  of  those  present,  so  that  the  votes  tak- 
en may  be  safely  considered  an  Indication  of 
the  opinions  of  the  majority  of  the  organiza- 
tion. 

The  annual  report  was  a  satisfactory  one. 
The  net  increase  in  membership  during  the 
year  has  been  212,  the  largest  in  the  society's 
history.  On  the  first  of  the  year  there  were  718 
resident  members  and  2,206  non-residents,  a  total 
of  2,924.  Notwithstanding  the  payment  of  ?10,- 
000  on  the  mortgage  indebtedness  and  an  ap- 
propriation of  $3,000  for  purposes  connected  with 
the  Louisiana  Purchase  Exposition,  the  balance 
on  hand,  nearly  $27,000,  is  larger  than  that  of 
last  year.  The  Board  of  Direction  has  felt  it- 
self fully  justified,  therefore,  after  the  other  na- 
tional engineering  societies  had  declined  to  co- 
operate in  the  project,  in  assuming  responsibil- 
ity for  the  expense  of  an  international  engineer- 
ing congress  in  connection  with  the  Exposition. 
In  fact  it  would  be  hardly  possible  for  the  so- 
ciety to  do  otherwise,  in  view  of  the  character 
of  the  request  tt  received  from  the  president 
of  the  Exposition  company.  This  recognized  the 
high  position  of  the  American  Society  of  Civil 
Engineers,  and  the  Institution  of  Civil  Engi- 
neers, its  guests  next  October,  by  requesting  It 
to  undertake  the  management  of  a  general  en- 
gineering congress.  The  plans  contemplate  the 
formation  of  a  large  number  of  sections,  each 
devoted  to  some  specialty  and  having  at  Its 
head  an  engineer  eminent  in  that  branch.  One 
or  more  papers  in  each  specialty  will  be  pre- 
pared and  distributed  in  advance  of  the  meet- 
ings, so  that  the  sessions  can  be  devoted  wholly 
to  discussion. 


The  library  of  the  society  has  grown  finely 
during  the  year,  and  now  contains  12,582 
bound  volumes,  25,907  unbound  volumes,  5,863 
specifications  and  3,312  drawings  and  photo- 
graphs. The  second  volume  of  the  library 
catalogue  has  been  published,  and  a  number  of 
searches  have  been  made  for  members  who 
could  not  consult  the  library  In  person.  The 
expenses  of  administration,  exclusive  of  sal- 
aries, were  $943.73.  The  publications  for  the 
year  amount  to  3,329  octavo  pages  with  136  plates 
and  420  cuts  in  the  text.  Their  cost  has  been 
$15,424.76.  The  salaries  of  oflicers,  clerks  and 
caretakers  amounted  to  $19,418.19. 

But  two  important  votes  were  taken.  One  of 
these  was  on  a  technical  subject,  the  appoint- 
ment of  a  committee  to  co-operate  with  similar 
committees  of  other  societies  in  an  investiga- 
tion of  concrete-steel  construction.  The  meet- 
ing ordered  the  appointment  of  such  a  commit- 
tee to  be  settled  by  letter  ballot,  in  the  usual 
manner.  There  was  no  discussion  of  this  step, 
for  the  members  of  the  society  are  fully  awake 
to  the  dangers  of  much  of  the  reinforced  con- 
crete works  now  built.  The  appointment  of 
such  a  joint  committee  has  long  been  urged 
by  The  Engineering  Record,  and  it  seems  prob- 
able that  the  American  Society  of  Civil  Engi- 
neers will  see  its  way  toward  such  action.  It 
is  essential  for  the  society  to  be  represented 
on  a  joint  body  of  this  nature.  If  the  work  is 
to  have  the  greatest  possible  Influence  for  good. 
The  article  by  Mr.  Kahn  elsewhere  in  this  is- 
sue, while  expressing  some  views  not  held  by 
The  Engineering  Record,  points  out  clearly  the 
need  of  a  better  comprehension  of  the  possi- 
bilities and  limitations  of  concrete-steel. 

The  second  vote  advanced  one  step  farther 
the  society's  action  on  the  project  for  a  joint 
union  building  for  the  four  national  engineer- 
ing societies.  The  Board  of  Direction  had  pre- 
pared a  report  on  the  subject,  the  important 
feature  of  which  is  a  summary  of  arguments 
for  and  against  the  society's  participation  in 
the  project;  this  summary  is  printed  elsewhere 
in  this  issue,  and  It  is  needless  to  say  that  its 
preparation  received  a  great  amount  of  careful 
attention.  Every  attempt  was  made  to  give 
the  arguments  on  both  sides  as  clearly  and 
forcibly  as  possible,  so  that  each  member  of 
the  society  will  have  complete  information  con- 
cerning the  project  before  he  votes.  The  Board 
of  Direction  has  maintained  an  absolutely  Im- 
partial attitude  In  the  matter.  In  its  last  re- 
port it  stated  definitely  that  a  building  with 
suitable  accommodations  for  all  the  constitu- 
ent societies  can  be  planned  on  the  land  se- 
lected and  already  secured.  The  Board  made 
no  recommendation  in  this  matter,  believing 
that  the  society  at  large  should  decide  what  is 
probably  the  most  Important  question  which  It 
has  yet  been  called  upon  to  determine. 

Particular  attention  is  drawn,  however,  to 
the  statement  of  President  Noble,  concerning 
an  Interview  with  Mr.  Carnegie  on  January  18. 
This  was  made  at  the  opening  of  the  discus- 
sion and  is  printed  in  full  in  the  Current  News 
Supplement  this  week.  It  Is  the  most  important 
statement  yet  made  concerning  the  project,  for 
it  intimates  that  unless  the  American  Society 
of  Civil  Engineers  will  co-operate  with  the 
other  organizations,  Mr.  Carnegie  will  not  fur- 
nish any  money.  In  other  words,  all  the  so- 
cieties must  enter  the  project  or  the  offer  will 
be  withdrawn.  Heretofore  the  American  Socie- 
ty of  Civil  Engineers  has  been  given  to  under- 
stand that  its  co-operation  was  not  essential 
although  desirable.  Because  the  deliberations  of 
the  society  were  continued  In  the  slow,  careful 
manner  which  Mr.  Carnegie  himself  has  ap- 
proved in  so  many  words,  various  journals  have 
called  the  members  of  the  society  names  not 
calculated  to  produce  that  harmony  of  feeling 


which  alone  will  make  the  joint  tenancy  of 
a  building  desirable.  The  members  of  the 
electrical,  mining  and  mechanical  societies 
have  no  such  opinions,  in  fact  the  civil  engi- 
neers' careful  consideration  of  the  union 
building  project  has  been  warmly  commended 
by  many  of  the  leading  men  of  the  other  or- 
ganizations. But  the  conversation  of  many 
people  present  at  the  convention  tills  week  shows 
beyond  question,  that  these  unwarranted,  un- 
just criticisms  have  had  their  result,  and  that 
the  American  Society  of  Civil  Engineers  will 
not  enter  the  project,  even  If  their  action 
causes  Mr.  Carnegie  to  withdraw  his  ofter 
wholly.  The  Engineering  Record  has  pointed 
out  from  the  time  the  project  was  started,  the 
peculiar  position  of  the  American  Society  of 
Civil  Engineers  in  the  matter,  but  instead  of 
recognizing  that  position  some  of  the  advocates 
of  the  building  followed  a  course  which  was  cal- 
culated completely  to  alienate  the  society  in- 
stead of  drawing  it  into  sympathy  with  the  pro- 
ject.   Abuse  is  never  a  strong  argument. 


Navigation  in  thk  Chicago  River  has  un- 
questionably become  more  troublesome  since 
the  opening  of  the  Chicago  drainage  canal.  It 
would  seem,  however,  that  such  additional 
trouble  must  be  borne  by  vessel  owners,  for 
Judge  Kohlsaat,  of  the  United  States  district 
court,  has  recently  refused  to  grant  any  redress 
in  an  admiralty  suit  brought  against  the  San- 
itary District  by  the  Corrlgan  Transportation 
Company.  This  company  was  over  twelve  hours 
in  towing  a  288-foot  barge  with  a  beam  of  44.6 
feet  and  a  draft  of  16.5  feet,  from  an  elevator 
west  of  Halsted  Street  to  the  mouth  of  the  river. 
Four  tugs  were  needed  to  tow  the  barge  past 
some  of  the  bridges  on  account  of  the  current. 
Judge  Kohlsaat  ruled,  125  Fed.  Rep.  611,  that 
the  connection  between  the  river  and  the  canal 
was  made  In  strict  conformity  with  the  laws. 
The  creation  of  a  mean  current  in  the  river 
of  IVi  miles  an  hour,  which  is  Increased  in  re- 
stricted channels,  like  those  at  drawbridges, 
so  as  to  retard  the  passage  of  vessels,  is  not  an 
unreasonable  use  of  the  river,  rendering  the 
district  liable  for  additional  expenses  in  han- 
dling the  boats. 


The  Connecticut  Avenue  Bbidge  across  Rock 
Creek  at  Washington  has  already  been  de- 
scribed in  this  journal,  and  many  readers  will 
accordingly  be  interested  to  learn  that  a  con- 
tract for  the  superstruction  will  soon  be  placed. 
This  masonry  bridge  is  one  of  the  finest  de- 
signs by  the  late  George  S.  Morison,  materially 
assisted  by  Mr.  Edward  P.  Casey,  whose  work 
in  bridge  architecture  has  been  unusually  suc- 
cessful. The  bridge  has  five  full-center  spans 
of  150  feet  each  and  two  full-center  end  spans 
of  82  feet.  The  piers  of  the  large  arches  are 
20  feet  thick  and  those  between  the  large  and 
small  arches  37  feet;  these  thicknesses  were 
determined  partly  on  the  ground  of  satisfactory 
construction,  for  the  scheme  of  work  contem- 
plates the  simultaneous  construction  of  the 
large  arches  and  the  consecutive  building  of  the 
short  arches.  The  bridge  will  be  52  feet  in 
width  between  the  faces.  Above  the  main 
arches  are  a  number  of  full-center  spandrel 
arches  having  spans  of  14  feet  each  and  sup- 
ported by  transverse  spandrel  walls  3  feet  thick. 
These  arches  are  open  over  the  150-foot  spans, 
but  closed  by  face  walls  at  the  piers  and  over 
the  82-foot  arches.  The  main  arches  are  to  be  ' 
built  of  1:2:4%  Portland  cement  concrete,  the 
transverse  walls,  spandrel  arches  and  most 
other  parts  of  1:2%:  6  Portland  cement  con- 
crete. Alternative  proposals  will  be  received 
for  cut-stone  and  for  molded  concrete  blocks 
for  parts  of  the  trim  and  faces. 
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The  New  Sebago  Lake  Reservoir  of  the 
Portland  Water   Company. 

Bj  Edmund  U.  Blake.  AssUtant  Ensln«er. 


The  Portland  Water  Company,  furnishing  the 
city  ol  Portland,  Maine,  with  water  for  domes- 
tic and  manufacturing  uses  as  well  as  tor  fire 
protection,  takes  its  supply  direct  by  gravity 
irom  Sebago  Lake,  situated  about  sixteei)  miles 
northwest  from  tbe  city,  between  the  Saco  and 
Androacoggin  river  basins.  This  lake,  among 
the  most  beautiful  in  New  England,  together 
with  several  small  lakes  tributary  to  it,  has  a 
water  surface  of  about  100  square  miles  and  a 
watershed,  including  this  surface,  of  over  600 
square  miles,  a  large  part  of  which  lies  to  the 
west  and  north  on  the  foot  hills  of  the  White 
Mountains,  near  the  New  Hampshire  line.  It 
has  been  estimated  that  the  average  daily  flow 
from  Sebago  Lake  is  400,000,000  gallons.  The 
average  elevation  of  its  surface  is  267  feet 
above  tide  water  in  Portland  harbor.  It  is  fed 
by  many  small  streams,  notably  by  tbe  famous 
winding  Songo  River,  which  brings  into  the 
lake  the  waters  of  I^ng  Pond  and  its  tribu- 
taries. There  is  but  one  outlet,  the  Presump- 
scott  River,  and  a  dam  at  its  mouth,  the  height 
of  whose  crest  is  fixed  by  law,  regulates  high- 
water  mark  in  the  lake.  The  water  surface 
fluctuates  within  a  range  of  about  6  feet  in  an 
ordinary  year,  generally  being  at  low-water 
mark  in  October  or  November  and  reaching 
high-water  mark  In  March  or  April.  The  pro- 
tection of  the  waters  from  pollution  was  ef- 
fected by  recent  definite  legislation. 

To  this  almost  inexhaustible  supply,  the 
water  of  which  is  pure  and  soft,  comparing  fa- 
vorably with  that  of  any  other  large  body  of 
water  in  the  United  States,  the  Portland  Water 
Company,  in  1867,  one  year  after  its  incorpora- 
tion, received  a  perpetual  right  by  legislative 
authority,  the  act  reading,  in  amendment  to 
the  act  of  incorporation,  "to  take  and  hold  so 
much  of  the  waters  of  Lake  Sebago  as  may  be 
necessary  for  the  adequate  supply  of  water  for 
the  city  of  Portland."  In  the  Spring  of  1868 
work  was  begun  on  a  brick  conduit  from  the 
intake  (a  short  box  conduit  and  gate  house), 
on  the  shores  of  the  lake  through  the  rocky 
rim  surrounding  the  same,  5,440  feet  to  a  sec- 
ond or  lower  gate  house.  Work  was  also  start- 
ed on  a  20-Inch  wrought-iron  cement-lined  main: 
running  from  this  lower  gate  house  through 
the  towns  of  Standish,  Gorham,  w  estbrook  and 
Deering,  84,120  feet  Into  the  city,  and  on  the 
distribution  piping  within  the  city  limits.  A 
year  later  work  was  started  on  a  9,000,000-gal- 
lon  storage  reservoir  on  Bramhall  Hill  in  the 
city,  its  overflow  level  being  167  feet  alwve  tide 
water  In  Portland  harbor.  In  1876  a  26-inch 
wrought-iron,  cement-lined  pipe  was  laid  from 
the  lower  gate  house  to  Wards  Hill.  18,500  feet, 
and  a  24-incb  wrought-iron,  cement-lined  pipe 
from  this  point,  63,669  feet  to  the  city.  Later, 
the  brick  conduit,  found  to  have  been  left  about 
3  feet  above  grade  and  in  an  unfinished  con- 
dition by  the  original  contractor,  was  partially 
reconstructed  and  improved  and  a  second  10,- 
000,000-gallon  storage  reservoir  was  built  on 
Munjoy  Hill  in  the  city  limits.  About  500  feet 
of  48-inch  cast-iron  pipe  was  also  laid  out  into 
tbe  lake  from  the  intake  gate  house,  its  inlet 
end  being  about  30  feet  below  high-water  sur- 
face. 

This  was  the  condition  in  1890.  The  rapid 
growth  of  the  city  from  36,425  In  1890  to  50,- 
145  in  1900,  a  gain  of  nearly  38  per  cent.,  made 
it  evident  that  the  quantity  and  pressure  of  the 
supply  would  soon  have  to  be  increased.  Ac- 
cordingly about  4%  miles  of  30-inch  cast-iron 
pipe  were  laid  in  1901  and  one  mile  of  30-lnch 
ciist-iron  pipe  in  1902.  The  balance  of  about 
10^  miles  is  to  be  laid  as  fast  as  the  funds 


are  available.  In  the  same  year  the  reservoir 
on  Bramhall  Hill  in  the  city  was  cleaned  out, 
the  gate  house  corner  strengthened  and  the 
slopes  relined  with  8-inch  granite  blocks  laid 
on  a  bed  of  8  Inches  of  No.  2  crushed  stone,  un- 
der the  supervision  of  Mr.  Percy  M.  Blake,  of 
Newton,  Mass.,  as  engineer,  who  was  also  re- 
tained as  designing  and  constructing  engineer 
for  the  improvements  contemplated  at  the 
lake.  The  Ijrick  .conduit  was  examined  and 
found  to  be  in  fairly  good  condition,  but  a 
large  amount  of  silt  containing  iron  oxides  had 
accumulated  on  the  bottom,  and  whenever  a 
heavy  draft  was  made  on  this  conduit,  as  hap- 
pened periodically,  this  silt  gave  color  and  taste 
to  the  water  in  the  city.  Mr.  Blake's  plan  to 
construct  a  10,000,000-gallon  settling  basin  and 
storage  reservoir  at  the  outlet  of  the  old  brick 
londuit,  with  a  36-ineh  cast-iron  waste  pipe  be- 
tween the  old  conduit  and  the  new  basin,  was 
accepted  by  the  company,  and  the  plans,  speci- 
fications and  contract  were  drawn  up  in  June 
and  July,  1902,  from  preliminary  contour  sur- 
veys of  the  site. 

The  contract  was  awarded  to  Booth  &  Com- 
pany, contractors,  of  Boston,  on  August  1,  1902. 
The  general  work  of  stripping,  earth  and  rock 
excavation,  building  the  bank,  trimming,  bal- 
lasting and  paving  the  slopes  was  let  at  unit 
prices  and  all  special  work  on  pipes,  gate  house, 
connections,  etc.,  was  to  be  paid  for  at  the  act- 
ual cost  of  the  same  to  the  contractor,  plus  15 
per  cent.  The  writer  was  assistant  engineer  in 
(iharge  and  the  field  party  under  him  began 
its  work  on  August  6.  The  preliminary  plow- 
ing of  the  field  was  begun  by  the  contractor  on 
August  12,  and  the  work  of  excavation  was 
pushed  rapidly  until  the  entire  rock  surface 
was  stripped.  It  covered  very  nearly  the  entire 
field,  an  area  of  about  3%  acres,  and  cross-sec- 
tions showed  that  the  amount  of  rock  was  much 
larger  than  had  been  anticipated.  As  the  early 
reconnaissance  had  shown  that  the  field  adopt- 
ed was  the  only  site  available  for  a  storage 
l)asin  of  10,000,000  gallons  capacity  in  the  vicin- 
ity of  the  outlet  of  the  old  conduit,  the  Portland 
Water  Company  had  decided  not  to  sink  test 
pits.  There  was  no  alternative  location.  Final 
calculations  showed  that  over  50  per  cent,  of 
the  entire  excavation  was  solid  shale  rock,  not 
including  soft  rock  at  the  surface  which  could 
be  removed  with  pick  and  shovel.  It  devel- 
oped a  good  working  face  and  proved  to  be  of 
an  excellent  quality  tor  crushed  stone. 

The  contractor  installed  a  new  modern 
l.kigerwood  cableway  with  a  span  of  300  feet, 
including  a  double-drum  hoisting  engine,  boiler 
and  six  heavy  buckets.  This  cableway 
averaged  about  forty  trips  per  bucket  in  nine 
hours  or  about  240  bucketsfull  per  day,  requir- 
ing less  than  three  minutes  to  pick  up  a  loaded 
bui'ket,  carry  it  across  the  span  to  the  carts, 
dump  it,  return  the  empty  bucket  across  the 
span  and  lower  it  into  the  pit.  The  rock  was 
blown  to  a  face  and  what  went  beyond  the  eco- 
nomical reach  of  the  buckets  was  thrown  up 
into  carts  and  hauled  out  to  the  dumps.  The 
total  rock  excavation  was  33,100  cubic  yards, 
and  this  was  taken  out  in  about  216  working 
days,  or  at  the  approximate  average  rate  of  150 
cubic  yards  per  day.  For  a  long  period,  how- 
ever, after  the  installation  of  the  cableway,  this 
rate  was  nearer  220  cubic  yards  per  day,  and 
HO  far  as  the  writer  has  been  able  to  ascertain, 
a  record  for  the  state  of  Maine  was  made  in 
.May,  1903,  when  6,020  cubic  yards  of  rock  were 
removed  by  cableway  and  team  force  combined 
in  26  working  days,  or  at  the  average  rate  of 
230  cubic  yards  per  day.  IngersoU-Sergeant 
and  McKiernan  drills  were  used  on  this  work, 
steam  for  which  was  furnished  by  an  IS-horse- 
iwwer  Nagle  boiler,  carrying  about  90  pounds 
pressure.     The   force  employed    by    Booth    & 


Company  averaged  for  the  entire  time  about 
150  men  and  15  double  teams,  not  all  of  which, 
of  course,  was  employed  on  rock  excavation. 
For  draining  excavations  and  for  similar  pur- 
poses a  15-horse-power  Erie  Engine  Company's 
portable  engine  and  boiler  and  a  4-inch  centri- 
fugal pump  were  used.  Work  was  prosecuted 
vigorously  until  December  10,  1902,  when  the 
severity  of  the  weather  caused  operations  to  be 
suspended  until  March  9,  1903,  when  the  work 
was  again  taken  up  and  entirely  completed  on 
November  21,  1903,  covering  in  all  290  working 
days. 

The  completed  basin  is  trapezoidal  in  shape 
with  the  corners  rounded  and  was  designed  to 
fit  the  limitations  of  the  field.  The  bottom  is 
at  an  elevation  2  feet  lower  than  the  former 
outlet  of  the  old  mains  in  the  old  gate  house 
and  covers  an  area  of  1%  acres.  The  sides  are 
built  on  a  slope  of  1%  to  1  and  the  top  of  the 
bank  is  4  feet  higher  than  the  highest  freshet 
level  recorded  for  Sebago  Lake.  This  gives  a 
depth  of  20  feet  from  bottom  of  basin  to  top  of 
bank.  The  bank,  where  it  was  not  formed  in 
cut,  was  built  in  12-inch  layers  of  clay  thor- 
oughly wet  and  rolled  with  a  3,000-pound  ring 
roller.  In  all  cases  the  original  surface  was 
plowed  longitudinally  as  was  also  the  surface 
left  over  the  winter.  The  built  section  of  the 
clay  bank  left  through  the  winter  was  1,250 
feet  long  with  an  average  depth  of  6  feet  and  a 
mean  width  of  38  feet.  This  bank,  eroded  some- 
what by  the  winter  snows  and  rains,  showed 
an  average  shrinkage  of  4  inches  when  new 
cross-sections  were  taken  before  work  In  the 
spring.  The  material  was  compact,  bluish  clay. 
The  slopes  are  covered  with  8  inches  of  crushed 
stone,  and  on  this  ballast  are  laid  heavy  gran- 
ite paving  blocks,  averaging  about  8  inches  in 
depth,  cut  in  the  Conway,  N.  H.,  Redstone  Quar- 
ries. A  very  fine  crushed  stone  was  swept  over 
the  entire  paved  surface,  filling  and  packing 
the  joints.  This  paving  is  not  intended  to  be 
watertight,  as  the  clay  bank  behind  it  performs 
that  function.  The  rock  appearing  on  the 
scopes  was  also  covered  and  plugged  with  clay. 
The  paving  runs  up  to  within  3  feet  of  the  top 
of  the  bank.  The  top  is  10  feet  in  width,  with 
a  pathway  in  the  center  and  the  slopes  and 
corners  are  grassed  and  sodded  down  to  the 
top  of  the  paving  blocks.  The  total  distance 
around  the  top  of  the  bank  is  1,330  feet,  or  over 
a  quarter  of  a  mile. 

The  water  from  the  conduit  is  diverted  into 
the  new  basin  by  the  erection  of  a  heavy  brick 
and  concrete  stop  wall  built  across  the  old  gate 
chamber.  From  this  old  gate  chamber  the 
water  then  passes  through  a  short  length  of 
new  steel-concrete  conduit  and  thence  into  a 
48-inch  cast-iron  pipe.  From  the  section  of 
new  steel-concrete  conduit  there  also  leads  out 
a  36-inch  cast-iron  waste  pipe  running  to  a 
point  about  500  feet  down  the  valley,  where  it 
empties  into  the  bed  of  a  natural  stream.  This 
waste  pipe  line  is  provided  with  a  36-inch  gate 
at  its  entrance,  surrounded  by  a  brick  manhole. 
Where  the  48-inch  inlet  pipe  passes  thiough  the 
new  gate  house  It  is  provided  not  only  with  a 
48-inch  Ludlow  spur-geared  gate,  weighing  12,- 
000  pounds,  but  also  with  a  42-inch  by-pass  con- 
nection with  the  new  42-lnch  outlet  pipe.  On 
this  by-pass  is  a  42-inch  gate.  The  48-inch  in- 
let pipe  then  runs  through  the  outer  wall  of 
the  new  gate  house  and  extends  about  80  feet 
out  Into  the  basin,  where  it  ends  in  a  masonry 
Inlet  well.  This  well,  circular  in  form,  with 
Its  walls  rising  nearly  to  the  top  of  the  48-inch 
pipe,  has  a  conical  surface  of  paving  carried 
down  from  its  top  to  the  bottom  of  the  l)asin 
and  is  intended  to  break  the  rush  of  (he  en- 
tering water  and  distribute  it  around  the  basin. 
Two  drainage  channels  penetrate  the  walls  and 
slopes  of  this  well  at  the  grade  of  the  bottom 
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of  the  basin  and  from  the  inside  of  the  well 
runs  back  a  12-inch  cast-iron  waste,  through 
which  the  basin  is  to  be  emptied  for  cleaning 
or  repairs.  These  drainage  channels  are  not 
on  radial  lines,  so  that  the  effect  is  to  give  a 
spiral  motion  to  the  water  in  the  well  when 
the  water  in  the  basin  has  fallen  below  the 
top  of  the  well,  from  which  results  an  almost 
perfect  scouring  action.  This  12-inch  waste 
pipe,  passing  through  the  new  gate  house  where 
it  is  provided  with  two  12-inch  regulating 
valves  and  a  low  level  6-inch  branch  with  a 
valve  for  draining  the  interior  of  the  new 
chamber,  discharges  into  the  36-inch  waste  pipe 
line  already  mentioned. 

Inside  the  chamber  starts  the  new  42-inch 
cast-iron  outlet  or  supply  pipe  which  passes 
down  the  valley,  where  it  connects  with  the  30- 


of  the  gate  house,  20  feet  above.  The  method 
of  operating  these  gates  may  be  mentioned  in 
brief.  By  closing  the  42-inch  by-pass  gate  and 
the  48-inch  inlet  gate  and  opening  the  36-lnch 
waste  pipe  gate,  the  water  from  the  lake  may 
be  wasted  down  the  valley,  thus  scouring  out 
the  old  brick  conduit  as  often  as  the  condition 
of  the  water  and  the  interior  of  the  conduit 
may  make  it  advisable.  By  closing  the  36-lnch 
waste  gate  and  opening  the  48-inch  Inlet  gate, 
the  water  from  Sebago  Lake  will  then  flow 
into  and  fill  the  new  basin.  By  then  opening 
the  42-inch  outlet  gate,  the  newly  stored  water, 
settled  and  clarified,  will  flow  down  the  supply 
pipes  to  Portland  under  an  increased  head.  If, 
on  the  other  hand,  at  a  later  day,  it  Is  desired 
to  clean  or  repair  the  new  basin,  and  at  the 
same  time  maintain  the  flow  to  Portland,-  the 


concrete  bottom  and  consist  of  3  feet  of  water- 
tight rubble  masonry  laid  In  Portland  cement 
mortar  and  8  inches  of  hard-burned  brick  lin- 
ing laid  in  the  same.  The  pipes  inside  this 
chamber  are  protected  with  a  covering  of  about 
6  inches  of  Portland  cement  concrete,  and  all 
such  concrete  surfaces  are  sloped  and  valleyed 
to  drain  into  the  6-lnch  gate  on  the  12-incb 
waste  pipe  line.  The  exposed  flanges  and  valve 
chests  are  protected  with  a  thin  coating  of 
Portland  cement  grout  to  prevent  oxidation 
and  a  similar  coat  is  applied  to  the  48-lncb  In- 
let pipe,  where  it  lies  exposed  on  the  bottom  of 
the  basin,  to  the  iron  grating  covering  the 
outlet  port  and  also  to  the  brick  lining  of  the 
chamber  up  to  a  point  one  foot  above  high- 
water  mark. 
The    gate   house    substructure,    or    chamber 
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inch  cast-iron  supply  main  laid  by  the  company 
two  years  ago  and  also  with  both  the  old  20- 
inch  and  26-inch  cement-linei  mains.  This  new 
supply  main  haS"  a  42-inch  gate  at  its  entrance, 
2  feet  in  front  of  which  are  located  a  duplicate 
set  of  heavy  fine  mesh  screens  built  in  two  sec- 
tions each  running  in  heavy  grooved  frames 
constructed  of  well  seasoned  southern  pine. 
These  screens  are  adjustable  and  easily  raised 
and  lowered  by  means  of  a  windlass  mechanism 
attached  to  a  pony  truss  resting  on  brick 
pilasters  built  into  the  brick  superstructure 
walls  of  the  gate  house.  The  water  enters  the 
chamber  from  the  basin  through  an  arched 
port  built  into  the  outer  wall  and  guarded  on 
the  outside  by  a  heavy  iron  grating  or  rack. 
The  big  gates  are  all  operated  from  the  floor 


48-inch  inlet  gate  and  the  42-lnch  outlet  gate 
are  closed  and  the  42-inch  gate  on  the  by-pass 
from  the  inlet  to  the  outlet  pipe  is  opened, 
when  the  water  will  flow  directly  through  the 
pipes  to  Portland  without  entering  the  new 
reservoir.  At  such  time  the  two  gates  on  the 
12-inch  waste  pipe  line  may  be  opened  and  the 
water  in  the  basin  drawn  off  and  wasted  down 
the  valley.  Last  of  all  the  6-inch  gate  inside 
the  gate  house  may  be  opened  and  every  drop 
of  water  thus  drained  out  of  the  gate  chamber. 
The  new  gate  house,  already  referred  to,  is 
built  into  the  bank,  its  inner  face  being  plumb 
with  a  line  running  through  the  toe  of  the 
slope.  It  is  rectangular  in  shape,  33  feet  long 
by  26  feet  wide  on  the  outside;  The  walls,  21 
feet  in  height  to  the  floor  line,  rest  on  a  solid 


is  flanked  on  both  sides  with  heavy  masonry 
wing  walls  curving  back  into  the  slopes,  and 
the  entire  front  face  of  these  wings  and  of  the 
front  wall  of  the  chamber  itself  is  faced  with 
paving  blocks  similar  to  those  on  the  slopes, 
laid  in  Portland  cement  mortar,  so  that  the 
general  effect  of  the  Interior  of  the  basin  is 
uniform.  All  the  broken  stone  used  in  the  con- 
crete for  this  chamber  and  as  ballast  under  the 
paving  blocks  was  made  from  rock  taken  by 
careful  selection  from  the  excavation  and ' 
crushed  in  an  American  Road  Machine  Com- 
pany's portable  stone-crusher  installed  by  the 
contractor  for  that  purpose. 

The  gate  house  superstructure,  resting  on  cut 
water-table  stones,  consists  of  12-inch  brick 
walls  laid  In  Portland  cement  mortar,  about 


94 


THE     ENGINEERING     RECORD 


Vol.  49,  No.  4. 


It  foet  high.  Two  brick  pilasters  are  built 
iato  each  side  wall  to  serve  as  columns  (or 
pony  trasses.  The  windlass  mechanism  {or 
nUsing  and  lowering  the  screens  is  attached 
to  the  forward  tmss.  The  floor  is  provided 
with  trap  doors  above  the  screens  and  also 
with  three  additional  trap  doors  through  which 
access  may  be  had  at  any  time  to  the  chamber 
below  by  means  of  a  ladder  always  kept  in  the 
room.  The  spindles  from  the  gate  stems  pass 
up  through  the  floor  and  end  in  upright  stan- 
dards with  hand  wheels  and  cranks  for  man- 
ipulating ihe  gates,  and  dials  to  record  the 
movement  and  position  of  the  three  big  valves. 
The  door  is  on  the  south  side,  above  which  is 
a  stone  lintel  bearing  the  inscription  cut  into 
the  stone:  "Portland  Water  Co.,  1903."  Four 
small  windows  with  stone  caps  and  sills  are 
grouped  together  on  the  north  side,  while  there 
are  no  openings  in  the  end  walls.  A  hipped 
roof,  simple  but  effective  in  design,  is  covered 
with  shingles  stained  a  dark  moss  green  and 
such  woodwork  as  appears  on  the  outside  is 
painted  a  dark  bronze  green.  The  windows 
and  doors  are  black. 

The  following  table  shows  soma  of  the  quan- 
tities involved  in  the  work: 

Table  of  Qnaotltles. 

Area  of  bottom  of  basin 8,432  sqaare  yards 

xy>tal  capacity  of  completed  baslo.  .11.000,000  gallons 

Bock  ezcaTatloD   33,100  cnblc  yards 

Earth  excavation    32,150  cubic  yards 

Total   excavation    65.250  cubic  yards 

Total  embankment  bnllt  in  12-ln.  layers,  IS.SoO  cu.  yds. 

Fared  sorface   on   slopes 4,720  square  yards 

PavInK  blocks  used 110,000 

Cmsbed  stone  used  as  ballast 1,450  tons 

Cmsbed  stone  used  elsewhere 650  tons 

Bricks  osed  for  all  purpoaes. ..  .110,000  approximate 

Portland  cement  used . . . : 1,400  barrels 

Coocrete  laid   150  cubic  yards 

Dynamite  tued   11 V4  tons 

Cast-Iron  pipes,  specials  and  gates 210  tons 

24-lncb   dram   pipe   laid 1,450  linear  feet 

Average  force  of  men  employed 150 

Average   donble-team   force 15 

Time  from  start  to  completion 290  working  days 

Among  the  many  interesting  engineering  fea- 
tures of  the  work  was  the  study  for  disposal  of 
the  33,100  cubic  yards  of  rock  excavation  with- 
in 600  feet  of  the  basin  in  such  a  way  as  to  pre- 
sent a  fairly  systematic  grading  when  flnished. 
This  rock  was  placed  first  as  a  reinforcement 
to  the  built  section  of  the  bank  and  then  laid 
out  to  grade  the  valley  and  the  low  points 
around  the  old  gate  house.  The  balance  was 
leveled  off  in  terraces  and  a  large  part  of  all 
these  rock  dumps  was  covered  with  earth  exca- 
vation and  trimming  from  the  slopes. 

Another  feature  was  making  four  crossings 
with  the  new  cast-iron  pipe  lines  under  the  old 
wrougbt-iron  cement-lined  mains  and  connect- 
ing with  both  of  these  old  mains.  In  each  case 
a  wide  trench  was  opened  and  carried  down  to 
the  old  mains  which  lay  at  nearly  the  same 
grade,  to  a  point  about  15  feet  each  way  beyond 
the  points  of  crossing.  Hemlock  logs  were 
then  cut  in  the  neighboring  woods,  averaging 
about  10  inches  in  diameter  and  35  feet  in 
length.  These  logs  were  run  across  the  trench, 
their  ends  sunk  into  the  ground  and  rested  on 
short  pieces  of  2-inch  plank  laid  transversely. 
Brackets  were  spiked  to  log  and  plank  to  pre- 
vent sliding.  Then  a  i^-inch  steel  wire  rope 
was  dropped  from  each  log  and  carried  down 
under  the  old  mains  in  turn.  A  jacket  of  short 
lengths  of  %-inch  boards  was  placed  around 
the  old  mains  at  the  points  of  suspension  to 
prevent  the  wire  rope  from  cutting  into  the 
shell.  A  strain  was  then  put  on  the  wire  rope 
and  the  warp  tied  to  the  log.  The  old  mains 
were  slung  in  this  manner  at  intervals  of  about 
4  feet,  and  every  day  the  wires  were  tested  and 
tightened  when  necessary.  In  this  way  the 
crossings  were  successfully  made  with  only  a 
few  leaks  where  Joints  in  the  old  mains  open- 
ed and  this  was  generally  where  they  went 
into  the  sides  of  the  trench.  The  connections 
with  old  mains  were  made  by  breaking  the  lat- 


ter at  a  joint  and  using  a  cast-iron  clamp 
sleeve  with  six  1-inch  bolts  and  running  the 
lead  joints  as  usual.  Sheet  lead  was  placed 
between  the  flanges  of  the  bolted  joints  and 
the  whole  sleeve  was  later  encased  in  concrete. 
The  connection  with  the  old  gate  house  de- 
veloped some  interesting  problems  and  was 
done  after  the  interior  of  the  basin  was  com- 
pleted.    The  new   basin   would  be   filled  with 


all  the  work  was  carried  on  at  the  same  time. 
When  finished,  the  stop  plank  opening  to  the 
old  20-inch  and  26-inch  mains  was  filled  in  with 
brick  and  the  water  then  turned  into  its  new 
channels.  The  method  of  filling  the  new  basin 
before  this  connection  was  made,  was  to  fiow 
back  through  the  new  42-inch  outlet  pipe  by 
opening  the  gate  at  the  point  of  connection  be- 
tween this  new  pipe  and  the  old  26-inch  main. 
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water  during  the  night  and  then  the  inlet  gate 
at  the  lake  would  be  closed  early  In  the  morn- 
ing. By  nine  o'clock  the  old  conduit  would  be 
empty  save  for  a  continual  leakage  flow,  and 
construction  work  on  the  partition  walls  and 
on  the  connection  would  be  pushed  until  night, 
when  water  would  again  be  turned  on  at  the 
lake.    By  the  device  of  two  sets  of  stop  planks 


It  is  of  interest  to  note  that  the  short  sec- 
tion of  new  conduit  running  from  the  old  gate 
house  to  the  new  48-inch  Inlet  pipe,  was  con- 
structed as  follows:  A  12-inch  concrete  floor, 
concrete  mixed  in  the  proportion  of  1  cement,  2 
sand  and  i  No.  -2  crushed  stone;  24-inch  con- 
crete side  walls,  mixed  in  the  proportion  of  1 
cement,  2  sand  and  4  No.  2  crushed  stone;   6- 
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inch  steel  I-beams  laid  transversely  across  the 
walls,  4-inch  North  River  flagging  stones  laid 
on  top  of  I-beams;  a  top  covering  of  6  inches  of 
concrete,  mixed  in  the  proportion  of  1  cement, 
1  sand  and  4  No.  2  broken  stone,  in  which 
were  embedded  one  man  stones;  above  this  12 
Inches  of  concrete,  mixed  in  the  proportion  of 
1  cement,  1  sand  and  5  No.  2  crushed  stone; 
and  last,  about  10  feet  of  backfilling,  consist- 
ing of  clay  well  puddled  and  mixed  with  rock 
of  all  sizes  and  rammed  down..  From  the  va- 
rious tests  made,  no  leakage  was  discovered 
through  this  concrete  work. 

The  completion  of  this  new  Sebago  Basin, 
with  its  added  capacity  of  about  11,000,000  gal- 
lons, marks  another  step  in  the  progressive 
policy  of  the  Portland  Water  Company,  one  of 
the  few  remaining  private  water  companies  in 
the  State  where  the  movement  of  municipal 
ownership  of  water  works  is  getting  a  slow  but 
sure  foothold.  In  the  field  work  the  writer  was 
assisted  by  Mr.  Charles  H.  Rice,  Mr.  Gordon  H. 
Pernald  and  Mr.  George  H.  Sargent. 


Water-Power  Electrical   Development  in 
Northern  Indiana. 


The  recent  starting  up  of  the  ultimate  12,- 
000-horse-power  Twin  Branch  power-house, 
ten  miles  west  of  Elkhart,  Ind.,  marks 
an  important  development  of  the  hy- 
draulic power  available  on  the  St.  Joseph  River 
for  manufacturing  and  industrial  purposes.  It 
is  the  first  of  a  number  of  plants  projected  by 
the  same  parties  at  various  points  along  the 
river.  While  the  present  station  promises  to 
stimulate  chiefiy  the  manufacturing  interests 
in  South  Bend,  Mishawaka  and  Elkhart,  the 
ultimate  scheme  will  provide  for  all  the  indus- 
trial centers  in  that  region.  It  is  under- 
stood that  the  owners  of  the  Twin 
Branch  plant  may  soon  build  another  dam  and 
power-house  at  Bristol,  fifteen  miles  east  of 
the  present  development.  As  the  population 
within  a  ten-mile  radius  of  the  new  plant 
is  upward  of  100,000,  engaged  large- 
ly in  manufacturing  industries,  it  is  felt  that 


generating  capacity  of  over  1,000  horse-power 
and  also  a  step-down  transformer  substation  of 
1,000  horse-power.  In  Mishawaka,  three  miles 
west  of  the  Twin  Branch  plant,  1,000  horse- 
power of  step-down  transformers,  with  a  num- 
ber of  large  induction  motors,  is  being  install- 
ed in  the  plant  of  the  Mishawaka  Woolen  Man- 
ufacturing Company,  for  operating  machinery 
used  in  the  manufacture  of  rubber  goods.  Con- 
tracts have  been  entered  into  "with  the  Lake 
Shore  &  Michigan  Southern  Railway  for  light- 
ing the  new  yards  between  Elkhart  and  Misha- 
waka, and  for  power  in  the  new  railroad  shops. 
The  building  of  the  plant  has  been  actively 
directed  by  the  resident  engineer,  Mr.  W.  H. 
Lang,  in  charge  of  the  construction  office  of  San- 
derson &  Porter,  at  Mishawaka.  The  dam 
is  400  feet  long  with  a  combined  base  and  apron 
145  feet  wide.  The  dam  structure  is  30  feet 
high  from  bottom  of  timbering  and  develops 
about  20  feet  head  without  fiashboards. 
A  line  of  grooved  and  splined  sheet  piling,  6 
inches  thick  and  30  feet  long,  driven  through 


Twin  Branch  Power  Plant  during  Construction,  Tail  Race  in  Foreground  and  Dam  Beyond. 


Tm£  HACJCEXSACJi  MEAUOW.S,  In  New  Jersey, 
only  a  few  miles  from  New  York  City,  are  be- 
ing reclaimed  by  filling  an  area  of  about  3.000 
acres  to  :a  level  aliout  8  feet  above  tide- 
water, or  substantially  to  the  level  of  the 
tracJcs  of  the  Pennsylvania  and  other  trunk 
lines  of  railroatl  passing  in  that  vicinity.  It  is 
stated  that  some  12,000,000  cubic  yards  of  ma- 
terial will  be  used,  which  will  be  dredged  from 
the  Say  Kidge  channel  of  New  York  har- 
bor \)y  the.  iydraulic  process.  This  tract  will 
have  XI  wa-tej-  front  of  7'/i  miles  on  the  Passaic 
River  and  Newark  Bay,  and  it  is  estimated 
that  ItB  vaTne  will  be  about  |5,000  per 
acre  '  far  manutacturing  plant  sites!  rail- 
road yards  and  similar  purposes.  Messrs. 
Huglres  Brotlrers  &  Bangs  have  the  government 
contract  for  dredging  the  channel.  The 
fombiuin'g  al  these  two  projects  has 
made  fhe  formtr  possible  at  a  reasonable  ex- 
pdvdltnxe. 


the  success  of  any  well  built  hydraulic  electric 
power  development  in  the  neighborhood  is  as- 
sured. Many  manufacturers,  it  is  stated,  have 
already  been  attracted  to  the  cities  named  by 
the  cheap  power  now  obtainable. 

The  Twin  Branch  plant  was  designed  and 
built  throughout  by  Messrs.  Sanderson  &  Por- 
ter, of  New  York,  engineers  and  contractors, 
and  will  soon  be  turned  over  to  the  St.  Joseph 
&  Elkhart  Power  Company  for  regular  opera- 
tion. This  company  will  supply  power  to  the 
Elkhart  Electric  'Company,  the  present  operat- 
ing company  in  the  city  of  Elkhart,  which  dur- 
ing the  past  two  years  has  been  extended  and 
modernized  under  the  direction  of  the  same  en- 
gineers prei)aratory  to  operating  it  as  is  now 
being  done,  independently,  or  in  parallel  with. 
or  as  a  substation  of,  the  new  plant  of  the  St. 
Joseph  &  Elkhart  Power  Company.  The  Elk- 
hart Electric  Company  has  a  combined  water- 
power  and  steam-power   plant   with  a   present 


alternate  layers  of  gravel  and  sand  to  hard  pan, 
is  used  at  the  upper  and  also  at  the  lower  side 
of  the  dam,  in  addition  to  six  parallel  rows  of 
round  piles  driven  to  hard  pan — three  rows  on 
each  side.  To  these  rows  and  to  the  above  men- 
tioned sheeting  the  dam  is  secured.  It  is  built  of 
4-inch  rock  maple  plank,  closely  fitted,  bolted 
ard  spiked.  The  construction  is  what  is  known  as 
filled  crib  work,  the  planks  forming  solid-wall- 
ed compartments,  and  the  spaces  being  filled 
with  screened  and  washed  gravel,  no  rock  be- 
ing available.  Some  3,000,000  feet  of  lumber 
and  125  tons  of  bolts  and  spikes  were  used  In 
the   construction    of   the   dam   and    apron. 

The  power-house  Is  located  at  the  south  end 
of  the  dam  and  constitutes  an  extension  thereof. 
The  building  is  180  feet  long  and  130  feet  wide, 
and  is  built  throughout  of  steel  and  concrete. 
In  preparing  the  foundations  2,000  oak  piles 
were  driven  through  30  feet  of  gravel  and  sand 
into  a  firm  layer  of  hard  pan.    These  piles  were 
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cm  off  15  feet  below  the  water  line,  covered 
with  oak  capping  secured  to  the  piles  by  2-lnch 
oak  pins,  and  on  these  caps  was  laid  a  floor- 
ing  of  oak  5  inches  thick,  this  being  grooved 
and  splined.  On  this  floor  the  foundation  walla 
were  built  There  are  15  walls  3  feet  thick,  130 
feet  long  and  12  feet  high,  forming  14  sluices  or 
tail  races.  The  crowns  of  the  arched  top  of 
these  sluices  are  3  feet  thick  and  form  the 
floor  of  the  generator-room  and  wheel  forebays. 
There  are  to  be  eight  lines  of  horizontal  tur- 
bines, six  of  the  lines  for  main  units  and  two 
for  exciter  sets,  with  a  combined  total  of  12,000 
wheel  horse-power.  E^ch  unit  is  set  in  an  inde- 
pendent compartment,  controlled  by  a  series  of 
gates  operated  by  electric  power.  There  are 
five  water  wheels  in  each  main  unit,  mounted 
on  a  horizontal  shaft  11  inches  in  diameter  and 
about  60  feet  long.  This  shaft  passes  through 
the  bulkhead  wall  and  is  directly  connected  to 
an  alternating  current,  1,000-kilowatt,  three- 
phase.  60-cycle  electric  generator.  The  turbines 
are  of  special  design,  with  steel  plate  runners, 
and  were  made  by  the  Trump  Manufacturing 
Company,  of  Springfield,  O.;  the  heavy  wheel 
bases,  wall  frames,  etc.,  by  the  Webster  Manu- 
facturing Company,  of  Chicago;  the  draft 
tubes  by  J.  M.  Matthews,  of  South  Bend,  and 
the  generators,  switchboard  and  other  electric 
equipment  by  the  Westinghouse  Electric  & 
Manufacturing  Company,  of  Pittsburg. 

Steel  and  concrete  are  used  almost  wholly  in 
the  construction  in  order  to  minimize 
repairs.  Operating  expenses,  it  is  thought,  will 
also  be  low,  partly  because  of  the  compara- 
tively small  amount  of  debris  carried  by  the 
river,  even  at  flood  periods,  and  partly  because 
of  the  facilities  furnished  for  cleansing  the 
racks  and  forebay  channel  by  the  special 
sluices  provided  for  such  work  and  for  con- 
trolling the  pond.  This  pond  has  a  length  of 
10  miles  and  an  area  of  between  1,000  and  1,- 
100  acres.  The  large  water  storage  so  secured, 
coupled  with  the  remarkably  small  variation 
In  the  rate  of  river  discharge,  as  compared  with 
many  rivers,  renders  practicable  the  installa- 
tion and  operation  of  a  considerably  larger 
amount  of  electrical  equipment  per  square  mile 
of  water-shed  than  is  ordinarily  possible.  The 
causes  of  these  uniform  flowage  characteristics 
are  explained  by  data  contained  in  the  Water. 
Supply  and  Irrigation  Papers  of  the  U.  S.  Coast 
and  Geodetic  Survey.  The  statement  is  therein 
made  that  the  drainage  basin  of  the  St.  Joseph 
River  contains  more  than  400  small  lakes  and 
lies  In  a  completely  glaciated  region,  overlain 
with  diversified  glacial  drift  deposits.  The  por- 
ous character  of  the  gravel  deposits  permits  the 
rainfall  to  percolate  quickly  below  the  surface 
BO  reducing  evaporation  losses.  The  gravel 
drift  furnishes  a  large  underground  water  stor- 
age from  which  the  river  is  mostly  fed  and 
which  BO  equalizes  the  rate  of  flow  that  extreme 
floods  do  not  show  a  discharge  of  over  5  second 
feet  per  square  mile  of  water-shed  according  to 
the  C.  8.  reports  referred  to.  The  geology  of 
the  St  Joseph  River  drainage  basin  is  Interest- 
ing from  the  fact  that  the  direction  of  the  flow 
of  the  river  from  Lake  Michigan  to  South  Bend 
was  formerly  reversed.  Such  portion  of  the 
river  formed  an  outlet  for  the  waters  of  I^ke 
Michigan,  which  turned  to  the  southwest  at 
South  Bend,  through  the  Kankakee  River,  and 
reached  the  Mississippi  through  the  Illinois 
River.  The  old  river  channel  connecting  the 
St  Joseph  River  with  the  Kankakee  River  is 
Still  well  defined.  Subsequent  withdrawal  of 
the  glacial  ice  sheet  and  the  consequent  lower- 
ing of  the  lake  formed  by  it  at  the  south  end 
of  the  Lake  Michigan  basin  resulted  in  a  re- 
versal of  the  direction  of  the  flow  then  exist- 
ing through  the  lower  end  of  the  St  Joseph 
Blrer.     The  later  erosion  has  slowly  lowered 


the  bed  of  the  St.  Joseph  River  some  50  feet  be- 
low the  bed  of  the  old  channel  at  the  point 
where  the  latter  leaves  the  line  of  the  present 
river. 


The   Necessity  of   Moisture    in    Heated 
Houses. 

Abridgment  of  a  paper  by  Prof.  K.  C.  Carpenter, 
of  Cornell   I'nlTersity,   read   before  the  American  So- 
ciety of  Heating  and  Veutllatlnc  Engineers. 


It  is  established,  I  think,  with  reasonable 
certainty,  although  there  seems  to  be  very  lit- 
tle scientific  data  available  on  the  subject,  that 
the  Inmates  of  a  room  are  more  comfortable 
wheh  the  relative  humidity  of  the  inside  air 
does  not  differ  greatly  from  that  to  which  they 
are  accustomed  outside.  The  amount  of  mois- 
ture required  to  maintain  the  relative  humidi- 
ty the  same  as  the  outside  air  may  be  of  con- 
siderable amount.  Thus,  supposing  saturated 
air  at  10  degrees  Fahrenheit  be  introduced  into 
a  room  at  the  rate  of  1,000  cubic  feet  per  hour, 
we  find  by  consulting  tables  that  in  order  to 
maintain  the  air  at  the  saturated  condition  we 
shall  need  to  introduce,  if  tlie  air  be  warmed  to 
70  degrees,  about  6.8  grains  of  water  for  each 
cubic  foot,  or  for  the  1,000  cubic  feet  we  would 
need  6.800  grains,  or  practically  one  pound  per 
hour.  A  building  containing  10,000  cubic  feet 
of  space  would,  to  maintain  50  per  cent,  hu- 
midity, need  to  have  something  like  h  pounds 
of  water  or  say  2%  quarts  evaporated  per  hour 
in  order  -to  maintain  the  degree  of  humidity 
somewhat  near  that  usually  found  in  the  out- 
side air.  This  calculation  is  interesting  as 
showing  that  large  amounts  of  water  may  be 
needed  to  preserve  the  relative  humidity  the 
same  as  that  of  the  outside  air  during  the 
processes  of  heating. 

It  would  be  an  interesting  question  to  know 
what  effect  the  dry  air  in  our  inhabited  rooms 
has  upon  the  health  of  the  occupants.  I  think 
we  will  find  much  difference  of  opinion  regard- 
ing this  proposition.  It  is  a  well-known  fact 
that  dry  air  is  extremely  favorable  for  the  cure 
of  certain  diseases  and  I  believe,  also,  that  it 
Is  quite  certain  that  it  is  not  quite  so  favorable 
a  medium  for  the  propagation  of  disease  bac- 
teria as  moist  air,  but  nevertheless  I  do  not 
think  it  as  healthy  for  a  normal  person;  but 
.  regarding  this  I  have  little  data  which  could 
be  considered  as  conclusive. 

Mr.  G.  A.  Loveland,  section  director  of  the 
United  States  Weather  Bureau,  Lincoln.  Neb., 
read  a  paper  on  this  subject  before  the  Ne- 
braska Academy  of  Sciences,  January  25,  1902, 
which  as  presenting  some  valuable  observa- 
tions I  have  quoted: 

"The  previously  evident  effect  of  dry  air  on 
the  furniture  in  the  United  States  Weather 
Bureau  office  in  Lincoln,  Neb.,  during  the  win- 
ter months  resulted  in  the  taking  or  a  few  ob- 
servations to  determine  the  relative  humidity 
of  the  air  in  the  rooms  in  the  winter  of  1898- 
99.  The  relative  humidity  proved  to  be  so  low 
that  It  was  decided  to  make  a  consecutive 
record  for  the  next  winter,  that  of  1899-1900. 
Mr.  A.  B.  Smith,  a  student  in  the  university, 
working  In  the  oflBce,  becoming  interested,  kept 
the  record.  Observations  were  made  usually 
twice  a  day,  but  sometimes>as  many  as  four  or 
five  times  a  day,  and  occasionally  but  once  a 
day.  The  observations  were  made  by  means  of 
an   ordinary   sling  psychrometer. 

"The  rooms  are  heated  by  steam,  using  the 
ordinary  pipe  radiators.  Luck  of  time  pre- 
vented Mr.  Smith's  computing  the  relative  hu- 
midity from  the  mass  of  observations  for  the 
use  he  Intended  to  make  of  them.  When  he 
graduated  In  June,  1901,  he  transferred  his 
data  to  me  in  the  hope  that  It  might  prove  use- 
ful. During  the  summer  and  early  fall  these 
observations  were  computed  and  tabulated  for 


convenient  study  by  my  wife  and  myself.  The 
result  proved  that  the  air  in  the  office  was  ex- 
ceedingly dry  during  the  whole  winter.  The 
coldest  month,  February,  1900,  with  a  mean 
temperature  in  the  shelter  of  19.2  degrees 
above  zero,  was  also  the  driest  in  the  office, 
with  an  average  relative  humidity  of  but  15.3 
per  cent.  The  variation  was  not  great  from 
day  to  day,  the  extreme  ranges  for  February, 
1900,  being  from  7  to  25  per  cent.;  but  tne 
record  shows  that  it  was  only  twice  above  20 
per  cent,  and  once  below  30  per  cent.  Decem- 
ber, 1899,  comes  next,  with  a  mean  exterior  air 
temperature  of  22.6  degrees  and  a  relative  hu- 
midity in  the  office  of  18.6  per  cent.  January, 
1900,  was  warmest  and  in  the  office  the  most 
moist,  with  a  mean  temperature  of  26.8  per 
cent,  outside,  a  relative  humidity  of  21.0  de- 
grees inside.  The  temperature  of  the  office  did 
not  vary  materially  tor  the  three  months,  and 
averaged  slightly  below  70  degrees.  The  rela- 
tive humidity,  from  the  readings  of  the  whirled 
psychrometer  in  the  shelter,  was:  For  Decem- 
ber, 77.4;  for  January,  73.4,  and  for  February, 
77.9  per  cent.  This  gives  a  mean  relative  hu- 
midity of  the  outside  air  for  the  three  months 
of  76.2  per  cent.,  while  for  the  inside  air  for 
the  same  period  it  was  but  18.3  per  cent.  In 
an  article  in  the  "Boston  Medical  and  Surgical 
Journal'  of  March  1,  1900,  Mr.  R.  DeC.  Ward, 
Instructor  in  Climatology  in  Harvard  Univer- 
sity, gives  the  relative  humidity  of  the  outside 
air  at  many  of  the  driest  places  where  observa- 
tions have  been  kept,  including  places  near  the 
deserts  in  both  Asia  and  Africa,  but  he  quotes 
no  place  as  dry  as  the  Weather  Bureau  office  at 
Lincoln  was  during  the  three  months  men- 
tioned. 

"The  results  obtained  as  above  stated  caused 
me  to  attempt  an  experiment  this  winter.  I 
live  in  the  north  half  of  a  double  house.  The 
two  halves  are  very  much  alike,  of  course  be- 
ing built  under  exactly  the  same  conditions, 
and  heated  by  the  same  sized  furnaces  of  the 
same  make  and  pattern.  The  arrangement  of 
rooms  is  slightly  different,  but  the  cubic  space 
of  each  house  is  about  the  same — 14,000  cubic 
feet.  Furnaces  are  almost  invariably  furnished 
with  a  pan  in  which  water  may  be  kept,  since, 
as  text-books  say,  'heated  air  requires  more 
moisture- than  cold  air  contains  to  maintain  a 
comfortable  degree  of  saturation.' 

"The  investigation  began  by  using  the  water 
pan,  in  my  furnace  and  not  using  the  one  in 
my  neighbor's  house,  and  by  making  humidity 
observations  to  determine  the  efficiency  of  the 
pan  as  an  attachment  to  a  furnace.  The  water 
pan  holds  20  quarts.  The  amount  of  water 
evaporated  from  the  pan  was  determined  each 
day  by  filling  it  daily  and  measuring  the  water 
required.  The  observations  commenced  No- 
vember 4,  and  were  taken  once  daily  by  my 
wife  about  12.00  noon.  The  result  of  the  first 
17  days'  observations  was  as  follows: 

, Average. « 

.'                                  Temperature  Relative 

of  air.  humidity, 

dee.  F.  per  cent. 

Inside,   with   water  pan 72.1  36.2 

Inside,  without  water  pan 67.9  38.8 

Outside 39.4  68.2 

"The  amount  of  water  evaporated  was  two 
quarts  per  day.  The  difference  in  humidity 
seems  to  be  due  almost  entirely  to  the  fact  that 
one  house  was,  on  the  average,  warmer  than 
the  other.  Reduced  to  a  temperature  of  70  de- 
grees, there  seemed  to  be  a  slight  difference — 
about  1  per  cent. — in  favor  of  the  house  with 
the  water  pan,  but  the  difference  was  so  very 
slight  that  the  value  of  a  water  pan  as  an  ad- 
junct to  a  furnace  was  not  established,  but  on 
the  contrary  it  seems  probable  that  such  a 
small  pan  is  of  little  or  no  value. 

"It  was  then  determined  to  Increase  the  eva- 
poration sufficiently  to  affect  the  humidity,  con- 
tinuing to  measure  the  water.     Pans  of  water 
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■were  placed  in  each  of  four  registers.  This  in- 
creased the  evaporation  to  an  average  of  5.9 
quarts  per  day  for  the  17  days  beginning  No- 
vember 23.  The  averages  for  this  period  were 
as  follows; 

/ Average. ., 

Temperature  Uelatlve 

iif  air.  humidity. 

,     ,,         ,,.                                            deg.  K.  (jercenf. 

Inside,  with  water  pan 70.O  ao  S 

Inside,  without  water  pan 70.0  334 

Out&lde 30.3  73  ^ 

"For  this  period  the  temperatures  in  the 
house  averaged  the  same  and  the  relative  hu- 
midity was  2.4  per  cent,  greater  in  the  house 
using  water  In  the  furnace  and  register  pans. 

"Two  large  pans  were  now  attached   t3   the 

furnace  at  the  point  where  the  cold-air  return 

delivers  the  air  to  the  furnace  to  be  reheated. 

These   were   in   operation   for   the   period   from 

January  15   to  January  21,   and   increased  the 

evaporation  to  10  quarts  per  day  for  the  period, 

with  the  following  results: 

, Average. ,■ 

Temperature  Relative 

of  air.  humidity, 

,      , ,                                                        deg.  F.  per  cent. 

Inside,   with   water  pan Gfl.n  20.1 

Inside,  without  water  pan 70.0  26  9 

Outside 33.3  66.8 

"This  shows  a  difference  of  2.2  per  cent,  in 

favor  of  the  house  in  which  the  10  quarts  of 

water    were   evaporated    daily,    from    which    it 

would    seem    that   the    4.1    quarts    increase    in 

-water  evaporated  did  not  quite  offset  the  lower 

temperature    (averaging  6  degrees)    and   lower 
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not  be  desirable,  for  the  moisture  in  the  house 
would  condense  on  the  windows  to  such  an  ex- 
tent as  to  be  very  disagreeable.  In  fact,*  later 
•  in  the  winter,  with  a  daily  evaporation  of  36 
quarts  and  a  temperature  slightly  above  zero 
outside,  70  degrees  inside,  and  an  inside  rela- 
tive humidity  of  30  per  cent,  (about  10  per 
cent,  higher  than  in  a  house  without  evapora- 
tion), considerable  condensation  on  the  win- 
dows took  place,  but  not  sufficient  to  be  trouble- 
some. 

"At  present,  from  a  rather  short  series  of  ob- 
servations in  a  house  heated  by  hot  water,  but 
quite  extensive  observations  in  furnace  and 
steam  heated  rooms,  there  seems  to  be  little  or« 
no  difference,  so  far  as  the  relative  humidity 
of  the  air  is  concerned. 

"I  do  not  know  what  effect  the  dry  air  of  liv- 
ing and  office  rooms  has  upon  health,  being 
unable  to  find  a  record  of  any  experiments  in 
this  direction.  Most  physicians  maintain  that 
it  is  injurious,  but  this  seems  to  be  based  main- 
ly upon  theoretical  considerations." 


A    Flood    Test   of    Two  Large   Riveted 
Steel  Pipe  Lines. 


Remarkably  heavy  rainfall  on  October  8  and 
9,  1903,  caused  very  destructive  fre.shets  on  the 
ninth  and  tenth  throughout  the  northern,  cen- 
tral and   northeastern  sections  of  New  Jersey. 
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entering  its  old  channel,  washed  the  3  feet  of 
earth  covering  from  over  the  pipes  for  a  dis- 
tance of  about  200  feet  and  also  undermined 
them.  One  pipe  was  unsupported  for  a  dis- 
tance of  at  least  50  feet,  and  the  water  surged 
over  and  under  the  two  lines,  as  shown  in  one 
of  the  accompanying  views.  Fortunately  the 
old  bed  of  the  river  was  filled  with  large  boul- 
ders at  this  place,  which  prevented  the  entire 
support  from  being  washed  out  from  under  the 
pipes.  At  the  height  of  the  flood  the  water 
was  at  least  1%  feet  deep  on  top  of  the  pipes. 
Neither  pipe  suffered  any  damage  whatever, 
not  a  single  joint  starting  even  a  minute  leak. 
Both  pipes  were  full  of  water  when  the  acci- 
dent occurred. 

At  another  place  the  pipes  crossed  a  moun- 
tain brook,  spanning  the  stream  bed  between 
masonry  abutments  14  feet  apart  so  as  to  give 
a  waterway  about  10  feet  high,  ordinarily 
ample  for  any  floods  on  the  brook.  But  higher 
up  on  the  stream  there  was  a  little  dam  form- 
ing a  small  reservoir,  and  the  flood  caused  the 
failure  of  this  dam,  thus  adding  the  water  In 
the  reservoir  to  the  already  swollen  brook- 
Large  trees  were  uprooted  and  .carried  down 
by  the  torrent  and  some  thirty  of  them  were 
jammed  in  the  culvert,  against  the  pipes  and 
on  top  of  them,  and  one  large  tree  trunk  was 
even  forced  between  the  pipes  so  as  to  exert  a 
prying   action   upon   them.     The    waters,   thus 


Two  Riveted  Steel  Conduits  of  the  Newark  Water  Works  Undermined  by  a  Flood. 


humidity  (averaging  7  per  cent.)  of  the  outside 
air  in  the  second  experiment. 

"The  only  ventilation  the  houses  have  is  one 
open  fireplace  in  each.  No  special  effort  was 
made  to  change  the  air  other  than  that  re- 
sulting from  the  ordinary  usage  of  dwelling- 
houses.  As  the  tavo  houses  were  so  nearly  iden- 
tical In  all  conditions  affecting  ventilation,  it 
was  assumed  that  the  change  in  air  was  prac- 
tically the  same  in  both  houses.  Neither  fur- 
nace took  air  directly  from  outdoors;  the  cold- 
air  return  from  the  rooms  and  air  from  the 
cellar  were  the  only  sources  of  air  for  the  fur- 
naces. If  there  was  no  change  in  the  air,  six 
quarts  of  water  would  be  sufficient  to  saturate 
the  air  in  one  house.  It  seems  probable,  how- 
€ver,  that  the  air  in  a  house  of  this  kind,  with 
no  special  effort  at  ventilation,  changes  com- 
pletely once  in  two  hotirs,  and  possibly  once  an 
hour,  or  even  in  less  time.  With  this  in  mind, 
it  will  be  seen  that  in  a  house  of  the  kind  in 
which  these  experiments  were  made  (ordinary 
8-room)  70  to  150  quarts  of  water,  or  possibly 
more,  per  day,  will  be  required  to  maintain 
the  relative  humidity  as  high  as  it  is  outside 
the  house,  the  difference  between  Inside  and 
outside  temperatures  being  from  35  degrees  to 
50  degrees,  as  is  the  case  in  winter  months  in 
Nebraska.      This    degree    of    humidity    would 


The  floods  did  not  wholly  subside  for  several 
days  and  wrought  serious  damage  to  railroad 
lines,  bridges,  water  works  and  other  public 
and  private  property,  as  many  readers  of  this 
journal  will  remember  for  a  long  while  to  come. 
Among  the  structures  which  were  severely 
tested  were  the  two  48-lnch  riveted  steel  pipe 
lines  of  the  Newark  water  works.  Very  for- 
tunately for  Newark  and  also  for  Jersey  City, 
which  was  compelled  to  borrow  water  because 
the  pumping  station  supplying  it  was  tempo- 
rarily put  partially  out  of  commission  by  the 
floods,  the  pipes  withstood  the  strain  brought 
upon  them  without  so  much  as  developing  a 
leak. 

Both  pipe  lines  were  laid  from  the  Pequan- 
nock  watershed  for  the  East  Jersey  Water 
Company  by  the  T.  A.  Gillespie  Company,  of 
New  York,  one  in  1891  and  the  other  in  1896, 
and  are  of  %-inch  plates.  About  a  mile  and  a 
half  below  the  Macopin  intake  the  two  lines, 
which  were  laid  side  by  side,  were  undermined 
by  water.  In  one  place,  the  Pequannock  River 
had  been  diverted  from  its  channel  so  as  to 
straighten  its  course  and  remove  it  from  the 
pipe  location,  a  dike  being  constructed  to  keep 
the  water  out  of  the  old  river  bed,  in  which  the 
pipes  were  subsequently  laid.  During  the  flood 
the  river  broke  through  the  embankment,  and. 


diverted  partly  from  the  culvert,  undermined 
and  carried  away  the  lower  part  of  one  of  the 
masonry  abutments,  leaving  its  upper  portion 
to  be  supported  by  the  pipes.  To  the  very 
severe  strain  thus  brought  upon  them  the 
pipes  were  subjected  for  some  time,  and  al- 
though left  unsupported  under  the  load  de- 
scribed for  a  distance  of  over  35  feet,  they 
were  not  forced  out  of  position  nor  damaged 
in  any  way  excepting  that  a  few  joints  in  one 
pipe  only  showed  a  slight  weeping.  As  soon 
after  the  water  subsided  as  it  was  feasible,  the 
debris  was  partially  cleared  away  and  some 
temporary  log  cribbing  built  beneath  the  pipes, 
as  shown  in  the  photograph.  At  a  third  place, 
also,  the  pipes  were  subjected  to  a  test  very 
similar  to  the  one  just  described,  at  a  point 
about  50  feet  distant,  on  account  of  the  sur- 
charging of  another  culvert,  one  of  the  abut- 
ments of  which  was  undermined  and  the  earth 
back  of  it  washed  away. 

Judging  by  other  experiences,  if  these  lines 
had  been  laid  with  cast-iron  pipes,  any  one  of 
the  three  accidents  mentioned  would  probably 
have  been  sufficient  to  cause  the  complete 
rupture  of  the  lines  with  the  consequent  cut- 
ting off  of  the  water  supply  to  Newark  and  a 
large  part  of  Jersey  City  at  an  unfortunate 
time,  with  railroads  and  highways  crippled  by 
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the  floods  so  that  it  would  have  been  difficult 
to  make  repairs.  The  masonry  and  earth  re- 
moved by  the  freshet  from  around  the  pipes 
were  replaced  and  no  trouble  has  since  been 
experienced  with  the  pipes.  This  is  certainly 
a  noteworthy  record  and  shows,  as  have  a  num- 
ber of  other  occurrences,  the  remarkable  ca- 
pacity of  properly  made  steel  pipes  of  good 
materials  to  withstand  unexpected  hard  usage. 
The  photographs  and  notes  trom  which  this 
statement  has  been  prepared  were  courteously 
furnished  by  Mr.  M.  R.  Sherrerd.  engineer  of 
the  Newark  water  works,  and   Mr.  Gillespie. 


The   Power  House  of  the   Interborough 
Rapid  Transit  Company,  New  York. 

On  Wednesday  afternoon  members  of  the 
American  Society  of  Civil  Engineers,  in  at- 
tendance upon  the  annual  meeting,  visited  the 
new  power  house  of  the  Interborough  Rapid 
Transit  Company  on  Eleventh  Avenue,  between 
Fifty-eighth  and  Fifty-ninth  Streets,  Manhat- 
tan. To  add  to  the  interest  of  the  excursion,  a 
brief  description  of  the  plant  was  prepared  by 


set.  All  engine-bed  footings  are  of  concrete 
from  bed-rock  to  Elevation  -f  1.5  feet.  At  this 
elevation  the  forms  are  put  up,  and  the  anchor 
lx)lts,  washers  and  nuts  (for  engines  or  gen- 
erators) are  set.  Corrugated  steel  bars,  placed 
horizontally  and  vertically,  are  also  built  into 
these  monoliths.  Each  bed.  above  Elevation 
-1-1.5  feet,  contains  1,350  cubic  yards  of  con- 
crete. All  wall  footings  are  of  similar  con- 
struction, and  are  taken  from  the  rock  to  Ele- 
vation -(-1.5  feet.  The  walls  are  of  hard  red 
brick  to  Elevation  -(-17.75.  and.  from  this  point 
to  the  top  of  the  water  table,  granite  facing  is 
used. 

The  intake  and  return-water  conduits,  for 
condensing  purposes,  are  of  concrete,  rein- 
forced on  the  river  end  by  corrugated  steel 
bars.  This  is  also  true  of  the  coal-conveyor  tun- 
nel. The  bottom  of  the  intake  conduit  rests 
on  piling,  driven  to  bed-rock,  extending  out 
to  the  city  dock  line,  and  cut  off  at  Elevation 
— 19.5  feet.  All  foundations  for  feed  pumps, 
air  pumps  and  circulating  pumps  are  of  con- 
crete. The  basement  floor,  also,  will  be  of  sim- 
ilar construction. 


up  to  the  water  table,  above  which  the  face- 
work  is  of  light  buft  pressed  brick  enriched 
with  terra  cotta.  The  general  treatment  of  the 
design  may  be  termed  Italian  Renaissance, 
and  is  rather  ornate.  The  structure  will  be 
one  of  the  most  attractive  in  New  York  City. 
All  window  sash  and  framework  is  of  cast-ii'on, 
glazed  with  ribbed  glass,  and  all  exposed  trim- 
work  on  the  roof  is  of  copper.  The  flat  portion 
of  the  roof  is  of  concrets  (expanded-metal  con- 
struction), and  the  sloping  sides  of  the  roof 
are  of  terra  cotta  covered  with  green  enameled 
tile  of  a  Spanish  roll  pattern.  The  chimneys 
are  faced  with  brick  of  the  same  quality  as 
used  in  the  facework  of  the  structure.  The  in- 
terior of  the  operating  room  is  faced  with  brick 
of  a  light  buft  color,  and  the  trim  of  all  doors,, 
sash,  etc.,  is  covered  with  kalamein  iron,  or 
sheet  copper.  This  trim  is  reduced  to  a  mini- 
mum, so  that  the  building  is  fireproof,  in  the 
strictest  sense. 

Plant  Equipment. — The  power  house  is  20O 
feet  wide  on  Eleventh  Avenue,  and  extends 
westward  694  feet.  Its  height,  from  the  base- 
ment floor  to  the  highest  point  of  the  roof,  is 


Cross-Section  of  the  Power  House  for  the  Interborough  Rapid  Transit  Company,  New  York  City. 


the  company,  and  as  this  Is  the  first  official 
statement  which  has  been  issued  concerning 
the  station,  now  nearing  completion,  it  is  re- 
printed below. 

Bubttructure. — The  substructureof  this  power 
house  consists  of  Portland  cement  concrete,  in 
the  following  proportions:  1  part  cement,  2 
parts  sand  and  5  parts  broken  stone.  This  pro- 
portion is  used  for  all  column  bases,  engine 
beds  and  wall  footings,  and  all  these  founda- 
tions have  been  taken  down  to  bed-rock,  all 
concrete  work  being  brought  to  Elevation  -(-1.5 
feet  above  mean  high  water  (city  datum).  The 
rock  elevations  vary  from  -fl2  to  — 33  feet; 
thus  showing  a  very  irregular  bottom.  There 
are  397  columns  and  twelve  engine  beds,  the 
bases  of  each  being  enlarged  to  meet  the  de- 
flection In  the  rock.  To  carry  the  column 
loads,  there  is  a  granite  cap-stone  on  the  sur- 
face of  each  concrete  pier,  and  these  are  of 
various  sizes.  On  these  cap-stones  are  set  cast- 
iron  bases   into  which  the   steel  columns  are 


Structural  Steel. — The  steel  in  the  building 
is  independent  of  the  exterior  walls,  which  are 
self-supporting;  so  that  the  integrity  of  the 
structure  would  remain  if  the  walls  were  re- 
moved. The  weighf  of  the  steel  will  approxi- 
-mate  12,000  tons,  and,  in  this  respect,  it  is  one 
of  the  heaviest  structures  on  record.  Some 
of  the  columns  sustain  750  tons.  A  feature  of 
the  design  is  the  bracing  required  to  withstand 
the  strains  caused  by  the  chimneys  and  by 
the  excessive  loads  carried  high  in  the  struc- 
ture. Each  chimney  is  supported  on  six  col- 
umns, which  carry  a  platform  of  plate  girders 
8  feet  deep,  over  which  is  place.i  a  grillage  of 
20-inch  beams,  pladed  at  2-foot  centers,  and 
filled  solidly  with  concrete.  The  base  of  the 
masonry,  resting  on  the  grillage.  Is  reinforced 
by  a  steel  frame  3  feet  deep,  with  steel  rods 
running  in  both  directions  through  the  base  of 
the  brickwork. 

The  Masonry  Superstructure. — The  base  of 
the  exterior  waits  is  finished  with  c\it  granite, 


125  feet.  The  structure  is  divided  into  two 
main  sections:  A  boiler  house  on  the  south  or 
Fifty-eighth  Street  side  and  an  operating  house 
on  the  north  or  Fifty-ninth  Street  side,  each 
extending  the  full  depth  of  the  building.  On 
the  Eleventh  Avenue  end  is  extended  a  track 
conneited  with  the  main  line  of  the  New  York 
Central  Railroad,  and  this  is  used  in  bringing 
machinery  and  materials  into  the  building. 
Coal,  however,  is  conveyed  into  the  building 
with  a  belt  conveyor.  This  conveyor  extends 
to  a  pier  in  the  North  River,  at  the  foot  of 
West  Fifty-eighth  Street,  700  feet  in  length. 
From  the  pier,  the  coal  Is  conveyed  under- 
ground to  a  point  at  the  southwest  end  of  the 
In'iilding,  where,  it  is  raised,  by  an  elevating 
belt  system,  to  the  coal  bunkers  constructed 
In  the  roof.  The  bunkers  have  a  capacity  of 
25,000  tons.  Fron>  the  bunkers,  the  coal  is 
conducted  to-  the  points  of  requirement  at  the 
boilers. 

A   new   fcEtire   is  the   use  of  a  distributing 
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coal  conveying  system  under  the  bunkers,  by 
which  coal  of  a  high  grade,  stored  in  any  one 
bunker,  can  be  distributed  to  all  boilers  with- 
out handling,  thus  permitting  the  use  of  two 
or  more  grades  of  coal,  when  needed  at  differ- 
ent times  of  the  day.  The  ashes  from  the 
ash  hoppers  are  removed  from  the  building 
to  the  front  by  a  system  of  trackage  with  stor- 
age battery   haulage. 


ment.  This  construction  permits  the  use  of 
the  space  under  the  chimneys  for  boilers.  Each 
chimney  is  connected  to  twelve  boilers,  ar- 
ranged symmetrically  with  respect  to  its  center. 
On  the  north  side  of  the  operating  room 
there  Is  an  area  for  the  electrical  work,  and 
on  the  south  side  an  area  for  the  steam  auxil- 
iary machinery.  Extending  through  the  oper- 
ating  room   is   a  row  of   nine   8,000   to   10,000- 


Interborough  Power  House,  New  York,  Eleventh  Avenue  and  Fifty-eighth  Street  Fronts. 


The  condensing  water  is  taken  through  the 
river  wall  at  the  pier,  and  passes  through  a 
masonry  conduit  to  the  several  svction  wells 
adjacent  to  the  structure.  From  the  wells  it 
is  piped  to  the  circulating  pumps,  and  thence 
back  to  a  second  masonry  conduit,  from  which 
it  is  delivered  at  a  point  about  200  feet  outside 
the  river  wall.  The  intake  conduit  is  oval  in 
cross-section,  10  feet  wide  and  8  feet  6  inches 
high,  the  bottom  of  the  opening  being  at  19. 5- 
feet  below  mean  high  water. 

For  the  immediate  installation  under,  con- 
struction, the  boiler  plant  will  consist  of  six- 
ty safety  water-tube  boilers,  each  having  6,000 
square  feet  of  effective  heating  surface,  placed 
in  two  rows  with  a  firing  space  between.  The 
grates  are  12V4  feet  wide  and  8  feet  deep.  The 
boilers  are  set  higher  from  the  floor  than  in 
older  practice,  and  a  continuous  operating  plat- 
form extends  in  front  of  each  row  of  boilers, 
thus  separating  the  boiler  tenders  from  the 
firemen.  The  level  of  the  operating  platform 
Is  continuous  with  the  floor  of  the  operatinR 
room.  The  boiler  backstays  form  a  part  of  tln' 
structural  steel  of  the  building,  and  a  sted 
floor,  with  railings,  is  constructed  over  thi 
tops  of  the  boilers,  thus  preventing  radiation 
of  heat,  and  avoiding  accidents  to  the  men. 
The  gases  from  the  boilers  pass  upward 
through  round  steel  smoke  uptakes,  lined  with 
brick,  to  steel  smoke  flues,  also  lined  with 
brick,  arranged  so  that  the  gases  can  pass  to 
the  chimney  directly,  or  first  through  econ- 
omizers. The  immediate  installation  includes 
five  radial  brick  chimneys  1(!2  feet  high  from 
the  base  and  15  feet  in  diameter  at  the  top, 
which  is  236  feet  above  the  street  level.  Each 
chimney  weighs  about  1,200  tons,  and  its  base 
is  carried  on  girders  and  columns,  the  division 
between  the  steel  substructure  and  the  mason- 
ry superstructure  being  74  feet  above  the  base- 


power.  To  this  should  be  added  30,000-hor8e- 
power  proposed  for  a  future  generator  equip- 
ment in  the  108-foot  extension  at  the  western 
end,  now  in  process  of  construction.  Thus  the 
total  generating  capacity  of  the  completed 
plant  can  safely  be  placed  at  130,000  hbrse- 
power.  The  engines  are  of  the  twin-compound 
type,  having  horizontal  high-pressure  cylin- 
ders and  vertical  low-pressure  cylinders;  the 
high-pressure  cylinders  being  provided  with 
mushroom  or  puppet  valves  for  superheated 
steam.  Each  low-pressure  cylinder  is  placed 
in  direct  relation  with  the  condensing  cham- 
ber of  a  barometric  tube-condenser. 

Six  boilers  are  provided  for  each  engine,  and 
the  entire  plant  is  designed  on  a  unit  or  sec- 
tional basis,  the  design  of  each  section  being 
identical  with  that  of  the  others;  that  is,  each 
section  will  consist  of  one  chimney,  twelve 
boilers  and  two  engines,  in  connection  with  the 
respective  auxiliary  equipment  for  each  engine, 
consisting  of  one  boiler  feed-pump,  one  feed- 
water  heater  and  one  condensing  outfit.  Each 
section  can  be  disconnected  from  the  general 
system  by  power-operated  valves,  thus  permit- 
ting each  section  to  be  thrown  out  or  operated 
independently.  Power-operated  valves  are  also 
supplied  for  each  boiler  and  engine. 

The  steam  main  for  each  engine  connects 
with  six  boilers  by  bent  pipes,  then  passes 
straight  to  a  center,  back  of  the  engine;  thence 
it  divides  and  connects  to  the  twin-engine 
cylinders.  At  the  point  of  division,  a  manifold 
system  of  curved  equalizing  pipes  connects  all 
the  several  mains  when  desired.  All  the  pipe 
fittings  are  heavier  than  the  socalled  extra 
heavy  fittings,  all  pipe  being  designed  for  the 
strains  incident  to  200  pounds  pressure,  with 
steam  superheated  to  500  degrees  Fahrenheit, 
as  all  boilers,  ujtimately,  will  be  provided  with 


Partially  Erected  Framework,  Boiler  House  at  Right. 


horse-power  engines,  direct-connected  to  5,000- 
kilowatt  alternators,  the  row  being  broken,  at 
the  center  of  the  structure,  by  an  Installation 
of  four  2,000-horse-power  turbo-generators  for 
lighting  purposes.  The  total  capacity  of  the 
nine  engines,  together  with  the  turbo-generat- 
ing plant,  will  be  80,000-horse-power,  when  op- 
erating at  their  best  efficiency,  but  it  will  be 
possible  to  operate  this  plant  at  lOO.OOOhorse- 


superheaters.  All  the  main  features  of  the  pip- 
ing system  are  located  within  the  area  lor  the 
steam  auxiliary  machinery,  and  are  enclosed 
above.  All  manipulations  required  in  operat- 
ing the  piping  system  can  be  conducted  from 
an  exterior  gallery  running  along  the  south 
side  of  the  operating  room. 

The  atmospheric  exhaust  system  is  unusually 
ample,  as  one  48-inch  exhaust  pipe  is  provided 
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for  each  section  of  two  engines,  so  that  the 
entire  plant  can  be  run  on  atmospheric  ex- 
haust. A  new  feature  is  the  location  of  the 
auxiliary  pump  equipment  for  each  engine. 
This  is  placed  back  of  the  engine,  and  is  con- 
trolled from  the  point  where  the  engine  throt- 
tles are  located. 

All  the  electrical  apparatus,  on  the  north 
Bide  of  the  operating  room,  is  designed  on  the 
unit  basis,  and  is  controlled  from  a  main  oper- 
ating pulpit  in  the  center  of  the  building,  from 
which  radiate  all  the  wires,  or  "nerves,"  con- 
trolling the  entire  electrical  equipment.  The 
nine  5,000-kilowatt  alternators  generate  energy 
at  11,000  volts,  the  alternators  being  of  the 
three-phase,  revolving-field  type,  for  25  cycles. 
An  exciter  plant  of  three  motor-driven,  and  two 
engine-driven  exciters,  will  be  provided. 


A  Concrete-Steel  Lighthouse. 

A  concrete-steel  lighthouse  has  just  been 
built  by  the  Russian  Government  at  Nicolaieft 
to  light  the  canal  which  joins  that  town  to  the 
Black  Sea.  It  has  a  thin  circular  shaft  about 
110  feet  high  which  has  a  diameter  of  about 
S%  feet  at  the  top  and  straight  sides  slightly 
battered  to  a  point  about  40  feet  above  the  base 
where  the  batter  increases,  and  the  sides  are 
curved  so  as  to  widen  to  a  diameter  of  20.7  feet 
at  the  base.  This  shaft  is  set  on  a  circular  cup- 
like foundation  8  feet  deep  with  a  horizontal 
footing  28.2  feet  in  diameter.  The  side  walls  of 
the  foundation  are  battered  and  within  them 
there  is  a  circular  space  19.7  feet  in  diameter 
which  is  filled  with  earth  and  covered  by  the 
reinforced  concrete  floor  of  the  shaft.  The 
■haft  is  surmounted  by  a  cylindrical  chamber 
14.8  feet  in  diameter  inside  and  9.8  feet  high 
with  reinforced  concrete  brackets  carrying  the 
overhanging  floor.  On  top  of  the  chamber  there 
is  a  domed  lantern  about  6.8  feet  in  diameter 
and  13  feet  high. 

The  shaft  is  made  without  interior  divisions, 
floors  or  bracing  and  contains  only  a  spiral 
staircase  reaching  to  the  upper  chamber.  The 
construction  throughout  of  foundation,  shaft, 
chamber,  lantern  and  stairs  is  of  reinforced 
concrete  made  in  the  proportion  of  661  pounds 
of  Portland  cement,  14  cubic  feet  of  coarse 
MUid  and  28  cubic  feet  of  washed  gravel.  The 
reinforcement  in  the  shaft  consists  of  horizon- 
tal circular  %-inch  steel  rods  about  1  fpot  apart 
vertically  and  %-iach  vertical  rods  about  9 
Inches  apart  wired  together  at  intersections 
and  spliced  by  short  pieces  lapped  and  wired 
over  the  joints.  The  foundation  walls  are  rein- 
forc-ed  by  rods  in  the  vertical  and  battered 
faces,  and  horizontal  tie  pieces.  The  footing, 
which  is  30  Inches  deep.  Is  reinforced  by  Vi-inch 
horizontal  rods  at  right  angles  to  each  other 
near  the  upper  and  lower  surfaces.  The  brackets 
supporting  the  floor  of  the  upper  chamber  are 
made  integral  with  the  walls  of  the  shaft  and 
the  floor  and  have  their  under  sides  curved  to 
form  mouldings.  They  are  reinforced  by  hori- 
sontal  and  inclined  rods  wired  to  the  vertical 
rods  in  the  shaft  and  by  vertical  and  diagonal 
rods  wired  to  those  in  the  upper  and  lower 
flanges  of  the  brackets.  The  walls  and  roof  of 
the  chamber  and  lantern  are  reinforce4  with 
simple  vertical  and  horizontal  rods. 

The  lighthouse  was  proportioned  for  a  wind 
pressure  of  55  pounds  per  square  foot  of  the 
surface.  All  the  reinforced  rodi%  were  painted 
with  cement  grout  before  being  bedded  in  the 
concrete.  It  is  stated  that  the  reinforced  con- 
struction cost  40  per  cent,  less  than  a  corre- 
sponding one  entirely  of  brick  or  entirely  of 
metal.  The  brick  lighthouse  would  have 
weighed  1,365  tons  against  460  tons  which  this 
one  weighs.  This  structure  was  more  fully  de- 
scribed in  a  recent  issue  of  the  "G6nie  Civil." 


He^t  Transmission  Data  for  Calculating 
the  Proportions  of  Heating  Systems. 

At  the  meeting  of  the  American  Society  of 
Heating  and  Ventilating  Engineers.  Mr. 
Charles  F.  Hauss,  of  Antwei;p,  Belgium,  pre- 
sented a  paper  on  the  calculating  of  heating 
systems,  including  a  table,  giving  in  English 
units  the  heat-transmission  coefficients  em- 
ployed by  Mr.  Adolf  Block,  a  practicing  engi- 
neer of  Hamburg.  This  has  been  reproduced 
so  far  as  it  concerns  the  coefficient  for  one  de- 
gree difference  between  the,  temperatures  of  the 
air  on  the  two  surfaces  of  the  building  materi- 
al, so  that  the  coefficient  tor  any  temperature 
difference,  as  for  70  degrees  difference,  is  ob- 
tained by  multiplying  the  coefficient  given  by 
70.  For  example,  the  coefficient  of  transmis- 
sion for  a  4%-inch  wall  brick  with  air  at  20 
degrees  Fahr.  on  one  side  and  at  70  degrees  on 
the  other  would  be  24  British  thermal  units 
per  square  foot  per  hour.  The  table  includes 
also  a  tabulation  summary  of  additlon.s  to  bo 
made  for  undue  exposure  and  also  for  unusual 


Coeffli'lents  nf  Ilput  Transmission,  being  the  number  of 
lirltlsh    tlieimal    unlls    tninsmlu<?il    per    square 
foot  of  snrtace  i)ei'  iKtur  per  degree  Fahren- 
heit difference  In  temiierature. 
Solid  brick  walls  : 

4%  Inch,  (1.48;   20-Inch,  0.22;    35-lnch,   0.13 

iUlnch.     0.34;    2.".-lnch,   0.18;   40-Inch,   0.12 

15-Inch,     0.20  ;   30-Inch,   O.IC ;   45-Inch,  0.11 
Solid  sandstone  wp.Us:' 

la-lnch,     0.4.'5;    28-lnch.   0.29;  40-lnch,   0.22 

leinch,      0.39  ;   ,S2-lncli,  0.26  ;   44-lnch,   0.20 

20-Inch,      0.3.->  :   3U-lnch.  0.24;   4S-lnch,  0.19 

24-Inch,     0.32 
Solid  plaster  partitions  : 

1%   to  2Vi  Inches,  0.«0 ;  2Vi  to  3V4   Inches,  0.48 
Floors ; 

.lolsts  with  double  floors,  0.07 

Stone  floor  on  arches,  0.20 

Planks  on   earth.  0.10 

rianks  on  asphalt.  0.20 

Arch  with  air  space.  0.00 

Stones   laid  on   earth,  0.08 
Ceilings  : 

.lolsts  with   double  floors,  0.10 

Arch  with  air  siiace,  0.14 
Windows : 

Single,   1.00  ;  double,  0.40 
Skylights  : 

Single,  1.06;  double,  0.48 
Doors.   0.40. 
Additions  : 

For  rooms  with  unusual   expostire,  5  per  cent. 

For  north,   east,  northeast,  northwest  and  west  ex- 
posures.  10  per  cent. 
Where  celling  Is  more  than  13  ft.  high.  3V,  per  cent. 

Where  ceiling  Is  more  than  1.")  ft.  high,  6%  per  cent. 

Where  celling  Is  more  than  18  ft.  high,  10  per  cent. 


['""or  limestone  walls  add   10  per  cent. 


Looking  through  Framing  over  Coal  Bunker,  Interborough  Power  House. 


heights  of  ceiling.  .An  addition  is  made  to  the 
calculated  number  of  thermal  units  also  for 
rooms  that  are  heated  dally,  but  where  the 
heating  is  interrupted  at  night,  and  for  rooms 
that  are  not  heated  daily.  In  the  former  case 
the  addition  is  obtained  In  accordance  with  the 
following  formula:  [0.0625  (N— l)Wl-f-Z,  and 
In  the  latter  by  the  formula  |0.1  W(»+Z)]^Z, 
where  W  is  the  number  of  British  thermal 
units  lost  per  hour  by  the  exposed  surfaces; 
W,  the  number  of  British  thermal  units,  in- 
cluding that  for  ventilation  or  change  of  air; 
N,  the  time  in  hours  of  the  interruption;  and 
Z  the  time  in  hours  elapsing  after  Are  is  start- 
ed before  required  room  temperature  is 
reached. 

To  illustrate  the  application  of  the  coeffi- 
cients, the  author  reproduced  a  table,  for  which 
calculations  were  given  for  a  corner  office  15x18 
feet  in  plan  and  12  feet  high,  thus  containing 
3,240  cubic  feet.  In  single  windows  there  were 
112  square  feet;  with  an  outside  temperature 
of  zero,  and  a  room  temperature  of  70  degrees. 


the  coefficient  from  the  table  is  70,  and  7,840- 
thermal  units  are  lost  per  hour  through  them. 
There  were  284  square  feet  of  20-inch  outside, 
plastered,  brick  walls,  for  which  the  coefficient 
under  the  same  conditions  is  15.4;  364  square 
feet  of  15-inch  wall,  of  which  148  is  not  sub- 
ject to  a  transmission  of  heat,  being  a  partition 
wall  between  two  heated  rooms,  but  of  which 
216  lies  between  the  room  in  question  and  an 
ante-room  where  a  temperature  of  50  degrees 
io  maintained,  so  that  the  coefficient  is  5.2;  270 
square  feet  of  floor  subjected  to  a  temperature 
difference  of  35  degrees  and  thus  having  a  co- 
efficient of  2.45;  a  door  of  32  square  feet  of 
surface  to  the  ante-room,  so  that  the  tempera- 
ture difference  Is  20  degrees  and  the  coefficient 
8;  while  the  ceiling  having  a  heated  room  over 
it  is  not  subject  to  a  transmission  of  heat.  The 
room  having  a  northwest  exposure,  the  outside 
walls  and  windows  have  their  heat  transmis- 
sion  amounts   augmented   by   10   i)er   cent. 

It   will    be  found    that    this    room    loses    15,- 
473  thermal  units.  Including  those  applied  for 
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the  exposure,  amounting  to  1,220;  and  if  ven- 
tilation is  to  be  offered,  4,309  thermal  units  in 
addition  will  have  to  be  supplied  for  a  change 
of  air  once  in  the  hour.  The  latter  figure  is 
calculated  on  the  assumption  that  the  outside 
air  finds  its  way  or  is  allowed  into  the  room, 
and  if  sufficient  in  amount  to  bring  about  one 
change  in  the  hour  amounts  to  3,240  cubic  feet. 
As  0.019  thermal  unit  is  necessary  to  heat  one 
cubic  foot  of  air  one  degree  Fahr.,  to  heat  3,- 
240  cubic  feet  70  degrees  requires 
70x0.019x3,240=4,309.  If  more  than  one 
change  of  air  is  required,  just  so  many  times 
4,309  would  have  to  be  added.  For  one  change, 
the  total  thermal  units  per  hour  would  thus  be 
19,782.  A  similar  calculation  was  given  for 
the  ante-room,  but  in  this  the  heat  losses 
through   the   outside  walls  were   in   part  com- 
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Relocating  a  Large  Pumping  Main  under 
Pressure,  at  Philadelphia. 

By  Seth  M.  Viiii  Loan,  Bureau  o£  Filtration,  Assist- 
ant Engineer  In  Charge. 


Before  proceeding  with  the  main  feature 
herein  described,  it  may  be  well  to  outline 
briefly  the  reasons  why  the  undertaking  was 
necessary  and  also  show  the  conditions  exist- 
ing during  the  progress  of  the  work.  Since  the 
year  1893  a  portion  of  the  water  supply  of  the 
City  of  Philadelphia  has  been  pumped  at 
Lardner's  Point  on  the  Delaware  River, 
through  a  48-inch  pipe  to  the  Wentz  Farm  dis- 
tributing reservoir,  distant  4Vo  miles.  This 
main  supplies  practically  29,000,000  gallons 
daily,  the  pressure  of  70  pounds  being  main- 
tained by  the-  partial   working  of  four  pumps 
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sion  of  its  service.  Moving  the  main  under 
pressure  was  the  only  alternative  and  it  wad 
the  pleasure  of  the  writer  to  be  present  during 
the  relocation  of  same. 

The  original  laying  length  of  pipe  was  1,- 
194.45  feet,  the  limits  being  a  Venturi-meter 
and  stop  valve  on  the  easterly  end,  and  the 
Pennsylvania  Railroad  on  the  westerly  end. 
The  ends  showed  a  difference  in  elevation  of 
practically  15  feet,  the  course  being  generally 
rising.  The  new  location  called  for  a  deflection 
in  alignment  of  11  feet  6  inches,  and  at  each 
end  of  the  portion  of  pipe  moved,  a  section  200 
feet  in  length  was  allowed  for  this  change.  In 
order  to  effect  certain  connections  with  the 
new  60-inch  mains  a  depression  of  13  feet  2 
inches  was  necessary,  the  same  limit  of  200  feet 
holding  in  this  case.  The  plan  and  profile  in- 
dicate the  relative  positions  of  the  original  and 
final  alignment. 

Using  the  deflection  11  feet  6  inches,  and  the 
depression  13  feet  2  inches,  as  sides  of  a  rectan- 
gle, the  diagonal  would  show  as  17  feet  6 
inches,  being  the  deflection,  if  the  pipe  Is  as- 
sumed as  revolving  to  a  horizontal  plane. 

To  place  the  pipe  in  its  new  position,  the 
actual  laying  length  was  found  to  be  practically 
14  inches  longer  than  in  its  original  location, 
which  indicated  the  necessity  of  drawing  the 
points  to  that  extent.  It  might  appear  that 
14  inches  distributed  over  100  joints  would  of- 
fer no  difliculties  providing  each  joint  would 
perform  its  respective  duty,  but  the  additional 
length  was.  in  a  measure,  required  at  one  end 
limited   as   is    mentioned    above   to   a   distance 


pensated  by  the  fact  that  there  is  a  transmis- 
sion through  the  partitions  of  the  rooms  that 
are  maintained  at  a  higher  temperature,  and 
this  allowance,  regarded  as  a  source  of  heat, 
is  subtracted  from  the  heat  losses,  to  obtain 
the  resultant  amount  of  heat  that  must  be  sup- 
plied by  the  radiation. 

In  calculating  the  radiation  the  author  said 
that  it  is  assumed  that  In  a  room  heated  to  70 
degrees,  one  square  foot  of  direct  single-column 
radiation  gives  off  300  thermal  units  per  square 
foot;  two-column  radiation  gives  off  275  ther- 
mal units;  three-column  radiation,  250  thermal 
units;  and  four-column  radiation,  225  thermal 
units,  with  a  pressure  of  XYa  pounds  at  the 
gauge.  For  the  room  losing  19,782  heat  units 
in  an  hour,  there  would  thus  be  required,  say 
of  two-column  38-inch  radiation,  72  square  feet. 

The  amount  of  boiler  surface,  the  author 
stated,  is  also  derived  from  the  number  of  heat 
units  necessary  in  the  building.  Thus,  a  round, 
one-piece  fire-pot  boiler,  having  principally  di- 
rect fire  surface,  if  fired  with  anthracite  coal 
or  coke  will  supply  4,400  to  5,000  heat  units 
per  square  foot  of  fire  surface  per  hour,  and 
If  fired  with  soft  coal,  from  3,700  to  4,000  heat 
units  per  square  foot.  A  sectional  boiler  built 
especially  as  regards  grate,  etc.,  for  coke,  with 
principally  direct  fire  surface,  supply  from  4,- 
000  to  4,200  heat  units  per  square  foot;  and 
other  sectional  boilers  fired  with  bituminous  or 
anthracite  coal,  from  2,600  to  4,000  heat  units 
per  square  foot  per  hour.  For  hot  water  heat- 
ing, the  number  of  heat  units  necessary  will 
of  course  remain  the  same,  as  will  the  fire  sur- 
face of  the  boiler;  only  the  radiation  will  be 
Increased  60  per  cent. 

A  hot  air  furnace  with  considerable  extended 
surface,  run  at  a  comparatively  low  tempera- 
ture, with  easy  firing  will  give  oft  450  to  550 
heat  units  per  square  foot  of  fire  surface, 
whereas  one  with  smooth  surface,  and  not  too 
much  flue  travel,  will  give  off  750  to  850  heat 
units  per  square  foot  per  hour,  and  the  air  as  it 
enters  the  room  should  be  between  100  degrees 
and  125  degrees  Fahrenheit. 


Views  Showing  Lateral  Deflection  and  Depth  of  Lowering. 


with  a  total  capacity  of  51,000,000  gallons.  Un- 
der the  improvement,  filtration  and  extension 
of  the  water  supply  of  Philadelphia,  the  capa- 
city of  the  Lardner's  Point  pumping  station  is 
being  increased  to  practically  300,000,000  gal- 
lons, necessitating  a  relative  change  for  dis- 
tribution purposes.  This  change  involved  the 
laying  of  four  60-lnch  mains,  these  being  lo- 
cated between  the  boundaries  of  the  street  al- 
ready occupied  by  the  above  mentioned  48-inch 
main,  a  condition  requiring  the  removal  and 
relocation  of  the  latter. 

As  the  greater  portion  of  the  supply  to  the 
reservoir  and  distribution  system  Is  furnished, 
at  the  present  time,  through  the  existing  48- 
Inch  main,  it  may  be  readily  understood  that 
the  city  authorities  would  not  allow  a  suspen- 


of  200  feet.  This  increased  length  taken  with 
the  decided  opening  of  the  joints  to  break  down 
on  the  established  grade  proved  that  the  ut- 
most care  should  be  exercised. 

The  method  of  procedure  was  to  prepare  the 
trench  for  the  final  location  of  main,  uncover- 
ing the  pipe  in  question  at  the  same  operauon. 
Excavation  beneath  the  pipe  followed,  earth  be- 
ing removed  about  2  feet  below  the  barrel,  leav- 
ing that  section  of  earth  which  supported  the 
blocking.  Having  prepared  about  200  feet  in 
this  manner,  the  work  of  lowering  was  started 
and  conducted  uniformly  by  digging  directly 
under  the  blocking.  The  greatest  depression 
was  the  last  to  be  placed  in  position,  thus  al- 
lowing any  gain  in  pipe  to  work  up  to  where 
it   was   most   needed. 
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When  a  grade  slightly  above  the  final  eleva- 
tion was  reached,  skids  were  inserted  beneath 
each  length  of  pipe;  on  these  skids  were  placea 
grMtaed  iron  straps  for  a  sliding  surface  and 
tiM  work  of  moving  laterally  was  started. 
Screw-jacks  were  used  for  this  purpose,  one  on 
each  pipe,  placed  at>out  IS  inches  from  the  hell 
end.  The  main  was  then  worked  over,  follow- 
ing the  same  plan  as  in  lowering.  As  a  pre- 
caution to  prevent  buckling  of  the  pipe,  braces 
were  placed  on  the  side  opposite  the  screws 
and  these  braces  were  shortened  by  sawing  sec- 
tions next  to  the  pipe  as  moving  advanced,  thus 
insuring  a  tight  grip  and  relieving  the  strain 
on  the  joints.  The  character  of  excavatlou 
greatly  assisted  the  work,  very  little  shoring 
of  the  sides  of  the  trench  being  necessary,  as 
may  be  seen  in  the  photographs. 

To  guard  against  excessive  pull  in  any  joint, 
punch  marks  were  placed  on  top  and  on  each 
side  of  every  pipe  3  inches  from  the  bell  of  its 
neighbor.  Small  gauges  were  used  continually 
at  these  marks  and  should  a  joint  pull  more 
than  the  adjacent  ones,  care  was  taken  to  re- 
'  lieve  it  by  a  manipulation  of  the  screws.  Dur- 
ing the  lateral  moving  the  pipe  revolved  on  its 
horizontal  axis  to  a  decided  extent,  in  some 
cases  as  much  as  100  degrees,  due  undoubtedly 
to  the  forcing  of  the  pipe  along  the  inclined 
skids.  The  lead  in  many  joints  was  forced  out 
^  inch  and  in  one  case  1  inch,  this  latter  joint 
being  at  the  top  of  the  sharp  grade  towards  the 
railroad.  A  i)eculiar  circumstance  about  this 
joint  was  that  at  no  time  during  the  work  did 
it  leak.  Joints  from  which  the  lead  had  been 
forced  were  in  no  way  disturbed  unless  water 
spurted  from  them,  at  which  time  just  enough 
tapping  with  a  chisel  was  applied  to  stop  the 
leak.  Several  men  were  kept  busy  calking 
leaks  and  frequently  extra  lead  had  to  be  in- 
serted and  driven  to  stop  the  jets.  Too  much 
pounding  of  the  joint  was  not  allowed,  it  tak- 
ing the  life  out  of  the  lead. 

The  work  of  moving  was  accomplished  In 
one  month  and  only  once  was  the  pressure 
taken  off  the  main,  this  resulting  from  the  dis- 
covery of  a  cracked  pipe,  undoubtedly  existing 
when  the  main  was  first  laid.  Bands  were 
placed  about  this  piece,  which  gave  no  more 
trouble.  A  careful  measurement  was  taken 
after  the  pipe  had  been  placed  in  position,  and 
on  account  of  a  deviation  from  original  lines 
and  grades  the  actual  Increase  in  laying 
length  showed  11  inches,  a  loss  of  3  inches  from 
the  14  inches,  as  was  first  laid  off. 

A  rigid  inspection  was  maintained  both  day 
and  night  during  the  relocation'^  Men  were 
placed  in  sight  of  one  another  so  as,  in  case 
of  an  emergency,  to  signal  the  engineers  at  the 
pumping  station  and  those  stationed  at  the 
nearest  stop  valves,  the  former  to  shut  off 
pumps  and  the  latter  to  relieve  the  pipe  from 
back  pressure.  Had  a  break  occurred  enor- 
mous damage  and  probable  loss  of  life  would 
have  followed. 

The  same  contract  included  moving  a  30-Inch 
pumping  main  in  the  same  street  as  the  48- 
inch,  but  as  its  service  could  be  dispensed  with 
the  pipes  were  moved  to  their  new  position 
separately  or  in  several-length  sections. 

The  work  under  construction  is  In  charge  of 
Mr.  John  W.  Hill,  chief  engineer  of  the  Bureau 
of  Filtration,  and  Is  being  performed  by  con- 
tractors Harmer  ft  Qninn,  Philadelphia. 


CoKoexsiKO  Water  taken  from  an  arm  of  San 
Francisco  Bay  for  a  plant  at  Alto,  Cal.,  for  an 
electric  railway  from  San  Francisco  to  San 
Rafael,  is  Impounded  at  high  tides  by  means  of 
a  flood  gate  in  a  reservoir.  The  difference  in 
elevation  in  tides  is  5  to  6  feet  and  the  occur- 
rence of  high  tide  every  11  to  13  hours. 


The    Ambrid'ge    Plant    of    the  American 
Bridge  Company. 

Part  X. — M.vchi.nk   Snoi-   a.nu   Foindrv; 
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structural  Design. — The  116x252-foot  ma- 
chine shop  and  foundry  of  same  dimensions 
are  similar  buildings  located  on  the  east  and 
west  sides  of  the  pattern  shop  and  tempering 
shop  at  the  south  end  of  the  plant.  They  are 
served  on  opposite  sides  by  the  main  lines  of 
the  yard  surface  tracks  and  by  the  narrow- 
gauge  bell  line  which  makes  a  loop  around  the 
machine  shop.  They  are  also  served  by  a 
transverse  yard  crane  across  the  north  ends 
of  both  shops.  Provision  is  made  for  doubling 
the  length  of  each  shop  by  an  extension  on 
the  south  end  which  will  reach  to  another 
transverse  yard  crane.  Both  shops  have  four 
longitudinal  rows  of  columns  which  divide 
them  each  into  one  60-foot  center  aisle  and 
two  28-foot  side  aisles.  The  wall  columns  are 
12  feet  apart  on  centers  and  carry  directly  the 
outer  ends  of  the  side  aisle  roof  trusses.  The 
columns  in  the  inner  row^s  are  36  feet  apart  on 
centers  and  are  connected  by  longitudinal 
trusses  which  support  the  center  aisle  roof 
trusses  and  the  inner  ends  of  the  side  aisle 
roof  trusses.  The  roof  trusses  are  connected 
by  the  purlins,  by  the  traveling  crane  runway 
girders,  and  by  transverse  X-bracing  in  the 
end  and  four  intermediate  panels.  X^is  brac- 
ing is  continued  to  the  ground  through  the  wall 
panels  and  the  walls  are  additionally  bracerl 
by  the  channel  studs  and  girts  used  for  the 
concrete  filling  and  for  the  window  and  door 
framing.  The  roofs  are  steeply  pitched,  have 
five  60-inch  tubular  ventilators  on  the  center 
line  of  each,  and  are  covered  with  slate  on 
2',i'-inch   planks. 

The  trusses  are  proportioned  for  dead  load, 
crane  loads  and  for  a  root  load  of  55  pounds 
per  square  foot  of  roof  surface.  The  sides  of 
the  buildings  are  proportioned  for  stresses  from 
a  wind  pressure  of  30  pounds  per  square  foot 
of  vertical  surface.  Provision  is  also  made  for 
25  per  cent,  of  the  crane  loads  for  impact  and 
20  per  cent,  for  traction.  Working  stresses  of 
18.000  pounds  per  square  inch  in  tension  and 
P  =  18,000^  [1+ (b=-^12,500r=)]  in  compres- 
sion are  used  except  In  the  oflSce  floor  and  foun- 
dry charging  floor,  where,  for  tension,  P  —  16,- 
000  pounds,  and  for  compression  P  =  16,000  -^ 
[l.f-(b'-^12,500r=)].  The  above  values  apply 
to  the  stresses  from  the  root  and  dead  loads 
plus  the  crane  stresses  and  their  impact  allow- 
ance. For  stresses  due  to  wind  load  and  crane 
traction  unit,  values  of  24,000  pounds  per  square 
inch  are  allowed.  Shop-driven  rivets  have 
values  of  12,300  pounds  shearing  and" 24,600 
pounds  bearing,  where  18,000  pounds  is  used  in 
the  numerator  of  the  formula,  and  11,000 
pounds  shearing  and  22,000  pounds  bearing 
where  16,000  pounds  Is  used  In  the  formula. 
The  value  of  field  rivets  Is  assumed  to  be  80 
per  cent,  that  of  shop  rivets.  AH  material  Is 
open  hearth  steel  with  an  ultimate  strength  of 
55,000  to  65,000  pounds  per  square  inch.  The 
maximum  bearing  on  masoijry  Is  300  pounds 
per  square  Inch.  All  field  connections  of 
trusses,  trusses  to  columns,  crane  bracing  and 
beam  connections  in  floors  are  riveted.  All 
field  connections  for  purlins,  wall  framing  and 
bracing,  except  for  crane  bracing,  are  bolted. 

The  walls  are  made  with  concrete  8  inches 
thick  up  to  the  lower  chords  of  the  trusses  and 
with  2-inch  concrete  on  metal  lath  above  that 
level.  There  are  a  number  of  KInnear  doors 
12  feet  wide  and  16  feet  high  In  the  ends  and 
sides  of  the  building,  and  in  the  ends  are  four 
tiers  of  windows  which  occupy  more  than  half 
of  the  wall  space.  In  the  sides  of  the  building 
there  is  one  tier  of  windows  in  the  main  walls 


and  another  in  the  clere-story  walls.  The  lower 
sash  of  the  lower  tier  has  clear  glass,  the  oth- 
ers have  ribbed  glass. 

Crane  Service. — The  foundry  and  machine 
shop  differ  chiefly  in  the  special  provision  in 
the  former  for  the  charging  floor  and  the  cupo- 
'las  and  in  different  arrangi^menls  of  traveling 
cranes.  Both  buildings  are  served  in  the  cen- 
ter aisle  by  two  25-ton  cranes  of  60-foot  span 
and  by  parallel  sets  of  10-ton  cranes  which  run 
clear  of  them  overhead.  Each  set  contains  two 
10-ton  cranes  of  about  27!i!-foot  span  with  their 
runway  girders  carried  at  one  end,  on  the  wall 
columns  and  at  the  other  on  cantilever  girders 
suspended  from  the  roof  trusses.  The  runways 
lor  the  60-foot  cranes  are  carried  on  the  lops 
of  the  main  columns,  the  latter  being  offset  to 
carry  the  roof  trusses  clear  of  the  runways. 
In  the  foundry  there  are  on  each  side  of  the 
main  aisle  two  or  more  walking  jib-cranes  of 
20-foot  radius  and  5-ton  capacity.  These  are 
supported  at  the  bottom  by  double-flanged 
wheels  on  rails  at  floor  level.  At  the  top  they 
have  flangeless  horizontal  wheels  engaging  re- 
action girders  carried  by  brackets  web-connect- 
ed to  the  sides  of  the  runway  girders  for  the 
25-ton  cranes.  The  side  aisles  are  each  served 
by  two  2-ton  cranes  of  27Vi-foot  span  with  I- 
beam  runway  girders  carried  on  column 
brackets. 

In  the  machine  shop  there  are  no  walking  jib- 
cranes,  and  the  side  aisles  are  served  by  two 
sets  of  traveling  jib-cranes.  These  cranes 
have  6-foot-gauge  tracks  3  feet  apart  suspended 
from  the  roof  trusses  of  the  leantos.  They  are 
of  a  type  designed  to  serve  the  small  machine 
tools  in  the  galleries  of  the  Pencoyd  machine 
shop,  where  they  have  been  found  very  con- 
venient and  satisfactory.  Each  crane  has  a 
trolley  with  two  axles  7  feet  apart  having 
double-flanged  wheels  and  two  pulleys.  The 
front  axle  is  geared  to  a  2% -horse-power  motor 
and  drives  the  rear  axle  by  belts  at  each  end. 
The  truck  frame  carries  a  cast-steel  turntable 
5  feet  in  diameter,  which  has  an  L-shaped 
cross-section  supporting  an  L-shaped  ring  on 
one  hundred  and  seventy-flve  1-inch  hardened 
steel  balls  between  grooves  in  their  horizontal 
lower  flanges.  To  the  ring  is  bolted  a  frame 
which  projects  about  2  feet  clear  of  the  lower 
side  and  carries  a  6-horse-power  motor  and  a 
horizontal  jib  with  an  effective  radius  of  6  feet. 
The  motor  operates  a  right  and  left  handed 
grooved  dritm  tor  the  hoist  ropes,  which  pass 
over  two  fixed  sheaves  at  the  point  of  the  boom. 
The  traverse  and  the  hoist  of  the  crane  are  thus 
operated  by  power  and  it  is  revolved  by  hand. 
The  two  sets  of  cranes  together  command  all 
the  space  for  a  width  of  18  feet  and  over-lap  2 
feet  In  the  center  of  the  aisle.  The  extreme 
positions  of  their  jibs  just  clear  the  pulleys  on 
the  counter  shafts  suspended  from  the  columns 
and  roof  trusses  on  the  sides  of  the  aisles.  The 
countershafts  are  driven  from  a  line  shaft  In 
the  center  of  the  aisle  attached  to  the  middle 
vertical  post  in  the  roof  truss  and  operated  by 
electric  motors  of  from  7^^  to  20-horse-power, 
which  are  located  on  platforms  on  the  lower 
chords  of  the  roof  trusses  and  drive  groups  of 
lathes  and  other  small  machine  tools. 

Steel  Framework. — In  both  foundry  and  ma- 
chine shop  the  offlce  is  an  18x20-foot  wing  in 
the  center  of  the  north  end,  and  the  foundry 
alone  has  a  15x72-foot  wing  on  one  side  near 
the  end,  which  serves  as  a  charging  floor  for 
the  cupolas  and  has  a  12xl5-foot  receiving  plat- 
form at  each  end,  where  material  is  delivered 
from  the  standard-gauge  surface  track  along- 
side. Opposite  this  wing  there  is  a  transept  or 
large  dormer  v/ith  double-pitched  roof  at  right 
angles  to  the  main  roof  and  forming  valleys 
with  It,  which  Is  framed  with  special  ratters 
and    purlins.  -  Special   horizontal   X-braclng  of 
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single  3x2%-inch  angles  is  introduced  in  the 
planes  of  the  lower  chords  of  the  trusses  in 
this  part  of  the  building.  The  charging  plat- 
form forms  a  second  story  19  feet  above  the 
main  floor,  extends  across  the  side  aisle  of  the 
building  and  has  a  floor  of  24-inch  I-beams 
about  30  inches  apart  covered  with  12-inch 
channels  laid  flat  and  supported  inside  the 
main  building  on  plate-girders  2S  feet  apart 
carried  bjr  one-story  columns.  The  floor  is  pro- 
portioned for  a  distributed  load  of  500  pounds 
per  square  foot,  and  is  protected  around  all 
sides  by  a  guard  consisting  of  a  36-inch  plate 
with  4x3-inch  angle  flanges.  The  centers  of  the 
24-inch  I-beams  are  connected  by  a  horizontal 
angle  strut  and  the  panels  between  it  and  every 
fourth  beam  are  X-braced  with  3x2'/L>-inch 
angles.     The   columns  in  the   wing  wall    have 


double  pairs  of  angles  riveted  to  connection 
plates  between  their  webs.  The  top  chord  has 
a  T-shaped  cross-section  made  with  an  18x%- 
inch  web-plate,  a  14xVi-lnch  cover-plate  and 
two  6xGx%-inch  flange  angles  and  carries  the 
rail  for  the  main  traveling  girder.  The  trusses 
are  supported  by  seats  at  the  ends  of  their  top 
chords  which  rest  on  the  column  caps  and  are 
web-spliced  together  at  their  center  lines.  The 
lower  chords  are  continued  through  the  end 
panels  to  connections  with  the  columns  to 
afford  additional  rigidity. 


receives  the  fleld-riveted  connection  to  the 
lower  chord  and  Inclined  end  post  of  the  side 
aisle  roof  truss,  and  the  top  chord  of  the  latter 
is  flange-connected  to  the  upper  section  of  the 
column.  The  column  has  a  base  plate  3  feet 
square  which  is  stiffened  by  verticflj  webs  riv- 
eted to  both  flanges  of  the  column  and  having 
at  the  opper  edge  reinforced  bearings  for  the 
anchor  bolts.  The  intermediate  roof  trusses  In 
the  side  aisles  are  web-connected  to  the  verti- 
cal posts  in  the  longitudinal  trusses,  as  shown 
by  the  cross-section  of  the  latter.  Their  end 
lower  choRd  connection  plates  carry  the  short 
vertical  posts  which  correspond  to  the  upper 
sections  of  the  main  columns  and  support  the 
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Eleva  +  ion    of    Longitudinal    Truss,  Machine  Shop     «,-.... 
Machine  Shop,  Ambridge  Plant  of  the  American  Bridge  Company:  Main  Columns  and  Connections  to  Trusses  and  Girders. 


special  bases  to  receive  additional  columns  sup- 
porting the  girders  of  a  future  runway  for  a  60- 
foot  traveling  crane  of  10  tons  capacity,  which 
has  a  clearance  of  about  11  feet  above  the 
charging  floor. 

The  longitudinal  trusses  which  carry  the 
transverse  roof  trusses  are  latticed  girders  9% 
feet  deep  and  36  feet  long  on  centers.  They 
are  made  with  12-foot  panels  corresponding  to 
the  spacing  of  the  roof  trusses,  and  the  top 
chord  is  supported  at  center  points  by  sub-ver- 
ticals.    All  members  are  made    with    pairs  or 


The  main  columns  are  substantially  vertical 
plate-girders  with  their  webs  parallel  to  the 
longitudinal  axis  of  the  shop.  The  lower  sec- 
tion is  about  22  feet  high  and  carries  at  the 
top  a  heavy  diaphragm  bracketed  to  the  center 
of  the  web-plate  on  the  side  toward  the  main 
aisle.  To  this  web-plate  is  shop-riveted  the  up- 
per section  of  the  column  which  Is  12  feet  long 
to  the  seat  of  the  upper  crane  runway,  where 
it  is  offset  and  again  continued  about  5  feet  to 
the  connection  with  the  center  a}sle  roof  truss. 
The  diaphragm  at  the  top  of  the  lower  section 


center  aisle  roof  trusses  and  the  runway  girders 
for  the  upper  tiers  of  traveling  cranes. 

The  walls  of  both  machine  shop  and  foundry 
conform  to  the  Ambridge  standard  and  have, 
except  at  the  corners,  columns  with  I-shaped 
cross-sections  partly  embedded  in  the  concrete, 
from  which  the  inner  flanges  project,  as  indi- 
cated in  the  detail.  The  corner  columns  are 
similar  to  the  intermediate  columns,  except 
that  the  outside  plates  project  beyond  the 
flanges  to  receive  small  corner  angles.  Where 
the  inner  surface  of  the  concrete  intersects  the 
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column  web.  it  is  bound  with  a  small  corner 
angle,  as  shovn  in  the  detail.  The  main  end 
columns  hare  special  cross-sections  to  provide 
for  the  extra  loading.  The  weight  of  structural 
steel  is  1.300,000  pounds  in.  the  foundry  and 
1,000,000  pounds  in  the  machine  shop. 

Bquipwient. — The  foundry  will  be  equipped 
with  two  open-top  cupolas  of  66-inch  and  45- 
inch  internal  diameters  served  by  an  electrical 
charging  machine  with  a  radial  arm.  The 
cupola  bottom  will  be  dumped  directly  into  a 
car  in  the  pit  and  transferred  to  a  nimbler, 
from  which  the  dust  is  exhausted  and  the  brok- 
en slag  and  iron  discharged  into  a  separator 
which  will  save  the  iron.  A  Tilghman  type 
sand-blast  apparatus  will  be  provided  for  clean- 
ing castings.  All  burnt  sand  will  be  collected 
by  a  special  night  gang  and  delivered  to  a 
Chilean  mill,  mixed  with  the  proper  proportion 
of  new  sand  and  thence  delivered  to  a  Sellers 
mixer,  from  which  it  will  be  carried  to  the 
moulding  floor  by  a  bucket  hoist  and  conveyor, 
so  as  to  provide  for  a  continuous  supply  and 


on.  The  smaller  machines  will  be  installed  on 
both  sides  of  each  side  aisle,  and  in  all  cases 
they  will  be  arranged  so  that  the  operators  will 
face  the  centers  of  their  respective  aisles.  The 
larger  tools  will  be  driven  by  separate  electric 
motors  and  the  smaller  oneswiU  be  arranged  in 
groups,  each  of  them  drivenM)y  a  motor  located 
overhead  and  belted  to  a  jack  shaft  suspended 
from  the  roof  truss.  Many  of  the  tools  will  be 
sent  to  Ambridge  from  the  other  plants  belong- 
ing to  the  American  Bridge  Company,  and 
there  will  also  be  mafty  new  machines.  The 
equipment  will  include  Ave  planers  frAm  36  to 
60  inches  wide,  eight  sbapers  of  20  to  28-inch 
stroke,  two  slotteis  of  12  and  22-inch  stroke, 
three  horizontal  boring  mills,  one  radial  drill, 
nine  vertical  drills  of  20  to  42-inch  swing,  two 
grinders,  one  emery  wheel,  one  milling  ma- 
chine, twenty-four  lathes  of  15-inch  swing  and 
6-foot  bed  up  to  50-inch  swing  and  24-foot  bed, 
one  cut-oft  machine,  four  centering  machines, 
a  gear  cutter  and  a  cold  saw.  A  total  force  of 
150  men  will  be  employed  in  this  shop. 
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and  transporting  materials  and  product,  accom- 
plished by  extensive"  inter-related  systems  of 
yard  and  shop  surface  tracks,  gantries  and 
traveling  cranes;  minimum  obstruction  by  col- 
umns or  other  supports  in  shops  for  the  fabrica- 
tion of  long  members  of  bridges  or  other  struc- 
tures; ample  storage  spaces  at  convenient 
points  for  partially  completed  members  as  well 
as  for  raw  materials;  benelitiug  by  experience 
gained  at  other  plants  and  in  the  construction 
and  erection  of  a  great  number  and  variety  of 
bridges  and  buildings. 

Careful  provision  has  been  made  for  the  ac- 
couiniodation  of  an  office  corps  of  about  1,000 
men  and  for  the  comfort  and  sanitary  welfare 
of  the  shop  workmen.  The  construction  of  the 
plant  is  now  well  advanced,  and  portions  of  it 
are  already  in  operation  and  yielding  a  consid- 
erable output.     The  plant  has  been    designed 
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Half  Cross-  Section    through    Foundry. 

A  Few  Details  of  the  Foundry  at  the  Ambridge  Plant  of  the  American  Bridge  Company. 
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prevent  unnecessary  waste.  The  pig-iron  stock 
yard  will  erentnally  be  covered  by  a  traveling 
crane  of  GO-foot  span  and  10  tons  capacity  to 
carry  the  loaded  buggies  from  all  parts  and 
deliver  them  to  the  charging  platform  so  as  to 
obviate  all  necessity  for  surface  tracks  in  the 
stock  yard,  except  those  for  the  delivery  of 
material  from  the  railroad. 

There  will  be  a  longitudinal  narrow-gauge 
surface  track  extending  through  each  aisle  of 
the  machine  shop  from  end  to  end.  These 
tracks  will  be  crossed  by  a  transverse  narrow- 
gauge  track  near  the  middle  of  the  building. 
There  will  be  no  tracks  in  the  center  aisle  of 
the  building,  where  the  largest  machine  tools 
will  be  arranged  close  to  the  columns,  the 
middle  space  being  left  clear  for  large  work, 
which  is  handled  by  the  traveling  crane.  The 
tools  will  be  arranged  according  to  class  so  as 
to  concentrate  the  different  kinds  of  work.  All 
lathes  will  be  on  one  side  of  the  shop,  drills 
in  another  place,  shapers .  in  another,  and  so 


This  article  toncludes  the  series  of  ten  de- 
scribing the  new  Ambridge  plant  of  the  Ameri- 
can Bridge  Company,  publication  of  which  was 
begun  November  31,  1903.  These  $5,000,000 
works,  occupying  150  acres,  with  fifteen  prin- 
cipal buildings,  some  of  them  unusually  large, 
constituting  by  far  the  largest  bridge  and  struc- 
tural steel  plant  in  the  world,  are  designed  for 
an  annual  output  of  576,000,000  pounds,  with  a 
total  force  of  about  6,000  men.  Principles 
which  have  had  governing  weight  in  the  schem- 
ing of  the  property  are:  The  classification  and 
separation  of  the  various  kinds  of  work  to  be 
done,  assigning  a  building  to  each  of  the  more 
important  divisions,  but  grouping  them  so  as  to 
realize  the  most  advantageous  degree  of  co- 
operation; the  always-forward  movement  from 
the  receiving  of  the  raw  materials  to  the  ship- 
ping of  structures;  the  minimising  of  manual 
labor  by  the  liberal  use  of  power  tools,  includ- 
ing many  special  machines  of  great  capacity; 
maximum  convenience  and  rapidity  in  handling 


and  constructed  under  the  direction  of  Mr.  Pauli 
L.  Wolfel,  chief  engineer,  and  Mr.  James  Chris- 
tie, mechanical  engineer  of  the  American 
Bridge  Company,  aided  by  a  staff  of  experts 
selected  from  among  men  of  long  experience 
in  executive  and  technical  positions  in  the  ser- 
vice of  the  Company  and  its  many  constituent 
corporations.  Including  a  large  number  of  the 
bridge  builders  of  the  country.  Acknowledg- 
ment is  made  to  the  chief  engineer  and  the  me- 
chanical engineer,  with  their  staff,  for  a  large 
amount  of  data  and  great  pains  in  its  explana- 
tion and  for  the  revision  of  the  descriptions, 
thus  making  possible  the  presentation  of  so- 
much  accurate  detail  in  these  columns. 


The  Cost  or  Boileb-Room  Labob,  covering 
coal  and  ash  handling,  was  given  at  figures 
that  range  from  21  to  57.2  cents  per  ton  of  coal 
used,  In  a  rec^t  question-box  discussion,  con- 
ducted by  the  Pennsylvania  State  Street  Rail- 
way Association. 
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A  Plea  for  Re-Enforced  Concrete; 

By  .lulius  Kahn,  Assofc.  M.  Am.  Soc.  C.  E. 

There  have  been  so  many  failures  in  re-en- 
forced concrete  buildings  of  late,  that  it  be- 
comes a  matter  of  importance  and  self-protec- 
tion for  every  engineer  and  architect  design- 
ing in  this  type  of  construction  to  reflect  and 
study  their  cause.  If  this  construction  is  all  that 
has  been  claimed  for  it  by  men  of  prominence, 
if  large  and  important  works  of  engineering 
have  been  successfully  and  economically  accom- 
plished, then,  indeed,  re-enforced  concrete  has 
come  to  stay,  and  the  engineer  must  awaken 
to  its  study  that  he  may  hold  his  position  in 
the  line  of  progress  of  the  engineering  world. 
If,  on  the  other  hand,  this  type  of  construction 
is  unscientific  and  theoretically  unsound,  then, 
indeed,  it  is  his  duty  to  condemn  it  and  exert 
himself  towards  its  non-adoption. 

The  writer  has  given  this  subject  consider- 
able study  and  feels  such  perfect  confidence  in 
re-enforced  concrete  that  he  cannot  bear  to  sit 
by  quietly  and  allow  what  he  considers  a  most 
beautiful  field  of  construction  to  be  ruined  by 
the  incompetence  of  the  men  who  so  largely 
work  therein.  He  feels  it  his  duty,  therefore, 
to  place  his  views  regarding  some  of  the  fail- 
ures of  re-enforced  concrete  before  the  public, 
and  he  trusts  that  architects  and  engineers 
may  agree  with  him,  and  possibly  be  more  cau- 
tious in  the  design  of  works  of  this  nature,  ■ 
and  In  entrusting  the  same  to  men  of  com- 
petence and  conscience. 

The  failures  of  concrete  are  generally  due  to 
one  of  the  following  causes:  First,  weak  and 
insufficient  centering;  second,  bad  material  and 
mixing;  third,  insufficient  and  improper  re-en- 
forcement. 

It  is,  of  course,  of  primary  importance  that 
the  centering  for  these  structures  should  be 
sufficiently  strong  to  carry  the  dead  weight  of 
the  concrete  while  it  is  as  yet  green  and  unset. 
In  a  number  of  failures  which  have  been  de- 
scribed in  engineering  journals  up  to  the  pres- 
ent, the  centering  collapsed  under  the  dead 
weight,  allowing  the  heavy  concrete  to  fall  on 
the  floors  below,  and  carrying  these  with  it. 
Such  failures  as  these  are,  of  course,  entirely 
inexcusable.  The  writer,  does  not  feel  It  im- 
portant to  lay  stress  on  this  matter  of  center- 
ing; common  sense  alone  should  dictate  the 
importance  of  making  it  sufficiently  strong. 

Regarding  the  materials  used  for  re-enforced 
concrete,  it  is,  of  course,  essential  that  these 
be  of  the  very  best  grades.  Portland  cement  is 
manufactured  in  this  country  of  such  excellent 
quality  and  at  such  a  low  price,  tests  are  so 
readily  made  thereon  with  even  the  simplest 
i  appliances,  that  the  use  of  poor  cement  is  hard- 
ly excusable.  As  for  clean,  sharp  sand  and 
broken  stone  or  gravel,  these  are  procurable 
almost  everywhere.  Regarding  the  mixing  of 
concrete,  there  are  on  the  market  at  the  pres- 
ent time  a  number  of  makes  of  very  excellent 
machine  concrete  mixers;  and  where  conscien- 
tious workmanship  exists,  no  reason  can  be 
given  for  the  poor  handling  of  materials. 

The  writer  sincerely  believes  that  the  major- 
ity of  contractors  who  are  working  in  this 
type  of  construction  are  conscientious,  and  that 
they  make  every  attempt  at  good,  honest  work- 
manship. Unfortunately,  however,  only  very 
few  possess  a  scientific  knowledge  of  the  ma- 
terials with  which  they  are  dealing,  and  their 
work  at  Its  best  is  mere  speculation,  which,  if 
It  stays  in  position  after  loads  are  applied.  Is 
considered  successful,  and  if  it  falls  down,  is 
called  a  failure.  Such  a  time  for  judgment  is 
late  indeed,  and  the  lesson  generally  costs  the 
reputation  gained  after  a  life  of  hard  toil. 

Bad  materials  and  workmanship  are  the  gen- 
erally  credited   causes   for   the   failure   of  con- 


crete structures,  but  the  writer  is  absolutely 
certain  that  in  the  majority  of  cases  where  our 
leading  engineering  journals  have  held  out  in 
this  manner,  the  causes  were  of  a  different  na- 
ture. Let  us  consider  for  a  moment  some  of 
the  types  of  re-enforcement  used  for  long  span 
floor  systems  at  the  present  day.  Among  those 
most  prominent  are  expanded  metal,  wire 
cloth,  and  plain  or  deformed  rods. 

Regarding  the  first  two  of  these  construc- 
tions, the  writer  has  come  into  repeated  con- 
tact with  standard  floors  about  as  follows: 
Spans  up  to  22  feet;  thickness  of  floors,  5  and 
6  inches;  material,  cinder  concrete;  area  of  re- 
enforcement  per  foot  of  linear  cross-section  of 
floor,  3/16  to  V4,  inch;  the  floors  being  in  the 
majority  of  cases  a  single  slab.  If  a  floor  of  22 
feet  span  were  constructed  of  6-inch  I-beams 
placed  side  by  side  as  closely  as  their  flanges 
would  allow,  and  such  a  floor  subjected  to  the 
ordinary  lightest  live  loading,  together  with 
the  plaster  and  wood  floor,  the  same  would  de- 
flect from  2/3  to  %  inch.  And  yet,  these  con- 
cerns who  pretend  leadership  in  re-enforced 
concrete  constructions,  have  built  them  repeat- 
edly of  concrete,  re-enforced  as  above,  using 
even  cinders  instead  of  stone,  and  producing 
concrete  with  only  one-half  the  strength  of 
stone  concrete.  Are  failures  of  such  coustruc- 
tions  as  these  to  be  made  the  argument  tor  the 
abolishment  of  re-enforced  concrete?  If,  on 
the  other  hand,  such  constructions  as  these  do 
stand,  as  proves  to  "be  the  case  with  but  few 
exceptions,  then  indeed  we  may  expect  in  sci- 
entifically constructed  work?  of  this  nature, . 
wonderful  possibilities;  and,  for  the  progres- 
sive engineer,  a  new  field  has  opened,  wherein 
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he  may  design  with  greater  economy  than  ho 
has  ever  done  heretofore,  where  his  structures 
may  have  the  permanency  of  masonry  and  yet 
the  strength  of  steel,  with  the  flreproof,  rust- 
proof and  rotproof  qualities  of  concrete,  to- 
gether with  that  wonderful  property  of  all  ce- 
ment construction,  its  increasing  strength  with 
age. 

The  writer  has  seen  floors  re-enforced  with 
expanded  metal,  as  above  described,  deflecting 
as  much  as  3  inches.  Immediately  on  the  re- 
moval of  centering,  after  the  concrete  had  been 
allowed  to  set  for  a  month  or  more.  How  it 
could  possibly  do  otherwise  than  deflect,  was  to 
him  more  of  a  problem  than  that  it  should  fall 
down.  In  spans  where  the  writer  should  deem 
it  necessary  to  insert  at  least  %  square  inch 
of  metal  per  running  foot  of  floor,  he  has  seen 
expanded  metal  floors  stand  up  with  less  than 
14  square  inch.  Who  should  be  blamed  for 
failures  such  as  these?  Is  It  a  fault  of  con- 
crete, is  it  poor  mixing,  or  is  it  the  ignorant 
boldness  of  a  concern  dealing  In  what  they  do 
not  understand? 

The  writer  knows  of  concrete  floors  6  Inches 
thick  and  22  feet  span,  with  nothing  more  em- 
bedded therein  than  a  wire  cloth,  with  occa- 
sional cables  of  similar  wire,  one-half  inch  in 
diameter,  the  total  re-enforcement  providing  a 
cross-sectional  area  of  steel  per  running  foot  of 
floor  of  about  one-eighth  square  inch.  As  al- 
ready said  above,  even  common  sense  engineer- 
ing should  protest  at  a  floor  designed  in  this 
manner.  If  a  floor  were  specified  to  be  of  such 
thickness  and  span,  by  all  the  rules  In  crea- 
tion  the   writer  could   not   calculate  It   strong 


enough  with  less  than  three-fourths  of  a  square 
inch  of  metal  per  running  foot,  and,  although 
structures  designed  as  above  do  stand,  their 
factor  of  safety  is  probably  one  and  a  half,  at 
,  full  loading  at  rare  occasions  it  may  be  two, 
and  sometimes,  a  little  less  than  one.  In  which 
case  we  have  the  natural  collapse.  Our  pa- 
trons of  wire  cloth  will  tell  us  of  the  high  ten- 
sile strength  of  the  wire,  but  only  recently  the 
writer  had  occasion  to  test  a  sample  ot  me 
most  largely  used  brand  and  found  its  strength 
to  be  only  slightly  above  60,000  pounds  per 
square  inch. 

The  failures  which  have  occurred  by  the  use 
of  plain  or  deformed  rods,  are  also  becoming 
quite  common,  and  a  little  study  of  the  method 
of  failure  will  at  once  bring  forth  the  large 
faults  in  design.  >  The  generally  adopted  ar- 
rangement of  re-enforcement  with  rods  has. 
been  to  embed  them  along  the  lower  edge  of 
concrete  floorbeam  for  the  purpose  of  supplying 
the  "tensional  strength  in  which  concrete  itself 
is  so  largely  lacking.  The  principle  of  supply- 
ing steel  in  this  locality  Is  proper  enough,  and 
the  generally  adopted  methods  by  engineers  of 
the  quantity  of  steel  required  at  the  center,, 
possibly  true  enough  providing  the  beam  actu- 
ally failed  there  at  test  to  destruction.  But 
the  fact  of  the  matter  is,  a  beam  re-enforced  in 
this  manner  and  subjected  to  stress,  so  that 
its  shearing  as  well  as  bending  strains  are  de- 
veloped, rarely  fails  in  this  manner,  and  our 
calculations  for  the  beam  have  therefore  beea 
made  for  the  wrong  place  in  the  beam.  Such, 
a  beam  will  invariably  fail  by  the  shearing  of 
the  concrete  at  the  ends,  diagonally  from  the 
point  of  application  of  the  load,  or  longitudin- 
ally along  the  re-enforcement  bars.  Take,  for 
example,  a  given  beam,  as  shown  in  Figure  1^ 
wherein  the  re-enforcement  is  horizontal  only. 
Assuming  such  a  beam  to  be  6  inches  wide  and. 
20  inches  deep,  and  to  have  three  %-inch  bars; 
embedded  along  the  bottom  edge.  Such  a  beam,. 
if  the  full  safe  strength  of  the  metal  were  de- 
veloped, should  have  a  carrying  capacity  of 
about  25,000  pounds  uniformly  distributed,  and 
if  a  factor  of  safety  of  four  has  been  as- 
sumed, it  should  carry  100,000  pounds  before 
failure.  Now  regarding  for  a  'moment  this 
beam  in  shear,  its  cross-sectional  area  is  12(V 
square  inches,  and  assuming  the  safe  shearing 
value  of  concrete  to  be  50  pounds  per  square 
inch,  the  beam  would  only  carry  a  safe  load  of 
6,000  pounds  in  shear,  instead  of  25,000,  as  it 
should  do  when  bending  moment  alone  is  con- 
sidered. The  writer  has  made  a  number  of 
tests  on  concrete  in  shear,  and  has  rarely  ob- 
tained results  larger  than  250  to  300  pounds 
per  square  inch.  It  is  evident  that  a  beam  thus 
re-enforced  is  exceedingly  weak  in  shear. 

Vertical  shear  is,  however,  not  alone  to  be 
considered.  The  matter  of  longitudinal  shear 
along  the  steel  re-enforcement  is  of  equal  im- 
portance. In  an  ordinary  steel  girder  it  is 
generally  agreed  that  the  vertical  shear  is 
transmitted  Into  the  bottom  horizontal  chordi 
within  a  distance  equal  to  the  depth  of  the 
girder.  There  is  no  reason  to  suppose  that  this 
principle  does  not  apply  with  equal  truth  Xo 
re-enforced  concrete  girders,  and  according  tO' 
this  the  shear  of  12,500  pounds  should  be  car- 
ried from  the  concrete  into  the  steel  within  a 
distance  equal  to  the  depth  of  the  girder;  which 
means  that  the  safe  adhesion  between  three  Cl- 
inch bars  and  the  concrete  within  a  length  of  20' 
inches  should  be  12,500  pounds.  Ordinarily  where- 
a  large  body  of  concrete  surrounds  a  bar,  it 
is  safe  to  count  on  an  adhesive  stress  of  about 
50  pounds  per  square  inch,  which  would,  pro- 
duce a  safe  loading  of  about  12,000  pounds,  but 
in  this  case  the  bottom  of  the  concrete  beam 
has  been  so  cut  up  with  steel  that  even  If  the- 
required  adhesion  were  there,  the-  layer  of  con- 
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«ret«  immediately  surrounding  the  bars  would 
not  be  capable  of  transmitting  this  stress.  If  ' 
the  steel  is  to  receive  a  stress  of  12,500  pounds 
the  concrete  must  transmit  the  same  into  it 
within  a  length  of  20  inches.  It  is  ridiculous 
to  assume  that  a  layer  of  concrete  6  inches ' 
wide,  cut  up  by  three  bars  such  as  this,  is  capa- 
ble of  transmitting  safely  such  stress. 

The  general  method  of  failure  above  de- 
scribed is,  therefore,  a  common  one,  and 
whether  the  rod  be  plain,  twisted,  corrugated 
or  bulbed,  adds  very  little  to  the  strength  of 
the  concrete.  It  is  the  layer  of  concrete  Imme- 
diately surrounding  the  bar  which  is  incapable 
of  transmitting  the  longitudinal  shearing 
atreas  and  which  fails;  the  matter  of  adhesion 
is  but  a  small  factor  in  comparison  with  this. 
But,  neglecting  even  this  inability  of  the  con- 
crete to  transmit  such  shearing  stress,  the 
writer  has  seen  re-enforced  concrete  beams  con- 
structed by  some  of  the.  leading  re-enforced 
concrete  concerns  In  this  country,  where  the 
bottom  of  the  beam  was  so  cut  up  with  twisted 
and  otherwise  deformed  rods,  that  a  portion  of 
it  fell  off  without  any  load  whatever  being 
on  the  beam,  and  leaving  the  rods  entirely  ex- 
posed thereby. 

Tp  take  up  the  vertical  shear,  it  is  generally 
recognized  that  some  form  of  vertical  re-en- 
forcement is  necessary,  and  Hennebique  and 
other  contractors  in  concrete  have  supplied 
stirrups  set  up  loosely  about  the  rods.  To  the 
writer  such  stirrups  seem  unable  to  accom- 
plish the  necessary  results.  In  the  first  place, 
shear  cracks  generally  occur  as  shown  in  Fig- 
ure 2,  being  inclined  to  the  vertical  at  an  an- 
gle of  about  45  degrees.  If  vertical  re-enforce- 
ment is  necessary  at  all,  it  should  cross  these 
lines  of  rupture  at  right  angles  to  hold  to- 
gether the  concrete  at  places  where  the  natural 
tendency  is  to  open  up.  In  the  second  place,  if 
this  vertical  re-enforcement  is  to  carry  stresses 
at  all,  it  should  carry  the  same  into  the  bottom 
chord  member,  and  should  therefore  be  rigidly 
connected  with  the  same.  These  two  princi- 
ples seem  to  the  writer  just  as  important  of 
observance  as  the  placing  of  steel  in  the  bot- 
tom. Hennebique  supplies  the  stirrups,  but, 
in  the  first  place,  he  sets  them  in  a  wrong  di- 
rection, and  secondly,  be  makes  absolutely  no 
connection  between  them  and  the  main  steel 
bars. 

To  review  the  matter  of  vertical  re-enforce- 
ment, therefore,  it  seems  to  the  writer  that 
designs  wherein  vertical  re-enforcement  is  en- 
tirely omitted  are  very  dangerous,  and  where 
this  re-enforcement  is  in  the  form  of  vertical 
stlrnipB,  they  are  decidedly  .faulty  although 
perhaps  not  equally  dangerous.  In  the  calcu- 
lation of  a  steel  structure,  the  engineer  is  very 
careful  about  the  design  and  detail  of  every 
Joint  Neglect  to  take  into  account  a  single 
connection  may  cause  failure.  Why,  then,  ex- 
pect a  re-enforced  concrete  construction  to  take 
its  full  loading  when  only  half  way  re-enforced? 
It  is  true  many  accidents  have  occurred,  but  it 
is  also  true  that  the  field  of  re-enforced  con- 
crete is  remarkably  new  and  difficult;  it  re- 
quires great  care  and  accuracy,  and  should  be 
bandied  by  men  of  understanding  only. 

Would  a  construction  eng;ineer,  under  ordi- 
nary circumstances,  submit  the  safety  of  his 
structures  to  the  design  of  an  ordinary  lay- 
man unacquainted  with  the  materials  at  hand? 
If  be  insists  upon  experience  here,  how  much 
more  so  should  experience  and  careful  thought 
be  insisted  upon  in  the  design  of  re-enforced 
concrete,  where  the  structure  is  of  a  composite 
nature  and  everything  about  it  is  absolutely 
new!  But  the  fact  of  the  matter  is,  that  nlne- 
tenths  of  the  concerns  now  erecting  buildings 
in  this  material  neither  employ  an  engineer 
nor   have  the  slightest  theoretical   knowledge 


themselves  in  the  calculation  of  the  structures 
with  which  they  are  dealing. 

Constructions  in  re-enforced  concrete  de- 
signed by  engineers  have  failed  but  rarely,  be- 
cause as  a  rule  these  men  have  used  their  tech- 
nical knowledge  and  an  inborn  conservative 
caution  in  design.  But  where  men  have  lacked 
such  technical  knowledge,  they  have  invariably 
entrusted  the  work  to  concerns  who  specialize 
in  concrete,  and  who  have  been  paving  or  side- 
walk contractors  before.  Such  contractors  are 
not  so  much  to  blame.  They  have  faith  in  a 
material  which.  If  well  made,  has  wonderful 
properties  indeed,  and  they  are  willing  to  risk 
their  all  for  it.  But  anyone  who  entrusts  this 
construction  with  them  is  certainly  guilty  of 
gross  negligence;  for  the  problem  requires 
fully  the  same  scientific  study  as  the  steel  skele- 
ton frame,  and  demands  the  most  skilful  en- 
gineering knowledge. 

Another  matter  wherein  engineers  are  pos- 
sibly at  fault  is  the  careless  manner  in  which 
formulas  are  sent  about  by  some  parties  with 
the  assurance  that  structures  will  be  safe  if 
they  are  designed  in  accordance  with  them. 
On  a  recent  occasion  the  writer  visited  the  en- 
gineering oflSce  of  one  of  the  leading  railway 
companies,  where.  In  order  to  satisfy  them- 
selves regarding  the  uses  of  re-enforoed  con- 
crete for  culverts  and  the  accuracy  of  the  form- 
ula advanced  by  some  well  known  concerns,  a 
number  of  experiments  had  been  rfiade,  using 
one  of  the  generally  accepted  types  of  deformed 
rods.  Beams  were  designed  for  safe  loads  ot 
20,000  pounds.  It  had  been  assumed  in  their 
calculation,  that  the  steel  was  to  carry  the  en- 
tire tension  of  the  beam  and  naturally  fail  at 
test  to  ultimate  destruction.  The  beams  failed 
with  loads  in  the  neighborhood  of  21.500  pounds, 
showing  a  factor  of  safety,  therefore,  of  a  little 
above  one,  instead  of  six  or  seven,  as  should 
be  required  for  such  structures.  These  beams 
were  built  with  the  usual  horizontal  re-enforce- 
ment only;  not  even  stirrups  had  been  recom- 
mended. A  single  one  of  some  twenty  or  more 
similar  tests,  made  at  a  well  known  university, 
on  8xl2-in^h  re-enforced  concrete  beams  of  11- 
foot  span,  showed  failure  at  18,700  pounds.  The 
safe  strength,  according  to  generally  adopted 
formulas,  if  the  steel  had  been  strained  to  its 
complete  tensile  strength,  should  have  been 
about  8,000  pounds,  showing  a  factor  of  safety 
a  little  above  two.  In  all  of  these  cases  the 
beams  failed,  shearing  the  concrete  as  usual, 
long  before  the  ultimate  strength  of  the  steel 
came  Into  play. 

The  writer  does  not  believe,  however,  that 
the  failure  of  beams  re-enforced  in  the  usual 
manner,  at  a  load  less  than  the  theoretically 
calculated  load,  is  as  bad  as  the  fact  that  the 
concrete  has  failed  In  preference  to  the  steel 
re-enforcement.  He  believes  that  a  test  struc- 
ture should  fail  by  the  parting  of  the  steel. 
Concrete,  as  well  as  all  masonry,  is  granular 
and  brittle,  and  falls  invariably  by  a  sudden 
collapse  in  shear.  In  ordel-  that  a  structure 
should  carry  a  moving  load,  especially  In  rail- 
road work,  it  should  be  an  elastic  structure 
capable  of  yielding  under  strain  and  of  large 
deflection  before  destruction.  For  this  very 
reason  an  engineer  does  not  allow  a  high  car- 
bon steel  to  be  used  in  steel  bridge  construc- 
tion subjected  to  rapidly  shifting  loads.  If 
the  concrete  carries  an  undue  proportion  ot 
strains,  and  If  this  is  a  brittle  material,  then 
indeed  such  a  construction  is  dangerous,  where 
subjected  to  sudden  impact.  It  is  like  dropping 
an  anvil  on  a  cube  of  glass.  If,  on  the  other 
hand,  the  principal  stresses  are  taken  up  by 
the  steel,  and  if  the  concrete  is  subjected  to 
compression  alone,  and  if  It  is  known  that  at 
ultimate  destruction  such  a  structure  fails  by 
drawing  the  steel  in  two  at  place  of  maximum 


bending  moment,  then  indeed  we  have  an  elas- 
tic structure.  Good  mild  steel  will  stretch  as 
much  as  twenty  per  cent,  of  its  length  before 
failure,  and  a  structure  properly  re-enforced  so 
that  slipping  of  steel  is  impossible,  and  where 
shear,  both  vertical  and  longitudinal,  are  well 
provided  for,  should  deflect  as  much  as  12 
inches  or  more  before  failure,  depending  en- 
tirely on  the  span  and  depth  of  beam.  Such  a 
construction  as  this  would  be  scientific  indeed. 
It  would  possess  the  rigidity  ot  concrete  to- 
gether with  the  elasticity  of  the  steel.  It 
would  have  resistance,  and  give  ample  warning 
before  failure  when  overloaded.  Such  construc- 
tion alone  seems  safe  to  the  writer  for  use  on 
building  and  railroad  work,  and  any  construc- 
tion wherein  concrete  fails  by  shear,  most  de- 
cidedly dangerous.  Almost  any  structure  that 
can  be  built  of  steel  can  be  erected  in  re-en- 
forced concrete,  at  an  economy  of  as  much  as 
fifty  per  cent,  at  times.  All  of  the  advantages 
of  steel  may  be  obtained  without  any  of  the 
disadvantages,  if  concrete  is  properly  re-en- 
forced; and  combined  with  these  advantages, 
are  the  beautiful  and  remarkable  properties  of 
the  permanency  of  good  concrete. 

If  a  material  may  be  subjected  to  rough 
treatment  should  this  be  a  reason  for  discard- 
ing it?  If  in  a  structure  costing  twenty  or 
thirty  thousand  dollars  a  saving  has  been  made 
of  from  five  to  ten  thousand,  would  this  not  be 
ample  to  pay  for  the  employment  of  a  good, 
careful  inspector?  Why  do  we  insist  on  a  mill 
inspector,  a  shop  inspector,  and  a  building 
inspector,  for  steel  work,  and  on  the  other 
hand  allow  sidewalk  contractors  to  erect  our 
most  costly  re-enforced  concrete  structures? 
Does  the  blame  lie  with  the  contractor?  Who- 
ever turns  responsible  scientific  work  over  to  a 
man  lacking  knowledge  of  the  materials  with 
which  he  is  dealing,  is  just  as  much,  and  even 
more  so,  to  blame. 

The  writer  feels  himself  somewhat  at  a  dis- 
advantage in  discussing  re-enforced  concrete, 
being  a  patentee  of  several  methods  of  re-en- 
forcement; at  the  same  time,  self-protection  as 
well  as  the  interests  of  all  engineers  specializ- 
ing in  this  class  of  worK,  demands  that  some 
reason  be  given  for  the  large  number  of  fail- 
ures repeatedly  occurring.  In  the  writer's  early 
practice  a  large  amount  of  concrete  work  was 
done  for  him  by  a  number  ot  concerns  repre- 
senting well  known  systems.  It  was  the 
wretche'd,  unscientific  work  of  these  parties 
•which  compelled  him,  for  his  own  self-preser- 
vation, to  study  this  new  field,  in  order  that  he 
might  prevent  them  from  having  catastrophies 
in  his  own  buildings,  for  which  they  had  pre- 
viously submitted  every  sort  of  guarantee  with 
bonds.  Observing  these  wretched  methods  of 
re-enforcement  and  studying  the  failure  of  con- 
crete beams,  he  decided  upon  certain  methods 
being  most  theoretically  perfect  and  subse- 
quently secured  patents  for  them. 

Although  the  writer  lays  great  stress  on  the 
nature  of  the  materials  used  and  its  mixing, 
he  believes  that  the  matter  of  re-enforcement 
is  a  dozen  times  more  Important,  and  he  ven- 
tures to  say,  that  even  the  poorest  mixture  of 
concrete,  if  it  were  properly  re-enforced,  would 
carry  large  loads  before  failure.  Under  safe 
loading  the  concrete  should  not  be  stressed 
more  than  400  pounds  per  square  inch  in  com- 
pression, and  a  mixture  must  be  very  weak 
indeed  which  will  not  stand  tour  or  five  times 
that  weight.  If  the  nature  ot  the  re-enforce- 
raent  be  such  that  the  concrete  is  subjected  to 
compressive  stress  only,  and  the  steel  takes  all 
tensile  strains  whatever  their  location  may  be, 
then  failure  seems  almost  impossible  under 
safe  loading. 

In  concrete  structures  erected  by  the  writer, 
the  centering  has  at  times  been  removed  with 
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perfect  safety  at  the  end  of  three  days.  Sure- 
ly the  concrete  had  not  set  to  sufficient  hard- 
ness to  carry  heavy  strains  other  than  compres- 
sion at  that  length  of  time.  Tension  and  shear 
had  been  entirely  provided  for  in  these,  and  the 
writer  linew  very  well  that  even  at  the  end  of 
three  days  the  concrete  had  sufficient  hardness 
to  carry  three  or  four  hundred  pounds  per 
square  inch  in  compression,  and,  therefore,  the 
safe  load. 

Proper  re-enforcement  is  the  first  essential, 
good  material  and  mixing  are  only  secondary 
as  compared  with  this.  The  writer  has  em- 
bedded his  system  of  re-enforcement  in  a  beam 
of  ice  of  14  feet  span,  and  otherwise  the  usual 
dimensions  of  a  concrete  beam,  and  then  im- 
posed heavy  loads  thereon.  Surely,  great 
shearing  and  compressive  resistances  were 
lacking  here;  surely  even  the  poorest  mud  con- 
crete should  equal  this  construction,  and  yet 
the  beam  stood  up  like  a  rock  under  loading.  Is 
this  sufficient  proof  that  proper  re-enforcement 
has  something  to  do  with  the  safety  of  re-en- 
forced concrete  structures? 


A  Peculiar  Explosion  in  a  Seweb  in  Green- 
wich, England,  is  reported  in  a  recent  issue  of 
the  "Journal  of  Gas  Lighting  &  Water  Supply." 


The  Westinghouse  Service  Plant  at  the 
St.  Louis  Exposition. 

Although  a  large  amount  of  power  for  the 
use  of  the  Louisiana  Purchase  Exposition  will 
be  derived  from  exhibition  apparatus  in  the 
Machinery  Building,  with  boilers  located  in 
the  Steam  and  Fuels  Building  nearby,  It  was 
decided  by  the  Exposition  authorities  that  it 
would  be  best  to  erect  under  contract  a  service 
power  plant  for  the  use  of  the  Exposition  which 
would  be  more  directly  under  the  control  of  the 
Department  of  Works  than  exhibit  apparatuw 
could  be.  Such  a  plant  is  needed  for  tiie  ser- 
vice, and  it  is  essential  that  it  shall  be  com- 
pleted and  in  operation  before  the  Exposition 
opens  without  any  of  the  uncertainties  attend- 
ing the  completion  of  exhibits.  It  was  finally 
decided  to  award  the  contract  for  such  a  plant, 
with  a  capacity  of  8,000  kilowatts,  to  the  West- 
inghouse Electric  &  Manufacturing  Company. 
This  contract  covers  the  entire  power  plant 
equipment  with  the  exception  of  the  buildings 
and  stacks.  The  engines  and  generators  will 
be  placed  in  the  Machinery  Building  in  a  space 
set  aside  for  the  service  plant.  The  boilers 
will  be  located  in  the  Steam  and  Fuels  Build- 
ing  100   ft.   distant,   which    is   the   building   in 


guarantee  is  96  per  cent,  at  full  load,  95  per 
cent,  at  %  load,  and  93  per  cent,  at  V2  load. 
They  will  operate  at  continuous  full  load  with 
not  over  35  degrees  Cent,  rise  In  temperature. 

The  engines  will  be  Westinghouse  vertical, 
cross  compound,  condensing  'Corliss,  running 
83  revolutions  per  minute.  They  are  rated  at 
2,800  horse-power  and  have  a  maximum  over- 
load capacity  of  5,200  horse-power,  the  latter 
capacity  being  reached  at  %  cut-ott  in  the  low- 
pressure  cylinder.  The  cylinder  diameters  are 
38  and  76  Inches  with  54  Inches  stroke.  The 
shaft  will  be  hollow  forged  steel  31  inches  In 
diameter.  In  addition  to  the  fields  of  the  gen- 
erators, the  engine  will  have  a  fly-wheel  of 
175,000  pounds  weight.  The  total  weight  of 
the  engine  is  750,000  pounds.  It  is  guaranteed 
to  operate  on  13%  pounds  of  steam  per  indicat- 
ed horse-power.  Water  for  condensation  will 
be  supplied  from  a  cooling  tower  having  fans 
driven  by  electric  motors,  to  furnish  air  cir- 
culation. 

The  boilers  in  the  Steam  and  Fuels  Buildlng^ 
which  will  supply  this  plant  are  sixteen  in 
number,  of  500-horse-power  each,  built  by  the 
Babcock  &  Wilcox  Company.  Smoke  flues  will 
be  placed  under  the  floor  ar.d  run  to  the  stacks 
built   by   the    Exposition.      In   addition    to    the 
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By  accident  a  large  quantity  of  naphtha  found 
its  way  into  a  drain  on  the  premises  of  the 
Metropolitan  Gas  Company,  and,  mingling  with 
hot  water  discharged  from  various  factories, 
generated  a  ,highly  inflammable  gas.  Men 
working  in  the  sewers  were  warned  not  to  take 
lights  into  the  sewers  probably  affected,  and 
to  be  quite  safe,  the  men  thought  they  would 
test  another  part  before  entering.  The  man 
In  charge  of  the  gang,  who  was  standing  about 
3  feet  from  the  side  entrance  shaft,  struck  a 
match,  whereupon  the  air  round  the  mouth  of 
the  entrance  ignited  and  an  explosion  followed. 
The  gas  in  the  sewer  was  then  fired,  and,  run- 
ning along  against  the  flow  of  sewage,  caused 
explosions  in  every  side  entrance,  gallery,  and 
shaft,  as  well  as  in  the  pockets  under  the  man- 
hole covers  in  the  center  of  the  road,  blowing 
them  from  their  bedding.  The  accident  hap- 
pened at  8.40  A.  M.;  and  fortunately  no  fatali- 
ties resulted. 

A  Castle  of  Coai,  is  the  form  chosen  for  the 
exhibit  of  the  Indiana  mining  industries,  at 
the  St.  Louis  Exposition.  It  is  to  be  of  me- 
-lleval  architecture,  15x15  feet  in  plan  and  30 
feet  high,  built  wholly  of  Indiana  coal. 


which  all  boilers  and  gas  producing  apparatus 
will  be  placed. 

Although  this  is  a  service  plant  in  name,  it 
will,  of  course,  be  an  interesting  exhibit.  While 
there  will  be  nothing  radically  new  in  its  es- 
sential elements,  it  will  represent  good,  modern 
power-house  engineering  practice.  The  rea- 
sons urged  for  the  award  of  this  contract  to 
the  Westinghouse  Electric  &  Manufacturing 
Company  were  that,  on  account  of  the  many 
allied  Westinghouse  interests,  it  would  be  pos- 
sible for  this  company  to  handle  a  large  part 
of  the  contract  without  going  outside  of  the 
Westinghouse  companies,  and  chances  for  co- 
herent design  and  prompt  completion  were  bet- 
ter than  if  the  contract  were  awarded  to  sev- 
eral companies.  Thus,  the  steam  engines  will 
be  furnished  by  the  Westinghouse  Machine 
Company,  and  the  engineering  and  construction 
of  the  plant  will  be  done  under  the  supervision 
of  Westinghouse,  Church,  Kerr  &  Company. 
The  plant  will  contain  four  units  of  2,000  kilo- 
watts each.  These  will  be  25-cycle,  three-phase, 
6,600-volt  generators,  direct  connected  to  West- 
inghouse Corliss  engines.  The  generators  will 
weigh,  without  the  bed.  132,000  pounds,  and 
with    the   bed,    190,000   pounds.     The   efficiency 


natural  draft,  fans  will  be  installed  to  pro- 
duce artificial  draft  when  needed,  in  accordance 
with  Westinghouse  practice.  ,  Roney  mechani- 
cal  stokers  will   be  used   under  these  boilers. 

That  part  of  the  Machinery  Building  devoted 
to  the  service  power  plant  is  spanned  by  a  40-ton 
traveling  crane.  Besides  the  main  units,there  will 
be  three  80-kilowatt  exciter  units,  any  one  of 
which  is  sufficient  for  the  entire  power  plant. 
These  units  will  be  direct  connected  to  verti- 
cal cross-compound,  condensing  Westinghouse 
engines  running  300  r.  p.  m.  The  weight  of  a 
unit  complete  is  38,000  pounds. 

A  Westinghouse  switchboard  will  be  install- 
ed, consisting  of  three  exciter  panels,  four  gen- 
erator panels,  two  main  load  panels,  two  incom- 
ing feeder  panels  and  twenty-four  outgoing 
feeder  panels.  The  incoming  feeder  panels  are 
for  the  current  which  is  to  be  purchased  by  the 
Exposition  from  the  Union  Electric  Light  & 
Power  Company.  The  two  load  panels  will  pass 
the  entire  load,  one  panel  being  used  for  each 
of  the  two  sets  of  bus-bars.  Solenoid-operated 
oil  switches  are  to  be  used  for  the  high-tension 
alternating  current,  and  these  will  be  controll- 
ed in  the  usual  manner  by  low-tension  circuit, 
'with  switch  handles  on  the  various  panels.    On 
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«ach  generator  panel  will  be  three  switches, 
one  controlling  an  oil  switch  connecting  the 
generator  with  one  set  of  bus-bars,  the  other 
connecting  it  with  the  other  set  of  bus-bars, 
the  third  being  in  the  generator  leads  in  series 
with  the  two  just  mentioned.  The  switches 
will  be  equipped  with  time  limit  release  for 
automatically  opening  the  circuit.  Each  gen- 
erator panel  will  have  a  power  factor  indicat- 
or and  three  type  P  ammeters.  Each  feeder 
panel  will  have  three  oil  switches,  two  of  which 
are  in  multiple  for  connecting  to  either  set  of 
bus-bars,  and  the  third  in  series  with  the  other 
two,  or  the  reverse  of  the  generator  switching 
arrangement  Each  feeder  panel  will  have  also 
three  type  F  ammeters  and  one  .integrating 
wattmeter.    ' 

Although  not  a  part  of  this  service  plant, 
another  interesting  contract  which  this  com- 
pany is  filling  for  the  operation  of  the  Expo- 
aition  is  for  the  2,000-hor6e-power  induction 
motors  to  be  direct-connected  to  Worthington 
centrifugal  pumps,  to  supply  the  Cascades  with 
90,000  gallons  of  water  per  minute.  This  will 
be  a  remarkable  installation  not  only  on  ac- 
count of  the  size  of  the  induction  motors,  but 
on  account  of  the  size  of  the  pumps  and  the 
high  head  to  which  water  must  be .  raised, 
which  is  approximately  150  feet. 


The  Cost  of  Raw  Materials  for  Portland 
Cement  Manufacture. 

By    Morrti    U.    Ore«n,    Professor    of    Mechanical 
EnctneerlDg,   University  of  Colorado. 


Tlie  varied  sources  of  raw  materials  for  Port- 
land cement  manufacture  in  the  United  States 
are  a  matter  of  considerable  Interest,  both  to 
the  cement  specialist  and  to  the  would-be  in- 
vestor in  new  cement  companies.  There  are 
In  this  country  mills  using  coal  and  natural 
gaa  for  fuel,  and  pure  limestone,  marl  and  re- 
fuse from  caustic  soda  works,  as  calcareous 
bases  to  be  mixed  with  alumina  and  slUca, 
either  alone  or  associated  with  some  lime,  in 
the  form  of  soft  clay,  hard  shale,  blast  furnace 
slag,  or  a  calcareous  argillaceous  rock  like  the 
well  known  Lehigh  cement  rock  of  Pennsyl- 
vania. The  purity  and  extent  of  deposits  of 
cement  material  can  generally  be  easily  deter- 
mined, but  the  cost  of  working  the  deposits 
and  manipulating  the  material  in  the  mill  is 
nncertain  and  is  the  crucial  test  of  the  success 
of  the  mill. 

Assuming,  at  first,  for  purposes  of  equitable 
comparison,  that  all  material  will  be  burned  In 
a  dry  mixture  in  the  rotary  kilns,  the  cost  of 
both  components  of  cement  might  be  divided 
Into  three  subdivisions,  viz.:  excavation,  dry- 
ing and  pulverizing,  assuming  all  material  to 
be  obtained  at  mill  site. 

The  item  of  moisture,  which  occurs  largely  in 
some  materials,  is  immensely  important.  Fine- 
ly divided  material,  as  marl,  containing  sel- 
dom less  than  50  per  cent,  moisture,  even  when 
found  in  beds  above  water  level,  not  only  takes 
absolutely  more  fuel  for  evaporation  of  water, 
but  relatively  more,  as  heat  recuperation  can- 
not be  practiced  as  efliclently  with  a  loose  pul- 
verulent material  like  marl  or  refuse  from 
caustic  soda  plants  as  with  a  material  like  rock 
which  can  be  worked  in  vertical  dryers. 

It  is  precisely  a  parallel  case  to  the  widely 
different  fuel  consumption  of  the  rotary  kiln 
using  a  powdered  material  and  the  old  vertical 
cement  kiln  using  briquettes.  Having  in- 
spected a  large  number  of  mills,  during  the 
past  year,  using  all  varieties  of  materials,  and 
having  had  access  to  cost  sheets,  the  writer 
would  call  attention  to  the  salient  points  of  the 
different  materials.  The  materials  are  sup- 
posed to  be  worked  In  a  sufficient  quantity  for 
a  thousand-barrel  mill.     Of  course  conditions 


vary  so  much  that  only  a  range  of  cost  can  be 
given.  Limestone  might  occur  in  a  20-foot 
breast  in  one  place,  and  in  another  be  so  sur- 
rounded by  dolomitic  stone  as  to  require  ex- 
pensive sorting.  ■  Flardness  also  varies.  Marl, 
on  the  other  hand,  seldom  contains  any  appre- 
ciable amount  of  deleterious  chemical  ingre- 
dients, as  magnesia,  but  may  contain  grit  or 
other  mechanical  impurity.  The  writer  invites 
comment  on  this  article  from  cement  manufac- 
turers and  engineers. 

The  refuse  carbonate  of  lime  from  caustic 
soda  plants,  which  produce  caustic  soda  by  add- 
ing milk  of  lime,  made  from  pure  limestone,  to 
a  solution  of  carbonate  of  soda,  can  be  controll- 
ed, in  its  quality,  by  the  management  of  the 
caustic  plant.  The  trace  of  soda  remaining 
in  the  refuse  carbonate  of  lime  does  not  af- 
fect the  strength  of  the  cement.  We  will  take 
ti.e  following  analysis  as  representing  the  com- 
position of  an  American  Portland  cement: 
Silica,  22.05  per  cent.;  AI,0„  5.36;  Fefi,,  3.52; 
CaO,  G3.71;  Mg  O,  0.99;  SO^,  1.77;  Na,0 -f  K,0, 
1.50;  C  O..  0.51;  ignition  loss,  0.55.  It  is  evident 
that  the  amount  of  dry  CaCOj  required  per  380- 
pound  barrel  of  cement  is  about  380  x  63.71%-i- 
56%i=432  pounds,  or  about  450  pounds  of  dry 
material  containing  95%  of  CaCOj.  The  com- 
bined weight  of  dry  silica,  alumina  and  iron 
would  be  30.93  per  cent,  of  380=117  pounds,  or 
about  125  pounds  of  crude  dry  material. 

In  approximate  figures,  then,  the  relative 
quantities  of  carbonate  of  lime,  silica  and  alu- 
mina, and  fuel,  per  barrel  of  cement,  are  as  fol- 
lows: Carbonate  of  lime,  450  pounds;  fuel, 
150  to  250;  silica  and  alumina,  125.  These  fig- 
ures are  very  important,  inasmuch  as  the  cost 
of  transporting  one  material  or  another  would 
have  a  serious  bearing  on  the  location  of  the 
mill.  The  cost  of  waste  from  caustic  soda  plants 
is  given  as  nothing,  because  its  utilization  in 
cement  manufacture  saves  expense  of  other- 
wise disposing  of  it.  From  these  figures  the 
estimates  in  the  accompanying  table  have  been 
made: 


would  show  a  higher  fuel  cost  than  the  slurry 
process,  and  the  extra  expenditure  for  marl 
drying  machinery  and  labor  would  offset  extra 
capacity  of  the  kilns  using  a  dry  mixture. 

There  appears  to  be  a  good  field  for  Inventive 
ability  in  devising  machinery  for  mechanically 
pressing  the  water  out  of  marl,  as  drying  it 
with  coal  requires  excessive  fuel  and  labor, 
with  the  present  types  of  dryers.  As  the  means 
of  utilizing  the  waste  heat  of  kilns  using  dry 
limestone  are  perfected,  it  would  seem  hard  for 
mills  using  a  slurry  process  to  make  money  in 
competition  with  them.  A  rotary  kiln  turning 
out  250  barrels  of  cement  from  dry  limestone, 
with  110  pounds  of  kiln  fuel  per  barrel,  and  by 
generating  steam  under  boilers  with  its  waste 
heat,  reducing  its  fuel  for  motive  power  per 
barrel  from  75  to  37 1^.  pounds,  is  a  difficult  prop- 
osition to  excel  in  economy  of  fuel,  labor  and 
capital  invested  in  plant. 

Under  the  head  of  argillaceous  bases  we  will 
discuss  the  following  materials,  analyses  given 
being  of  dried  samples: 


Hard 
shale. 

Silica    65.24 

Alumina  and  Iron.. 23. 50 

Carbonate  of   lime 

Carbonate     of     mag- 
nesia     

Lime    1.10 

Magnesia    1.12 

Combined    water....    G.72 


Wet 

clay. 
65.43 
22.58 


2.10 
1.60 
6.10 


Lehigh 
cement 

rock. 

17.32 
9.11 

68.91 

4.28 


Blast 
furnace 
slag. 
34.0 
13.52 


48.2 
3.1 


It  Will  be  observed  that  the  Lehigh  cement 
rock  and  the  blast  furnace  slag  contain  large 
amounts  of  lime,  the  former  in  the  shape  of 
carbonate,  the  latter  as  oxide.  The  slag  has  a 
decided  advantage  In  this  respect,  as  only  56 
per  cent,  of  the  carbonate  of  the  cement  rock 
is  lime.  The  remaining  44  per  cent,  is  \vaste 
material,  which  requires  labor  and  power  In 
handling,  as  well  as  absorbing  heat  in  the  de- 
composition of  Ca  C  O3  in  the  kilns,  which 
might  be  otherwise  utilized.  Some  of  the  work 
of  decomposing  carbonate  of  lime  in  a  cement 
kiln  is,  in  the  case  of  furnace  slag,  previously 
done  In  the  blast  furnace.  It  is  evident  that 
the  addition  of  only  a  small  amount  of  lime  in 


Material 

Puie   limestone    7i^j(  =  38  lbs, 

Caustic  soda  refuse 50j(       =  450  lbs. 

"Dry"    marl    50)<       =  450  lbs. 

Marl  under  water BOjl       =  675  lbs. 


Cost  of  Pcbb  Calcabeous  Bases. 

Coal  for 
Water  In  material  drying  water     Excavating  cost 
for  1  barrel  cement,    per  barrel,     per  barrel  cement. 
6  lbs  10— 15c 

105  lbs.  

105  lbs.       6 — 8c  by  digging 
125  lbs.       2 — 4c  by  dredging 


Pulverizing 
cost  per  barrel. 
7%— 10  U.-P.  hours 
3     —  4  H.-P.  hours 
3     —  4  H.-P.  hours 
3     —  4  H.-P.  hourt 


The  only  argument  the  writer  has  been  able 
to  find  in  favor  of  cement  plants  designed  to 
dry  marl  before  mixing,  is  that  with  the  dry 
process  from  200  to  250  barrels  of  cement  can 
be  turned  out  per  day  in  a  kiln,  as  against  100 
to  125  with  slurry.  Tlfe  kiln  fuel  per  barrel 
of  cement,  using  slurry  with  50  per  cent,  moist- 
ure is  about  150  pounds  of  coal.  With  a  marl 
drying  plant  and  dry  process  kilns,  the  kiln 
coal  would  be  110  pounds  and  drying  coal  105 
pounds,  or  a  total  coal  consumption,  outside  of 


the  form  of  pure  limestone  to  the  Lehigh  rock 
or  blast  furnace  slag  is  needed  to  make  a  proper 
mixture  for  cement.  Shale  and  clay  ordinarily 
contain  so  little  lime  that  all  the  lime  in  ce- 
ment made  from  them  generally  comes  from 
the  limestone,  marl  or  chalk  added  to  them. 
From  the  preceding  analyses  is  computed  the 
accompanying  table  showing  moisture,  weight 
of  crude  material  per  barrel  of  cement,  coal  for 
drying  wet  material  or  pulverizing  dry  ma- 
terial: 


Cost  of'  Argillaceous  Bases. 


Natural                  Water  Coal  for 

material  for         In  material  drying  water 

Material.                                1  barrel.  for  1  barrel.  for  1  ba-rel. 

Hard  shale    125  lbs.  5j<  =     6  lbs.  1        lb. 

Wet    clay     150  lbs.  20)<  =  30  lbs.  7H   lbs. 

Lehigh  rock    480  lbs.  5%  =  24  lbs.  4       lbs. 

Granulated  slag 320  lbs.  20)(  -=•  64  lbs.  11       lbs. 


Excavating 
cost  per  barrel. 
2M,—  5c 

IMi— ; 


6 


11  %c 
9c 


Pulverizing 

cost  per  barrel. 

—  2 'A  H.-P.  hour» 

4 —  1      H.-P.  hours 

4 — 10      H.-P.  hours 

4 —  3      H.-P.  hours 


motive  power,  of  215  pounds.  In  one  American 
cement  plant,  using  limestone,  the  waste  gases 
from  a  kiln  producing  250  barrels  of  cement, 
are  passed  at  1.900  degrees  Fahrenheit  into  a 
vertical  boiler,  reduoed  to  600  degrees,  and 
then  drawn  by  induced  draft  through  an  econ- 
omizer where  they  heat  feed  water  to  200  de- 
grees. One  hundred  and  twenty-flve  horse- 
power per  rotary  kiln  of  250  barrels  capacity 
Is  produced  with  the  waste  heat  from  the  kiln, 
or,  in  other  words,  the  motive  power  per  bar- 
rel of  cement  Is  reduced  from  1  horse-power  to 
0.5  horse-power  per  day,  or  from  about  75  to  37% 
pounds  of  coal,  not  to  mention  labor  economy  in 
avoiding  the  handling  of  coal  and  ashes.  Even 
with  this  economy,  the  process  of  drying  marl 


The  excavating  cost  of  the  furnace  slag  is 
given  as  nothing,  as  its  use  in  a  cement  mill 
generally  saves  expense  of  hauling  it  away  else- 
where. 

The  following  table  shows  the  relative 
weights  of  pure  limestone  per  barrel  of  cement, 
Cost  of  Llmestcne. 


"a    5a 

£9    ?>§ 


Argll- 

larfons 

material. 


*u  ft)      ^ 

S_:  ■2  8 

Sg    a  bt    Combined 

-.•"  3  o   H.-l*.  hours 

Sj    a'£.  for 

£,  a  ?Q   pulverizing. 


^  u    ^  u 

""   2s 

Lbs.  Lbs.  Lbs.  Lbs. 
Hard   shale.  125  450  575     7  9V4— HH 
Wet  clay... 150  450  600  13^  8     —11^4 
Lehigh  rock. 480  123  605     6  9^—13 
Wet    granu- 
lated   sing. 320  210  530  14  6     —  7i^ 


Combined 
Excavating 

cost. 

Cents. 
12^—20 
17H— 26V» 
9     —13 

*%—  7 
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which  must  be  used  with  the  above  dried  ma- 
terials, also  the  drying  coal  and  the  power  for 
pulverizing  the  dried  materials  jointly. 

It  will  be  noticed  that  the  joint  weight  of 
the  components  for  slag  cement  is  less  than  the 
others,  owing  to  the  absence  of  carbonic  acid 
in  the  slag.  After  the  slag  is  dried,  the  joint 
weight  to  be  manipulated  would  be  about  465 
pounds  per  barrel  only.  This  should  tend  to 
reduce  the  cost  of  all  equipment  previous  to 
and  including  the  rotary  kilns.  If  a  combina- 
tion could  be  found  of  a  blast  furnace  furnish- 
ing cement  slag  and  a  caustic  soda  plant  close 
at  hand  furnishing  lime  waste,  it  would  be  an 
opportunity  for  a  chemical  engineer  to  create 
wealth  from  waste.  The  writer  ventures  to  pre- 
dict that  the  future  will  see  a  great  develop- 
ment of  the  slag  cement  industry  in  the  United 
States.  The  large  steel  corporations  not  only 
have  the  material,  but  have  it  close  to  such 
markets  for  cement  as  Pittsburg,  Chicago,  Buf- 
falo and  Pueblo.  Its  successful  manufacture  is 
another  tribute  to  the  painstaking  research  of 
the  chemical  engineers  of  Germany,  where  It 
originated.  Industrial  chemistry  to-day  owes 
its  success  in  the  business  world  to  its  utiliza- 
tion of  by-products,  as  shown  by  the  gas  and 
coke  industries,  the  packing  of  animal  prod- 
ucts and  refining  of  mineral  and  vegetable  oils. 
Slag  cement  would  seem  another  illustration. 
Furthermore,  it  would  seem  that  the  utiliza- 
tion of  waste  blast  furnace  gases  from  the  blast 
furnace  producing  cement  slag,  as  fuel  for  gas 
engines  to  furnish  motive  power  to  the  slag 
cement  mill,  would  be  an  additional  economy 
still  open  to  slag  cement  manufacturers  in  this 
country. 


Pros  and  Cons  Relating  to  the  Proposed 
Union  Engineering  Building. 

statement  Issued  by  Board  of  Direction.  Am.  Soc.  C.  E. 


In  Favob  of  the  Union  Buildino. 

1.  The  society  now  has  an  opportunity  to 
become  one  of  four  equal  participants  in  a  gift 
of  about  one  million  dollars  to  be  expended  for 
a  modern  building  adequate  for  the  needs  of 
all  four  societies  for  many  years  to  come. 

Such  a  liberal  and  generous  gift  has  never 
been  offered  to  the  profession  before,  and  such 
an  opportunity  to  secure  a  suitable  building 
for  a  great  engineering  center  can  hardly  be 
expected  to  recur. 

By  the  sale  of  our  present  property,  which 
need  not  be  hastened,  a  sufficient  amount  can 
be  realized  to  cover  the  interest  of  the  society 
In  the  land  upon  which  the  new  building  is  to 
be  placed,  and  leave  a  remainder  for  broaden- 
ing the  work  of  the  society. 

2.  It  is  desirable  to  secure  co-operation  be- 
tween the  different  engineering  societies  and 
the  different  classes  of  engineers.  Enginers 
in  different  lines  of  work  are  not  brought  to- 
gether as  much  as  men  in  other  professions, 
and  the  facility  for  meeting  friends  and  widen- 
ing acquaintance  by  being  housed  in  a  common 
building  would  be  of  especial  value  to  them. 

Better  opportunities  for  individual  Inter- 
course and  facilities  for  more  frequent  ex- 
chang  of  ideas  and  experience  must  be  of  ben- 
efit to  the  profession. 

The  present  stage  of  civilization  has  been 
marked  by  a  great  development  in  the  appli- 
cations of  science,  and  its  advance  uas  been 
largely  the  unrecognized  work  of  the  engineer- 
ing profession.  Future  progress  will  perhaps 
be  even  more  marked,  and  the  profession  of 
engineering  should  take  Its  place  as  one  of  the 
most  Important  agents  in  the  advancement  of 
civilization  and  the  development  of  the  coun- 
try. It  Is  urged  that  this  project  will  aid  in  ac- 
complishing this  end. 


Joint  occupancy  and  contiguity  of  the  sev- 
eral organizations  in  a  commodious  engineer- 
ing building,  centrally  located,  would  tend  to 
the  unity  and  strength  of  the  engineering  pro- 
fession as  a  whole.  The  present  tendency  is 
toward  .specialization,  and  hence  a  segregation, 
which  is  to  be  deplored,  and  which  a  closer 
association  would  do  much   to  counteract. 

3.  Our  present  building,  while  adequate  for 
ordinary  meetings  of  the  society,  is  inadequate 
in  some  respects  for  the  requirements  of  the 
annual  meeting — the  principal  occasion  when 
non-resident  members  visit  the  society  house. 
There  is  no  proper  accommodation  for  giving  a 
luncheon  on  this  occasion,  unless  the  business 
meeting  is  held  elsewhere;  and,  with  the  rapid 
increase  in  membership,  these  conditions  will 
grow  worse  from  year  to  year. 

The  new  building  will  give  much  more  space 
and  better  Accommodations  both  in  the  business 
offices  and  the  auditoriums;  and  ample  space 
•for  a  very  largely  increased  membership  in  all 
the  organizations.  A  large  auditorium,  with 
seating  capacity  for  one  thousand  persons,  and 
two  or  three  smaller  ones,  with  seating  capac- 
ity for  200  to  400  each,  will  provide  for  all 
meetings.  Suitable  provision  can  be  made  for 
the  convenient  service  of  luncheon  on  any  oc- 
casion. 

The  advantages  to  be  gained  by  the  common 
use  of  auditoriums,  reading  rooms,  etc.,  could 
'probably  be  obtained  at  less  cost  of  mainte- 
nance and  operation,  than  where  different  estab- 
lishments are  maintained,  and  the  expenses 
may  be  partially  defrayed  by  renting  oflice 
space  and  auditoriums  to  other  scientific  or- 
ganizations without  interference  with  the  work 
of  the  constituent  societies. 

This  feature  may  be  of  considerable  impor- 
tance until  by  increase  of  membership  the  space 
becomes  necessary  for  the  use  of  the  constitu- 
ent societies,  and  when  this  occurs  the  socle- 
ties  will  be  so  strong  that  the  burden  will  be 
insignificant. 

4.  The  collection  of  the  libraries  of  the  va- 
rious societies  in  one  building  would  facilitate 
greatly  making  researches,  and  would  result  in 
economy  of  time  and  efficiency.  Each  society 
would  retain  control  of  its  own  books,  stored 
in  separate  stacks. 

Each  society  could  maintain  and  increase  its 
library  with  no  less  freedom  than  if  It  occupied 
a  separate  building. 

A  common  reading  room  would  serve  for  all. 

5.  The  new  building,  centrally  placed  be- 
tween the  two  great  railway  terminals,  and  near 
the  hotel  district,  will  be  more  convenient  to 
non-resident  members,  particularly  to  those 
leaving  on  late  trains. 

The  proposed  building  will  be  about  2,000 
feet  from  the  nearest  subway  station;  2,100 
feet  from  the  Grand  Central  Station;  3,100  feet 
from  the  new  Pennsylvania  Railroad  Tunnel 
Station  (now  under  way),  that  is  to  say,  within 
10  or  12  minutes'  walk  from  either  of  these  sta- 
tions. The  Sixth  avenue  elevated  station  is 
1,270  feet,  and  the  nearest  East  Side  elevated 
station  Is  2,320  feet  distant.  The  Sixth  avenue 
surface  car  line  is  500  feet  away,  the  Seventh 
avenue  car  line  is  1,400  feet  away;  by  which 
cars  the  ride  to  the  Pennsylvania  Railroad  sta- 
tion would  be  two  minutes;  the  Forty-second 
St.  Crosstown  line  is  1,270  feet  away,  and  the 
Broadway  surface  car  line  1,000  feet  away. 

6.  Associations  of  engineers  should  be  mu- 
tually helpful.  If  this  society  does  not  join  In 
this  project,  the  burden  upon  the  others  will 
be  greater.  We  are  all  members  of  one  great 
profession.  We  should  join  hands  with  our 
brethren  who  are  engaged  In  other  lines,  with 
the  sincere  desire  that  all  work  together  to  en- 
hance the  strength  and  Influence  of  the  en- 
gineering profession  as  a  great  unity. 


7.  The  baildiQg  would  be  under  the  exclusive 
control  of  the  representatives  of  the  four  na- 
tional engineering  societies;  these  representa- 
tives forming  an  executive  corporation  In 
which  each  society  would  have  an  equal  voice. 
Such  a  corporation,  made  up  of  the  best  men 
in  the  constituent  societies,  could  be  depended 
upon  to  deal  justly  with  all. 

We  should  enter  upon  the  project  with  a  firm 
determination  to  avoid  dissensions  and  to  make 
it  successful  and  helpful. 

Possible  difficulties  should  not  deter  us  from 
joining  in  an  enterprise  which,  with  proper 
management,  may  be  made  a  great  benefit  to 
the  profession. 

The  danger  that  any  one  of  the  four  great 
national  engineering  societies  may  become  un- 
able to  pay  its  expenses  in  the  new  building, 
seems  extremely  remote.  If  we  believe  in  the 
continued  future  development  of  our  country, 
in  which  all  branches  of  the  profession  of  en- 
gineering will  have  an  important  part;  but.  It 
the  extremely  improbable  should  occur,  and 
any  one  of  the  societies  should  fail  and  with- 
draw, it  can  hardly  be  doubted  that  the  others 
could  successfully  maintain  the  building. 

Nor  can  It  be  reasonably  doubted  that  other 
engineering  or  closely  allied  scientific  societies 
would  avail  themselves  of  any  opportunity  to 
locate  In  the  engineering  headquarters,  when- 
ever such  opportunity  might  be  offered. 
Ag.«nst   the    Uniok    Building. 

1.  A  professional  society  should  not  accept  a 
gift  under  conditions  which  may  in  the  future 
hamper  Its  independence  and  usefulness. 

It  is  believed  that  a  greater  sense  of  responsi- 
bility is  produced,  and  a  greater  pride  engen- 
dered, if  the  members  of  any  organization  feel 
that  its  support  depends  entirely  upon  them- 
selves. 

On  the  assumption  that  the  engineering  build- 
ing will  cost  $1,000,000,  the  Increase  of  nominal 
assets  of  this  society  will  be  about  $250,000. 
As  against  this,  the  society  will  be  deprived  of 
exclusive  control  of  the  pro^e^ty  It  occupies, 
both  as  regards  Its  management  and  the  pos- 
sibility of  a  change  of  Investment. 

The  ownership  will  be  inalienable  and  indi- 
visible, and,  with  the  control  of  the  property, 
will  be  in  the  hands  of  the  executive  corpora- 
tion, in  which  the  society  will  have  but  one 
vote  in  four.  It  Is  to  be  carefully  considered 
whether  the  gain  is  sufficient  to  Compensate  for 
the  sacrifice  of  independence  and  Individuality. 

2.  In  the  practical  operation  of  large  build- 
ings, the  several  fioors  of  which  are  occupied 
by  different  families  or  business  firms  or  asso- 
ciations of  individuals,  experience  does  not  al- 
ways show  a  gain  in  social  or  business  affilia- 
tions or  intimacy  between  the  several  tenants, 
simply  because  of  their  proximity. 

There  is  no  precedent  for  anticipating  a  ben- 
eficial result,  in  this  respect,  from  the  occupa- 
tion of  different  fioors  Of  a  large  building  by 
different  societies  of  engineers,  each  desirous 
of  preserving  its  Individuality  and  increasing 
its  membership. 

The  prestige  of  the  profession  of  civil  en- 
gineering cannot  be  enhanced  by  the  collection 
in  one  building  of  a  number  of  separate  organ- 
izations with  different  requirements  for  mem- 
bership. 

It  cannot  be  regarded  as  unquestionable  that 
a  greater  Intimacy  between  the  several  socle- 
ties  would  be  mutually  beneficial  by  develop- 
ing a  deeper  professional  spirit. 

The  experience  of  the  institution  of  civil  en- 
gineers of  Great  Britain  Indicates  that  a  cer- 
tain amount  of  excluslveness  and  conservatism 
engenders  in  the  members  pride  in  the  organ- 
ization and  solicitude  for  Its  welfare,  and  be- 
gets in  the  public  a  reliance  upon  Its  character, 
which  might  be  jeopardized  by  such  an  asso- 


no 
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elation  with  otber  organisations  liaving  differ- 
ent histories,  aims  and  traditions. 

If.  as  may  well  be  feared,  joint  occupancy 
of  a  common  building  should  give  rise  to  dis- 
sensions, the  result  would  be  a  loss  of  prestige 
instead  of  a  gain. 

3.  The  present  house  of  the  society  is  a 
four-siory  and  basement  building  of  fine  Ar- 
chitectural appearance,  planned  and  built  ex- 
pressly for  it,  on  a  lOo-foot  street,  adjacent  to 
two  churches,  and  opposite  to  an  imposing  Fine 
Arts  Gallery.  It  is  fully  adequate  to  all  the 
present  needs  of  the  society,  excepting  ouly  on 
the  occasion  of  the  annual  meeting.  The  busi- 
ness offices,  library  and  reading  room,  will  be 
ample  for  a  considerably  increased  member- 
ship. 

When  more  space  is  required  two  or  three 
more  stories  can  be  added,  or  adjacent  prop- 
erty can  be  acquired,  when  this  becomes  nec- 
essary. The  present  property  is  nearly  paid  for, 
and  the  regular  annual  surplus  of  receipts  over 
expenditures  is  steadily  increasing;  there  can 
be  no  doubt  that  the  society  can  make  these 
enlargements  or  acquisitions  whenever  needed. 
The  experience  had  in  the  management  of 
high  buildings  in  New  York  and  elsewhere,  is 
tu  the  effect  that  the  coet  of  operation,  per 
square  foot  of  floor  space  occupied,  is  very 
much  greater  in  a  ten-story  building  with  ele- 
vators than  in  a  four-  or  six-story  building  with- 
out elevator  service. 

It  is  the  opinion  of  experts  in  the  manage- 
ment of  buildings  that  the  expense  to  this  so- 
ciety, by  l)ecoming  a  participant  in  the  man- 
agement of  the  proposed  building,  would  be 
very  greatly  in  excess  of  its  present  expendi- 
ture for  operation  of  its  own  building. 

It  is  doubted  that  a  building  for  a  home  for 
the  several  societies,  ten  stories  or  thereabouts 
in  height,  giving  adequate  architectural  effect 
for  suitably  impressing  the  general  public,  and 
creating  a  pride  of  ownership  in  the  minds  of 
the  members  of  the  several  societies,  can  be 
built  on  the  proposed  site,  on  a  narrow  street, 
in  the  middle  of  a  nine  hundred-foot  block, 
likely  to  be  occupied  by  business  buildings  of 
greater  height. 

At  some  future  date,  even  with  the  proposed 
liberal  allowance,  the  space  in  the  proposed 
building  will  become  inadequate  for  one  or  more 
of  the  constituent  societies;  all  will  certainly 
grow,  but  the  probability  Is  ttiat  some  will  grow 
at  the  expense  of  the  others.  In  this  cage  the 
proposed  engineering  center  will  be  broken  up, 
as  there  will  be  no  room  for  further  expansion, 
and  there  is  sure  to  be  diversity  of  opinion  as 
to  which  shall  go  and  which  shall  stay.  This 
emphasizes  the  objection  to  joining  in  a  pro- 
ject which  makes  no  provision  for  growth,  or 
readjustment,  beyond  a  certain  limit. 

4.  With  the  libraries  of  the  constituent  so- 
cieties under  the  same  roof,  there  will  not  be 
the  same  incentive  for  maintaining  the  com- 
pleteness of  each,  as  the  feeling  will  be  that  the 
otber  libraries,  readily  accessible,  can  be  re- 
lied upon  to  contain  all  books,  relating  to  their 
specialties,  and  it  might  seem  a  waste  of  money 
and  space  to  have  in  each  of  the  four  libraries 
a  copy  of  the  same  book;  yet  it  seems  desirable 
to  keep  the  library  of  this  society,  which  is  a 
general  technical  collection,  larger  and  more 
complete  than  any  other  similar  library  in 
America,  as  complete  at  all  times  as  if  the  so- 
ciety occupied  independent  quarters. 

In  cafe  of  withdrawal  at  some  future  time, 
the  library  should  be  as  complete  as  if  there 
had  never  been  any  association.  It  is  probable 
that  donations  of  publications  would  be  re- 
stricted to  one  copy  for  the  building,  the  sev- 
eral libraries  being  considered  as  one,  and 
thus  the  growth  of  our  library  would  be  re- 
stricted. 


5.  The  new  building  will  be  on  a  60-foot 
street  in  a  district  changing  from  a  residential 
to  a  business  character. 

The  proseut  building  is  located  on  a  tOO-foot 
street  in  a  growing  locality.  It  is  1,000  feet 
from  the  nearest  subway  station,  which  Is  5 
minutes'  ride  from  the  Grand  Central  Station, 
or  by  walking  250  feet  to  the  Boulevard  sur- 
face cars  with  8  minutes'  ride  to  the  Grand 
Central  Station,  or  by  walking  300  feet  to  the 
Seventh  avenue  surface  cars  with  8  minutes' 
ride  to  the  Pennsylvania  Railroad  tunnel  sta- 
tion. There  are  five  surface  lines  within  a 
quarter  of  a  mile;  Broadway  200  feet;  Eighth 
avenue  550  feet;  Seventh  avenue  300  feet; 
Sixth  avenue  1,200  feet,  and  Fifty-ninth  street 
Crosstown  800  feet.  Two  elevated  railroad  sta- 
tions are  each  1,600  feet  distant. 

This  location  is  suitable  for  the  purpose,  is 
attractive  and  accessible  from  all  directions. 

The  area  of  the  lot  on  which  the  present 
house  is  built  is  nearly  one-half  of  that  pro- 
posed for  all  four  of  the  societies  in  Thirty-ninth 
street. 

The  price  paid  for  the  former  in  1896  was 
$14.48  per  square  foot;  the  price  we  are  asked 
to  pay  for  the  latter  is  $41.89  per  square  foot, 
plus   the  interest  to  date  of  occupancy. 

6.  This  society  stands  for  certain  principles 
which  individualize  its  character.  an>one  which 
is  the  fact  that  the  term  "Civil  Engineers" 
used  in  its  title  comprehends  military,  naval, 
mining,  mechanical  and  electrical  engineers, 
architects  and  marine  architects,  as  specified  in 
its  constitution,  all  being  eligible  for  member- 
ship. 

To  he  housed  in  the  same  building-  with  other 
societies  in  which  different  organizations  would 
be  shortly  termed  "Civil,"  "Mechanical,"  "Elec- 
trical," "Mining,"  etc.,  would  lead  to  a  restric- 
tion of  the  proper  meaning  of  the  name  of  this 
society,  in  the  popular  estimation,  thus  detract- 
ing from  Its  dignity  and  destroying  its  individ- 
uality. 

7.  The  management  of  the  new  building  will 
be  in  the  hands  of  an  executive  corporation  rep- 
resenting all  the  societies,  by  which  corpora- 
tion space  and  expense  will  be  apportioned. 

Once  having  committed  ourselves  to  this  pro- 
ject, however,  we  would  be  unable  to  withdraw 
without  sacrifice  of  property,  and  would  be 
obliged  to  continue  the  affiliation  with  the  other 
societies,  even  though  experiences,  now  unfore- 
seen, should  make  it  desirable  to  sever  the  con- 
nection. 

The  plan  of  occupation  and  control  ot  the 
new  building  involves  an  entire  and  undesira- 
ble change  In  the  business  management  of  this 
society. 

Instead  ot  being  independent  and  retaining 
entire  control  of  its  property,  as  has  so  far  been 
done  with  successful  results,  the  society  will 
be  obliged  to  surrender  control  of  its  real  es- 
tate to  ar  organization  in  which  it  will  have 
only  one-fourth  Interest,  the  remaining  three- 
fourths  being  held  by  other  parties. 

The  proposed  executive  corporation  is  to  en- 
ter upon  a  speculative  business  enterprise, 
viz..  the  management  of  a  large  building,  con- 
fessedly larger  than  is  demanded  by  the  present 
needs  of  the  participants  in  the  ownership,  in 
a  locality  the  character  of  which  is  now  in  a 
transition  state  from  residential  to  business 
occupancy,  with  no  great  likelihood  of  future 
advance  In  values.  Especially  can  no  increase 
of  value  be  anticipated  for  a  building  designed 
for  semi-public  uses,  the  cost  ot  maintaining 
which  will  be  very  great,  and  will  be  constant 
whether  it  is  fully  occupied  or  not. 

Participation  in  such  an  enterprise  is  for- 
eign to  the  aims  and  objects  of  the  American 
Society  of  Civil  Engineers,  and  should  not  be 
entered  Into. 


Any  loss  will  fall  largely  upon  the  non-resi- 
dent  members  of  the  society,  who  constitute 
three-fourths  of  its  membership,  and  to  whom 
the  possession  of  an  inseparable,  fractional 
share  of  a  large  building  will  be  of  no  benefit. 

If  any  of  the  constituent  societies  default  in 
the  payment  of  interest,  the  others  would  face 
the  necessity  of  assuming  an  increased  burden 
or  of  losing  their  entire  investment. 

This  society  cannot  afford  to  enter  into  an 
association  in  which  it  might  be  responsible  for 
the  financial  failure  of  others,  without 
adequate  protection,  which  has  not  yet 
been  assured.  This  seems  a  possible  danger 
on  account  of  the  present  difference  in  the 
financial  standing  of  the  four  national  organiza- 
tions. 


The  Cottancin  System  of  Tank  Coitstruc- 
tion. 


The  Cottancin  system  ot  tank-building  was 
described  and  illustrated  some  time  ago  in 
"The  Journal  of  Gas  Lighting,"  London,  which 
says  that  it  has  been  applied  successfully  to 
several  large  European  gas  tanks,  some  of 
which  have  been  built  of  it  in  the  outset  and 
others  which  were  built  of  concrete  masonry 
and  had  been  badly  cracked  were  successfully 
repaired  by  the  construction  of  a  Cottancin  lin- 
ing. The  fundamental  principle  is  the  use  of 
bricks  through  which  there  runs  a  basket-like 
steel  core  to  improve  the  bond  and  give  tensile 
strength.  The  circular  walls  4V.!  inches  thick 
are  reinforced  by  exterior  vertical  and  hori- 
zontal ribs  of  steel  cored  bricks  with  their 
cores  tied  to  that  of  the  wall,  and  having  seg- 
mental steel  cored  brick  floors  and  roof  rein- 
forced with  steel  cored  brick  ribs  supported  by 


Groined    Arch    Ribs. 

steel  cored  brick  columns.  The  core  consists 
of  soft  steel  wire  woven  into  panels  or  threaded 
through  the  bricks  so  as  to  run  continuously 
through  the  structure  and  permit  very  strong 
connections  between  the  ribs  ot  the  walls,  roofs 
and  other  parts.  In  the  floors  steel  cored  ce- 
ment shells  are  sometimes  substituted  for  the 
brick  and  are  similarly  stiffened  with  radial 
and  circular  brick   ribs. 

The  accompanying  illustration  of  a  large 
reservoir  at  Nemours,  France,  shows  the  con- 
struction of  the  groined  arch  roof  with  spher- 
ical or  cylindrical  segments  of  steel  cored  ce- 
ment shell  2  inches  thick  carried  by  steel  cored 
brick  Intersecting  arch  ribs  apparently  about  3 
inches  thick  and  15  inches  deep,  through  the 
upper  sides  of  which  the  core  wires  project 
to  bond  with  the  segmental  roof  slabs.  A  Cot- 
tancin lining  2  inches  thick  was  efficient  in  re- 
I)airing  the  leak  of  a  2.200.000-gallon  gas  holder 
tank  95  feet  in  diameter  and  23  feet  deep  which 
was  built  of  masonry  and  concrete  nearly  11 
feet  thick  and  had  split  through  the  whole 
depth.  This  system  has  also  been  employed 
for  the  foundations  of  many  large  buildings  on 
soft  or  wet  soil. 


QiART/  GI.AS.S  -is  made  by  melting  pure 
quartz  crystal  before  the  oxyhydrogen  flame  at 
a   temperature  of  1,700   degrees  Cent. 
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Charles    Hermany,    President    Am.    Soc. 
C.  E. 


The  election  held  this  week  for  president  of 
the  American  Society  of  Civil  Engineers  had  a 
greater  significance  than  any  since  1893,  for 
the  Institution  of  Civil  Engineers  of  Great 
Britain  will  be  the  society's  guests  this  fall 
and  upon  the  new  president,  Mr.  Charles  Her- 
many, will  rest  an  extra  measure  of  responsi- 
bility in  consequence.  Knowingly  or  not,  the 
society  has  chosen  as  its  head  a  man  who  is 
particularly  typical  of  the  American  engineer. 
He  gained  his  early  technical  education  with- 
out any  assistance  from  schools  and  has  ac- 
complished a  number  of  important  engineering 
works  as  successful  as  they  are  novel.  For 
nearly  forty-seven  years  he  has  been  connect- 
ed with  the  water  works  of  Louisville,  for 
forty-three  years  as  the  chief  engineer  and  su- 
perintendent, and  during  all  this  time  the  plant 
and  its  management  have  been  regarded  as' 
models  of  their  kind. 

Mr.  Hermany  was  born  in  Lynn  township, 
Lehigh  county.  Pa.,  on  October  9,  1830. 
His  ancestors  were  among  the  earliest 
settlers  in  that  district  and  the  family 
remained  farmers  for  many  genera- 
tions. He  spent  his  boyhood  leading 
the  life  of  the  average  youth  on  a 
thrifty  American  farm.  The  limited 
schooling  of  a  country  hamlet  was  sup- 
plemented by  a  couple  of  terms  at  a 
seminary  at  Easton,  which  developed 
a  natural  aptitude  for  mathematics  and 
a  determination  to  adopt  engineering 
as  a  calling.  But  technical  education 
in  the  present  sense  of  the  term  was 
impracticable  for  him;  farm  work  in 
the  summer  and  teaching  school  in  the 
winter  left  comparatively  little  time 
for  self-instruction,  and  yet  in  three 
years  he  had  prepared  himself  so  well 
that  by  May,  1853,  he  was  given  a 
place  of  some  responsibility  in  the  city 
engineering  department  of  Cleveland, 
Ohio.  Here  he  rose  rapidly  and  within 
a  year  became  the  first  assistant  in  the 
olfice,  a  position  he  held  until  May, 
1857. 

At  that  time  the  late  T.  R.  Scowden 
was  engaged  on  a  system  of  water 
works  for  Louisville  and  Mr.  Hermany 
became  his  first  assistant.  The  plant 
was  completed  in.  October,  1860,  and 
on  the  first  day  of  the  next  year  Mr. 
Hermany  became  the  technical  and  ex- 
ecutive head  of  the  works.  The  opera- 
tion of  this  plant  is  a  difllcult  one,  for 
it  involves  pumping  the  supply  from 
the  Ohio  River,  which  has  a  variation 
of  more  than  forty  feet  between  high  and  low 
stages.  Moreover,  the  river  Is  at  times  very 
turbid,  a  condition  as  hard  on  the  pumps  as 
on  the  consumers.  But  in  spite  of  these  dif- 
ficulties there  has  been  no  interruption  in  the 
supply  from  the  time  the  works  were  started. 

The  Louisville  water  works  of  to-day  are,  of 
course,  far  more  extensive  than  when  the  orig- 
inal plant  was  put  in  operation,  and  all  these 
additions  were  made  from  Mr.  Hermany's 
plans  and  under  his  direction.  The  first  reser- 
voir, of  ten  million  gallons  capacity,  was  out- 
grown within  twenty  years  and  one  of  ten 
times  its  capacity  had  to  be  built.  A  new  pump- 
ing station  was  also  needed,  the  site  for  which 
was  so  treacherous  that  a  pneumatic  founda- 
tion was  proposed  for  the  pumps.  The  caisson 
for  the  purpose  was  planned  and  a  contract  for 
sinking  it  was  let  to  experienced  parties,  but 
the  latter  finally  preferred  to  pay  a  stipulated 
forfeit  to  attempting  the  execution  of  the  work. 
A  second  letting  brought  only  bids  so  high 
that  they  were  rejected.     Mr.   Hermany  was 


accordingly  forced  to  undertake  the  con- 
struction of  the  works  by  day  labor.  When 
they  were  finished  the  famous  Louisville  pump 
was  installed,  which  for  a  time  held  the  record 
as  the  most  economical  compound  engine  ever 
tested.  The  fact  that  the  pump  has  been  kept 
running  close  to  its  test  efliciency  is  a  good 
Indication  of  the  manner  in  which  the  Louis- 
ville works  are  managed. 

This  noted  pumping  engine  was  designed  by 
Dr.  E.  D.  Leavitt  and  Mr.  Hermany,  and  was 
built  by  the  I.  P.  Morris  Company,  of  Philadel- 
phia. It  has  two  vertical  Inverted  cylinders 
27.21  and  54.13  inches  in  diameter  when  hot, 
the  piston  rod  of  the  high-pressure  cylinder  be- 
ing connected  by  a  link  to  one  end  of  a  beam 
and  the  low-pressure  rod  to  the  other  end  of  the 
beam.  The  stroke  Is  10  feet.  The  cylinders 
are  jacketed  all  over  with  steam  at  boiler  pres- 
sure, and  the  two  reheating  receivers  use  boil- 
er-pressure steam.  The  engine  weighs  far  more 
than  any  other  of  the  same  capacity  built  up 
to  that  time.  The  duty  of  the  engine  per  1,000 
pounds  of  dry  steam  was  148,655,000,  and  that 
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of  the  pumping  plant  was  137,565,000  per  1,000,- 
000  heat  units. 

It  is  sometimes  said  that  true  engineering 
ability  cannot  be  proved  save  by  the  test  of  a 
serious  emergency,  when  Intuition  alone  can 
bring  order  out  of  confusion.  For  people  who 
hold  this  view,  it  may  be  worth  mentioning 
that  in  1890,  when  the  city  was  partly  wrecked 
by  a  tornado,  a  lofty  standpipe  at  the  pumping 
station  was  demolished  and  a  water  famine 
seemed  imminent.  There  was  no  time  for  re- 
building the  standpipe,  so  Mr.  Hermany  fixed 
up  what  was  left  of  it  as  an  air  chamber  at  the 
foot  of  a  long  force  main,  and  was  in  this  way 
enabled  to  maintain  the  service  safely. 

The  work  which  most  widely  established  Mr. 
Hermany's  reputation  among  engineers,  was 
the  action  he  took  about  nine  years  ago  on  the 
matter  of  water  purification.  The  Ohio  River 
from  which  the  Louisville  supply  Is  drawn,  con- 
tains at  some  seasons  a  large  quantity  of  the 
finest  silt.  No  water  thus  iaden  had  ever  been 
treated  by  slow  filters  of  tbe  Buropeao  type 


and  an  experiment  made  with  mechanical  fil- 
ters of  somewhat  similar  water  at  New  Orleans 
had  been  unsuccessful.  The  Ohio  River  some- 
times contains  over  5,000  parts  per  million  by 
weight  of  suspended  matter  and  at  other  times 
but  a  trace.  Unmistakable  signs  of  sewage  pol- 
lution have  been  detected  In  it.  The  purifica- 
tion of  a  water  of  this  character  is  a  difficult 
task,  and  In  order  to  determine  how  it  could  be 
done  best,  Mr.  Hermany  retained  Mr.  George 
W.  Fuller  to  make  under  his  general  supervis- 
ion a  thorough  Investigation  of  all  systems  of 
treatment.  These  studies  were  the  first  ever 
made  on  an  extensive  scale  In  this  country,  and 
they  established  beyond  question  the  practica- 
bility and  efficiency  of  rapid  filtration. 

In  the  design  and  construction  of  the  sys- 
tem of  works  for  the  purification  of  the  Louis- 
ville supply,  Mr.  Hermany  has  shown  a  marked 
individuality.  He  has  utilized  the  two  basins 
of  the  existing  one  hundred  million-gallon  res- 
ervoir as  subsidence  basins.  From  these  the 
water  will  pass  Into  a  tank,  where  the  coagu- 
lant Is  to  be  added,  and  thence  to  the  filters, 
which  are  built  directly  over  the  clear- 
water  reservoir.  Concrete  has  been 
used  very  largely  on  these  works, 
which  form  one  of  the  most  Interest- 
ing water  purification  plants  In  the 
country,  as  is  evident  from  the  Illus- 
trated description  in  The  Engineering 
Record  of  January  5  and  19,  1901. 

The  experience  gained  in  the  design, 
construction  and  management  of  the 
Louisville  water  works  has  naturally 
brought  Mr.  Hermany's  services  into 
demand  elsewhere.  As  chief  engineer 
he  designed  and  built  the  water  works 
at  Bowling  Green,  Lakeland,  Frank- 
fort and-  Evansville,  while  he  has  been 
called  into  consultation  on  many 
plants,  notably  the  new  works  for  Cin- 
cinnati. 

He  was  elected  a  member  of  the  Am- 
erican Society  of  Civil  Engineers  on 
January  6,  1869.  He  served  as  a  di- 
rector in  1880  and  as  a  vice-president 
in  1891. 


A  New  Engineers  and  Abchitects 
SociETv  has  recently  been  formed  in 
Indianapolis,  Ind.  The  electrical, 
mechanical  and  civil  engineers  and 
architects  have  organized  a  society 
with  the  selection  of  Mr.  C.  C.  Brown, 
president,  and  Mr.  Walter  Buhler, 
secretary.  The  new  society  starts 
with  nearly  one  hundred  members, 
who  will  be  divided  Into  sections  ac- 
cording to  the  class  of  work  followed. 
Each  branch  will  have  a  separate 
meeting  night,  and  there  will  be  two  general 
meetings  each  month.  This  new  organization 
has  made  a  good  beginning  and  anticipates  a 
useful  future. 

Engine  Foundations  were  discussed  at  a  re- 
cent meeting  of  the  Engine  Builders'  Associa- 
tion, by  Prof.  John  E.  Sweet,  president  of  the 
Straight  Line  Engine  Company,  of  Syracuse. 
His  company,  he  said,  had  been  setting  their  di- 
rect-connected engines  on  plain,  level  founda- 
tions without  bolts.  The  engines  are  aligned 
in  the  shop  after  leveling  the  base  by  wedging 
under  three  points  and  when  the  base  is  set 
on  the  foundation  it  Is  leveled  by  wedging  un- 
der the  same  points,  then  concrete,  enough  to 
insure  a  solid  bearing,  is  inserted,  and  the  rest 
of  the  base  filled  with  sand  to  prevent  It  from 
becoming  a  sounding  box.  When  vibration  from 
an  engine  Is  feared,  especially  where  the  foun- 
dation goes  to  rock,  two  Inches  or  so  of  saw- 
dust are  put  under  the  foundation  and  around 
the  side.  So  long  as  air  cannot  get  to  the  saw- 
dust, this  should  not  rot 
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Caisson  Disease  and  a  Safety  Apparatus 
for  Pneumatic  Caisson  Locks. 


Within  the  last  fifteen  or  twenty  years  the 
aw  of  pneumatic  pressure  hab  been  greatly  ex- 
tended in  foundation  work,  tunnels,  and  sim- 
ilar aagineering  undertakings,  and  has  prob- 
abty  been  more  widely  applied  in  this  country 
than  elsewhere.  In  New  York  City  alone' it 
has  been  applied  in  the  construction  of  numer- 
ona  foundations  for  tall  buildings.  The  con- 
stantly increasing  magnitude  of  the  structures 
and  the  frequent  necessity  of  locating  them  ir- 
respective of  foundation  conditions,  has  re- 
quired the  work  to  be  carried  to  greater  and 
greater  depths.  This  has  involved  the  use  of 
correspondingly  heavier  air  pressures  which. 
in  aeTeral  instances,  have  exceeded  ordinary 
limits  and  have  caused  sickness  and  death  to 
the  workmen.  If  the  water  has  free  access  to 
the  working  chamber,  the  pneumatic  pressure 
necessary  to  exclude  it  must,  of  course,  equal 
the  hydrostatic  head,  and  amounts  approxi- 
mately to  one-half  pound  per  foot  of  depth 
trom  water  level  to  cutting  edge.  In  many 
cases,  however,  water  is  encountered  only  in 
veins,  or  where  It  percolates  through  soft  ma- 
terial, and  develops  less  pressure  head  and, 
therefore,  requires  less  pneumatic  pressure  to 
exclude  it. 

Pneumatic  caissons  have  not  been  adopted 
for  the  foundations  of  buildings,  except  in  New 
York,  and  there  they  seldom  require  a  pres- 
sure much  above  20  pounds  per  square  inch. 
.Many  bridge  piers  have  been  built  with  sim- 
ilar pressures,  but  in  some  cases  they  have  re- 
quired pressures  of  nearly  50  pounds;  in  other 
cases  bridge  piers  and  tunnels  have  been  so 
deep  that  the  full  theoretical  pressure  would 
have  been  much  greater  than  50  pounds,  which 
has  so  far  been  accepted  as  about  the  practical 
limit  The  safety  and  certainty  of  construct- 
ing work  under  pneumatic  pressure  Is  often 
an  inducement  to  carry  it  as  deep  as  possible 
by  this  method  and  use  the  highest  permissible 
pressure.  In  these  cases  the  utmost  precau- 
tions have  usually  failed  to  entirely  prevent 
injury  to  the  workmen,  and  it  is  important  to 
thoroughly  understand  the  effect  of  the  pres- 
sure on  the  human  system  and  to  make  every 
provision  which  can  prevent  or  alleviate  In- 
jurious results. 

The  deepest  pneumatic  work  in  New  York 
was  done  in  the  E^ast  River  gas  tunnel  at  a 
maximum  of  about  114  feet  below  high  tide, 
and  in  the  foundations  for  the  Williamsburg 
bridge  towers  107.5  feet  below  high  tide,  where 
the  maximum  pressures  were  respectively 
about  50  and  47  [>ounds  per  square  inch  above 
atmospheric.  In  the  gas  tunnel  four  men  died 
through  the  effects  of  the  heavy  pressure, 
while  none  died  from  that  reason  on  the  bridge 
work.  The  foundations  for  the  new  Manhattan 
bridge  between  New  York  and  Brooklyn  have 
been  carried  to  a  depth  of  92  feet  with  a  pneu- 
matic pressure  of  45  pounds,  from  the  effects 
of  which  five  men  have  so  far  died.  Heavy 
pressure  has  been  used  in  the  North  River  tun- 
nel from  Jersey  City  and  will  probably  be  used 
in  the  proposed  Pennsylvania  tunnels  across 
the  North  and  E^ast  rivers.  Moderate  pressure 
is  also  being  used  in  the  Rapid  Transit  tunnel 
from  the  Battery  to  Brooklyn  and  may  there 
be  increased  to  a  maximum  of  about  45  pounds. 

Ordinarily,  strong  young  men  in  proper  con- 
dition do  not  sutfer  from  working  two  four- 
hour  shifts  daily  under  pressures  up  to  25  or 
30  pounds.  Above  that  limit  injurious  effects 
may  be  felt  and  the  length  of  the  shifts  is 
usually  decreased  to  a  minimum  of  about  45 
minutes  under  maximum  pressures.  For  work 
in  heavy  pressure  the  men  are  subjected  to  a 
careful  medical  examination  and  only  compar- 


atively young  and  strong  men  with  a  good  heart 
action  are  selected.  They  are  required  to  avoid 
dissipation,  and  precautions  are  taken  to  make 
them  emerge  slowly  from  the  pressure  and  re- 
main for  some  time  afterwards  in  a  very  hot 
room,  where  they  are  served  with  strong  cof- 
fee and  are  given  a  long  interval  of  rest  be- 
tween shifts.  The  wages  are  increased  in  in- 
verse proportion  to  the  length  of  the  shift.  (In 
the  Williamsburg  bridge  caissons,  the  men  re- 
ceived a  maximum  rate  of  f3.75  for  working 
one  and  a  half 'hours,  in  two  45-minute  shifts 
daily.)  This,  together  with  the  short  working 
hours,  gives  so  much  opportunity  for  dissipa- 
tion that  many  of  the  men  abuse  themselves 
with  drink  and  in  other  ways.  To  this  and  to 
carelessness  in  emerging  too  rapidly  from  pres- 
sure nearly  or  quite  all  of  their  injuries  from 
pneumatic  pressure  are  attributed  by  their  em- 
ployers. No  injurious  effects  are  known  to 
result  from  very  rapid  entrance  into  com- 
pressed air,  although  it  sometimes  produces 
temporary  headache  and  slight  discomfort  is 
always  occasioned  in  maintaining  equilibrium 
between  the  air  pressures  inside  and  outside 
the  body.  This  is  principally  felt  in  the  ears, 
where  it  is  overcome  by  repeated  efforts  of  the 
lungs  to  expel  the  air  while  the  mouth  and 
nostrils  are  closed.  Most  persons  after  remain- 
ing two  or  three  hours  in  a  pressure  of  30 
pounds  or  more  feel  an  itching,  prfcking  sen- 
sation under  the  skin  on  all  parts  of  the  body 
when  they  emerge  from  the  pressure.  This 
disappears  in  a  few  minutes  and  causes  no 
further  trouble. 


or  two  after  the  pain  ceases.  Less  than  1 
per  cent,  of  them  become  paralyzed.  It  is  not 
recorded  that  workmen  who  have  suffered  Irom 
the  "bends"  have  also  suffered  from  paralysis. 
Paralysis  usually  occurs  without  any  warning 
whatever,  and  it  is  believed  by  the  men  that  a 
little  discomfort  from  the  "bends"  is  desirable 
as  a  safeguard  against  paralysis. 

When  a  man  is  threatened  with  bad  results 
from  the  pressure,  they  can  generally  be  avert- 
ed if  he  can  return  to  the  pressure  before  the 
trouble  has  developed  and  remains  in  it  until 
it  is  very  gradually  released.  It  is  believed 
that  40  minutes  should  be  taken  to  emerge  from 
a  pressure  of  40  pounds  above  the  normal 
and  in  general  that  the  time  should  be  one 
minute  for  each  pound,  care  being  taken  to  re- 
duce the  pressure  with  great  regularity.  Or- 
dinarily, however,  the  time  really  so  occupied 
is  not  much  more  than  one-tenth  of  this,  if 
this  rule  were  rigidly  observed  and  all  the 
workmen  were  subjected  to  a  rigid  medical  ex- 
amination before  entering  the  pressure  and 
were  prevented  from  indulging  in  excesses,  it 
is  believed  that  there  would  be  few  or  no  cas- 
ualties due  to  the  effects  of  the  pressure,  even 
when  much  higher  than  is  now  customary. 

Eminent  German  and  French  physicians  and 
scientists  have  studied  the  effects  of  pneumatic 
pressure  by  numerous  experiments  on  men  and 
animals,  and  their  general  conclusion  is  that 
the  bad  results  are  due  to  the  compressed  air 
forced  through  the  lungs  into  the  blood,  being 
liberated  there  by  too  rapid  diminution  of  the 
pressure.     One  experimenter  subjected  a  great 
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No  disagreeable  or  injurious  effects  are  ob- 
served while  a  person  is  under  pneumatic  pres- 
sure, but  after  emerging  from  pressure  above 
30  pounds  some  individuals  are  subject  to  the 
"bends,"  which  is  the  popular  term  for  severe 
pains  like  rheumatism  which  attack  one  or 
more  of  the  joints  and  may  last  for  any  time 
up  to  24  hours.  Sometimes  they  are  very  vio- 
lent and  cause  the  patient  to  double  up  as  if 
with  cramps,  but  it  is  not  recorded  that  they 
are  ever  fatal  and  when  once  they  have  ceased, 
no  further  results  are  felt.  The  treatment  pre- 
scribed for  them  Is  hot  baths,  perspiration,  re- 
entering the  pressure  and  emerging  from  it 
very  slowly.  The  same  remedies  are  also  effi- 
cient for  the  itching  sensation. 

The  most  serious  effect  of  pneumatic  pres- 
sure is  paralysis,  which  usually  attacks  the 
legs  and  lower  part  of  the  body,  and  may  ex- 
tend further  and  become  fatal.  It  occurs  with- 
in an  hour  after  leaving  the  pressure,  and  gen- 
erally within  10  or  15  minutes.  Patients  suf- 
fering from  it  are  subjected  to  the  ordinary 
hospital  treatment  for  paralysis.  From  2  to 
3  per  cent,  of  the  men  employed  under  a  pres- 
sure of  40  pounds  are  likely  to  suffer  from  the 
"bends"  and  generally  return  to  work  in  a  day 


number  of  dogs,  cats,  rabbits,  guineapigs  and 
other  animals  to  repeated  pressures  up  to  100 
pounds,  and  carefully  observed  the  effects  of 
varying  conditions,  some  of  which  were  fatal 
and  others  apparently  harmless.  He  devised 
means  to  bleed  the  animals  while  under  pres- 
sure; afterwards  the  blood  was  removed,  and 
when  it  was  released  from  pressure  threw  off 
gas  which  was  collected,  analyzed  and  found 
to  be  nitrogen.  The  experiments  showed  that 
sudden  release  from  heavy  pressures  was  fatal, 
but  that  if  three  or  four  hours  were  occupied 
in  reducing  a  pressure  of  100  pounds,  it  was 
harmless. 

The  generally  accepted  theory  deduced  from 
these  experiments  and  other  observations  is 
that  under  a  pressure  of  more  than  30  pounds 
a  considerable  excess  of  air  is  absorbed  in  the 
blood,  but  can  pass  off  harmlessly  if  the  pres- 
sure be  very  slowly  and  regularly  reduced.  If 
the  pressure  is  quickly  reduced,  the  air  does 
not  have  time  to  escape  safely  and  naturally, 
but  is,  instead,  resolved  into  its  elementary 
constituents;  the  carbonic  acid  is  thrown  off 
in  the  usual  way  by  the  lungs,  the  oxygen  is 
absorbed  in  the  tissues,  and  the  nitrogen  is 
liberated  and  effervesces  in  the  form  of  very 
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minute  globules.  These  globules  of  nitrogen 
are  forced  with  difficulty  through  the  capillar- 
ies and  produce  the  Itching  and  pricking  sen- 
sation always  experienced  after  heavy  com- 
pression. If  these  globules  are  too  numerous 
to  be  absorbed,  they  combine  in  larger  bubbles 
which  reach  the  heart  and  produce  embolism, 
interfering  with  its  action,  and  when  driven 
through  the  arteries  and  veins  produce  paraly- 
sis or  collect  in  the  joints  causing  the  "bends." 
The  same  effects  have  been  produced  by  inject- 
ing nitrogen  gas  into  the  veins  of  animals. 
Thus  paralysis  similar  to  that  of  the  caisson 
disease  has  been  induced  without  placing  the 
subjects  under  pneumatic  pressure  at  all. 

The  obvious  way  to  prevent  "bends"  and 
paralysis  from  pneumatic  pressure  is  to  insure 
a  sufficiently  slow  and  regular  reduction  of  the 
pressure.  As  the  loclis  in  which  the  men 
emerge  from  the  working  pressure  are  usually 
very  small  and  are  llkeLv  to  be  crowded  full, 
the  air  would  soon  become  vitiated  if  the  oc-  • 
cupants  were  obliged  to  remain,  as  they  should, 
for  half  an  hour  or  more  in  emerging  from  a 
heavy  pressure.  Besides  this,  the  reduction  of 
the  pressure  causes  a  corresponding  tall  of 
the  temperature,  making  the  interior  of  the 
lock     very     uncomfortable.       To     avoid     these 


clpal  counterweight  is  on  the  long  arm  of  the 
lever  beyond  the  valve  stem  and  when  this  arm 
rises,  the  valve  stem  is  forced  upwards  by  the 
pressure  of  the  air  in  the  lock  and  allows  it 
to  escape  in  proportion  to  the  movement  of  the 
lever.  The  counterweights  are  proportioned 
and  adjusted  so  that  when  the  large  one  en- 
gages a  stop  near  the  end  of  the  long  arm.  it 
will  just  close  the  valve  against  the  initial 
lock  pressure.  The  smaller  weight  is  set  on 
the  short  arm  so  that  when  the  large  weight  is 
moved  near  the  fulcrum  its  moment  will  re- 
volve the  lever  into  an  inclined  position  and 
allow  the  valve  stem  to  rise  and  completely 
open  the  valve.  The  large  weight  slides  freely 
on  the  lever  and  is  pulled  towards  the  valve 
stem  and  fulcrum  by  a  counterweight.  Its  mo- 
tion in  this  direction  is  resisted  by  a  balanced 
hydraulic  piston,  which  moves  in  a  cylinder 
having  both  ends  connected  by  a  by-pass  com- 
manded by  a  regulating  valve.  This  valve  can 
be  set  so  as  to  allow  the  piston  to  move  at 
any  rate  of  speed  under  the  force  exerted  by 
the  suspended  weight.  This  regulates  the 
valve  and  the  latter  gradually  opens  at  any  re- 
quired speed  and  allows  the  air  to  escape  from 
the  lock  in  any  given  time.  This  apparatus 
is  beyond  the  control  of  the  men  and  makes  it 


The  pressure  on  that  work  is  now  10  pounds 
and  may  eventually  rise  to  45  pounds.  When 
it  reaches  25  or  30  pounds,  Mr.  Aims  intends 
to  apply  the  above  described  apparatus  to  the 

locks. 


The  Cincinnati  Compressor  for  the  St.  Louis  Exposition. 


troubles  a  safety  apparatus  has  been  invented 
and  patented  by  Mr.  W.  I.  Aims,  engineer  of 
the  gas  tunnel  which  was  built  under  the  East 
River  several  years  ago,  and  described  in  The 
Engineering  Record  of  March  10,  1894. 

This  new  safety  device  has  two  parts.  One 
part  is  an  apparatus  for  heating  and  forcing 
a  constant  supply  of  fresh  air  into  the  lock  to 
keep  the  atmosphere  very  warm  and  pure  dur- 
ing the  time  that  the  pressure  is  being  reduced. 
The  other  part  is  a  locked  device  for  regulating 
the  outlet  which  reduces  the  air  pressure  in 
such  a  manner  that  the  rapidity  of  exhaust  is 
beyond  the  control  of  the  men  in  the  lock,  who 
are  very  liable  to  hasten  it  without  regard  to 
safety.  The  essential  features  of  the  apparatus 
are  shown  in  the  accompanying  diagram.  The 
fresh  air  is  forced  by  a  compressor  through  a 
heating  apparatus  controlled  from  within  the 
lock.  The  exhaust  from  the  lock  escapes 
through  a  pipe  and  special  valve  that  is  com- 
manded by  a  counterweighted  lever.  The  lever 
rests  on  top  of  the  "alve  stem  and  forces  it 
downwards,  tending  to  close  the  valve.  It  is 
pivoted  horizontally  to  a  bracket  a  short  dis- 
tance from  the  valve  stem  and  is  counter- 
r/eighted  on  both  sides  of  the  latter.    The  prln- 


impossible  for  them  to  tamper  with  the  ex- 
haust. It  maintains  a  regular  diminution  of 
pressure  regardless  of  the  amount  of  fresh  air 
introduced  into  the  lock,  and  therefore  enables 
the  warming  and  ventilation  to  be  conducted 
independently  of  the  exhaust.  ,  A  modification 
of  this  system  is  effected  by  placing  the  time- 
control  valve  on  the  fresh  air  inlet  pipe  and 
starting  the  latter  under  full  pressure  when 
the  lock  doors  are  closed.  The  exhaust  outlet 
which  is  proportioned  to  correspond  with  the 
maximum  pressure  is  then  fully  opened  and 
permits  a  constant  discharge,  while  the  supply 
of  air  is  gradually  diminished,  thus  eventually 
securing  the  complete  and  regular  reduction  of 
pressure  in  a  given  time.  This  method  is  less 
desirable  than  the  first  because  it  limits  the 
quantity  of  fresh  air.  If  the  locks  have  no 
other  valves  under  the  control  of  the  work- 
men, they  cannot  hasten  the  operation  or 
emerge  too  soon,  because  it  is  impossible  for 
them  to  open  the  exit  door  until  the  pressure 
is  completely  exhausted. 

Mr.  Aims  is  the  engineer  for  the  New  York 
Tunnel  Company,  Mr.  Andrew  Onderdonk,  con- 
tractor, which  is  building  the  New  York  Rapid 
Transit  Tunnel  from  the  Battery  to  Brooklyn. 


The  Cincinnati-Gear  Compressor  for  the 
St.  Louis  Exposition. 

The  central  compressed  air  plant  at  the  St. 
Louis  Exposition  will  contain  two  main  com- 
pressing units;  one  cross-compound,  two-stage, 
Cincinnati-gear  compressor,  having  13  and  24- 
inch  steam  cylinders,  22  and  14-inch  air  cylin- 
ders and  24-inch  stroke  with  a  displacement  at 
125  revolutions  per  minute  of  1,300  cubic  feet 
per  minute,  and  one  cross-compound,  two-stage, 
Meyer-gear  compressor,  having  12  and  20-inch 
steam  cylinders,  18  and  11-inch  air  cylinders 
and  18-inch  stroke,  with  a  displacement  at  100 
revolutions  of  530  cubic  feet  per  minute.  The 
flrst  machine  is  to  supply  the  general  com- 
pressed air  requirements  of  the  Exposition, 
while  the  second  is  to  supply  the  transporta- 
tion exhibits.  The  larger  machine  is  of  spe- 
cial interest  as  being  the  flrst  compressor  of  its 
type  publicly  exhibited,  although  a  number  of 
similar  machines  have  been,  and  are  being, 
installed  in  private  plants.  A  1,500-foot  ma- 
chine is  at  the  present  time  being  placed  in  the 
Jersey  City  power-house  of  the  Central  Rail- 
road of  New  Jersey. 

The  air  valve  gear  is  the  distinguishing  fea- 
ture of  this  machine,  combining  in  an  ingen- 
ious manner  the  positive  action,  noiseless  oper- 
ation and  durability  of  the  mechanically  moved 
valvG  with  the  elasticity  of  the  poppet  valve. 
The  noise  and  wear  of  the  poppet  valve,  due  to 
the  impact  of  the  valves  closing  at  the  reversal 
of  stroke,  is  eliminated  by  mechanically  clos- 
ing the  passages  underneath  the  poppet  valve, 
and  leaving  a  cushion  of  air  upon  which  the 
latter  seats.  The  action  of  the  valve  gear  is 
indicated  in  the  accompanying  engravings, 
showing  the  general  arrangement  of  the  cylin- 
der, and  the  position  of  the  valve  at  various 
points  of  the  stroke. 

At  the  beginning  of  the  forward  stroke  of 
the  piston,  the  mechanical  valve  A  as  shown  in 
the  sketch  is  just  closing  the  port  B,  the  dis- 
charge edge  of  A  being  line  in  line  with  the 
upper  edge  of  the  port  B,  and  the  valve  mov- 
ing in  the  direction  shown  by  the  arrow  C. 
After  the  piston  advances  a  short  distance,  the 
valve  has  reached  the  position  shown  in  dotted 
line,  in  which  the  inlet  edge  of  the  valve  D  is 
just  coming  in  line  with  the  lower  edge  of  port 
B.  The  valve  continues  to  move  in  the  direc- 
tion of  the  arrow  C  until  about  mid  stroke, 
when  it  reverses  to  the  direction  shown  by  ar- 
row E,  bringing  the  valve  back  to  the  dotted 
position  at  the  end  of  the  stroke.  On  the  re- 
turn stroke,  the  valve  still  moving  in  the  direc- 
tion of  the  arrow  E,  returns  at  the  beginning 
of  compression  to  the  position  shown  in  full 
line,  the  discharge  edge  of  valve  A  being  in  line 
with  the  upper  edge  of  the  port  B  and  opening. 

After  the  mechanical  valve  opens,  the  poppet 
valves  G,  which  have  had  the  entire  return 
stroke  in  which  to  seat,  prevent  the  flow  of  air 
back  from  the  discharge  passages  to  the  cylin- 
der, and  remain  closed  until  the  pressure  in- 
side the  cylinder  slightly  exceeds  the  pressure 
in  the  discharge  passages.  The  poppet  valves 
G  thereupon  open  and  remain  open  until  the 
end  of  the  compressing  stroke  is  reached,  at 
which  point  the  valve  A,  which  in  the  mean- 
time has  changed  its  direction  to  that  shown 
by  arrow  C,  has  resumed  the  position  shown 
in  the  figure,  thus  leaving  a  volume  of  air  un- 
der discharge  pressure  in  the  space  between  the 
mechanical  valve  and  the  poppet  valve,  permit- 
ting the  light  springs  back  of  the  poppet  valves 
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U  to  seat  them  easily  and  gently  during  ttie 
return  stroke. 

It  will  thus  be  seen  that  the  three  fixea 
points  in  the  compression  cycle,  namely,  the 
opening  of  the  inlet,  the  closing  of  the  Inlet 
and  the  closing  of  the  discharge  are  positively 
and  mechanically  controlled;  the  opening,  ot 
the  discharge,  which  is  the  only  variable  point 
In  the  cycle,  is  controlled  by  the  automatic  pop- 
pet valves,  which  are  relieved,  however,  of  the 
necessity  for  quick  closing,  so  as  to  be  free 
from  the  objectionable  features  of  noise  and 
rapid  wear. 

Sample  cards  from  one  of  these  machines 
show  a  steep  expansion  line  on  the  air  cards, 
indicative  of  small  clearance  and  a  high  volu- 
metric efficiency  of  the  machine  and  the  large 
valve  area  is  indicated  by  a  practical  co-inci- 
dence of  the  inlet  and  atmospheric  lines  and  by 
the  uniform  discharge  line.  A  rounded  admis- 
sion of  the  steam  cards,  which  might,  in  or- 
dinary engines  be  deemed  objectionable,  is  due 
to  the  maker's  practice  of  giving  the  steam 
-valves  a  slight  negative  lead  to  off-set  the  ex- 
pansion pressure  at  the  beginning  of  the  air 
cards. 

These  machines  are  built  by  the  Laidlaw- 
Dunn-Gordon  Company,  of  Cincinnati,  O.  The 
steam  and  air  cylinders  are  joined  in  the  direct 
line  of  thrust  by  heavy  cast-iron  housings  and 
are  supported  by  bed  plates  under  their  entire 
length,  avoiding  the  objectionable  features  ot 
over-hung  cylinders.  The  steam  valve-gear  Is 
of  the  four-valve  type.  Steam  distribution  is 
effected  by  means  of  short,  double-ported,  slide 
valves,  working  at  either  end  of  the  steam 
chest  on  a  valve  face  as  close  as  possible  to 
the  cylinder  bore,  the  port  volume  being  re- 
stricted as  far  as  the  large  valve  area  will  al- 
low. The  exhaust  valves  are  of  the  Corliss 
rotary  type  and  are  placed  at  the  bottom  of  the 
cylinder.  This  construction  has  been  followed 
in  order  to  produce  a  valve  gear  having  the  es- 
sential advantages  of  a  Corliss,  namely  sep- 
arate passages  for  the  steam  and  the  exhaust 
with  corresponding  reiuction  in  cylinder  con- 
densation, together  with  short,  straight  ports 
and  small  clearance.  On  the  other  hand  any 
complicated  releasing  gear  has  l>een  eliminated. 
the  action  being  positive  throughout. 


The  Tenth  Anniversary  of  the  American 

Society  of  Heating  and    Ventilating 

Engineers. 


The  American  Society  of  Heating  and  Ven- 
tilating Engineers  celebrated  in  New  York 
City  this  week  the  tenth  anniversary  of  its 
institution.  In  addition  to  such  papers  as  reg- 
ularly present  themselves  at  the  stated  meet- 
ings of  the  society,  several  contributions,  more 
or  less  historical  in  nature,  were  received,  com- 
memorative of  the  society's  attainments  dur- 
ing lu  first  decade.  The  first  session,  on  the 
afternoon  of  January  19,  was  devoted  to  the 
receipt  of  reports  of  officers  and'  committees. 
The  president,  Mr.  H.  D.  Crane,  of  Cincinnati, 
said  in  his  address  that  the  society  is  a  sub- 
stantial reality  which  will  survive  because  the 
members  have  learned  of  Its  personal  benefits. 
He  paid  a  tribute  to  Mr.  W.  M.  Mackay,  who 
since  the  organization  of  the  society  has  served 
It  In  some  conspicuous  capacity.  As  secretary, 
Mr.  Mackay  submitted  a  report  which 
showed  a  net  addition  of  some  thirty  members, 
making  the  total  membership  204,  not  including 
a  number  of  applications  which  have  not  yet 
l)een  considered.  The  report  of  finances  showed 
a  substantial  increase  In  the  cash  balance  in 
the  bands  of  the  treasurer.  The  Board  of  Gov- 
ernors' report  stated  that  the  1903  volume  of 
transactions  was  practically    ready;    that    the 


proposed  amendments  had  been  adopted;  that 
the  establishment  of  local  chapters  was  not 
considered  at  present  advisable;  that  while  the 
proposition  that  the  metric  system  should  be 
the  legal  standard  in  the  United  States  was 
voted  down  by  a  majority  of  11  votes  in  89, 
as  was  the  proposal  that  it  should  be  the  stand- 
ard in  transactions  with  the  Federal  Govern- 
ment by  5  votes,  the  proposition  that  legisla- 
tion should  be  undertaken  which  would  pro- 
mote its  adoption  was  favored  by  a  vote  ot  41 
to  39;  that  the  Carnegie  Institution  was  con- 
sidering suggestions  regarding  research  work 
In  heating  and  ventilation;  and  that  the  re- 
vision of  the  constitution  and  by-laws  with  a 
revised  list  of  members  would  soon  be  forward- 
ed to  the  members.  The  final  copy  of  the  uni- 
form contract,  embodying  changes  suggested 
by  the  society  and  by  the  Master  Steam  Fitters' 
Association,  was  presented  by  Mr.  S.  A.  Jellett. 
It  was  voted  to  request  the  Board  of  Governors 
to  name  Detroit  as  the  place  of  the  summer 
meeting. 

The  remainder  of  the  afternoon  was  spent  in 
discussing  two  topics  of  which  the  first  was, 
"In  making  screwed  joints.  Is  It  better  to 
use  some  compound  or  make  them  up  iron  to 
iron  with  no  compound?"  Mr.  H.  J.  Barron 
did  not  believe  in  the  use  of  red  lead  or  of  a 
mineral  paint  and  In  this  Mr.  A.  A.  Gary  con- 
curred, stating  that  as  some  lubrication  is  de- 


vice-president, R.  C.  Clarkson,  Philadelphia; 
secretary,  W.  M.  Mackay,  New  York;  treasurer, 
IT.  G.  Scollay,  Brooklyn;  Board  of  Governors, 
H.  D.  Crane,  R.  C.  Carpenter,  Ithaca,  N.  Y.; 
C.  B.  J.  Snyder,  New  York;  A.  E.  Kenrick, 
Brookline,  Mass.;  and  J.  J.  Blackmore,  New 
York. 

Mr.  Jellett  then  read  an  interesting  history 
of  the  society,  showing  how  the  development 
of  commercial  affairs  had  forced  the  Issue  for 
more  scientific  studies  and  he  referred  to  Mr. 
Barron  as  the  founder  of  the  society.  He  felt 
that  a  good  deal  had  been  accomplished,  men- 
tioning among  other  things  the  adjustment 
with  the  American  Institute  of  Architects  of 
the  proper  rates  of  compensation  for  engineer- 
ing servlce§  and  the  production  of  the  uniform 
contract.  A  r6sum6  of  the  papers  presented  in 
the  past  ten  years  was  certainly  Impressive  of 
the  substantial  character  of  the  society's  tech- 
nical records.  An  extended  discussion  suc- 
ceeded this  historical  sketch  as  to  the  office  of 
the  society  to  secure  and  preserve  records  in 
detail  of  the  different  types  of  heating  systems 
in  different  types  of  buildings,  and  this  subject 
was  referred  to  the  Board  of  Governors. 

The  session  was  concluded  with  a  discussion 


Longitudinal  Section  of  the  Air  Cylinder. 

slrable  In  making  a  joint  he  found  a  thin  mix- 
ture of  linseed  oil  and  graphite  very  satisfac- 
tory. For  high-pressure  work  with  flanges,  Mr. 
Crane  employed  the  linseed-oll-graphlte  mix- 
ture, painting  the  gaskets  also;  In  plants  hav- 
ing an  oiling  system  he  found  It  necessary  to 
use  black  asphaltum-  of  the  consistency  of  soft 
butter,  as  other  preparations  would  leak.  Mh 
Gary  said  that  there  was  much  of  bad  pipe  and 
fittings  on  the  market,  and  he  felt  that  If  the 
use  of  the  so-called  dope  were  suppressed,  so 
that  poor  thread  work  Is  not  hidden  In  order 
to  pass  inspection,  It  might .  result  in  more 
careful  attention  to  the  details  of  pipe  manu- 
facture. The  second  topic  developed  into  a 
consideration  of  the  need  of  ventilation  in  fur- 
nace heated  residences.  The  popular  Ignorance 
of  the  necessity  of  furnishing  means  of  egress 
for  the  air  which  must  be  displaced  by  the  in- 
coming hot  air  was  referred  to  at  length.  The 
question  was  suggested  as  to  whether  or  not 
the  amount  of  air  which  certainly  does  find  its 
way  Into  the  ordinary  furnace-warmed  house 
gives  a  requisite  degree  of  ventilation,  and  the, 
whole  matter  was  referred  to  the  Board  of  Gov- 
ernors for  the  attention  of  the  committee  on 
standards. 

At  the  opening  of  the  evening  session,  the 
following  officers  were  announced  elected: 
President,  Andrew  Harvey,  Detroit;  first  vice- 
president,  John  Gormly,   Philadelphia;    second 
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Valves  of  the  Air  Cylinder. 

on  the  advisability  of  using  smaller  sizes  of 
pipe  in  hot  water  heating  systems  in  green- 
houses. The  belief  seemed  to  be  that  smaller 
pipes  were  better,  provided  the  boiler  and  fire- 
box capacity  were  large  enough,  so  that  the  ca- 
pacity for  storing  heat  is  equivalent  to  the 
system  having  large  pipes.  Then  the  system  ^ 
would  not  be  subject  to  the  heat  losses  some- 
times arising  during  sunny  days  when  the  roof 
lights  have  to  be  opened  to  dispose  of  the  sur- 
plus heat,  and  on  the  other  hand  would  have 
the  advantage  of  not  requiring  constant  atten- 
tion during  severe  nights.  Some,  however,  pre- 
ferred steam  systems  for  large  plants,  over  the 
small-pipe  large-capacity  hot-water  system,  on 
the  ground  that  quick  heating  with  nightfall  is 
more  easily  secured,  and  the^  plant  can  be  left 
without  heat  during  the  day. 

A  review  of  some  heating  literature  was 
presented  by  Mr.  H.  J.  Barron,  ot  New  York, 
who  discussed  brielly  papers  which  had  been 
read  before  the  National  Association  of  Master 
Steam  and  Hot-Water  Fitters,  previous  to  the 
organization  ot  the  American  Society  of  Heat- 
ing and  Ventilating  Engineers,  and  also  be- 
fore the  British  Institute  ot  Heating  and  Ven- 
tilating Engineers.  It  is  a^  valuabl<?  compila- 
tion to  anyone  desirous  ot  learning  the  sources 
of  information  fol-  a  history  of  the  art,  besides 
being  an  index  to  instructive  publications 
which  are  still  of  practical  value. 


Jan.  23,  1904. 
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The  second  paper  of  the  afternoon  session  of 
January  20  was  read  by  Capt.  Anders  B.  Reck, 
of  Copenhagen,  Denmark,  who  described  the 
hot  water  heating  apparatus  in  the  Schioldann 
Institution  in  that  city.  It  will  not  be  possible 
to  refer  to  this  paper  at  length  in  this  issue, 
hut  the  general  character  of  the  system  de- 
scribed, which  is  one  of  hot  water  employing 
steam  as  the  heating  medium,  was  discussed 
on  page  75  last  week.  It  is  intended  to  pre- 
sent later  the  special  data  included  in  the  paper 
and  brought  out  in  the  discussion. 

The  next  paper  was  presented  by  Mr.  Charles 
F.  Hauss,  of  Antwerp,  Belgium,  espousing  the 
cause  of  the  metric  system.  The  result  of  the 
vote  taken  by  the  society  in  pursuance  to  the 
action  of  the  summer  meeting,  was  noted  in 
a  preceding  paragraph.  In  the  discussion  there 
was  indicated  a  preponderance  of  pro-metric 
advocates. 

In  the  evening  the  usual  dinner  was  held  at 
the  Arena. 

Test  of  Hot-Air  Radiators. — The  next  paper 
was  a  record  of  a  test  of  a  hot-air  heating  ap- 
paratus using  radiators  instead  of  registers. 
It  was  read  by  Dr.  George  M.  Aylsworth,  of 
Collingwood,  Ont.,  who  described  his  system  at 
the  Niagara  Falls  meeting  in  July.  This  was 
reviewed  at  length  in  these  columns  on  July 
25,  1903,  it  will  be  remembered,  accompanied 
by  illustrations  of  the  radiator  and  of  the  hot- 
air  piping  system  connecting  the  hot-air  fur- 
nace with  the  radiators,  somewhat  after  the 
fashion  of  the  ordinary  hot-water  heating  sys- 
tem. Briefly,  the  radiators  are  constructed  of 
thin  sheet  metal  forming  air  conduits  1x7 
inches  in  cross-section  and  arranged  in  a  sort 
of  zigzag  path  upward  and  downward  from 
inlet  pipe  to  outlet,  so  that  the  distance  the 
air  travels  approximates  9  feet  where  the  in- 
let and  outlet  are  but  2  feet  apart.  The  radi- 
ator consists  of  one  or  more  sections,  each  pre- 
senting in  the  average  size  14  square  feet  of 
radiating  surface. 

The  apparatus  tested  is  installed  in  a  build- 
ing in  Collingwood,  Out.,  about  three-quarters 
of  a  mile  from  Georgian  Bay  from  which  it 
is  subject  to  high  winds.  The  building  is  a 
two-story,  isolated,  brick-clad  dwelling  partic- 
ularly unprotected  from  the  wind,  and  has  ten 
rooms,  exclusive  of  closets  and  halls.  The  trial 
was  made  during  the  eight  days  following  the 
completion  of  the  installation.  The  pipes,  sup- 
plying heat  to  the  bathroom  and  a  bedroom 
over  the  pantries,  pass  from  basement  to  the 
first  floor  through  a  lath  and  plaster  partition 
next  the  kitchen  and  pantries.  As  there  was 
no  Are  in  the  house,  or  means  of  making  any, 
except  the  furnace,  the  kitchen  and  pantry  ab- 
sorbed most  of  the  heat  through  the  partition 
that  was  intended  for  the  bathroom  and  bed- 
room mentioned,  so  that  the  two  latter  rooms 
are  not  included  in  the  temperature  record 
though  the  heat  was  constantly  turned  on  them. 

The  furnace  has  a  fire-pot  16  inches  in.  di- 
ameter and  its  capacity  with  registers  Is  esti- 
mated at  7,000  to  12,000  cubic  feet  by  its  man- 
ufacturers. The  space  heated  in  this  test  is 
13,400  cubic  feet  (ground  floor  6,450  cubic  feet; 
first  floor  6,950  £ublc  feet).  The  outside  doors 
and  windows  have  415  square  feet  of  which  56 
are  in  the  kitchen  and  pantries,  leaving  359 
square  feet.  The  outside  walls  have  2,720 
square  feet  of  which  480  are  around  the  kitchen 
and  pantries,  leaving  2,240  square  feet. 

From  these  data  the  author  calculated  that 
in  accordance  with  the  formulas  of  Prof.  Car- 
penter, .the  radiating  surface  needed  for  hot- 
water  heating  would  be  508  square  feet  and 
in  accordance  with  another  authority,  448 
square  feet,  giving  an  average  of  478  square 
feet.  In  the  present  case  there  were  350  square 
feet    of    radiation    in    the    hot-air    radiators. 


or  37  per  cent,  less  than  the  average  cited. 
For  the  test  the  temperatures  outdoors  were 
obtained  from  the  meteorological  station  at 
Collingwood,  and  in  the  accompanying  table 
the  second  column  gives  the  highest  and  low- 
est outdoor  records.  During  the  first  and  sec- 
ond days  there  were  high  winds;  during  the 
fourth,  doors  were  open  a  good  deal  by  masons 
at  work;  on  the  night  between  the  fourth  and 
fifth  days  there  was  a  severe  gale,  as  there  was 
also  during  all  the  following  nights;  in  the 
morning  of  the  sixth  day  the  fire  was  out;  and 
also  on  the  morning  of  seventh  day.  The  tem- 
peratures are  given  at  9:30  in  both  morning 
and  night,  beginning  at  9:30  P.  M.  on  the  first 
day.  On  the  night  between  the  tenth  and 
eleventh  days  the  temperature  reached  15  de- 
grees Fahrenheit  with  a  gale  of  wind  and  the 
temperatures  were  60  and  58  on  the  ground 
floor  and  57  and  54  on  the  first.  The  author 
said  this  result  was  obtained  without  crowding 
fires.  The  amount  of  coal  burned  through  the 
first  three  days  was  183  pounds  and  through 
the  remaining  Ave  days,  350  pounds. 

Temperatures  In  Hot-Air  Radiation  Test. 

No.  of                     — Ground  floor. —  — First  floor. — 

day.     Outdoors.    Highest.   Lowest.  Highest.  Lowest. 

1 280                66              63  62              56 

2 25-4                62              60  60              58 

66              63  60              57 

3 35-24              64              63  60              57 

66              63  59              56 

4 34  27              64              62  59              56 

66  64  60              56 
5 35-11              70              68  62              58 

70  66  62  58 

6 27-10              67  64  58  56 

67  66  64  62 
7 35-27              74  72  68  66 

70  64  60  57 

8 38-19  68  66  62  60 

65  62  60  58 
9 20-0                60  58  57  54 

66  64  60  57 

The  second  paper  of  the  Thursday  morning 
session  was  presented  by  Mr.  Hauss,  giving  a 
table  of  heat  transmission  coeflJcients  of  build- 
ing materials.  This  will  be  found  elsewhere  in 
this  issue.  Mr.  A.  M.  Feldman  referred  to  the 
tables  published  by  Mr.  Alfred  R.  Wolff  and 
printed  in  this  journal  December  30,  1899,  and 
these  he  felt  ought  to  be  appended  to  the  paper. 
It  was  stated  that  all  such  tables  were  trace- 
able to  the  experiments  of  Pficlet,  but  Mr.  Wil- 
liam G.  Snow  explained  that  Mr.  Wolff's  coeffi- 
cients had  been  changed  in  some  particulars 
to  accord  with  his  experience.  With  regard  to 
the  heat  transmission  from  the  heating  sur- 
faces,of  hot  air  furnaces,  Mr.  Snow  thought 
that  the  maximum  figures  given  in  the  paper, 
750  to  850  thermal  units  per  square  foot"  per 
hour,  were  none  too  high.  Assuming  that  3 
pounds  of  coal  are  burned  per  square  foot  of 
grate  per  hour  and  8,000  thermal  units  are  cap- 
able of  being  utilized  from  each  pound  of 
coal,  he  calculated  taking  an  average  furnace 
having  20  square  feet  of  heating  surface  to  1 
square  foot  of  grate,  that  24,000  pounds  thermal 
units  are  utilized  per  hour  per  square  foot  of 
grate  or  1,200  units  per  square  foot  of  heating 
surface.  A  motion  was  carried  referring  to  the 
committee  on  tests  the  investigation  of  the  rel- 
ative value  of  prime  and  extended  heating  sur- 
face. 


Letters  to  the  Editor. 


Oil  Bubnino  in  the  boilers  of  the  power  plant 
of  the  North  Shore  Railroad  running  from  San 
Francisco  to  San  Rafael,  Cal.,  is  accomplished 
in  a  marine-type  oil  furnace,  designed  by  the 
Babcock  &  Wilcox  Company.  The  bridge  wall 
is  moved  to  the  rear  of  the  boiler,  giving  the 
furnace  a  length  of  about  10  feet,  and  the  burn- 
er extends  from  the  front  of  the  boiler  and 
reaches  clear  to  the  bridge  wall,  where  it  points 
forward,  directing  the  flame  toward  the  front 
of  the  boiler.  The  boilers  are  set  facing  the 
engine  room,  placing  them  under  the  observa- 
tion of  the  engineer.  The  plant  was  designed 
by  Messrs.  Charles  C.  Moore  &  Company,  of  San 
Francisco, 


Theatee  Fires. 

Sir: — I  wish  to  express  to  you  my  apprecia 
tion  of  your  complimentary  note  In  the  editor- 
ial relating  to  "Theatre  Fires."  My  two  books 
on  the  subject  seem  to  receive  considerable  at- 
tention at  this  time,  but  this  Is  quite  natural 
after  such  a  terrible  catastrophe.  What  makes 
me  feel  sad  Is  that  it  should  require  such  an 
accident  to  wake  up  the  authorities,  and 
furthermore,  the  fact  that  surely  within  four 
weeks  the  lessons  will  be  forgotten.  I  believe 
your  valuable  paper  could  do  a  good  thing  and 
render  the  best  possible  service  to  humanily 
by  calling  attention  to  the  fact  that  rather 
than  have  "Theatre  Commissions"  only  after 
a  fire,  we  strt)uld  have  constant  watchfulness, 
and  the  fulfilment  of  the  existing  laws  on  the- 
atre safety. 

There  is  absolutely  no  excuse  for  the  appall- 
ing loss  of  life  in  Chicago.  The  safety  of  the 
public  in  all  such  places  depends  primarily 
upon  proper  and  sufficient  exits.  We  cannot 
here  have,  as  they  do  in  Europe,  theatre  build- 
ings standing  entirely  free  in  a  block.  But 
we  can  have  sufficient  exits,  and'  if  these  were 
all  used  nightly  and  made  known  to  the  thea- 
tregoers, there  would  be  no  such  calamities. 
Much  more  might  be  said  concerning  this  lat- 
est accident,  but  really  the  measures  to  be  tak- 
en for  safety  are  quite  obvious.  Moreover,  the 
guilty  should  be  punished,  and  this  reminds  me 
that  the  "New  York  Evening  Post"  is  in  error 
in  stating  that  in  no  case  have  the  guilty  par- 
ties been  punished.  I  have  in  my  library  on 
"Theatres,"  a  special  book  on  the  trial  of  the 
managers  and  directors  of  the  Vienna  Ring- 
theatre  fire.  Several  of  these  were  sentenced 
after  the  fire  to  several  years'  imprisonment. 
Very  sincerely  yours,  Wm.  Paul  Gerhard. 

New  York,  Jan.   13. 


Heating  Costs  of  Various  Systems. 

Sir: — The  article  in  The  Engineering  Record 
of  December  26  is  a  fair  exposition  of  compara- 
tive costs  for  various  heating  systems,  and 
since  the  fan  system  has  been  gone  into  in 
greater  detail  than  others,  we  could  wish  that 
a  statement  had  been  made  in  regard  to  what 
was  actually  covered  by  the  heating  costs  given 
in  the  table,  and  whether  exhaust  or  live  steam 
was  used. 

It  may  be  assumed  from  the  fact  that  most  of 
the  buildings  mentioned  are  factory  plants,  that 
exhaust  steam  would  be  available  for  the  most 
part  and  that  the  cost  of  boilers  would  not  be 
included,  but  that  all  other  expenses,  such  as 
steam  and  return  connections,  also  foundations 
for  apparatus,  are  Included.  If  this  is  the  case, 
the  costs  in  most  cases  are  higher  than  con- 
tracts placed  during  the  last  year  would  show. 

As  is  pointed  out  by  Mr.  Holbrook,  the  cost 
of  installing  the  fan  system  of  heating  is  un- 
certain, depending  more  than  any  other  on 
the  type  of  building  and  the  consequent  varia- 
tion in  the  expense  of  distributing  air  ducts. 
Then,  again.  It  is  not  always  possible  to  locate 
the  fan  and  heater  advantageously  so  as  to 
avoid  a  long  main  duct,  or  the  use  of  cranes 
may  require  the  use  of  brick  ducts  below  the 
fioor,   another  expensive   item. 

Comparing  Mr.  Holbrook's  table  with  some 
installations  taken  at  random  for  various  size 
factory  buildings,  we  know  of  a  machine  shop 
of  about  the  same  capacity  as  No.  2,  which,  by 
an  exceptionally  fine  location  for  the  appara- 
tus, was  heated  at  a  cost  of  $0.00225  per  cubic 
foot,  and  another  containing  248,000  cubic  feet, 
the  cost  of  which  was  10.00444.  In  the  latter 
plant,  a  large  amount  of  piping  was  required. 
Another  installation  is  the  case  of  a  five-story 
factory  building,  containing  507,000  cubic  feet. 
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the  cost  of  heating  being  |0.(¥)37.  This  also 
took  a  very  large  amount  of  distributing  pip- 
ing. A  regular  type  factory  building,  similar 
to  "B"  in  Mr.  Holbrook's  list,  which  we  have 
on  record,  cost  10.00224  and  another,  with  875,- 
000  cubic  feet,  at  |0.0020«. 

A  fan  system  as  installed  in  tannery  build- 
ings Is  quite  a  different  proposition  from  a 
factory  heating  plant,  and  as  a  comparison  with 
N08.  7  and  9,  we  find  the  case  of  a  tannery 
building  containing  448,000  cubic  feet,  the  cost 
of  the  beating  plant  being  10.00528  per  cubic 
foot,  nor  do  we  think  this  is  excessive  for  a 
carefully  designed  plant. 

N08.  14  and  16  in  Mr.  Holbrook's  list  itre 
plainly  exceptional  cases  on  account  of  the 
tmall  amount  of  distributing  piping  which  was 
necessary.  No.  15  Is  evidently  a  similar  case, 
althongh  the  weight  of  iron  ducts  is  not  given. 

As  a  comparison  with  a  building  of  this 
class,  we  find  a  machine  shop  with  5,590,000  feet 
cubical  contents,  the  cost  for  heating  being 
$0.00116,  and  for  regular  type  factories,  with 
what  may  be  assumed  as  an  average  amount  of 
distributing  piping,  $0.00216  for  a  building  of 
2.440,000  cubical  contents,  and  f0.00234  for  an- 
other with  1,516,000  cubical  contents. 

These  instances  include  direct-attached  en- 
gines, but  do  not  include  boilers.  If  an  aver- 
age is  of  any  service,  it  might  be  said  that  for 
regular  type  factory  buildings  with  cubical 
contents  from  500,000  to  3,000,000,  the  heating 
cost  will  be  about  10.00225. 

Yours  very  truly,  Buffalo  Fobue  Com^amt. 

Buffalo,  Jan.  12. 


o(  fuel  saved  when  there  are  so  many  other 
contingent  advantages. 

Are  you  not  too  low  in  your  estimate  of 
a  fuel  saving  of  but  5  per  cent,  for  a  superheat 
of  150  degrees?  It  is  undoubtedly  true  that  the 
amount  of  saving  to  be  attributed  to  super- 
heating varies  with  the  class  of  engine  con- 
sidered— increasing  rapidly  as  the  type  of  en- 
gine becomes  less  refined. 

There  was  published  in  your  journal  of  May 
19,  1900,  a  test  by  the  writer  of  a  slow  running 
duplex  pump  of  about  100  horse-power  in  which 
the  steam  was  expanded  only  about  eight  times 
while  passing  through  three  successive  cylin- 
ders. In  this  case  there  was  a  fuel  saving  of 
from  11  to  12  per  cent,  by  superheating  about 
125  degrees  Fahr.  In  still  less  refined  types 
of  engines  the  saving  will  be  upwards  of  25 
per  cent. 

Owing  to  the  recent  extensive  introduction  of 
superheaters  in  this  country,  it  is  probable  that 
much  data  of  American  origin  will  soon  be 
available,  and,  whether  moderate  superheating 
or  high  superheating  becomes  more  general,  it 
will  certainly  be  surprising  if  we  do  not  fol- 
low the  example  of  Europeans,  whose  steadfast 
adherence  to  the  principles  of  superheating  is 
the  result  of  long  experience. 

Yours  truly,  E.  H.  Foster. 

New  York,  Jan.  13. 


spreading.  It  appears  to  me  this  joint  may 
cause  trouble  as  the  cast  and  wrought-iron 
flange  is  very  rigid  and  not  yielding  to  any 
slight  inequalities.  A  rubber  tube  or  other 
cushion  may  be  placed  on  top  of  the  sheeting 
to  make  a  tight  joint. 

Yours  truly,  Samukl  G.  Artinustaix. 
Chicago,  111.,  Jan.  11. 


SUPERUEATED   StEAM. 

Sir: — I  have  read  with  considerable  interest 
the  editorial  in  your  January  2nd  issue,  dis- 
cussing the  economy  of  superheated  steam  In 
the  light  of  information  derived  from  tests 
made  by  Prof.  Jacobus  on  a  400-horse-power 
Corliss  engine.  It  seems  to  me  that  too  little 
attention  is  given  to  the  simplicity  of  form  of 
the  engine  in  question,  which  gives  a  coal  con- 
sumption per  indicated  horse-power  as  low,  and 
possibly  lower,  under  equally  favorable  condi- 
tions, than  would  be  realized  by  any  other  en- 
gine of  this  class.  The  advocates  of  super- 
heated steam  give  a  good  deal  of  prominence  to 
the  claim  that  by  its  employment  an  engine  of 
the  plainest  type  is  put  far  above  its  class  in 
the  matters  of  fuel  and  steam  economy. 

In  this  engine  the  low-pressure  piston  is  but 
three  times  the  area  of  the  high,  which  is  a 
comparatively  low  ratio  and  enables  the  use  of 
a  smaller  low-pressure  cylinder.  Steam  Jack- 
ets, separator  and  water  relief  valves  are  omit- 
ted, while  the  steam  pipe  may  be  of  less  diame- 
ter and  the  condensing  apparatus  smaller  than 
would  be  required  for  saturated  steam.  As 
whatever  is  done  to  simplify  the  construction 
of  an  engine  tends  to  reduce  the  first  cost  and 
expense  of  maintenance,  this  should  be  credited 
to  superheating.  Full  account  should  be  taken 
of  the  sustained  economy  of  operation  at  par- 
tial loads  and  the  freedom  from  annoyance  due 
to  the  presence  of  water  In  the  steam.  The 
same  is  true  of  the  actual  saving  in  the  steam 
consumption.  This  has  a  commercial  value 
quite  apart  from  the  account  of  fuel  since  the 
saving  in  steam  consumption  means  a  saving 
in  feed  water  as  well  as  In  the  boiler  power. 
If  by  the  addition  of  one  superheater  20  per 
cent,  of  the  boiler  power  Is  put  in  reserve,  the 
plant  Is  a  gainer  to  this  extent.  In  many  power 
stations  the  cost  of  feed  water  amounts  to  sev- 
eral thousand  dollars  a  year,  and  it  can  be  eas- 
ily shown  that  the  reduction  in  these  bills,  due 
directly  to  superheating,  Is  sufficient  to  pay  a 
handsome  dividend  on  the  cost  of  installing 
superheaters.  It  would  be  manifestly  unfair  to  . 
rate  the  value  of  superheating  by  the  amount 
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Subaqueous  Tunnels. 

Sir: — With  regard  to  your  recent  article  on 
an  "Improved  Method  of  Subaqueous  Tunnel- 
ing Under  the  Harlem  River,"  and  the  possibil- 
ity of  applying  the  same  system  in  situations 
like  that  of  Chicago,  I  would  state  that  in  the 
location  of  two  of  the  traffic  tunnels  (Wash- 
ington Street  and  Van  Buren  Street),  under  the 
Ohitago  River,  the  clear  distance  between 
docks  is  148  and  180  feet  respectively,  and  at 
LaSalle  Street,  280  feet;  in  addition  there  is  a 
swing  bridge  on  the  top  of  the  Washington 
Street  tunnel.  There  are  also  movable  bridges 
on  each  side  of  each  tunnel  and  in  no  case 
more  than  400  feet  distant  on  center  lines. 
These  restrict  the  channel  of  the  river  at  Van 
Buren  Street  to  one  passage  80  feet  wide,  at 
Washington  Street  two  channels  each  40  feet 
clear  between  docks  and  center  pier;  at  La 
Salle  Street  th*  channel  over  the  tunnel  is 
clear,  but  obstructed  by  the  protections  or  the 
two  swing  bridges  pn  the  sides,  practically 
to  two  passages  of  60'  feet  each.  In  addition  to 
these  obstructions,  buildings  five  to  seven 
stories  high  are  built  on  street  and  dock  lines, 
the  foundations  of  which  would  be  undermined 
by  deep  dredging  unless  carefully  protected. 
The  channel  of  the  river  cannot  be  closed  even 
temporarily  at  any  time. 

As  these  tunnels  will  have  in  all  probability 
to  be  remodeled  and  lowered  in  the  future  to 
allow  a  greater  depth  of  water,  it  will  be  seen 
that  the  difficulties  in  the  way  will  be  great,  for 
the  existing  structures  must  be  removed  be- 
fore the  new  work  is  done.  Various  schemes 
have  been  suggested,  but  no  action  has  been 
taken  as  yet.  Whether  some  modification  of 
the  system  adopted  at  Harlem  River  can  be 
utilized  or  not  is  a  problem  which  will  have  to 
be  solved  within  a  few  years  or  the  tunnels 
abandoned,   which  Is  not  likely. 

The  articles  on  the  "Works  at  the  Harlem 
River"  I  have'  read  with  great  interest,  and 
from  the  successful  results  of  the  "caissons" 
for  the  first  part  of  the  work,  I  see  no  reason 
for  failure  on  the  one  proposed,  though  I 
cannot  understand  why  the  angle  iron  under 
tl  e  outer  flange  of  the  tunnel  lining  was  not 
i  rranged  to  sink  into  the  top  of  the  sheeting 
nstead  of  being  outside.  In  the  first  position 
il,  would  make  a  more  airtight  Joint  and  would 
afill  have  value  In  keeping  the  sheeting  from 


A  Municipal  Lodging  House,  London. 

A  municipal  lodging  house,  capable  of  hous- 
ing a  population  of  814  lodgers,  has  been  built 
at  Deptford,  London,  by  the  London  County 
Council  and  the  Metropolitan  Borough  Coun- 
cil of  Deptford,  each  of  which  contributed  one- 
half  of  the  cost.  It  is  the  result  of  a  long  agi- 
tated scheme  to  replace  an  area  of  old  build- 
ings which  were  in  a  very  unsanitary  state,  but 
it  appears  that  it  is  not  the  first  structure  of 
this  character,  as  one  was  opened  in  Drury 
Lane,  in  1893. 

The  Deptford  house  stands  on  a  site  of  39,- 
793  square  feet  area  and  is  six  stories  in  height, 
exclusive  of  the  basement.  Its  facades  are  of 
red  brick  lelieved  with  Portland  stone  dress- 
ings and  the  upper  part  of  the  main  frontage 
is  finished  with  cement  rendering.  The  roofs 
are  covered  with  green  slates>  On  the  ground 
floor  there  is  a  spacious  dining  room,  a  reading 
room,  a  smoking  room,  locker  room,  barber, 
tailor  and  shoe-making  shops,  shoe-shining 
rooms,  lavatory,  a  feet-washing  room,  bath- 
rooms, dressing  rooms,  lodgers'  wash-house  and 
latrines.  Besides  these  there  is  the  administra- 
tion section  with  the  superintendent's  quarters, 
linen  stores,  establishment  scullery,  kitchen 
and  store  rooms  and  a  fumigating  room.  The 
five  upper  stories  contain  814  cubicles,  so-call- 
ed, with  toilet  rooms  on  each  floor. 

The  dining  room  has  an  area  of  6,067  square 
feet,  including  space  around  a  hot  plate  where 
lodgers  may  do  their  own  cooking.  Fixed  teak 
tables  and  seats  are  provided  to  accommodate 
440  men  at  one  time.  Sinks  near  the  hot-plate 
chamber  allow  for  preparing  the  food,  and 
these  are  fitted  for  hot  and  cold  water.  A  cylin- 
der is  fixed  at  each  end  of  the  chamber  with  a 
constant  supply  of  boiling  water  for  making 
tea.  The  smoking  room  has  a  floor  area  of  2,- 
031  square  feet  and  fixed  teak  tables  and  seats 
for  104  men  in  addition  to  movable  easy  chairs. 
The  room  is  heated  by  means  of  three  open  fire- 
places, which  are  arranged  to  dlscnarge  warm 
air  into  the  room.  The  reading  room  has  3,- 
057  feet  of  floor  space  and  is  equipped  similar- 
ly to  the  smoking  room  with  accommodations 
for  176.  It  has  in  addition  two  polished  teak 
bookcases  containing  books  for  the  use  of  the 
lodgers.  The  foot  baths  consist  of  nine  troughs, 
divided  by  glazed  fire-clay  slabs,  and  supplied 
with  hot  and  cold  water. 

Each  cubicle  fioor  is  separated  into  sections, 
containing  14  to  22  cubicles,  by  division  walls, 
to  provide  for  the  isolation  and  disinfection  of 
sections  in  the  event  of  contagious  disease. 
Each  lodger  has  an  Independent  cubicle,  having 
a  minimum  width  of  4  feet  lO'i  inches,  an  area 
of  36  square  feet  and  lighted  by  a  separate  win- 
dow. The  heights  from  floor  to  ceiling  are  8% 
and  9  feet.  Partitions  between  cubicles  are  T^ 
feet  in  height;  the  wall  adjoining  the  corridor, 
6',^  feet,  to  insure  ventilation.  The  partitions 
on  the  first  floor  are  of  concrete  slabs  coated 
with  plaster  ant^  have  been  adopted  experiment- 
ally. Each  cubicle  contains  an  iron  bedstead 
with  a  spring  mattress,  and  the  whole  can  be 
folded  back  against  the  partition.  Each  floor 
has  three  fire  hydrants  with  hose  pipes.  Ac- 
cording to  the  "Surveyor,"  a  charge  of  6  pence, 
or  12  cents,  for  a  cubicle  a  night  is  made,  in  or- 
der to  pay  expenses,  as  shown  by  the  experi- 
ence of  the  Drury  Lane  venture. 


Jan.  30,  1904. 
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Concrete-Steel  Construction. 

Concrete-steel  construction  is  passing  through 
the  stage  of  maltreatment  usual  to  the  rapid 
adoption  of  any  new  process  or  material  of  ex- 
ceptional merit,  the  character  of  which  is  sim- 
ple enough  to  lead  all  sorts  of  people  to  he- 
lleve  they  know  how  to  treat  it  in  both  design 
and  construction.  The  combination  of  concrete 
and  steel  for  structural  purposes  is  old,  Klrk- 
aldy  having  tested  it  in  beams  nearly  fifty  years 
ago,  but  in  spite  of  its  age  little  has  been 
known  of  Its  real  nature  and  capacities  until 
the   past   few   years.     The   refinements   of   Its 


theories  have  not  been  as  generally  recognized 
as  they  should  be  and  engineers  even  have 
failed  to  scrutinize  sufficiently  either  the  char- 
acter of  the  steel  reinforcement  or  the  con- 
crete not  only  offered  but  used  under  their  su- 
pervision. There  seems  to  have  been  univer- 
sally prevalent  the  idea  that  almost  any  kind 
of  a  combination  of  Portland  cement,  sand, 
gravel  or  broken  stone  or  cinders  and  steel  will 
somehow  or  other  under  any  circumstances 
whatever  produce  one  of  the  best  structural  ma- 
terials used  in  modern  engineering.  It  has  not 
been  supposed  that  in  this  combination  it  was 
necessary  to  deal  with  its  principal  element  as 
a  most  sensitive  material,  made  either  valua- 
ble or  valueless  by  slight  differences  in  treat- 
ment, or  that  its  essential  advantages  can  only 
be  developed  in  design  by  a  much  more  careful 
theoretical  treatment  than  is  necessary  in  the 
design  of  steel  beams. 

Concrete-steel  has  one  characteristic  that 
renders  imperative  the  greatest  possible  care, 
both  In  design  and  construction,  viz.,  the  pro- 
cess of  manufacture  of  the  material  is  concur- 
rent with  the  building  of  the  finished  struc- 
ture. There  is  consequently  no  opportunity  to 
test  the  material  before  the  structure  is  com- 
pleted, as  there  is  in  a  steel  bridge  or  build- 
ing, and  reject  it  if  not  satisfactory.  The 
faults  of  manufacture  manifest  themselves  only 
in  the  weakness  or  failure  of  the  structure,  and 
this  is  precisely  why  so  large  a  number  of  con- 
crete-steel failures,  mostly  or  all  in  buildings, 
have  been  lately  recorded.  The  first  step  to- 
ward failure  has  been  taken  by  entrusting  the 
design  not  to  an  experienced  engineer,  but  per- 
haps to  a  mason  or  some  other  inexperienced 
or  indifferent  person  unqualified  to  determine 
either  the  character,  amount  or  distribution  of 
the  steel  reinforcement  or  to  prescribe  the  man- 
ner of  mixing  the  concrete  and  putting  it  in 
place  with  the  steel.  The  natural  consequence 
is  a  product  called  concrete-steel,  but  which  in 
reality  fails  to  possess  even  one  true  feature  of 
lesistance  of  that  admirable  product.  The  su- 
perficial examination  of  even  one  sample  of 
that  kind  of  "concrete-steel"  is  sufficient  to  in- 
dicate the  real  origin  of  the  difficulty.  In  such 
cases  nothing  is  more  common  than  to  find  con- 
siderable portions  of  the  gravel,  broken  stone 
or  cinders  with  a  large  proportion  of  voids  un- 
filled with  mortar  and  with  the  cement  in  the 
latter  so  indifferently  mix-ed  with  the  sand  as 
to  give  it  little  capacity  for  resistance.  Again, 
in  these  cases  of  failure  the  steel  reinforcement 
is  sometimes  of  such  a  character  as  to  prevent 
any  computations  being  made  to  show  Its  re- 
sisting capacity  and  this  condition  may  be  sup- 
plemented by  a  most  indifferent  bond  between 
the  steel  and  the  concrete. 

The  attractiveness  of  a  new  material  cap- 
able of  yielding  excellent  results  has  been 
seized  upon  by  Incompetent  parties  careless  of 
£.lmost  every  element  of  the  problem  except 
putting  in  place  something  that  may  be  paid 
for.  They  fail  to  realize,  as  do  their  clients, 
that  the  concrete  employed  in  concrete-steel 
construction  should  be  of  even  better  quality 
than  that  used  for  ordinary  masonry  not  only 
as  to  the  quality  of  the  component  parts,  but 
also  as  to  the  care  with  which  the  admixture  is 
attained  and  that  there  is  required  a  most  in- 
telligent use  of  both  the  concrete  and  the  steel 
in  the  completed  combination.  The  concrete  is 
placed  in  smaller  masses  of  far  less  thickness 
than  in  ordinary  masonry  and  it  must  be  so 
treated  or  disposed  in  place  as  completely  to 
enclose  the  steel  bars  or  rods  and  make  with 
them  an  absolutely  continuous  bond  or  joint. 
The  conventional  agreement  to  neglect  tensile 
resistance  of  the  concrete  makes  no  compensa- 
tion whatever  for  any  defect  in  manufacture. 
On  the  other  hand  there  is  no  nicety  or  refine- 


ment of  admixture  or  degree  of  perfection  in 
putting  the  concrete  in  place  which  is  not  per- 
fectly practicable  of  attainment  with  reason- 
able care  and  without  material  Increase  In 
cost,  but  it  is  unqualifiedly  Imperative  that  the 
best  class  of  workmanship  in  every  respect 
should  be  found  in  concrete-steel  construction. 

This  is  not  saying  that  a  rich  concrete  must 
necessarily  be  used  because  it  is  perfectly 
legitimate.  In  fact  it  is  judicious,  to  make  use 
of  the  balancing  of  the  sand,  gravel  and  broken 
stone  or  cinders  so  as  to  reduce  the  volume  of 
cement  to  the  lowest  practicable  amount,  but 
scrupulous  care  should  be  exercised  to  grade 
the  various  sizes  of  those  components  to  a  true 
balance  and  then  secure  the  actual  filling  of  all 
voids  with  the  cement.  The  result  will  then 
be  an  actually  solid  mass  in  which  the  con- 
crete holds  the  steel  with  a  contintious  bond 
permitting  no  sliding  or  stripping  of  the  rods 
if  they  are  of  the  proper  form  and  section. 

In  the  case  of  steel  beams  or  girders  the 
rcognltion  of  certain  elementary  values  of  the 
transverse  shear  is  all  that  is  necessary,  but 
in  a  concrete-steel  beam  much  more  is  re- 
quired. The  transverse  shear,  particularly  at 
the  ends  of  the  beams,  is  still  a  most  import- 
ant element  especially  as  the  sheafing  resist- 
ance of  concrete  is  low.  More  than  this,  how- 
ever, is  the  necessity  of  determining  the  longi- 
tudinal shearing  resistance  of  the  bond  be- 
tween the  steel  reinforcement  and  the  concrete 
because  the  tension  in  the  steel  is  given  by 
this  bond.  These  essential  elements  in  the  de- 
signing of  concrete-steel  combinations  have  not 
yet  received  sufficiently  extended  recognition, 
although  they  are  recognized  and  provided  for 
in  some  of  the  best  designs  at  the  present  time. 
It  is  decidedly  interesting  to  observe  that  the 
theory  of  internal  stress  in  bent  beams  finds 
its  most  extensive  application  up  to  this  time 
in  the  practical  designing  of  concrete-steel 
members.  The  tests  to  failure  of  a  consider- 
able number  of  concrete-steel  beams  verify  in 
a  striking  manner  many  of  the  features  of  that 
theory  and  demonstrate  conclusively  that  its 
application  Is  essential  in  safe  design. 

The  concrete-steel  combination  is  one  of  the 
most  valuable  materials  developed  in  recent 
years  in  engineering  construction.  It  has  a 
wide  field  of  use  and  its  extensive  application 
has  already  led  to  results  of  great  value  both 
in  economy  and  in  durability  by  making  the 
employment  of  masonry  easy  and  attractive 
where  It  had  hitherto  been  impossible.  Such 
failures  as  have  resulted  do  not  in  any  way 
militate  against  its  value,  but  they  have  dem- 
onstrated with  absolute  conclusiveness  the 
same  necessity  of  intelligent  design  and  equal- 
ly scrupulous  care  In  construction  as  has  long 
been  demanded  in  steel  structures  and  other 
rational  works  of  the  civil  engineer. 


Who  Is  a  Civil  Engineer? 

There  seems  to  be  a  great  difference  of  opin- 
ion concerning  the  definition  of  the  term  "civil 
engineer,"  and  as  a  matter  of  interest  rather 
than  of  any  particular  Importance,  It  Is  worth 
some  consideration.  Originally,  of  course,  the 
term  was  tised  to  designate  all  engineers  not 
employed  in  military  work,  and  some  men  of 
the  highest  distinction  in  engineering  circles 
have  recently  insisted  that  this  definition  re- 
mains accurate  to-day.  (Jeorge  S.  Morlson,  in 
his  remarkable  volume  of  essays  entitled  "The 
New  Epoch,"  upheld  this  opinion  with  charac- 
teristic vigor.  He  based  his  argument  on 
Thomas  Tredgold's  famous  definition  of  civil  en- 
gineering, made  In  1828,  as  the  art  of  directing 
tne  great  sources  of  power  In  nature  for  the 
use  and  convenience  of  man.  This  definition 
embodied  in  the  charter  of  the  most  powerful 
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en^ne«ring  societj  in  the  world  within  sixty 
rears  of  the  date  of  Watt's  first  engine,  has  cer- 
tainly done  much  to  unite  the  members  of  the 
profeasion.  Hr.  Morlson  states  with  entire 
frankness  that  had  the  profession  remalntnl  un- 
named until  the  end  of  the  last  century,  it  is 
poeslble  that  what  is  now  called  by  a  single 
name  would  have  been  divided  into  several  pro- 
fessions. In  the  charter  of  the  Institution  of 
Civil  Engineers  it  is  expressly  stated  that,  the 
real  extent  of  civil  engineering  is  limited  only 
by  the  progress  of  science,  and  that  its  scope 
and  utility  will  be  increased  with  every  discov- 
ery uid  its  resources  with  every  invention. 
Hence  it  is  claimed  that  civil  engineering,  ac- 
cording to  the  beet  definition,  is  comprehensive 
of  all  branches. 

While  Mr.  Morison  accepted  this  well  known 
definition  as  the  correct  statement  of  the  nature 
and  scope  of  civil  engineering,  e\6n  at  the  pres- 
ent time,  he  gave  the  term  "civil  engineer"  a 
much  more  restricted  meaning  than  is  com- 
monly understood.  If  his  view  is  accepted, 
some  of  our  technical  schools  are  making  a 
mistake  in  conferring  a  C.  B.  degree  after  a 
four-year  undergraduate  course.  In  his  opinion 
the  civil  engineer  is  one  competent  to  design 
and  direct  engineering  works,  two-fold  attain- 
ments which  it  is  manifestly  impossible  to  teach 
completely  in  a  school  course.  Under  this  defi- 
nition anyone  competent  to  design  and  con- 
struct engineering  works  is  a  civil  engineer. 
"He  may  be  a  railroad  builder,  he  may  be  a  skil- 
ful surveyor,  he  may  be  a  mechanical  engineer, 
or  he  may  follow  any  other  specialty;  but  what- 
ever he  does  he  must  do  it  not  as  a  skilful 
workman,  but  as  one  qualified  to  design.  Any 
man  who  is  thoroughly  capable  of  understand- 
ing and  handling  a  machine  may  be  called  a 
mechanical  engineer,  but  only  he  who  knows 
the  principles  behind  that  machine  so  thorough- 
ly that  he  would  be  able  to  design  it  or  to  adapt 
it  to  a  new  purpose,  whatever  that  purpose  may 
be,  can  be  classed  as  a  civil  engineer.  Any  skil- 
ful Mwer-builder  and  pipe-fitter  may  claim  to  be 
a  sanitary  engineer,  but  only  the  man  who  ap- 
proaches his  work  with  the  intelligent  knowl- 
edge of  the  conditions  which  sanitation  Involves 
can  be  classed  as  a  civil  engineer.  Any  man 
who  knows  how  to  work  a  mine  may  be  a  min- 
ing engineer,  but  only  he  who  understands  why 
he  works  his  mine  as  he  does,  can  be  called  a 
civil  engineer.  Any  well-practiced  electrician 
may  be  classed  as  an  electrical  engineer,  but 
only  one  whose  practical  knowledge  is  based  oh 
the  intelligent  study  of  electricity  can  be  called 
a  civil  engineer." 

It  is  probable  that  the  comprehensive  nature 
of  the  engineering  profession  was  never  better 
stated  than  in  these  words  of  one  of  America's 
greatest  engineers.  Yet  they  fall  to  find  entire 
acceptance  with  the  majority  of  men  competent 
to  design  as  well  as  to  direct  engineering  works, 
because  of  the  objection  to  the  use  of  the  word 
"dvir  as  a  designation  of  the  highest  grade  of 
engineers.  For  many  years  The  Engineering 
Record  has  endeavored  to  preserve  this  old 
meaning  of  civil  engineering  as  the  name  of  a 
true  profession  and  not  a  craft,  but  the  trend 
of  general  usage  renders  such  a  position  unten- 
able any  longer.  The  necessity  of  a  term  hav- 
ing the  significance  attached  to  "civil  engineer" 
by  Mr.  Morison  may  be  admitted  frankly,  with- 
out accepting  that  term  as  the  proper  name  for 
the  most  competent  men  of  all  specialties. 

The  actual  meaning  of  the  term  "civil  engi- 
neer" among  engineers  is  the  best  Indication  of 
Mr.  Morison's  error.  The  American  Society  of 
American  Engineers  draws  a  distinction  be- 
tween the  various  classes  of  engineers  In  its 
Constitution,  which  reads:  "A  member  shall  be 
a  civil,  military,  naval,  mining,  mechanical, 
electrical  or  other  professional  engineer,  an  ar- 


chitect or  a  marine  architect"  Moreover,  if 
civil  engineering  were  as  comprehensive  as  Mr. 
Moriaon's  arguments  asserted,  the  "Transac- 
tions" of  such  a  representative  organization  as 
the  American  Society  of  Civil  Engineers  would 
contain  papers  and  discussions  of  interest  to 
the  men  engaged  in  military,  mining,  mechani- 
cal and  electrical  work.  This  has  not  been  the 
case,  for  when  Secretary  Hunt  wroie  his  "His- 
torical Sketch  of  the  American  Society  of  Civil 
Engineers,"  only  5.99  per  cent,  of  the  published 
papers  had  been  on  mechanical  engineering, 
1.37  per  cent,  on  electrical  engineering  and  0.24 
per  cent,  on  military  engineering.  The  volumes 
of  "Transactions"  since  that  book  was  printed 
are  equally  marked  by  the  absence  of  papers  on 
electrical,  mechanical  and  marine  engineering. 

If  the  current  understanding  of  the  term 
"civil  engineer"  is  at  variance  with  the  com- 
prehensive definition  by  Mr.  Morison,  which  is 
not  even  sustained  by  the  Constitution  and  pub- 
lications of  the  American  Society  of  Civil  En- 
gineers, it  is  necessary  to  suggest  some  new 
definition.  Civil  engineering  is  certainly  not 
the  cob  after  mechanical  engineering,  mining 
engineering,  electrical  engineering,  chemical 
engineering  and  all  the  other  specialties  have 
been  shucked  off.  It  is  the  engineering  pro- 
fession of  a  quarter  century  ago;  the  others  are 
new  professions  and  their  importance  in  com- 
parison with  civil  engineering  depends  very 
largely  on  how  far  they  have  profited  by  the  ex- 
perience of  the  civil  engineers  in  their  fight  for 
recognition  as  professional  men.  Civil  engineer- 
ing to-day,  as  formerly,  is  the  art  of  supplying 
works  for  facilitating  commerce  ana  for  meet- 
ing the  public  necessities  of  cities.  Some  read- 
ers can  doubtless  Improve  on  this  definition, 
which  is  put  forward  more  to  bring  out  discus- 
sion than  as  something  in  which  The  Engineer- 
ing Record  takes  pride.  Railways,  bridges, 
canals,  river  and  harbor  improvements,  tunnels, 
water  and  sewerage  works,  pavements  and  the 
like  fall  under  this  head,  while  power  plants, 
machinery,  electrical  apparatus,  ships,  mining 
works  and  fortifications  belong  elsewhere. 

The  engineering  profession  is  too  comprehen- 
sive to  be  grouped  to-day  Into  but  two  divisions, 
military  and  civil.  To  Insist  that  every  non- 
military  engineer  able  to  design  as  well  as  di- 
rect works  is  a  civil  engineer  is  to  cling  too 
strongly  to  the  past.  It  would  be  logically  as 
correct  to  restrict  the  term  engineer  to  the  man 
who  works  a  catapult  in  a  circus,  for  in  old 
Roman  days  an  engineer  was  the  heavy  artil- 
lerist who  threw  bowlders  and  sheaves  of 
spears  and  other  unpleasant  things  by  means 
of  machines.  If  "engineer"  is  restricted  to  its 
first  definitely  fixed  meaning,  we  will  have  to 
call  one  man  a  sewerer,  another  a  waterist,  an- 
other a  bridge  builder  and  so  on.  Of  course  this 
Is  absurd.  The  electrical  engineer,  the  mechan- 
ical engineer,  the  marine  engineer  and  the  other 
followers  of  the  new  branches  of  engineering 
admit  that  the  civil  engineers  have  the  strong- 
est professional  society,  that  their  work  and 
their  papers  are  exceptionally  free  from  the 
taint  of  commercial  Interest,  and  that  they  have 
done  more  than  any  other  branch  of  the  pro- 
fession to  make  the  importance  of  engineering 
recognized  by  the  public.  But  these  members 
of  the  new  branches,  while  glad  to  work  with 
civil  engineers,  will  never  consent  to  be  called 
civil  engineers.  Although  they  represent  com- 
paratively young  branches,  they  believe  their 
specialties  are  advancing  so  rapidly  that  the 
day  is  not  far  distant  when  electrical  and  min- 
ing and  mechanical  engineering  will  be  every- 
where reckoned  as  having  a  history  as  import- 
ant. If  not  as  comprehensive,  as  that  of  civil 
engineering.  They  are  proud  of  their  work  and 
animated  by  the  certain  knowledge  of  great 
achievements  in  the  future,  and  refuse  to  bury 


their  Identity  under  the  name  of  an  older  spe- 
cialty which  has  already  reached  in  many  of  its 
departments  the  condition  where  progress 
means  standardization  rather  than  marked  im- 
provements. 


Meeting  the  Cost  of  Sewerage  Systems. 

The  city  of  Taunton,  Mass.,  is  now  consider- 
ing various  methods  of  meeting  the  cost  of  the 
extension  of  its  sewerage  system  and  the  con- 
struction of  sewage  disposal  works,  a  subject 
which  has  probably  received  a  greater  amount 
of  study  in  Massachusetts  than  in  any  other 
State.  Under  the  laws  of  the  commonwealth, 
at  least  one-third  of  the  cost  or  a  sewerage 
system  must  be  assessed  on  abutting  estates, 
but  the  method  of  raising  the  remainder  of  the 
money  is  left  to  the  local  authorities,  subject 
to  the  control  of  the  courts.  The  subject  is  one 
on  which  a  great  difference  of  opinion  exists, 
and  one  in  which  the  courts  of  different  States 
find  points  on  which  to  disagree.  In  fact  there 
will  always  be  some  divergence  of  opinion  con- 
cerning the  correct  method  of  meeting  the  costs 
of  this  class  of  public  service,  because  there 
will  always  be  a  variety  of  opinions  concern- 
ing the  relative  fairness  of  different  methods 
of  levying  assessments. 

The  old-fashioned  way  was  to  charge  the 
cost  of  any  sewer  work  to  the  abutting  proper- 
ty owner,  whether  it  was  a  ten-inch  lateral  or 
a  four-foot  main  sewer,  and  if  a  man  was  so 
unfortunate  as  to  live  on  a  corner  lot  he  paid 
for  the  sewers  in  both  streets.  It  was  useless 
to  protest,  because  no  better  plan  had  been  de- 
vised. In  place  of  this  unjust  system  of  rais- 
ing the  funds  for  the  work,  a  great  number  of 
plans  have  been  proposed  from  time  to  time, 
but  of  them  the  one  which  sebms  to  meet  the 
needs  of  Massachusetts  communities  most 
closely  embraces  a  general  assessment  of  a  part 
of  the  cost,  made  on  the  ground  that  a  sewer- 
age system  improves  the  public  health  of  the 
community  as  a  whole;  an  assessment  of  an- 
other part  of  the  cost  on  the  basis  of  the  front- 
age and  area  of  abutting  property,  and  the  as- 
sessment of  still  another  part  of  the  total  ex- 
pense in  proportion  to  the  water  used  on  the 
premises  or  the  character  of  the  buildings  on 
it,  or  the  like. 

The  method  of  assessment  which  the  city  of 
Taunton  has  under  consideration  is  of  this  last 
class,  and  has  been  outlined  in  a  report  by  Mr. 
F.  Herbert  Snow,  who  was  probably  the  first 
engineer  In  the  country  to  work  out  the  plan 
on  a  practical  scale.  This  he  did  while  con- 
nected with  the  public  works  of  Brockton, 
Mass.,  and  the  method  has  given  satisfaction 
there,  so  far  as  this  journal  has  been  able  to 
ascertain.  As  proposed  for  Taunton,  the  as- 
sessment on  abutting  property  will  be  at  the 
rate  of  twenty  cents  per  foot  frontage  on  each 
street  where  a  sewer  Is  laid  and  two  and  four- 
tenths  mills  per  square  foot  of  area  of  such 
estates  within  one  hundred  and  twenty-five  feet 
of  the  street.  Where  property  lies  on  two  In- 
tersecting streets,  the  frontage  assessment  is 
to  be  made  on  the  longest  side  and  on  not  more 
than  sixty  feet  of  frontage  on  other  streets. 
No  area  Is  to  be  assessed  more  than  once,  no 
matter  how  many  streets  it  may  abut  on.  If 
property  Is  so  located  that  by  reason  of  its 
elevation  or  any  other  cause  it  cannot  make 
use  of  the  sewerage  system,  it  is  not  to  be  as- 
sessed until  Improvements  have  made  the  sys- 
tem of  value  to  It.  While  this  regulation  en- 
ables the  local  assessment  on  such  property  to 
be  evaded  for  a  time,  the  property  is  of  course 
liable  for  the  proportion  of  the  cost  of  the  sew- 
erage system  which  Is  raised  by  general  taxa- 
tion. This  Is,  of  course,  but  just,  for  the  pres- 
ence of  sewers  near'  real  estate  Increases  Its 
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value  considerably.  The  annual  operating  ex- 
penses for  these  works,  together  with  the  fixed 
charges  due  to  them,  are  to  be  met  by  rentals 
based  on  the  class  of  building,  amount  of  water 
delivered  to  the  sewer  or  otherwise,  as  the  com- 
mission may  determine. 

This  plan  is  of  interest  because  it  is  pro- 
posed for  use  in  a  place  where  the  annual 
charges  include  the  cost  of  operating  sewage 
disposal  works,  as  is  the  case  at  Brockton. 
These  disposal  expenses  are  considerable,  and 
the  idea  of  assessing  them  on  those  people  using 
the  sewers  seems  equitable.  While  the  plan 
may  appear  complicated,  and  actually  is  some- 
what intricate,  nevertheless  after  it  is  once 
worked  out  and  all  the  data  collected  for  pre- 
paring the  bills,  the  clerical  work  of  looking 
after  the  accounts  is  a  routine  matter.  This 
system  has  aroused  considerable  criticism  so 
far  as  its  applicability  is  concerned  to  localities 
where  disposal  works  are  not  needed.  It  is 
manifestly  unjust  to  assess  on  the  abutting 
property  the  cost  Of  all  work  done  in  front  of' 
it,  but  there  seems  to  be  little  objection  by 
property  owners  to  assessing  on  them  the  cost 
of  a  10-inch  sewer  and  then  raising  the  remain- 
ing sum  needed  for  construction  by  a  general 
tax  on  all  the  district  benefited  by  the  system. 
The  cost  of  repairs  and  maintenance  is  met  by 
general  taxes.  Just  as  is  the  cost  of  repairing 
streets  and  water  mains.  Which  system  of 
raising  money  for  sewers  will  best  suit  a  giv- 
en case,  is  a  matter  to  be  settled  only  after  a 
full  consideration  of  the  engineering  features 
of  the  problem  and  with  an  intimate  under- 
standing of  the  temperament  of  tne  average 
taxpayer.  It  is  a  subject  in  which  absolute 
justice  and  strictly  engineering  principles  have 
to  be  tempered  with  certain  allowances  for  hu- 
man foibles.  If  these  weaknesses  are  properly 
regarded,  sewer  assessments  should  not  be  par- 
ticularly difiicult  to  establish  in  a  fairly  satis- 
factory manner  in  any  city. 


National  Aid  for  Road  Construction. 


Within  the  last  fortnight  The  Engineering 
Record  has  received  what  purports  to  be  an 
extract  from  the  Congressional  Record,  al- 
though that  ponderous  publication  must  have 
changed  considerably  of  late,  if  the  document 
sent  under  the  frank  of  Walter  P.  Brownlow, 
M.  C.  from  Tennessee,  is  an  extract,  verbatim 
et  literatim,  from  its  pages.  The  covers  bear 
pen  and  ink  sketches  by  T.  S.  Sullivent,  the 
caricaturist,  to  illustrate  conversations  be- 
tween a  farmer  and  his  team  of  horses,  while 
the  contents  is  a  mass  of  figures  and  state- 
ments compiled  in  a  fashion  which  is  doubt- 
less intended  to  interest  a  farmer  but  will 
probably  make  him  very  tired  if  he  is  mod- 
erately intelligent.  Yet  the  pamphlet  contains 
the  text  of  an  Important  bill  which  merits 
much  careful  consideration.  It  is  unfortu- 
nate that  this  bill  is  brought  to  the  attention 
of  the  public  in  such  a  manner,  wholly  out  of 
keeping  with  the  gravity  of  the  subject,  and 
readers  of  The  Engineering  Record  who  re- 
ceive the  pamphlet  are  advised  to  read  It  in 
spite  of  its  trashy  appearance. 

The  purpose  of  the  bill,  which  was  intro- 
duced in  the  House  by  Mr.  Brownlow  and  in 
the  Senate  by  Mr.  Galllnger,  is  to  assist  road 
construction  by  national  appropriations  equal 
in  amount  to  those  made  locally.  It  is  pro- 
posed to  spend  $8,000,000  a  year  for  three 
years  in  this  manner.  The  money  is  to  be 
apportioned  among  the  States  in  proportion  to 
their  populations,  not  less  than  |250,000  being 
available  for  any  one  State.  In  case  a  State 
does  not  avail  Itself  of  the  assistance  to  which 
it  Is  entitled,  the  money  Is  to  be  apportioned 
among  those  States  which  desire  aid.    The  bill 


provides  for  the  machinery  of  administering 
such  assistance,  which  will  be  in  charge  of  a 
bureau  of  the  Agricultural  Department.  It  is 
apparent  that  in  drawing  up  the  bill  a  care- 
ful study  was  made  of  the  facilities  for  na- 
tional road  supervision  already  existing  in 
Washington,  and  the  organizations  of  the 
State  highway  ofiices  in  Massachusetts,  New 
Jersey,  Connecticut  and  New  York  have  re- 
ceived careful  attention.  Whether  the  organi- 
zation proposed  in  the  bill  is  the  best  for  the 
purpose  is  a  subject  on  which  those  who  have 
long  been  in  close  touch  with  such  work  are 
most  competent  to  speak;  on  the  face  ot  it, 
the  scheme  seems  a  comprehensive  one  calcu- 
lated to  enable  the  work  to  be  inaugurated 
with  success.  But  it  is  not  so  much  the  details 
of  the  bill  which  deserves  the  attention  of  the 
people,  as  it  is  the  principle  of  national  aid 
itself.  While  the  subject  can  be  settled  in 
Congress  alone,  it  will  unquestionably  be  de- 
cided by  an  adverse  vote  unless  the  people  of 
all  sections  of  the  country  indicate  their  de- 
sire to  have  such  a  measure  passed.  It  is 
probably  for  this  reason  that  the  country  is  be- 
ing flooded  with  the  pamphlets  mentioned, 
which  urge  all  in  favor  of  national  aid  to  sig- 
nify to  their  congressmen  their  approval  of 
the  bill.  As  there  are  many  readers  of  The 
Engineering  Record  who  will  receive  this  re- 
quest to  use  their  influence  for  the  measure,  it 
•is  worth  while  examining  the  justness  of  such 
an   application  of  national  funds. 

It  is  important  to  notice  in  the  first  place 
that  the  national  aid  will  only  be  given  to  those 
States  or  parts  of  States  where  an  equal  sum 
will  be  raised  for  the  purpose.  In  other  words, 
the  $24,000,000  of  federal  funds,  which  will  be 
spent  if  the  bill  becomes  a  law,  will  be  supple- 
mented by  an  equal  sum  from  the  sections  of 
the  country  where  the  roads  are  built.  There 
are  some  sections  in  the  West  and  South  where 
roads  are  much  needed  for  their  development. 
The  construction  of  inexpensive  highways  in 
these  sections  would  eventually  so  increase  the 
taxable  valuation  of  property  that  a  State  as 
a  whole  is  warranted  in.  appropriating  a  con- 
siderable sum  in  order  to  secure  the  national 
aid  for  road  building  in  such  districts.  The 
State  which  waits  for  its  resources  to  be  de- 
veloped is  like  the  business  house  which  does 
nothing  to  extend  its  trade;  some  States  have 
alreaSy  learned  by  experience  the  great  good 
which  a  department  of  publicity  calling  atteir- 
tion  to  their  natural  advantages  can  render. 

Every  year  the  country  spends  many  mil- 
lions of  dollars  to  improve  the  rivers  and  har- 
bors of  the  country  for  the  purpose  of  facilitat- 
ing commerce.  This  money  Is  not  spent  for 
the  benefit  of  the  people  living  along  such 
waterways,  but  for  the  country  at  large,  for  the 
experience  of  many  centuries  and.  countries 
has  been  that  the  Increase  in  tlie  commercial 
position  of  any  community  is  accompanied  by 
a  growth  In  the  country's  prosperity.  National 
wealth  Is  merely  the  sum  of  the  wealth  of 
many  communities,  and  to-day  the  success  of 
one  community  means  all  advantage  to  all 
others  with  which  it  does  business.  This  is 
because  the  means  of  communication  between 
different  cities  are  so  good  that  the  conditions 
which  affect  the  prosperity  of  one  are  soon  felt 
in  all  in  the  same  section.  The  construction 
of  steam  and  electric  railways  and  the  Improve- 
ment of  rivers  and  harbors  have  made  the 
handling  of  merchandise  between  cities  a  sim- 
ple matter,  both  expeditious  and  cheap.  Very 
little  has  yet  been  done,  however,  to  make  the 
handling  of  materials  between  farms  and  cities 
any  easier.  The  one-third  of  the  people  of  the 
United  States  who  live  in  cities  and  towns  are 
enabled  to  ship  their  supplies  and  products  in 
a  fairly  satisfactory  manner,  but  the  two-thirds 


of  the  population  who  live  in  the  country  are 
still  without  such  advantages  in  the  way  of 
roads  as  the  farmers  of  Great  Britain,  Germany 
and  France  enjoy.  The  United  States  is,  of 
course,  very  young  and  has  not  had  the  centur- 
ies of  civilized  existence  which  are  responsible 
for  many  of  the  highways  of  Europe.  Whether 
national  aid  for  roads  will  make  the  farmers' 
lives  any  more  pleasant  and  their  work  any 
more  profitable,  is  a  question  which  must  be 
settled  by  experiment  But  the  possibilities  of 
Improvement  are  so  vast,  the  results  of  any 
real  increase  in  the  value  of  agricultural  land 
would  be  of  such  national  advantage,  that  this 
journal  believes  the  bill  should  be  passed.  The 
arguments  in  its  favor  are  the  same  as  those 
for  the  national  improvement  of  rivers  and  har- 
bors, and  the  country  is  surely  able  to  under- 
take such  an  experiment. 


Notes  and  Comments. 


Natubal  Filters  have  been  constructed  at 
Springfield,  Ohio,  to  increase  the  yield  of  a  sys- 
tem of  ground-water  works  recently  built.  The 
water  is  drawn  from  a  gravel  bed  15  to  26  feet 
in  depth,  and  before  the  recent  Improvements 
were  made  the  water  level  in  the  pump  well 
sunk  in  this  gravel  was  only  about  4  to  6  feet 
above  the  bottom.  A  small  rock-fill  dam  was 
thrown  across  a  creek  and  the  water  diverted 
in  this  manner  to  a  reservoir  160  feet  long,  60 
feet  wide,  and  about  8  feet  deep.  From  this 
reservoir  the  water  Is  distributed  in  open- 
jointed  vitrified  clay  pipes  over  the  gravel  bed, 
and  there  is  some  percolation  into  the  gravel 
through  the  bottom  of  the  reservoir.  Since 
these  works  were  put  in  operation  the  water  in 
the  pump  well  has  risen  about  10  feet  and  the 
works  have  proved  able  to  furnish  all  the  sup- 
ply needed.  This  system  of  natural  filtration 
to  increase  the  yield  of  a  gravel  bed  is  not 
strictly  novel,  for  several  such  installations 
have  been  described  in  The  Engineering  Rec- 
ord. It  is  of  suflicient  rarity,  however,  to  merit 
mention,  for  it  affords  in  some  cases,  as  at' 
Springfield,  a  method  of  securing  an  additional 
supply  of  good  water  at  a  small  cost. 


The  Tests  of  Electwc  Railway  Equipment 
at  the  Louisiana  Purchase  Exposition  promise 
to  be  of  high  value.  A  second  meeting  of  the 
Commission  having  the  subject  in  charge  was 
held  in  New  York  on  January  27  at  which  Mr. 
J.  G.  White,  chairman,  and  Messrs.  H.  H.  Vree- 
land,  James  H.  McGraw,  George  F.  McCulloch 
and  W.  J.  Wilgus  were  present.  A  great  deal 
of  interest  has  been  manifested  by  engineers 
in  the  proposed  tests  and  the  utility  of  the  data 
which  will  probably  be  obtained  In  this  way  is 
not  to  be  overestimated.  The  tests  are  expect- 
ed to  stimulate  in  a  marked  way  the  develop- 
ment of  electric  traction  along  lines  leading  to 
improvements  in  different  classes  of  service. 
With  this  idea  in  mind,  the  work  of  the  Com- 
mission has  been  separated  into  four  main  di- 
visions, and  special  committees  of  engineers 
who  are  specialists  in  the  several  divisions  of 
electric  railway  work  have  been  appointed  to 
prepare  schedules  for  the  tests  of  the  equip- 
ment offered  in  each  class.  These  committees 
are  as  follows:  First,  on  city  and  suburban 
equipment;  second,  on  Interurban  equipment; 
third,  on  heavy  traction  equipments;  fourth, 
on  new  systems  of  electric  traction.  These 
committees  are  expected  to  report  to  the  Com- 
mission before  February  22,  In  order  that  their 
reports  may  be  discussed  at  the  next  meeting 
of  the  Commission,  on  February  29.  It  Is  evi- 
dent from  the  manner  in  which  the  Commis- 
sion has  undertaken  these  tests  that  they  will 
be  In  no  sense  perfunctory,  but  will  prove  fruit- 
ful of  results  of  value  to  all  who  are  interested 
in  electric   traction. 
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The    Craig    Goch    Dam   for   the   Water 
Works  of  Birmingham,  England. 

Itarch  7  and  December  12,  1903,  this  journal 
reproduced  a  number  of  views  of  well  known 
European  dams,  calling  particular  attention  to 
their  architectural  treatment.  Herewith  are 
presented  two  views  of  a  large  masonry  dam 
recently  completed  for  the  water  works  of  Bir- 
mingham, England,  which  make  an  interesting 
addition  to  the  collection.  The  photographs 
were  kindly  sent  by  Mr.  James  Mansergh,  M. 
Inst.  C.  E.,  the  engineer  of  the  works.  The 
Craig  Goch  dam  is  the  highest  of  several  now 
under  construction  to  form  a  system  of  reser- 
voirs and  the  first  to  be  completed  sufficiently 
to  permit  its  reservoir  to  be  filled.  When  the 
views  were  taken  water  was  flowing  over  the 
crest,  and  shortly  before,  the  level  of  the  reser- 
voir was  18  inches  above  the  crest  of  the  dam. 

The  reservoir  is  located  in 
Elan  Valley,  Radnorshire. 
Wales,  is  2Vj  miles  long  and 
baa  a  depth  of  water  of  135 
feet  below  the  crest  of  the 
dam. 

The  treatment  of  the  super- 
structure of  the  dam  carry- 
ing the  road  recalls  the 
arches  on  the  top  of  the 
Vymwy  dam.  Unlike  the 
five  other  masonry  dams  on 
these  works,  this  dam  is  of 
the  arched  form,  as  shown 
by  the  views.  Like  them, 
however,  it  is  built  of  large 
blocks  of  stone  only  roughly 
shaped  and  embedded  in 
Portland  cement  concrete,  for 
the  hearting,  and  is  faced  with 
heavy  broken  coursed  rock- 
faced  grit  or  conglomerate 
closely  jointed,  on  both  up- 
stream and  downstream  faces. 
The  dam  is  nearly  80  miles 
from  Birmingham.  Further 
details  of  the  dam  are  with- 
held from  publication  at  pres- 
ent, as  the  works  are  to  be 
the  subject  of  a  paper  to  be 
presented  to  the  Institution 
of  Civil  Engineers. 

The  water  works,  of  which 
the  Craig  Goch  dam  is  a  part, 
form  one  of  the  most  exten- 
sive English  water-supply  un- 
dertakings attempted  in  re- 
cent years.  Operations  were 
commenced  nearly  twelve 
years  ago,  and  there  is  still 
considerable  work  remaining 
to  be  done.  The  total  storage 
capacity  of  all  the  impound- 
ing reservoirs  when  com- 
pleted will  be  about  18,000,- 
000,000  Imperial  gallons.  The  principal  basin, 
known  as  Caban  Coch  reservoir,  and  its  dam 
were  described  In  the  issue  of  this  journal  of 
June  21,  1902.  The  construction  of  a  portion 
of  the  large  aqueduct,  some  74  miles  in  length, 
for  conveying  the  water  from  the  Caban  Coch 
reservoir  to  the  200,000,000-gallon  Frankley 
diatribtttlng  reservoir.  Just  outside  Birming- 
ham, was  described  in  the  issue  of  September 
29,  1900.  A  part  of  the  system  Known  as  the 
first  instalment  of  Elan  water  includes  those 
works  necessary  for  storing  and  conveying  the 
waters  of  the  Caban  Coch,  Craig  Goch  and 
Pen-y-Gareg  reservoirs,  and  has  been  estimated 
to  cost  nearly  $29,000,000. 

The  care  bestowed  upon  architectural  details, 
as  shown  by  the  pictures.  Is  worthy  of  atten- 
tion. 


The   Des  Moines  River   Viaduct  of  the 
Chicago   Great   Western   Railway. 

P.\BT     I. — SUBSTRUCTUBB,     ToWEBS     AND     TBUSS 

Spans. 
The  Mason  City  and  Fort  Dodge  branch  of 
the  Chicago  Great  Western  Railway,  or  Maple 
Leaf  route,  crosses  the  Des  Moines  River  and 
valley  at  the  city  of  Fort  Dodge,  where  the  val- 
ley is  about  1%  miles  wide  and  the  river  is 
about  160  feet  below  the  level  of  the  prairie. 
In  the  valley  there  is  a  single  track  steel  via- 
duct 2,582  feet  long  and  134  feet  high  from  low 
water  to  base  of  rail.  It  crosses  five  high- 
ways, the  river  channel,  about  200  feet  wide 
at  low  water  and  700  feet  wide  at  highest  flood, 
the  freight  yard  of  the  Minneapolis  &  St.  Louis 
Railroad  and  the  single  track  of  the  Illinois 
Central  Railroad.  There  are  four  deck  pin- 
connected  Pratt-truss  spans  of  219  feet  4  inches 


The  piers  are  located  In  soil  of  a  hetero- 
geneous character,  consisting  of  rich  loam, 
sand,  peat,  coal,  marl,  soapstone,  iron  pyrites, 
gypsum,  vermilion,  sand-rock,  several  varieties 
of  clay  and  slate,  all,  in  one  case,  within  a 
depth  of  15  feet  The  material  was  not  in 
regular  layers  and  displayed  a  great  variety  of 
brilliant  colors.  In  some  cases  the  excavation 
was  carried  to  a  depth  of  15  feet.  The  lower 
parts  of  the  pits  were  filled  with  1:2:6  Port- 
land cement  concrete  made  with  Omega  cement 
supplied  by  the  Chicago  Crushed  Stone  Com- 
pany. The  concrete  in  the  bottom  was  rammed 
hard  against  the  walls  of  the  excavation  and 
where  it  extended  within  4  feet  of  the  natural 
surface  of  the  ground,  it  was  faced  with  pav- 
ing blocks  of  Kettle  River  sandstone.  In  all 
pedestals  the  upper  part  of  the  concrete  was 
built  to  a  batter;  the  slope  was  made  1:3. 
Above  the  foundations  the  piers,  varying  from 
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each,  supported  on  steel  towers  and  spanning 
the  low  water  channel,  part  of  the  high  water 
channel  and  the  freight  yard.  The  remainder 
of  the  structure  consists  of  alternate  38-foot 
and  75-foot  plate  girder  spans  supported  on 
steel  towers.  The  track  on  the  viaduct  is 
without  grade  or  curvature  and  nine  of  the 
towers  are  from  113  to  80  feet  in  height,  to  the 
base  of  rail.  All  tower  masonry  is  carried  up 
above  the  highest  freshet  level,  and  the  via- 
duct and  bridge  tower  piers  adjacent  to  the 
intersected  railroad  tracks  are  carried  up  10 
feet  above  them  in  order  to  oppose  masonry 
rather  than  steel  work  to  the  possible  impact 
of  a  derailed  train.  In  all  other  places  each 
post  is  seated  on  a  separate  masonry  pier  with 
the  top  kept  as  low  above  the  surface  of  the 
ground  as  practicable. 


10  to  150  cubic  feet  each,  were  built  of  rubble 
stone.  The  top  three  courses  of  piers  and 
pedestals  were  made  of  Kettle  River  sand- 
stone dressed  to  lay  with  %-inch  joints.  The 
river  is  subject  to  a  rise  of  about  20  feet  above 
low  water,  which  brings  the  flood  height  to 
the  bottoms  of  the  top  courses  of  the  river 
piers. 

The  concrete  was  mixed  by  two  Ransome 
machines  and  one  Smith  machine  driven  by 
Fairbanks-Morse  gasoline  engines.  It  was  de- 
livered to  the  work  in  cars,  buckets,  derricks, 
wheelbarrows  and  through  chutes,  according  to 
the  relative  location  of  the  piers  and  mixers 
and  as  much  as  140  yards  were  placed  in  an 
excavation  at  the  top  of  the  hill  In  one  day 
of  lOV^  hours.  In  extremely  cold  or  change- 
able weather  no  concrete  was  laid,  but  when 
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the  temperature  was  between  20  and  32  degrees 
Fahrenheit,  concrete  and  stone  masonry  was 
laid,  using  water  in  every  18  gallons  of  which 
1  pound  of  salt  was  dissolved  for  a  tempera- 
ture of  32  degrees  and  one  additional  ounce 
for  each  degree  below  32.  The  temperature 
was  assumed  at  the  lowest  point  which  it  was 
expected  the  mercury  would  reach  in  six  hours. 
In  freezing  weather  both  sand  and  water  were 
warmed,  but  not  enough  to  make  the  mortar 
set  too  quickly. 

Where  the  new  concrete  was  joined  to  the 
old,  the  surface  of  the  latter  was  bcabbled  to 
make  it  rough;  was  well  moistened  and  was 
covered  with  a  thin  layer  of  neat  cement  be- 
fore laying  the  new  concrete.  Generally  stones 
were  set  in  a  face  to  which  other  concrete  was 
to  be  joined  so  as  to  project  about  6  inches  be- 
yond its  surface  and  serve  as  dowels  for  the 
new  concrete.     No  stone  masonry  was  laid  on 


loads  of  42,000  pounds  on  each  axle.  The  other 
axles  have  30,000  pounds  each,  excepting  those 
under  the  pilot,  which  have  20,000  pounds.  The 
truss  spans  have  two  ordinary  Pratt  trusses 
with  vertical  end  posts  supported  at  lower 
chord  level  and  with  sub-divided  panels  carry- 
ing the  center  points  of  the  top  chord  on  sub- 
vertical  posts  connected  to  the  middles  of  the 
diagonals  and  braced  there  with  counter-sub- 
diagonals. 

The  trusses  are  22  feet  2  Inches  apart  and 
38V4  feet  deep  on  centers.  They  are  divided 
into  seven  equal  panels  and  carry  plate  girder 
floor-beams  resting  across  the  top  chords  and 
riveted  to  them  at  panel  points  and  sub-panel 
points.  They  are  of  ordinary  construction 
with  standard  top  chords  made  with  a  24-inch 
cover  plate,  two .  4x4-lnch  top  flange  angles, 
two  4x6-inch  bottom  flange  angles  and  two  20- 
inch    and    two    10-inch    web    plates.      The    top 
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the  concrete  until  the  latter  was  set  hard, 
usually  about  a  week  old.  Every  lower  post 
was  anchored  by  two  upset  2-inch  screw  rods 
which  had  bottom  heads  bearing  on  a  pair  of 
12-inch  transverse  channels  back  to  back  en- 
gaging the  lower^sides  of  four  8-inch  reaction 
beams  parallel  to  the  axis  of  the  viaduct.  These 
anchorages  were  provided  at  every  pedestal, 
although  in  many  cases  no  uplift  could  be  cal- 
culated by  the  ordinary  formula. 

The  viaduct  superstructure  has  medium 
steel  riveted  members  manufactured  without 
reaming  and  is  proportioned  for  the  dead  load 
and  for  a  live  load  consisting  of  two  154-ton 
engines  coupled  together  and  followed  by  a 
train  load  weighing  4,000  pounds  per  linear 
foot.  Each  engine  has  a  wheel  base  of  48  feet 
and  ha«  four  pairs  of  drivers  5  feet  apart  with 


chord  section  has  a  maximum  area  of  about  68 
square  inches  and  is  made  in  two  panel  lengths 
about  60%  feet  long  spliced  on  the  sides  of  the 
panel  points  away  from  the  center.  The  bot- 
tom chord  is  made  of  8-inch  eye-bars  and  has 
a  maximum  cross-section  of  66  square  inches. 
The  main  diagonals  are  made  with  6-inch  eye- 
bars,  and  the  sub-diagonals  are  each  one  pair 
of  5xl-inch  eye-bars. 

The  main  vertical  posts  are  made  with  built 
channels  latticed  on  both  flanges  and  the  sub- 
vertical  posts  are  made  with  12-inch  channels 
latticed.  The  end  panels  of  the  bottom  chord 
are  made  with  pairs  of  15-inch  channels  lat- 
ticed. The  top  chord  pins  are  5%  inches  in 
diameter,  except  those  at  the  ends,  which  are 
7  inches.  The  bottom  chord  pins  are  7%  inches 
in   diameter   at  the   ends   and    6   Inches   else- 


where. The  diagonal  main  ties  are  made  In 
two  lengths  for  each  panel  and  connected  by 
5Vi-inch  pins.  The  main  vertical  posts  are 
connected  by  transverse  struts  at  the  top  and 
bottom ;  the  former  are  each  made  with  a  pair 
of  4xC-inch  angles  and  the  latter  with  two 
pairs  of  4x3-inch  angles.  Between  them  the 
transverse  panel  is  sway-braced  by  single  4x4- 
inch  angles. 

The  sub-vertical  posts  are  similarly  braced, 
except  that  the  lower  strut  consists  of  a  pair 
of  6x4-inch  angles  and  the  sway  brace  diagon- 
als are  single  3x3-lnch  angles.  From  the  mid- 
dle of  the  lower  strut  a  single  3x3-inch  vertical 
angle  serves  as  a  suspender  to  support  the  two 
bottom  lateral  diagonals  at  their  intersection. 
The  bottom  laterals  consist  of  single  4x4-inch 
angles  throughout,  riveted  to  horizontal  plates 
which  are  connected  to  the  lower  ends  of  the 
vertical  posts  by  pairs  of  flange  angles  riveted 
to  the  webs  of  the  latter.  The 
end  posts  of  the  trusses  are 
braced  with  an  intermediate 
horizontal  strut  and  two  pan- 
els of  sway  bracing,  having 
two  angles  in  each  diagonal. 

All  main  truss  members  are 
pin-connected  except  that  the 
upper  ends  of  the  vertical  ana 
sub-vertical  posts  are  fleld- 
riveted  to  jaw  plates  which 
are  shop-riveted  to  the  webs 
of  the  top  chords  and  project 
below  their  lower  flanges.  The 
floor-beams  are  plate  girders 
41  inches  deep  made  with 
single  web  plates  and  with 
pairs  of  6x6-inch  angles  and 
single  13-inch  cover  plates  for 
each  flange.  The  floor-beams 
rest  across  the  top  chords  of 
the  trusses  and  have  wide 
horizontal  plates  riveted 
across  the  ends  of  their  lower 
flanges,  which  serve  as  addi- 
tional connections  to  the  top 
chords  and  to  receive  the  field 
rivets  through  the  top  later- 
als consisting  of  single  4x4- 
inch  X-brace  angles  in  each 
panel.  The  floor-beams  have 
standard  web  connections  to 
the  27-inch  stringers  and  the 
latter  have  their  bottom 
flanges  field-riveted  to  the 
diagonal  angles.  The  four 
spans  are  alike. 

These  spans  are  supported, 
as  shown  In  the  general  dia- 
gram, on  wedge-shape  towers 
each  having  four  steel  posts. 
The  tower  posts  are  battered 
1:4  in  the  longitudinal  planes 
of  the  viaduct  posts,  which 
are  battered  1:6  trans- 
versely. The  towers  which  support  only  one 
span  have  the  center  lines  of  their  posts  Inter- 
secting on  the  end  lower  chord  pin.  Those 
which  support  two  spans  are  truncated  pyra- 
mids with  the  center  lines  intersecting  the 
lower  chord  level  3  feet  apart.  It  was  consid- 
ered that  the  use  of  these  A  towers  was  very 
satisfactory  In  reducing  the  uplift,  for  which 
special  provision  would  otherwise  have  been 
required.  If  towers  had  been  used  similar  to 
those  for  the  plate  girder  spans,  there  would 
have  been  considerable  longitudinal  thrust  due 
to  trains  on  the  220-foot  span  with  only  the 
dead  load  of  the  tower  to  resist  the  uplift 
With  the  arrangement  designed,  whenever  the 
maximum  longitudinal  thrust  occurs  there  Is 
also  a  live  load  to  help  resist  it  so  that  In  no 
case  win  the  ordinary  formulas  for  longitudinal 
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thrust  and  wind  pressure  show  any  uplift  nn 
the  masonry. 

The  top  of  each  of  the  three  intermediate 
towers  supporting  the  truss-spans  received  the 
Used  and  expansion  ends  of  the  219-foot  trusses, 
all  of  which  were  arranged  to  expand  toward 
the  center  tower.  The  vertical  end  posts  of 
these  trusses  had  their  bottom  pins  fixed  in  th(.> 
tops  of  the  towers  so  that  the  posts  acted  ;\s 
rocker-bents,  allowing  the  top  pin  to  move  back 
and  forth  longitudinally  on  the  arc  of  a  38-fodt 
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circle.  The  expansion  in  the  lower  chord  was 
provided  for  by  slotting  the  end  strut  to  re- 
ceive the  end  lower  chord  pin.  The  bottom  lat- 
erals were  attached  directly  to  these  struts  and 
thus  the  stresses  were  transmitted  continu- 
ously to  the  piers. 

The  three  intermediate  towers  were  essen- 
tially alike  except  in  height  and  the  two  end 
towers  differ  from  them  chiefly  in  the  weights 
of  the  cross-sections  and  in  the  connections  at 
the  top  to  support  one  truss  instead  of  two. 
The  principal  materials  and  stresses  for  one 
of  the  intermediate  towers  is  shown  In  the 
diagram  marked  "2S-29,"  in  which  stresses 
marked  "1"  are  dead  load,  "2"  live  load  and  im- 
pact, "3"  traction  force,  "4"  live  load  and  im- 
pact when  only  one  span  is  loaded,  "5"  wind. 
The  tower  stresses  given  do  not  include  the 
•wind  stresses.  The  pressure  on  the  pier  under 
a  light  train  and  wiijd  load  is  34,000  pounds 
downward  and  under  a  full  train  and  wind 
load  is  73,000  pounds  downward. 

All  longitudinal  and  transverse  bracing  not 
otherwise  marked  consists  of  pairs  of  7x3V2X 
'y^-inch  angles  latticed.  The  tops  of  the  col- 
umn webs  are  united  by  longitudinal  plates  7 
feet  deep,  as  shown  in  the  detail,  and  these 
webs  are  stiffened  by  two  transverse  dia- 
phragms on  the  center  lines  of  the  columns. 
Each  plate  is  made  in  two  pieces  spliced  by  a 
pair  of  cover  plates  on  the  center  line  of  the 
tower  shop-riveted  to  one   part  so  as  to  make 


the  longitudinal  bent.  The  stresses  and  di- 
mensions of  one  of  the  tallest  towers  is  shown 
in  the  diagram,  where  DL  indicates  dead  load 
stress,  LL  live  load  stress,  W  wind  stress,  T 
traction  stress  and  I  impact  stress. 

The  towers  are  substantially  alike  except  for 
the  varying  dimensions,  and  all  Iwacing  is 
fleld-riveted,  as  indicated  In  the  accompanying 
details  of  the  caps  and  bases  of  one  of  the 
column  posts.  Each  post  is  made  of  an  I-beam 
and  two  channels  without  cover  plates  or  lat- 
ticing and  the  anchor  bolts  take  bearing  on 
U-bars  riveted  between  vertical  angles  on  the 
webs  of  the  post  channels.  The  base  plates  are 
extended  to  nearly  3  feet  square  and  stiffened 
by  vertical  reinforcement  angles  with  bearing 
on  the  horizontal  flange  connection  angles. 
The  cap  plates  extend  longitudinally  over  the 
flange  connection  angles,  which  are  reinforced 
by  bearing  on  the  ends  of  vertical  angles.  The 
main  viaduct  girders  are  seated  on  the  column 
caps,  to  which  they  are  fleld-riveted,  as  indi- 
cated by  the  open  holes  in  the  plan  of  the  cap. 
(To  be  continued.) 


Frenchman's  Bay  Coaling  Plant. 

The  United  States  naval  coal  depot  at 
Frenchman's  Bay,  Maine,  is  favorably  located 
on  a  flat  sandy  beach  with  a  regular  slope  to 
water  of  32  feet  depth  at  a  distance  of  about 
300  feet  from  the  shore  line,  where  it  rapidly 


General  View  of  the  frenchman's  Bay  Naval  Coaling  Station. 


jaws  engaging  the  other  plate  and  fleld-riveted 
to  it.  These  plates  and  the  sides  of  the  col- 
umns have  horizontal  angles  riveted  through 
them  at  the  top  to  form  seats  for  the  pedestals 
carrying  the  end  lower  chord  pins  of  the 
trusses.  The  caps  of  the  end  towers  differ 
from  the  intermediate  ones,  as  shown  in  the 
detail,  having  their  adjacent  column  flanges 
mitered  and  field-riveted  through  the  bent  an- 
gles and  having  only  one  stiffening  diaphragm, 
which  is  vertical  and  in  the  center  of  the  com- 
bined section. 

The  bases  of  the  columns  in  all  the  towers 
were  substantially  alike  and  were  made,  as 
shown,  with  vertical  reinforcement  angles  and 
projecting  gusset  plates  for  the  longitudinal 
and  transverse  struts  and  braces.  The  lower 
part  of  each  column  is  made  with  ten  pairs  of 
flange  angles  and  two  single  angles  arranged 
80  as  to  practically  splice  the  connection  plates 
to  the  column  and  make  them  continuous  with 
the  cover  and  web  plates.  The  viaduct  towers 
are  each  made  with  two  vertical  transverse 
bents  38  feet  apart  on  centers  with  their  col- 
umns battered  in  the  transverse  plane  and 
parallel  in  the  Inclined  longitudinal  plane.  The 
columns  are  X-braced  in  from  one  to  four 
panels,  according  to  height,  in  the  longitudinal 
plane.  In  the  transverse  planes  they  are  X- 
braced  In  corresponding  panels  and  have  no 
horizontal  struts,  except  at  the  top  and  bottom 
of  the  transverse  bent  and   at  the  bottom  of 


deepens  and  affords  excellent  opportunity  for 
the  approach  and  sheltered  mooring  of  the 
largest  battleships.  The  plant  consists  of  a 
steel  pier  and  a  steel  and  masonry  storage 
shed,  with  tracks  and  conveying  and  handling 
apparatus,  having  a  capacity  for  the  storage 
and  rapid  delivery  of  10,000  tons  of  bituminous 
coal.  The  design  and  conditions  are  such  that 
this  capacity  can  be  greatly  increased  by  ex- 
tensions to  the  coal  shed  without  enlarging  or 
changing  the  pier  or  the  loading  and  conveying 
apparatus.  Two  duplicate  traveling  unloading 
towers  are  provided,  and  there  are  four  main 
lines  of  tracks  extending  through  from  the  end 
of  the  pier  to  the  rear  of  the  coal  shed,  besides 
several  loops  and  branches  increasing  the  ca- 
pacity at  both  ends.  The  plant  has  an  inde- 
pendent installation  of  steam  power  to  operate 
the  machinery  and  is  also  designed  to  receive 
auxiliary  power  from  the  battleships  in  case  of 
emergency. 

The  380xl05-foot  steel  storage  shed,  about 
90  feet  in  extreme  height,  is  situated  at  the 
water's  edge  approximately  parallel  with  the 
shore  line.  From  one  end  of  it  an  approach 
pier  32  feet  wide  and  about  300  feet  long  ex- 
tends at  right  angles  to  it  and  to  the  main 
pier,  48  feet  wide  and  400  feet  long, 
connecting  them  and  forming  the  third 
side  of  a  rectangular  construction  which 
encloses  a  300x400-foot  open  slip  giving 
sheltered  access  for  vessels  on  the  shore  side 


of  the  main  pier,  where  the  water  is  about  30 
feet  deep  at  low  tide.  On  the  opposite  side  of 
the  main  pier  the  water  is  much  deeper  and 
vessels  can  be  moored  there  to  receive  and  dis- 
charge coal.  The  deck  of  the  main  pier  is  19 
feet  above  mean  low  tide,  and  on  it  there  ex- 
tends from  end  to  end  a  track  of  32  foot  gauge 
with  two  steel  unloading  towers  130  feet  high 
and  34  feet  long.  Each  tower  has  horizontal 
booms,  54  feet  above  the  deck,  which  extend 
75  and  35  feet  beyond  the  outer  and  inner 
faces  of  the  pier  respectively  and  carry  the 
coal  buckets  traveling  from  end  to  end. 

The  tower  has  between  its  columns  a  clear- 
ance 30  feel  wide  and  21  feet  high.  In  which 
four  narrow-gauge  coal  tracks  are  carried  on 
bents  elevated  about  10  feet  above  the  level 
of  the  deck.  These  tracks  connect  with  those 
on  the  approach  pier  at  right  angles  to  the  main 
pier.  Two  of  the  latter  are  incoming  tracks 
graded  up  to  the  top  of  the  storage  sheds  for 
delivery  of  coal  from  the  ships  to  the  bins,  and 
the  other  two  are  outgoing  tracks  graded  down 
to  the  surface  of  the  ground  at  the  shore,  for 
delivering  coal  from  the  bins  to  the  ships.  The 
tracks  run  from  the  extremity  of  the  main  pier 
through  the  storage  shed,  at  both  ends  of  which 
they  are  connected,  by  loops  and  switches,  with 
four  other  lines  of  tracks,  which  make  eight 
in  all,  and  serve  the  whole  area  of  the  shed. 
The  cars  are  operated  by  cables  driven  from 
the  power  plant  on  the  pier,  and  the  tracks 
are  arranged  on  grades  so  that  the  loaded 
cars  are  pulled  up  and  the  empty  ones  re- 
turned by  gravity,  both  for  delivering  coal 
from  the  ships  to  the  shed  or  vice  versa. 

The  tracks  are  level,  except  on  the  approach 
pier  between  the  main  pier  and  the  storage 
shed,  and  the  four  main  tracks  are  ar- 
ranged in  pairs  connected  at  both  ends  by 
loops,  so  that  the  cars  have  a  continuous  move- 
ment around  the  circuit,  always  in  the  same 
direction,  on  the  same  track.  At  the  entrance 
to  the  main  pier,  and  at  the  entrance  to  the 
storage  shed,  switches  are  provided  connecting 
the  incoming  and  outgoing  tracks  in  the  former 
case,  and  loops  and  spur  lines  in  the  latter  case, 
so  that  cars  may  be  diverted  from  one  service 
to  the  other,  or  may  be  returned  to  their  tracks 
without  passing  over  the  several  loops  in  the 
continuous  line  of  the  lower  grade  tracks,  in 
the  latter  case.  The  spur  tracks  in  the  lower 
part  of  the  storage  shed  are  graded  to  return 
the  unloaded  cars  by  gravity.  There  are,  of 
course,  separate  cable  systems  for  the  incom- 
ing and  outgoing  cars.  The  ropes  are  driven 
at  a  speed  of  about  200  feet  per  minute. 

The  capacity  of  the  conveying  system  is  lim- 
ited by  that  of  the  unloading  buckets  in  the 
towers.  Each  tower  can  operate  a  one-ton 
bucket  simultaneously  on  each  arm  and  can 
unload  about  150  tons  of  coal  an  hour,  thus 
giving  the  whole  plant  a  capacity  of  3,000  tons 
in  ten  hours,  which  is  as  great  as  can  be  se- 
cured without  materially  increasing  the  length 
of  the  main  pier  and  adding  more  towers,  so  as 
to  allow  more  than  one  boat  to  be  unloaded 
on  each  side  at  the  same  time.  The  capacity 
for  coaling  ships  from  the  stock  in  the  shed  is 
considerably  greater,  and  is  estimated  at  a 
maximum  of  50  tons  an  hour  for  each  hatch  in 
operation.  The  coal  is  discharged  by  automatic 
dump-cars  through  chutes  inclined  downwards 
from  the  outside  elevated  tracks  on  the  main 
pier  to  the  hatches  on  the  decks  of  the  vessels 
alongside,  so  that  the  speed  is  only  limited  by 
the  number  of  cars  in  service  and  the  rapidity 
with  which  they  can  be  flUed  through  the  chutes  . 
in  the  storage  shed  and  dumped  in  the  vessel. 

The  deck  of  the  main  pier  is  continued  at  the 
same  level  through  the  approach  pier  and  be- 
low both  of  the  inclined  service  tracks.  It  Is 
accessible   by  an  inclined  approach  from  the 
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level  of  the  ground  floor  of  the  storage  sheds 
and  is  planked  over  so  as  to  afford  a  driveway 
for  carts,  by  which  coal  can  be  delivered  from 
the  hoppers  of  the  storage  bins  to  the  vessels 
in  case  the  conveying  apparatus  should  be  dis- 
abled. Special  provisions  are  afforded  for  dif- 
ferent methods  of  handling  coal  by  hand  and 
with  carts,  trucks  and  ships'  tackle,  and  in  bags 
and  baskets,  so  that  the  greatest  speed  may 
be  secured  by  using  different  methods  together, 
and  that  the  service  may  not  be  crippled  by  a 
breakdown  of  any  one  method. 

The  machinery  is  of  standard  design,  with 
interchangeable  parts,  and  is  provided  with  a 
large  number  of  spare  pieces  for  prompt  re- 
newals. The  construction  is  as  simple  as  pos- 
sible, so  as  to  prevent  delay  in  repairs  and  en- 
able them  to  be  made  on  the  spot,  where  there 
are  no  convenient  machine  shops.  Provision  is 
made  for  weighing  the  coal  in  and  out  of  stor- 
age, scoop  shovels  and  buckets  are  provided 
and  the  apparatus  is  adjustable  for  service  with 
vessels  of  all  classes.    The  machinery  is  well 
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protected  from  the  water  and  is  arranged  to  be 
quickly  started  after  periods  of  idleness,  and  to 
require  as  few  men  as  possible  for  its  opera- 
tion. All  the  machinery  is  in  duplicate,  so  that 
one  tower  and  one  set  of  tracks  may  be  out  of 
service  without  impairing  the  efllclency  of  the 
other.  The  construction  throughout  is  fire- 
proof, and  is  designed  to  secure  great  stability, 
rigidity  and  durability. 

Fire  protection  is  afforded  by  three  hydrants 
on  the  shore  side  of  the  storage  shed,  each 
sheltered  in  a  wooden  building,  frost  proofed 
and  supplied  with  100  feet  of  2%-lnch  hose.  A 
frostproof ed  2%-inch  fire  line  is  extended  along 
the  approach  pier  and  a  face  of  the  main  pier, 
with  hose  connections  to  supply  fresh  water  to 
the  hoisting  towers,  cable  machinery  house  and 
to  vessels.  A  2%-inch  Jacketed  steam  pipe  is 
also  laid  from  the  cable  engine  house  along  the 
face  of  the  main  pier  and  has  connections  to  re- 
ceive steam  if  necessary  from  the  boilers  of 
the  war  ships  alongside  so  as,  in  emergency, 
to  operate  the  cable  and  hoisting  plants  inde- 
pendently of  their  own  steam  power.  The  ma- 
chinery for  the  cables  is  installed  at  the  ex- 


tremity of  the  main  pier  in  a  small  steel  frame 
house,  sheathed  with  corrugated  Iron.  Another 
small  steel  frame  building  near  the  opposite  end 
of  the  pier  contains  the  scales  tor  weighing 
the  coal  received  and  delivered  as  it  passes 
through  on  the  dump  cars. 

The  towers  are  of  riveted  steel  construction, 
as  shown  in  the  different  sections  and  eleva- 
tions, and  have  a  rectangular  base  and  conical 
top,  from  which  adjustable  guys  support  the 
booms,  which  are  pivoted  at  their  inner  ends 
and  may  be  independently  raised  or  lowered. 
Each  boom  is  laterally  braced  by  wide  horizon- 
tal struts  and  has  a  trolley  track  on  which  the 
bucket  hoist  can  move  from  the  end  of  the 
boom  to  the  center  of  the  tower  or  may  even 
engage  the  other  boom  and  move  to  its  oppo- 
site extremity  so  as  to  convey  coal  from  one 
ship  to  another  on  the  opposite  side  of  the  pier. 
The  buckets  discharge  through  a  hopper  in  the 
center  of  the  tower,  delivering  coal  to  cars  on 
either  one  of  the  inbound  cable  tracks.  The 
first  floor  of  the  tower  is  about  22  feet  above 
the  deck  and  on  it  are  enclosed  the  engines  and 
machinnry  for  hoisting  and  conveying  and  for 
moving  the  tower.  The  upper 
floor  at  boom  level  is  merely  a 
working  platform  for  the  attend- 
ants who  operate  the  buckets. 
There  is  no  platform  at  the  top 
of  the  tower,  but  a  heavy  frame- 
work there  sustains  the  sheaves 
for  the  cables  which  raise  and 
lower  the  booms.  Each  tower  is 
equipped  with  separate  engines 
for  the  bucket  hoisting,  for 
the  trolley  service  and  for  the 
tower      moving,      besides      the 
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boiler,  the  water  tank,  coal  bin  and  the  hand 
windlass. 

The  engine  room  is  enclosed  with  corrugated  ' 
iron  sheathing,  has  a  tar  and  gravel  roof  and  is 
accessible  by  a  stairway.  The  upper  parts  of 
the  tower  are  accessible  by  ladders,  and  the 
hopper  is  provided  with  a  light  steel  cover  to 
protect  the  coal  which  may  be  stored  there  to 
the  amount  of  about  25  tons.  During  an  official 
test  a  maximum  speed  of  150  tons  an  hour  was 
attained  in  transferring  coal  from  a  liner  to  the 
storage  bins  with  a  single  tower. 

The  main  pier  has  four-pile  transverse  bents 
48  feet  long  and  10  feet  apart  longitudinally. 
The  piles  are  steel  tubes  14-incb  thick  and  10 
inches  inside  diameter.  They  are  made  in  three 
or  four  20-foot  sections  spliced  by  outside 
sleeves  and  braced  longitudinally  and  trans- 
Tersely  by  horizontal  and  diagonal  angle  struts 
wlilch  extend  about  10  feet  below  low  water  and 
are  riveted  to  collar  plates  made  in  semi-circu- 
lar halves  and  flange-bolt^  around  the  piles. 
All  steel  work  is  galvanized  below  high  water 
level  and  has  three  coats  of  asphalt  paint 
above.  Above  low  water  level  the  connections 
for  the  braces  are  fleld-riveted,  below  low  water 
level  they  have  pin-connections  made  by  divers. 
The  piles  were  shod  with  conical  castiron  points 
bored  to  flt  the  piles  and  afford  finished  bear- 
ing for  the  ends  of  the  pipe  and  were  tap-bolted. 
The  splices  were  made  with  bored  sleeves  '/4-inch 
thick  with  shop-driven  countersunk  rivets  for 
the  lower  section  and  tap  bolts  for  the  upper 
sections.  The  ends  of  the  pile  sections  were 
faced  to  make  butt  joints  and  turned  to  a  driv- 
ing fit  in  the  sleeves. 

The  piles  were  driven- by  a  2,000,pound  ham- 
mer assisted  by  an  hydraulic  jet  through  a  noz- 
cle  fastened  to  the  pile  point  and  withdrawn 
after  the  pile  was  driven.  They  were  driven 
to  the  solid  rock  through  about  12  feet  of  sand, 
gravel  and  clay  and  2  feet  of  hard  pan.  After 
each  pile  was  driven  a  diver  made  an  excava- 
tion around  it  in  which  was  set  a  rectangular 
wooden  casing  3  feet  square  and  5  feet  deep 
which  was  sunk  to  its  full  depth  below  the  bot- 
tom of  the  bay  or  until  hard  bottom  was  reached 
at  a  less  depth.  The  casing  was  filled  with 
1:3:6  Portland  cement  concrete,  in  the  upper 
part  of  which  was  sealed  the  lower  end  of  a 
concentric  sheathing  22  inches  in  diameter, 
made  of  3-inch  No.  10  expanded  metal  wired  in 
position  and  extending  up  to  the  lower  horizon- 
tal struts.  Outside  of  the  expanded  metal  a 
concentric  wooden  sheathing  1  inch  thick  and 
24  inches  in  diameter  inside  was  set  and  filled 
with  1:2  Portland  cement  mortar  made  very 
thin.  The  pile  protection  was  continued  from 
the  lower  bracing  to  the  cap  by  building  a  con- 
centric wooden  casing  17  inches  in  diameter  in- 
side and  filling  it  with  1:2  Portland  cement 
mortar.  The  work  was  done  by  experienced 
divers,  and  great  care  was  taken  to  make  strong 
Joints  at  the  different  sections  of  casing  and  to 
thoroughly  seal  them  so  as  to  enclose  the  pile 
in  a  water-tight  monolithic  concrete  shell  com- 
pletely protecting  it  from  contact  with  salt  wa- 
ter at  any  point.  The  wooden  sheathing  was 
removed  after  the  concrete  was  thoroughly  set, 
and  is  not  shown  in  the  diagram  of  the  com- 
pleted pile.  The  interior  of  the  piles  was  filled 
with  1:3:5  Portland  cement  concrete  made  with 
%-inch  broken  stone,  rammed  with  a  heavy  iron 
rammer. 

The  face  of  the  main  pier  was  protected  at 
the  corners  and  intermediately  by  six  clusters 
of  sixteen  battered  yellow  pine  piles  80  feet 
long,  which  were  riprapped  at  the  bottom  and 
drawn  together  at  the  top  with  several  turns  of 
heavy  galvanized  chain.  The  pier  was  provided 
with  boom  fenders,  and  had  mooring  cleats  and 
bollards  50  feet  apart.  Horizontal  X-bracing 
iras  provided  at  high  water  level  and  at  the 


tops  of  the  plies.  The  pile  caps  were  riveted 
to  sleeves,  and  the  latter  were  made  adjust- 
able so  that  the  floorbeams  could  be  set  at  the 
required  level  irrespective  of  the  exact  posi- 
tion of  the  pile  tops.  The  transverse  fioor- 
beams  consisted  of  pairs  of  I-beams  seated  on 
the  cap  plates  and  spliced  together  with  web 
plates.  These  carry  4xl2-lnch  longitudinal 
joists,  3  feet  apart  on  centers,  which  rest  across 
their  top  flanges  and  are  bolted  to  transverse 
connection  angles.  To  them  are  spiked  the 
deck  planks.  The  rails  which  support  the 
traveling  towers  are  each  carried  on  lines  of 
12xl2-inch  timbers  supported  on  the  upper 
flanges  of  a  pair  of  12-inch  longitudinal  I-beams 
riveted  to  the  transverse  floorbeams.  Both  the 
inbound  and  outbound  cable  tracks  for  the  coal 
cars  are  carried  on  steel  transverse  bents  In 
the  planes  of  the  pile  bents  which  rise  about 
10  feet  above  the  level  of  the  deck.  Each  bent 
has  two  riveted  columns  15  feet  apart,  which 
are  pairs  of  latticed  channels  and  support 
transverse  floorbeams  25  feet  long.  Each  end 
of  the  floorbeam  cantilevers  5  feet  beyond  the 
columns  and  the  extremity  is  supported  by  a 
kneebrace.  The  transverse  beams  carry  four 
lines  of  longitudinal  stringers  and  each 
stringer  supports  one  cable  track. 

The  connecting  pier  is  similar  to  the  main 
pier,  except  that  its  piles  are  7%  inches  in 
diameter  Inside,  and  that  there  are  only  three 
in  each  transverse  bent.  Longitudinal  bracing 
in  this  pier  is  not  continuous  as  in' the  main 
pier,  but  pairs  of  bents  are  braced  together  so 
as  to  make  alternate  towers  and  open  spaces. 
The  pier  supports  the  four  cable  tracks  on  an 
elevated  structure  with  four  vertical  columns 
in  each  transverse  bent.  These  bents  are  seat- 
ed on  alternate  pile  bents  and  have  the  two 
center  columns  higher  than  the  outer  columns 
so  as  to  provide  for  the  ascending  grade  of  the 
inbound  track  and  the  descending  grade  of  the 
outbound  track.  The  pier  has  horizontal  diago- 
nal bracing  between  the  tower  bents,  and  is 
provided  near  the  main  pier  with  stairs  on  each 
side  leading  to  a  floating  landing  stage.  The 
deck  is  planked  so  as  to  afford  passage  for 
carts  or  trucks,  and  the  sides  are  protected  by 
an  iron  rail.  At  the  top  of  the  landing  stairs 
davits  and  a  shelter  are  provided  for  a  row- 
boat. 

The  coal  storage  shed  consists  of  a  steel  plat- 
form and  roof  supported  on  stone  walls,  calcu- 
lated to  support  and  shelter  a  pile  of  coal  15 
feet  deep,  100  feet  wide  at  the  base  and  60  feet 
wide  on  top  which,  allowing  45  cubic  feet  per 
ton,  will  hold  10,000  tons  of  coal.  This  arrange- 
ment gives  a  natural  slope  to  the  sides  of  the 
coal  pile,  and,  relieving  the  sides  of  the  house 
from  all  pressure,  leaves  only  the  vertical 
weight  of  the  coal  and  the  roof  of  the  shed  to 
be  supported.  This  makes  a  very  simple  design 
for  the  building,  which  has  the  side  roofs  paral- 
lel to  the  slope  of  the  coal  pile  and  a  few  feet 
above  the  latter.  The  building  is  divided  into 
four  aisles  by  three  longitudinal  rows  of  Inte- 
rior columns,  which  carry  horizontal  beams 
over  the  top  of  the  coal  pile,  and  support  the 
Inbound  tracks  on  which  coal  Is  delivered  from 
the  vessels.  These  tracks  are  enclosed  by  a 
low  monitor  with  double-pitched  roof. 

The  main  roof  Is  composed  of  transverse  I- 
beams  supported  on  the  columns  and  on  the 
tops  of  the  outside  walls,  whlcn  rise  about  3 
feet  above  the  top  of  the  bin  floor.  The  floor 
and  the  interior  columns  are  carried  on  longi- 
tudinal masonry  walls  which  are  about  8  feet 
high  above  the  surface  of  the  ground.  Between 
the  outer  rows  of  columns  and  the  outer  walls 
there  are  lines  of  short  columns  carrying  the 
floor.  These  columns  and  the  longitudinal 
walls  divide  the  space  underneath  the  bin  floor 
into  eight  longitudinal  galleries,  in  six  of  which 


there  are  surface  tracks  where  cars  can  bo 
loaded  by  chutes  through  the  bottom  of  the 
bin,  about  12  feet  apart  longitudinally.  The 
two  outside  galleries  are  arranged  for  storage 
and  for  bagging  coal. 

Coal  is  delivered  in  the  monitor  by  side 
dumping  cars  which  discharge  their  contents 
on  suspended  sheet  Iron  spreaders.  These 
spreaders  are  movable  on  trolleys  running  on 
the  center  lines  of  the  cable  car  tracks,  and 
their  wings  may  be  raised  or  lowered  to  divert 
the  coal  to  different  parts  of  the  building.  The 
coal  is  delivered  from  the  bins  through  floor 
chutes  which  are  closed  by  horizontal  sliding 
gates  operated  by  levers  in  the  galleries  un- 
derneath. In  the  gallery  on  the  shore  side 
next  the  outer  wall  the  bin  floor  Is  sloped  a 
little  toward  the  outer  wall  and  chutes  through 
the  latter  are  controlled  by  vertical  sliding 
gates  through  which  the  coal  can  be  delivered 
to  wagons  or  trucks  outside  the  building.  In 
the  gallery  next  the  outer  wall  on  the  bay  side 
the  bin  floor  is  similarly  sloped,  and  the  roof 
is  provided  with  a  dormer  in  every  panel,  be- 
low which  there  is  a  lOxlO-foot  two-leaved 
hinged  door  affording  access  from  the  outside 
roadway  for  carts  which  can  enter  the  building 
to  deliver  or  receive  coal.  The  coal  is  piled  up 
to  a  maximum  height  of  4  feet  above  the  floor 
at  the  outer  wall  and  is  retained  there  when 
necessary  by  movable  flash  boards  protecting 
the  entrance  for  the  carts. 

Ventilation  Is  afforded  for  the  storage  sheds 
by  open  louvres  in  the  walls  of  the  monitor 
and  by  windows  in  the  dormers  on  the  shore 
side.  Pour-inch  perforated  vertical  pipes  are 
set  about  32  feet  apart  throughout  the  bin 
reaching  from  the  under  side  of  the  floor  above 
the  top  of  the  coal  so  as  to  afford  an  opportu- 
nity to  insert  thermometers  and  determine  the- 
temepratures  of  the  coal  at  any  point.  The  bin 
is  divided  into  four  longitudinal  parts  by  means 
of  partitions  made  with  concrete  and  wire  laths 
on  steel  frameworks  in  the  planes  of  the  col- 
umns. There  are  also  three  transverse  parti- 
tions of  similar  character,  thus  dividing  the  bin 
into  sections  so  as  to  enable  the  coal  to  be 
easily  removed  in  case  the  temperature  be- 
comes too  high.  The  floor  is  made  with  solid 
concrete  arches  of  4-feet  span  and  3-inch  rise 
carried  on  the  lower  flanges  of  12-inch  trans- 
verse I-beams.  The  I-beams  are  supported  on 
the  longitudinal  walls  which  carry  the  columns 
and  separate  the  track  galleries.  The  arches 
are  12  inches  thick  at  the  crown,  and  are  made- 
with  1:3:6  Portland  cement  with  2%-inch 
gravel  or  broken  stone.  They  are  finished  with 
a  1-Inch  layer  of  1:2  Portland  cement  mortar. 
The  chutes  in  every  panel  of  the  floor  are  lined 
with  i/i-inch  plates  riveted  to  angles  bedded  In 
the  concrete.  They  are  closed  by  sliding  doors 
about  2  feet  square  with  link  connections  to 
hand  levers  under  the  floor. 

The  columns  are  enclosed  with  expanded 
metal  and  cement  mortar  to  protect  them  from 
contact  with  the  coal.  The  shore  wall  of  the 
building  is  supported  on  three  rows  of  spruce 
piles  3  feet  apart  on  centers  cut  oft  above  mean 
low  water.  All  their  foundations  are  carried 
down  below  grade  and  backfilled  with  sand 
rammed  in  6-inch  layers  to  make  a  surface  for 
the  delivery  tracks.  The  roof  is  covered  with 
No.  24  corrugated  iron  on  8-inch  channel  pur- 
lins of  16-foot  span  and  4  feet  apart  on  centers. 
Alternate  panels  are  X-braced  with  flat  bars 
and  angles. 

The  walls  are  of  granite  masonry  laid  below 
water  level  In  1:3  Portland  cement  mortar  and 
above  water  level  with  1:2  Rosendale  cement 
mortar.  All  steel  was  made  by  the  open  hearth 
process,  and  was  specifled  to  conform  to  the 
usual  requirements  for  bridge  and  structural- 
work.     Portland   cement  was   required  to   de- 
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velop  a  tensile  strength  of  400  pounds  when 
seven  days  old,  and  Rosendale  to  have  a  ten- 
sile strength  of  110  pounds  at  the  same  age. 
The  contract  for  the  construction  of  the  coal- 
ing station  was  awarded  to  Messrs.  Snare  & 
Triest,  New  York,  on  their  competitive  designs 
and  estimates,  which  were  approved  by  Rear- 
Admiral  R.  B.  Bradford,  chief  of  the  Bureau  of 
Equipment,  United  States  Naval  Department. 
The  J.  A.  Mead  Manufacturing  Company,  New 
York,  installed  the  coal  handling  machinery, 
and  all  work  was  done  under  the  inspection  of 
Captain  L.  C.  Logan,  United  States  Navy.  Mr. 
J.  A.  McNicol  was  engineer  in  charge  of  design 
and  construction  for  the  general  contractors, 
to  whom  acknowledgment  is  made  for  the  data 
used  in  preparing  this  article. 


Philippine  Islakd  Coast  Lines  and  Hae- 
BOES  are  being  surveyed  by  the  United  States 
Coast  and  Geodetic  Survey.  The  total  length 
of  the  coasts  Is  estimated  to  be  over  11,400 
miles,  about  twice  that  of  the  United  States,  or 


Electric  Pumping  Plant  at  Mobile,  Ala. 

An  electrically  operated  centrifugal  pump 
fixed  for  control  from  a  distant  point  and  a 
sluice  gate  opened  and  closed  automatically  ac- 
cording as  the  pump  is  idle  or  working  are  the 
features  of  an  electric  pumping  plant  which 
has  been  installed  at  Mobile,  Ala.  The  pump 
was  furnished  under  the  specifications  of  Mr. 
J.  N.  Hazlehurst,  M.  Am.  Soc.  C.  E.,  chief  engi- 
neer of  the  Board  of  Public  Works  of  Mobile, 
calling  for  an  electric  centrifugal  pump  having 
a  capacity  of  18  cubic  feet  per  second  against  a 
head  of  5  feet,  with  control  of  operations  as 
stated.  In  connection  with  this  apparatus  it 
was  also  specified  that  a  36-inch  sluice  gate 
should  be  furnished  equipped  for  control  from 
the  same  distant  point.  The  details  of  the  con- 
struction were  not  given,  but  bidders  were  re- 
quested to  submit  plans  showing  proposed  ar- 
rangements. The  results  are  indicated  in  the 
accompanying  drawings,  which  are  those  of 
Messrs.  A.  M.  Lockett  &  Company,  contracting 
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Mobile  Pumping  Station  and  the  Gate-Closing  and  Motor-Starting  Device. 


one  mile  to  each  square  mile  of  area.  For  the 
States  the  latter  proportion  has  the  value  of 
1  to  555.  There  are  nearly  1,700  named  islands 
and  some  3,000  islets  can  be  counted.  No  place 
on  any  island  is  over  60  miles  from  the  sea. 

Sleeping  Cabs  or  a  New  Type  have  been  in- 
troduced by  the  Midland  Railway  Company,  of 
England,  on  some  of  its  trains.  The  cars  are  60 
feet  long,  9  feet  wide,  with  berths  6  feet  2  Inches 
long  arranged  transversely,  and  a  full-length 
corridor.  All  berths  are  on  the  same  level;  two 
of  the  compartments  each  accommodate  two 
persons;  the  remaining  six  compartments  have 
one  berth  each,  but  two  of  them  may  be  con- 
verted into  a  double  compartment  by  means 
of  a  sliding  door  in  the  partition.  There  is  a 
smoking  compartment  at  one  end.  Efficient  roof 
ventilation  is  provided,  which  can  be  augment- 
ed in  summer  time  by  lowering  the  side  win- 
dows and  inserting  a  wire  gauze  dust  screen  In 
the  openings.  The  cars  are  built  with  a  clere- 
story roof,  which  makes  the  compartments  lofty 
and  airy. 


mechanical  engineers,  of  New  Orleans,  who  de- 
signed and  built  the  plant. 

In  explanation  of  the  service  for  which  the 
apparatus  is  Intended,  It  is  necessary  to  state 
that  the  congested  business  section  of 
Mobile  is  drained  by  a  system  of  pipes  which 
discharge  into  a  36-lnch  outfall  discharging 
into  the  Mobile  River  at  the  foot  of  St.  Francis 
Street.  This  outfall  is  at  all  times  submerged, 
and  in  the  time  of  a  heavy  rain-storm  the  pipe 
is  not  suflBcient  to  carry  off  the  sudden  down- 
pour. As  the  result  considerable  trouble  has 
been  experienced  with  the  flooding  of  some  of 
the  streets,  and  the  retardation  of  the  current 
by  the  tide  has  caused  a  considerable  amount 
of  deposit  In  the  sewer.  The  engineer's  Inten- 
tion was  to  provide  a  means  of  increasing  the 
capacity  of  this  pipe  and  also  of  pumping  all 
of  the  water  out  of  it  so  that  it  might  be  flush- 
ed and  cleaned.  His  idea  was  to  locate  at  a 
point  near  the  outlet  a  pumping  station,  plac- 
ing therein  a  centrifugal  pump  of  sufllcient  ca- 
pacity to  take  care  of  the  storm  water,  this 
pump  discharging  over  the  bank  of  the  river 


above  high  tide.  It  is.  of  course,  necessary  to 
have  a  valve  in  the  36-inch  pipe  to  prevent  the 
return  of  the  water  from  the  river  while  the 
pump  is  In  service,  and  It  is  also  desirable  to 
have  the  apparatus  controlled  from  some  point 
like  the  police  headquarters,  where  the  pump 
can  be  promptly  put  in  service  at  any  time  dur- 
ing the  day  or  night.  The  pump  selected  for 
this  work  by  the  contractors  Is  a  Worthington 
vertical-shaft,  submerged-type  centrifugal,  hav- 
ing inlet  and  outlet  18  inches  in  diameter.  In- 
asmuch as  economy  of  operation  is  regarded  of 
minor  importance,  the  pump  is  designed  to  bo 
driven  by  a  horizontal  motor  with  level  gears 
instead  of  with  a  direct-connected  motor  which 
being  special  would  cost  more  money. 

For  opening  and  closing  the  36-inch  sluice 
gate  an  Engberg  electro-hydraulic  valve  having 
an  8-inch  cylinder  with  36-Inch  stroke  is  used. 
The  electric  part  of  this  mechanism  consists 
of  a  powerful  electric  magnet,  the  current  for 
which  is  furnished  by  a  cell  battery  located  at 
the  local  police  headquarters.  When  the  cir- 
cuit is  completed  by  a  contact  switch  at  the 
police  station  the  electric  magnet  operates  a 
small  pilot  valve  which  admits  water  under 
pressure  into  a  small  cylinder;  this  in  turn 
actuates  a  three-way  valve,  admitting  the  city 
pressure  above  or  below  the  piston  dependent 
on  the  position  of  the  gate  at  the  time  when  the 
circuit  is  completed.  It  would  have  been 
practicable  to  have  controlled  the  motor  with 
one  of  the  motor  starters  now  on  the  market, 
but  the  contractors  decided  to  make  use  of  the 
hydraulic  cylinder  for  starting  the  motor  and 
accomplished  that  purpose  in  the  following 
manner: 

They  had  the  Interstate  Electric  Company  of 
New  Orleans  construct  a  straightway  rheostat 
with  the  contact  blocks  arranged  on  a  frame 
bolted  to  the  top  of  the  water  cylinder.  The 
cylinder  head  was  fitted  with  a  small  stuffing 
box  and  a  %-inch  brass  rod  was  attached  to  the 
main  piston  rod  of  the  Engberg  device,  and  on 
this  rod  was  arranged  a  shoe  which  slides  up 
and  down  on  the  contact  blocks  of  the  rheostat. 
For  convenience  the  resistance  coils  of  the 
rheostat  were  wound  round  the  cylinder,  being 
insulated  from  the  cylinder  and  from  each 
other.  On  account  of  the  desirability  of  mag- 
netizing the  field  of  the  motor  before  turning 
the  current  on  the  armature,  a  small  switch  is 
to  be  arranged  at  the  top  of  the  rheostat  to  be 
thrown  the  moment  the  piston  begins  its  travel 
from  its  top  position.  As  the  rate  of  travel  of 
the  piston  can  be  controlled  at  will  by  regulat- 
ing the  valve  on  the  water  supply,  an  appreci- 
able time  elapses  after  the  current  is  turned  on 
to  the  fields  before  the  shoe  comes  in  contact 
with  the  second  block.  The  first  block,  of 
course,  is  blank  and  no  current  is  on  the  motor 
when  the  piston  is  at  the  extreme  top  of  its 
stroke;  as  the  shoe  travels  downward  it  throws 
out  the  resistance  coils  successively  until  It 
reaches  the  bottom  where  the  gate  is  closed  and 
all  of  the  resistance  is  cut  out.  Whenever  it  is 
desired  to  stop  the  pump  the  operator  at  police 
headquarters  throws  in  the  knife  switch,  which 
completes  the  circuit  of  the  electric  attachment 
to  the  Engberg  valve,  and  the  piston  begins  to 
ascend,  gradually  throwing  in  the  resistance 
until  the  current  is  cut  oft  of  the  armature  and 
Immediately  thereafter,  also  cutting  the  cur- 
rent out  from  the  fields. 

In  connection  with  the  Engberg  device  there 
Is  an  electric  alarm  which  Informs  the  opera- 
tor by  the  ringing  of  a  bell  whether  the  motor 
has  been  started.  The  operator  throws  the 
switch  to  the  starting  contact  point  and  imme- 
diately throws  It  back  to  the  alarm  contact  M 
the  bell  rings  it  shows  that  the  motor  did  not 
start,  but  If  the  bell  does  not  ring  it  shows  that 
the  motor  has  started,  as  the  alarm  wire  re- 
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inaiiis  grounded  until  the  three  way  valve  oper- 
ates. The  plant  is  now  in  successful  operatlon.- 
Referring  to  the  drawings  it  will  be  noted 
that  part  of  the  bottom  of  the  pump  house 
forms  a  basin  into  which  the  36-inch  pipe  dis- 
^arg«s  on  reaching  the  building  and  from  it 
continues  on  leaving,  the  electrically  operated 
gate  being  fitted  in  the  outlet  The  suction  pipe 
of  the  pump  is  submerged  in  the  basin,  and  the 
protecting  strainer  consists  of  a  vertical  grat- 
ing dividing  the  chamber  in  two  parts.  The 
grating  Is  built  of  Vs-lnch  round  wrought-lron 
rods  6  feet  or  more  in  height,  spaced  on  IVi- 
Inch  centers,  and  supported  by  a  frame  work 
of  4s6-inch  timbers,  to  which  they  are  fastened 
by  staples. 


Rubbish  Incineration  in  New  York  City 

and  the  Design  for  the  New  Stanton 

Street  Incinerator. 


About  two  years  ago  Dr.  John  McGaw  Wood- 
bury, commissioner  of  street  cleaning  for  New 
York  City,  proposed  to  build  an  Incinerator  to 
aid  in  the  disposal  of  the  bulky  house  refuse, 
including  boxes,  paper,  cast-off  shoes,  old  mat- 
tresses. Christmas  trees  and  a  great  variety  of 
other  more  or  less  combustible  articles,  after 
the  objects  having  any  marketable  value  had 
been  picked  out  by  trimmers.  Mr.  H.  deB. 
Parsons,  M.  Am.  Soc.  C.  E.,  was  engaged  to 
prepare  drawings  and  specifications  for  an  ex- 
perimental plant  on  a  practical  scale  to  embody 
the  commissioner's  ideas  and  give  them  a  work- 
ing test.  This  plant  was  erected  on  one  of  the 
city's  piers  on  the  North  River,  at  the  foot  of 
West  Forty-seventh  Street,  as  described  in  this 
loumal  April  19,  1902,  and  during  Its  operation 
for  the  past  one  and  one-half  years  the  incin- 
erator has  been  carefully  studied,  many  Im- 
provements In  details  being  effected. 

In  the  course  of  a  discussion  on  the  sanitary 
disposal  of  refuse,  at  meetings  of  the  Ameri- 
can Society  of  Civil  Engineers,  a  little  over  a 
year  ago,  Mr.  Parsons  made  some  Interesting 
and  instructive  remarks  based  on  experience 
in  connection  with  the  Forty-seventh  Street  in- 
cinerator, parts  of  which  are  quoted: 

"The  rubbish  collections  In  New  York  City 
weighed,  on  the  average,  about  250  pounds  per 
cubic  yard.  In  Boston  they  weigh  about  202 
pounds  per  cubic  yard.  These  rubbish  collec- 
tions have  been  divided  as  follows: 

By  By 

Welgbt.      Tolume. 

Per  cent. 

Combiutlble  material 60  37 

iDcombastlble  material   (valaelCM) .       6  S 

Marketable  material    85  60 

"The  rubbish  is  picked  over  at  the  dumps  by 
a  trimming  contractor,  who  pays  the  city  for 
the  privilege.  The  value  of  this  marketable 
material  to  the  city  Is  about  13.20  per  ton.  The 
Commissioner  of  Street  Cleaning  has  stated 
that  this  figure  is  too  low;  probably  it  should 
be  increased  50  per  cent.  It  is  figured  as  fol- 
lows: The  average  rubbish  collections  are  300 
tons  per  day,  or  1,800  tons  per  week,  of  which 
the  marketable  or  salable  material  is  35  per 
cent.,  say  COO  tons.  For  this  the  contractor 
pays  the  city  approximately  $1,920,  or  at  the 
rate  of  $3.20  per  ton. 

"The  record  of  this  incinerator  Is  as  follows: 
The  number  of  loads  of  rubbish  brought  to  the 
Forty-seventh  Street  Incinerator  per  day:  Max- 
imam,  80;  minimum,  20;  average,  44.2.  The 
44.2  loads  per  day  weigh  about  61,000  pounds, 
or  30.5  tons.  Of  this  amount  about  75  percent., 
or  22.87  tons,  was  consumed;  5  per  cent.,  or 
1.5  tons,  was  Incombustible;  and  about  20  per 
cent,  or  6.1  tons,  was  trimmed.  Much  more 
than  20  per  cent,  could  have  been  trimmed,  but 
the  Incinerator  burned  the  material  so  fast  that 
the  contractor  did  not  have  time  to  separate  it 


out.  The  Incinerator  contains  a  grate  surface 
of  90  square  feet,  and  the  stack  is  ISO  feet  high. 
The  average  weight  of  the  material  consumed 
per  hour  is  5,720  pounds,  or  63.5  pounds  per 
square  foot  of  grate  per  hour.  Taking  a  stormy 
day  when  the  material  was  brought  to  the  in- 
cinerator wet,  the  smoke  was  seldom  vislljle 
for  more  than  about  75  feet  from  the  top  of  the 
stack,  and  then  only  during  the  period  of  stok- 
ing one  of  the  grates. 

"An  analysis  of  the  cost  of  Incineration  com- 
pared with  removal  of  material  by  scows  Is  as 
follows:  First,  the  final  disposition  by  scows, 
as  formerly  practised.  Assuming  the  same  fig- 
ures as  now  obtained  at  the  incinerator,  name- 
ly, 30%  tons  of  material  per  day,  on  the  aver- 
age, the  cost  of  removal  of  that  material,  fig- 
ured at  15  cents  for  towing,  and  two  days'  hire 
of  the  scows  (one  for  loading  and  one  for  tow- 
ing) at  23  cents,  comes  to  about  38  cents  per 
ton.  Owing  to  the  bulkiness  of  rubbish,  only 
about  one-half  tonnage  can  be  put  upon  a  scow, 
the  tonnage  being  figured  by  volume,  which 
makes  the  disposal  of  the  material  come  to 
something  like  80  cents  or  more  per  ton  by 
weight.  Therefore,  24.39  tons  at  80  cents  cost 
the  city  $19.51  for  removal.  The  6.1  tons,  mak- 
ing up  the  30.5  tons,  which  is  saved  by  the  trim- 
mers, at  $3.20,  also  figures  $19.52;  thus,  prac- 
tically, the  cost  of  removal  by  scows  was  offset 
by  the  receipts  from  trimming. 

"Second,  by  incineration.  The  result  is  ap- 
proximately as  follows:    Received    from  trim- 


1.4  horse-power  for  each  cubic  yard.  At  pres- 
ent about  100  cart-loads  of  rubbish  are  brought 
to  the  Forty-seventh  Street  plant  during  each 
eight-hour  working  day,  and  at  the  same  ratio 
it  is  estimated  that  this  quantity  produces  suf- 
ficient heat  to  generate  240  horse-power  per 
hour  for  a  ten-hour  day.  If  its  value  be  taken 
at  $50  per  horse-power,  this  would  be  $12,000 
for  the  year,  or,  if  utilized  for  electric  lighting, 
it  would  be  sufficient  to  run  over  300  arc  lamps 
or  about  3,750  incandescent  lamps  Thus  far 
only  two  50-horse-power  vertical  tubular  boil- 
ers have  been  installed,  and  when  the  plant  is 
in  operation  they  are  usually  blowing  steam 
at  the  safety  valves.  Much  heat  is  wasted  be- 
cause there  is  at  present  no  requirement  for  it, 
but  it  can  be  utilized  at  any  time.  This  incin- 
erator could  readily  deal  with  150  loads  of  rub- 
bish per  day. 

Owing  to  the  good  measure  of  success  at- 
tained in  the  Forty-seventh  Street  installation, 
a  second  plant  has  been  planned  on  a  larger 
scale  and  of  a  more  permanent  type  of  con- 
struction, the  drawings  and  specifications  for 
this  incinerator  also  having  been  prepared  un- 
der the  direction  of  Mr.  Parsons.  It  is  de- 
signed to  have  considerably  more  than  twice 
the  capacity  of  the  first  incinerator,  and  is  to 
be  located  on  Tompkins  Street  at  the  foot  of 
Stanton  Street  beside  the  East  River.  Of  the 
information  gained  from  operating  the  Forty- 
seventh  Street  station,  full  advantage  has  been 
taken  in  designing  the  new  plant,  which  differs 
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ming  6.1  tons  at  $3.20,  $19.52  per  day.  Re- 
ceived from  the  city  ash  collections,  which  at 
this  dump  amount  to  about  600  tons  per  day, 
and  which  are  made  salable  at,  say,  5  cents  per 
ton  when  freed  from  the  rubbish,  $30.  Total 
receipts  to  the  city,  $49.52.  The  cost  to  remove 
the  incombustible  material,  1.5  tons,  at  38 
cents,  68  cents;  cost  of  burning.  Interest  and 
repairs  on  the  incinerator,  estimated,  at  $7  per 
day;  labor,  feeding  and  firing,  four  men,  $10 
a  day;  ash  removal,  $1  a  day;  total,  $18.  Net 
gain,  therefore,  to  the  city,  $30.94  per  day; 
yearly  gain,  more  than  $9,000. 

"The  ashes  produced  by  the  incinerator  are 
very  light,  completely  burned,  and,  owing  to  the 
large  quantity  of  wood  from  which  they  are 
produced,  have  some  value  as  a  fertilizer,  and 
are  used  by  the  Park  Department  for  spread- 
ing on  lawns  and  around  trees.  The  Improve- 
ments added  to  the  original  design  are  an  un- 
loading fioor  and  a  belt  conveyor,  which  should 
increase  the  amount  of  material  trimmed,  that 
Is,  the  marketable  material ;  and  should  reduce 
the  cost  of  labor.  Probably  the  services  of  two 
of  the  men  now  required  could  then  be  dis- 
pensed with." 

The  belt  conveyor  Just  mentioned  is  104  feet 
in  length  between  end  shafts  and  was  In- 
stalled by  the  Jeffrey  Manufacturing  Company, 
of  New  York  City.  The  rubbish,  after  being 
trimmed,  yielded,  on  an  average,  when  burned 
and  the  hot  gases  passed  through  the  bol'ers, 


in  several  important  respects,  although  the 
principles  on  which  it  is  based  are  the  same. 
At  the  new  plant  it  is  proposed  to  burn  street 
sweepings  as  well  as  the  residue,  after  trim- 
ming, of  the  rubbish  collected  by  the  paper 
carts.  Other  differences  will  be  noted  by  study- 
ing the  drawings  and  descriptions  published 
herewith  and  comparing  them  with  the  article 
printed  in  April,  1902. 

The  general  arrangement  of  the  Stanton 
Street  plant  and  a  number  of  its  details  are 
shown  by  accompanying  drawings.  The  build- 
ing is  to  be  75x180  feet  in  plan  and  24  feet  high 
to  the  eaves  of  the  double-pitched  roof.  The 
walls  are  to  be  of  brick  12  inches  thick,  rein- 
forced on  each  long  side  by  eleven  pilasters, 
which  will  also  carry  the  wooden  roof  trusses, 
and  are  to  be  pierced  by  a  large  number  of  win- 
dows, many  of  them  15  feet  high,  thus  provid- 
ing for  ample  Illumination  in  all  parts  of  the 
building.  There  will  be  four  doors  in  the  north, 
or  Stanton  Street  end,  one  in  the  south  end 
and  three  in  each  side,  each  large  enough  to 
admit  teams,  so  that  the  collection  carts  can 
enter  and  leave  by  different  doors,  thus  avoid- 
ing Interference,  and  the  wagons  removing  the 
baled  trimmings  can  pass  through  the  building 
from  one  side  to  the  other.  The  floor,  except- 
ing the  small  area  at  the  furnaces,  is  to  be  of 
rammed  earth,  which  will  be  paved  at  a  later 
date  as  may  be  found  most  desirable.  Founda- 
tions for  the  walls,  for  .the  row  of  12xl2-lnch 
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wooden  columns  to  support  the  center  of  the  diameter  Inside  the  lining  at  the  top.     Alter- 

roof  trusses,  for  the  furnaces  and  for  the  chim-  native   bids  were  asked  for    a    flre-brlck-llned 

ney  will  be  of  concrete,  and  piles  will  be  driven  steel  stack  and  a  brick  stack  of  the  Alphons 

beneath  the  chimney.  Custodis  Chimney  Construction  Company's  spe- 

The  chimney  will  be  at  the  southeast  corner  cial  type  for  high  temperatures,  the  stack  being 

of  the  building,  125  feet    high    and    5  feet  in  required  by  the  specifications  to  be  capable  of 
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enduring  a  temperature  of  1.200  degrees  Fah- 
raaheit.  Both  designs  for  the  chimney  are 
■hown.  but  the  brick  structure  was  preferred 
and.* furthermore,  the  bid  for  it  was  9500  lower 
than  for  the  steel  suck.  Natural  draft  only 
wlU  be  used  for  the  plant,  but  it  is  believed 
that  with  the  chimney  of  the  size  designed,  a 
strong  draft  will  be  obtained.  The  areas  of 
the  holes  in  the  furnaces  through  which  the 
rubbish  and  street  sweepings  will  be  fed  and 
the  areas  of  the  stoking  doors  are  so  propor- 
tioned to  the  area  of  the  top  of  the  chimney 
that  it  Is  believed  there  will  always  be  a  strong 
suction  inward  at  charging  and  stoking  open- 
ings, so  that  neither  flames  nor  dust  can  be 
carried  by  a  back-draft  into  the  building. 

The  incinerator  proper  will  be  placed  paral- 
lel to.  and  about  11  feet  from,  the  southerly 
end  wall.  It  contains  two  cells  for  burning 
rubbish,  one  of  which  has  an  upper  grate  for 
drying  and  burning  street  sweepings.  As  de- 
signed originally,  there  were  two  other  cells 
like  those  shown,  but  which  the  limitations  of 
the  appropriation  made  it  necessary  to  omit  at 
the  present  time.  These  additional  cells,  how- 
ever, can  readily  be  added  whenever  they  may 
l>e  needed.  The  total  area  of  the  grates  is  189 
square  feet,  not  including  the  upper  flre-brlck 
grate  for  street  sweepings.  Prom  the  furnaces 
or  cells  the  hot  gases  are  led  through  suitable 
flues  through  and  under  a  horizontal  tubular 
boiler  72  inches  in  diameter  and  18  feet  long, 
and  thence  to  the  base  of  the  stack.  A  by-pass 
flue  leads  around  the  boiler,  giving  direct  con- 
nection from  the  furnaces  to  the  chimney.  On 
three  sides  of  the  Incinerator  there  is  to  be  a 
wooden  platform  about  13  feet  above  the  floor, 
to  and  from  which  the  carts  containing  street 
sweepings  will  pass  on  wooden  ramps  9  feet 
wide  and  94  feet  long,  one  against  each  long 
wall,  with  Its  foot  40  feet  from  the  Stanton 
Street  wall,  as  shown.  The  sveepings  will  thus 
be  taken  directly  to  the  charging  platform  over 
the  furnace,  the  full  carts  ascending  by  one 
ramp  and  the  empty  carts  returning  down  the 
other. 

The  general  rubbish  collections,  however, 
win  be  dumped  near  the  northerly  end  of  the 
building  and  fed  on  a  conveyor,  similar  to  the 
one  at  Forty-seventh  Street,  280  feet  long  and 
4  feet  wide,  leading  from  a  trench  lined  with 
12  inches  of  brickwork,  5  feet  3  inches  wide  by 
4  feet  4  inches  deep  inside,  sunk  into  the  floor 
with  its  end  about  17  feet  from  the  north  wall, 
to  a  hopper  over  the  furnaces.  The  apron  of 
the  conveyor  is  to  be  made  up  of  flights  of 
steel  of  No.  12  gauge,  double-beaded,  each  6 
Inches  long  and  4  feet  wide,  with  a  side  guard 
C  inches  high  at  each  end,  properly  shaped  to 
permit  turning  at  the  sprocket  wheels  without 
leaving  open  spaces  between  successive 
flights.  The  flights  are  to  be  carried  on  two 
strands  of  malleable  iron  roller  chain  running 
over  four  sprocket  wheels  of  271^-lnch  pitch 
diameter.  Between  the  sprocket  wheels  at  each 
end  of  the  conveyor  the  chain  rollers  will  run 
on  3z2-inch  steel  angle  rails  fastened  by  coun- 
tersunk bolts  and  spikes  to  the  supporting 
structure.  The  conveyor  is  to  be  driven  by  a 
•team  engine,  preferably  of  the  horizontal 
crank-and-flywheel  type,  of  suflSclent  power  to 
give  the  belt  when  fully  loaded  a  speed  of 
about  70  feet  per  minute.  The  contemplated 
working  speed  will  l>e  between  35  and  40  feet 
per  minute.  This  conveyor  structure,  or  run- 
way, is  to  be  situated  with  its  axis  very  nearly 
on  the  center  line  of  the  building,  thus  Includ- 
ing the  row  of  wooden  columns  supporting  the 
roof.  Its  upper  part  will  be  inclined  to  corre- 
spond to  the  difference  In  elevation  between 
the  two  ends  of  the  conveyor.  This  structure 
will  be  of  wood  and  will  support  also  two  rows 
of  trimming  boxes,  of  the  shape  indicated  In 


the  drawings,  between  which  the  belt  will  pass. 
Outside  the  l>oxes,  on  each  side  of  the  struc- 
ture, there  is  to  be  a  footway  30  inches  wide, 
with  a  handrail.  The  boxes  are  to  be  made  of 
spruce,  hemlock  or  pine,  without  covers  or  bot- 
toms, and  separated  by  level  platforms  about 
2  feet  wide  on  which  the  trimmers  will  stand. 
Chutes  of  rough  sacking  will  be  fastened  to  the 
bottoms  of  the  boxes,  and  the  materials  thrown 
into  each  will  be  directed  into  a  flat  open  box 
on  the  floor  until  a  sufficient  quantity  is  in 
place  to  make  a  bale.  Following  the  practice 
at  Forty-seventh  Street,  the  baling  will  prob- 
ably be  done  simply  by  the  men  trampling  the 
stuff  down  and  wiring  it.  It  is  possible,  how- 
ever, that  a  simple  baling  press,  which  would 
accomplish  more  satisfactory  results,  may  be 
installed  later.  Wood  was  adopted  for  so  much 
of  the  interior  construction  chiefly  because  of 
lower  first  cost,  shorter  time  required  for  con- 
struction, and  the  avoidance  of  possible  trouble 
with  labor  unions.  The  fire  risk  is  said  to  be 
small,  and  the  wood  is  regarded  as  quite  satis- 
factory. 

The  hopper  into  which  the  conveyor  is  to 
discharge  the  materials  remaining  after  trim- 
ming, is  to  be  so  arranged  as  to  permit  feed- 
ing alternately  into  either  of  the  two  openings 
in  the  top  of  the  furnace  now  to  be  built  or 
into  either  of  two  corresponding  openings  in 
the  duplicate  furnaces  if  they  should  ever  be 
built.  This  is  accomplished  by  means  of  two 
swinging  defectors  or  trap  doors,  the  upper  of 
which  locks  the  lower  in  position,  so  as  to  keep 
the  unused  openings  closed  and  prevent  back- 
drafts.  The  hopper  will  be  built  of  %-lnch 
steel  plates  reinforced  with  angles.  Its  design 
is  shown  in  sufllcient  detail  to  make  further 
description  unnecessary.  An  npening,  13 
inches  wide  and  15  Inches  high,  shown  in  an 
upper  comer  of  one  side  of  the  hopper,  is  pro- 
vided for  shoveling  in  dry  street  sweepings  in 
case  the  cell  for  burning  sweepings  is  not  in 
operation  or  if  the  sweepings  are  so  dry  as  to 
make  it  unnecessary  to  pass  them  through  the 
drying  chamber  to  be  described  below. 

The  parts  and  details  of  the  plant  described 
in  the  preceding  paragraphs  are  important,  but 
the  main  interest  is  in  the  details  of  the  fur- 
naces and  their  appurtenances.  The  structure 
will  be  built  chiefly  of  hard-burned  red  brick, 
lined  with  flrebrick  wherever  exposed  to  hot 
gases,  properly  tied  and  braced  with  iron  and 
steel  shapes  and  furnished  with  iron  doors  and 
frames.  In  general  there  will  be  air  spaces  be- 
tween the  flrebrick  and  the  exterior  walls.  The 
arrangement  and  some  details  are  shown,  but 
require  explanation.  Street  sweepings  dumped 
on  the  upper  platform  will  usually  be  shoveled 
through  two  18-lnch  circular  boles  into  the 
rear  part  of  a  drying  chamber  6  feet  6  inches 
wide  by  8  feet  5  inches  long,  the  fore  part  of 
the  bottom  of  which  is  lo  be  a  flat-top  arch  of 
special  Interlocking  firebrick.  The  charging 
holes  have  cast-iron  cover  plates  and  a  small 
part  of  the  platform  Immediately  surrounding 
them  will  be  paved  with  paving  brick.  The 
arch  forming  the  bottom  of  the  drying  chamber 
Is  perforated  with  twenty-four  tapering  holes  2 
Inches  wide  by  10%  Inches  long  on  top,  through 
which  the  hot  gases  will  rise  from  the  combus- 
tion chamber  or  furnace  below.  In  one  side  of 
the  drying  chamber  there  will  be  a  stoking 
door  and  opposite  It  there  will  be  a  large  open- 
ing in  the  wall  and  floor,  through  which  the 
dried  and  partially  coked  sweepings  may  be 
pushed  so  as  to  fall  into  the  furnace. 

The  furnace  will  be  4  feet  10  inches  wide  by 
13  feet  long,  substantially  the  whole  bottom 
being  a  grate  made  up  of  beveled  wrought-lron 
bars  5  inches  deep,  %  inch  thick  at  top  and 
3/16  inch  thick  at  bottom,  4  feet  6  inches  long, 
riveted  together  through  their  centers  and  ends 


into  groups  of  three  with  spacing  pieces  of  the 
same  cross-section  inverted.  These  grate  bars 
will  be  supported  on  cast-iron  bearing  bars  let 
into  the  brickwork.  Similar  grates  have  been 
in  use  at  Forty-seventh  Street  for  over  a  year 
and  have  not  burned  out,  as  predicted  by  some 
observers.  This  apparently  is  due  to  the  fact 
that,  although  the  flre  is  at  times  very  hot, 
there  is  no  body  of  nearly  incandescent  coals 
next  to  the  grate,  but  rather  a  thin  bed  of 
ashes,  because  materials  of  the  nature  fed  into 
the  furnace  burn  almost  wholly  from  the  top. 
The  bars  frequently  warp,  but  are  readily  re- 
moved when  the  furnace  is  not  In  use,  and 
straightened  by  hammering.  The  simplicity  of 
this  type  of  grate  is  one  of  its  chief  advan- 
tages, since  the  incinerators  are  manned  by 
unintelligent  employes.  Furthermore,  rocking 
grates  or  other  somewhat  complicated  types 
would  give  trouble  on  account  of  the  consider- 
able quantities  of  wire  which  find  their  way 
into  the  furnaces.  On  one  side  of  this  furnace 
for  sweepings  there  will  be  three  counter- 
weighted  cast-iron  doors  sliding  in  vertical 
grooves  and  covering  openings  about  2  feet 
wide  and  18  inches  high,  for  stoking.  In  the 
forward  end  of  the  furnace  there  will  be  an 
opening  about  4  feet  10  inches  wide  and  3  feet 
3  inches  high,  also  covered  by  a  counterweight- 
ed  sliding  door,  through  which  old  mattresses, 
Christmas  trees  and  other  large  objects  can  be 
fed  into  the  funace.  This  opening  is  spmewhat 
larger  than  the  largest  object  which  has  so  far 
been  brought  to  Forty-seventh  Street,  and  any- 
thing too  large  for  this  will  have  to  be  broken 
up. 

Adjoining  the  furnace  for  street  sweepings 
there  will  be  a  4yi!x8-foot  cell  for  the  miscel- 
laneous rubbish,  which  will  be  fed  through  one 
of  the  two  square  holes  in  the  top  of  the  fur- 
nace, beneath  the  hopper.  When  fed  through 
one  of  these  holes,  the  rubbish  will  fall  down 
a  square  shaft  with  an  inclined  bottom  at  right 
angles  to  the  rubbish  cell;  from  this  incline 
it  will  slide  on  to  a  wider  incline  parallel  to 
the  axis  of  the  cell  and  be  distributed  some- 
what over  the  grate,  as  shown  in  the  drawings. 
If  fed  through  the  other  hole,  the  rubbish  will, 
in  a  similar  manner,  reach  the  rear  part  of  the 
sweepings  cell.  The  second  cell  will  have  a 
grate  like  that  in  the  first,  and  the  gases  from 
the  first  cell  will  pass  through  the  second  to 
the  transverse  flue,  which  it  is  intended  to 
build  long  enough  to  accommodate  the  two  ad- 
ditional cells  which  may  be  built  in  the  future. 
Through  two  openings  in  one  wall  of  this  flue 
the  gases  will  pass  to  the  space  at  the  rear  of 
the  boiler  and  then  beneath  the  boiler  and 
through  its  tubes  to  the  flue  leading  to  the 
chimney;  or,  should  the  boiler  be  out  of  use, 
the  gases  will  pass  through  another  opening 
into  the  by-pass  flue  and  so  more  directly  to 
the  chimney.  The  dampers  mentioned  are  to 
be  2  feet  11  inches  wide,  two  of  them  4  feet 
high  and  the  other  5  feet  4  inches  high,  made 
of  flrebrick  tiles  4  Inches  thick,  bound  together 
by  a  l%x%-inch  flat  steel  frame  let  Into  a 
groove  in  the  four  edges  of  the  tiles.  These 
dampers  are  hung  by  chains,  and  will  be  raised 
and  lowered  from  the  top  of  the  furnace.  It 
is  not  quite  accurate,  although  convenient  for 
purposes  of  description,  to  designate  the  cells 
as  if  one  were  for  street  sweepings  and  the 
other  for  rubbish  exclusively,  because,  as  will 
be  observed  from  the  description,  each  cell 
will  be  used  for  burning  both  rubbish  and 
sweepings. 

This  incinerator  is  Intended  to  dispose  of  the 
collections  now  sent  to  the  Stanton  Street  and 
the  Clinton  Street  docks,  amounting  on  the 
average  to  210  loads  of  rubbish  and  50  loads 
of  sweepings  per  day.  The  paper-cart  bodies 
have  a  capacity  of  V,^  cubic    yards,    but  the 
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loads    are    usually    heaped    and    average    over 
5  cubic  yards.     The  sweeping  carts  carry  1% 
cubic  yards  per  load.    The  district  served  is  on 
the  lower  east  side  of  the  city,  occupied  largely 
by  the  poorest  class  of  tenement  houses,  and 
has  been  described    as    the    filthiest    in  New 
York.     The  rubbish  contains  a  much   smaller 
proportion  of  marketable  material    than  that 
going  to  Forty-seventh  Street,  as  much  of  the 
wood  and  similar  materials  which  the  denizens 
of  the  district  can  use  for  fuel  are  culled  out 
before  the  rubbish  Is  collected.     The    sweep- 
ings vary  greatly  in  quantity  from  time  to  time 
— there  being  none  at  all  when  the  streets  are 
covered  with  snow — and  contain  a  considerable 
percentage  of  refuse  thrown  from  the  houses, 
-usually  at  night,  some  of  which  should  go  to 
the  garbage  can  and  other  into  the  sewer.     In 
the  fruit  season  large  quantities  of  fruit  par- 
ings are  swept  up.     The  sweepings  are  collect- 
ed in  the  mornings,  and  so  would  be  delivered 
to  the  Incinerator  in  a  comparatively  brief  time.  . 
The  platform  in  the  building,  however,  will  bo 
large   enough  to  store  a  considerable   part  of 
the  collection  so  that  It  may  be  burned  at  a 
convenient  rate. 

One  of  the  advantages  of  the  large  building 
will  be  that  the  carts  can  be  unloaded  under 
cover  and  out  of  view  from  pasaers-by.  The 
floor  space  around  the  lower  end  of  the  con- 
veyor is  large  enough  to  permit  storage  of  the 
rubbish  when  received  too  rapidly  to  be  < 
handled  at  once,  and  some  of  the  mattresses, 
wooden  boxes  and  similar  easily  combustible 
material  will  usually  be  saved  for  starting  the 
•flres  In  the  morning,  so  that  steam  may  be 
raised  quickly  in  the  boiler,  or  for  special  uses 
at  other  times. 

Some    of    the    details    of    this    plant   would 
have  been  designed  differently  but  for  the  re- 
atrictions  imposed  by  city  regulations  and  the 
limitations  of  the    appropriation,    which    was 
430,000.     The  details  were  clearly  shown  and 
specified,  and  the  several  bids  received  came 
very  close  to  this  estimated  cost.    These  bids 
•were  printed  in  the  contracting  news  column 
of  this  journal  December    19,    1903.     Messrs. 
Williams  &  Gerstle  were  the  lowest  bidders,  at 
t29,318  for  the  whole  plant,  excepting  the  foun- 
dations to  be  built  by  the  city,  with  a  deduc- 
tion of  $2,389  for  the  ramps  and  platform  for 
the  sweepings  carts  if  the  department  should 
decide  to  build  the  latter  with  its  own  labor. 
The  construction  of  the  plant  is  at  present  de- 
layed by  an  injunction  brought  by  some  par- 
ties in  the  neighborhood,  based  on  the  claim 
that  the  location  selected  was  deslgrfated  as  a 
"public  space"  or  street,    and    cannot  now  be 
closed. 


THE    ENGINEERING    RECORD 


The  Spanish  War  Vetebans'  Athletic  Asso- 
ciation will  hold  a  tournament  March  5  in  the 
armory  of  the  Twenty-second  Regiment,  N.  G. 
S.  N.  Y.,  In  New  York  City,  the  net  proceeds 
of  which  will  go  to  the  treasuries  of  the  corps 
and  commands,  some  twenty  in  number.  In  the 
vicinity  of  New  York.     These  funds  are  to  be 
used  to  aid  needy  members  of  the  associations 
and  the  families  of  deceased  veterans.    Moneys 
for   charitable   purposes   are    disbursed   under 
scrupulous  supervision   and  only  In  the  most 
worthy  cases.    President  Roosevelt,  members  of 
the  Cabinet,  Senators  and  other  prominent  men 
have   donated   cups  for  prizes  In   the  tourna- 
ment.   Further  Information    may   be   obtained 
from  and  subscriptions  should  be  sent  to  Gen- 
eral  Eugene   Griffin,   corps  commander   of  the 
SUte  of  New  York,  at  44   Broad   Street,  New 
York  City.     As  many  engineers  were  engaged 
In  the  war,  as  members  of  the  engineers  corps 
or  otherwise,  this  announcement  will  probably 
Interest  a  large   number  of    readers    of    this 
Journal. 
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The  St.  Louis  Exposition  Terminal  of  the 
Wabash  Railroad. 
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World's  Fair  Terminal,  Wabash  Railroad. 


The  accompanying  diagram  gives  the  general 
layout  of  tracks  adopted  by  the  Wabash  Rail- 
road Company  for  Its  terminal  at  the  grounds 
of    the   Louisiana   Purchase   Exposition.     The 
station  will  be  located  at  the  corner  of  De  Ball- 
vlere  and  Lindell  Avenues,  directly  opposite  the 
main  entrance  to  the  Exposition  grounds.    The 
grade  of  De  Ballvlere  Avenue  will  be  lowered 
temporarily  during  the  exposltlou,  so  that  vis- 
itors using  the  trolley  cars  will  be  able  to  walk 
under  the  railroad  tracks  in  passing  between 
the  street  car  terminal  loops  and  the  entrance. 
There  is  some  talk  of  widening  tne  avenue  be- 
tween the  terminals  and  the  entrance,  so  as  to 
form  a  large  plaza.    This  will  not  only  Improve 
the  appearance  of  the  locality,  but  will  tend  to 
make  it  somewhat  easier  to  handle  the  crowds. 
It  will  be  noticed  that  the  railroad  terminal 
Is  In  two  divisions.    The  five  main  tracks  are 
for  the  through  trains  east  and  west  between 
Tower  2  and  Forsythe  Junction.  The  passengers 
from  these  trains  will  be  dischargea  on  the  plat- 
forms between  Tower  No.  2  ana  pe  Ballvlere 
Avenue,  and  will  walk  to  the  stairs  at  the  west 
end,  where  they  will  descend  to  the  street  or 
the  depot,  as  they  may  elect.     Returning  pas- 
sengers must  pass  through  the  classifying  stiles 
in  the  depot  into  rooms  where  they  will  be  held 
until  their  trains  are  ready. 

The  second   division  of  the  terminal  is  ar- 
ranged for  the  two  shuttle  tracks,  which  will 
be  kept  clear  of  other  trafllc  as  far  east  as  Union 
Avenue,  at  which  point  they  will  converge  with 
the  other  main   tracks  into  the   double  track 
running  to  the  Union  Station  In  the  city.    All 
the    shuttle   train   business    will    De    handled 
through  the  station  at  the  corner  of  the  rail- 
road property  directly  facing  the  main  entrance, 
and  tickets  will  be  collected  at  turnstiles  before 
passengers  enter  the  trains.    The  exits  are  Inde- 
pendent passages  on  each  side  of  the  station. 
These  trains  will  be  made  up  of  specially  con- 
structed cars  without  steps.    Transverse  seaU 
will  be  used,  arranged  somewhat  like  those  of 
an  open  street  car,  and  there  will  be  a  door  on 
each  side  of  the  car  at  every  seat.     Elevated 
platforms  will  give  access  to  these  cars,  so  as 
to  avoid  any  steps  retarding  the  entrance  or 
exit  of  passengers.    It  will  be  noticed  that  the 
platforms  for  leaving  these  trains  are  distinct 
from  those  by  which  they  are  entered.    By  run- 
ning the  trains  on  two-minute  intervals,  It  Is 
estimated  by  Chief  Engineer  W.  S.  Newhall  that 
36,000  people  can  be  handled  In  an  hour,  with 
1,200  people  on  each  train. 

In  the  operation  of  these  shuttle  tracks,  the 
trains  will  head  in.  An  extra  engine  will 
couple  on  to  the  rear  to  carry  It  on  Its  return 
trip,  while  the  engine  which  brought  It  in  will 
become  the  extra  for  the  next  train.  For  this 
purpose  It  will  pull  out  and  lay  In  the  clear 
on  the  cross-over  near  the  word  "Water"  In  the 
diagram. 

It  is  of  interest  to  mention  that  there  will  be 
a  new  railway  route  to  the  exposition  grounds 
via  the  Merchants'  Bridge,  the  West  Belt  Line 
of  the  Terminal  Railroad  Association  and  the 
Wabash  Railroad.  The  other  route  Is  via  the 
Merchants'  Bridge  or  Eads  Bridge  to  the  Union 
Station,  from  which  place  passengers  will  go  to 
the  grounds  by  the  Wabash  shuttle  trains,  street 
cars  or  other  means  of  transportation. 

The  signal  towers  have  been  .designed  for  the 
following  machines:  At  Union  Avenue,  12  sig- 
nal levers,  8  switch  and  derail  levers,  9  facing 
point  locks,  2  double  slip?.  1  movable  point  frog. 
At  the  World's  Fair  tower,  19  signal  levers,  17 
switch  and  derail  levers,  2  double  slip  levers,  1 
movable  point  frog  lever  and  12  facing  point 
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lock  levers.  At  Forsythe  Junction,  17  signal 
leTers,  14  switch  and  derail  levers  and  9  facing 
point  locks. 


Notes  on  Railway  Construction  from  the 
Resident  Engineer's  Standpoint. 

A  paper  r««d  before  the  Iowa  EnglneerlDg  Society, 
by  F.  C.  French,  Assoc.  M.  Am.  See.  C.  E. 


It  has  been  stated  by  a  well  known  railway 
engineer  that  "reconnaissance  Is  to  a  location 
as  scouts  to  an  army.'"  Carrying  out  the  meta- 
phor, location,  then,  is  the  mobilization  of  forces 
and  the  maneuvering  for  i>osition,  while  con- 
struction is  the  rearing  of  fortiflcations  and 
thorough  preparation  for  the  battle  of  existence 
in  the  competition  for  traffic.  In  the  growth  of 
our  engineering  societies,  through  the  helpful 
discussions  at  our  meetings,  the  topic  of  or- 
dinary railway  construction  has  received  but 
little  attention  and,  as  a  result,  the  comparative- 
ly young  engineer  has  no  fixed  methods  or 
standards  for  his  guidance.  Each  must  go  his 
own  way,  unconscious  of  any  general  demand 
for  certain  particular  requirements  or  grades  of 
work  as  are  common  in  most  other  lines.  The 
long  and  valuable  experience  of  one  good  engi- 
neer contributes  nothing  to  his  neighbor,  un- 
less that  neighbor  may  happen  to  have  come 
under  his  personal  instruction. 

The  object  of  this  paper  will  be  to  touch  upon 
and  call  attention  to  some  of  these  points  of 
obscurity,  in  the  hope  of  contributing  some- 
thing along  the  line  of  an  approach  to  a  uni- 
formity of  practice  in  handling  the  vital  prob- 
lems confronting  -the  younger,  and  possibly 
some  of  the  older,  construction  engineers.  The 
intent  is  not  to  state  the  practice  of  any  partic- 
ular road,  but  to  call  attention  to  the  points  of 
difference  of  a  number  of  roads  and  points  ig- 
nored by  a  great  many.  Minor  items  may  be 
given  undue  importance  simply  to  call  attention 
to  their  general  neglect  of  mention.  Such  a 
comparison,  based  upon  some  years  of  actual 
experience,  must  of  necessity  be  out  of  date 
in  some  instances,  and  to  avoid  this,  I  have 
recently  obtained  the  practice  of  fifteen  roads 
west  of  Chicago,  from  their  chief  engineers,  and 
compiled  results  therefrom. 

Assuming,  then,  that  the  great  economic  ques- 
tion of  location  has  been  properly  solved, 
through  a  Judicious  use  of  its  scouts,  the  recon- 
naissance, the  resident  engineer  arrives  upon 
the  ground  and  is  confronted  with  a  company 
agent  who  is  bargaining  for  right  of  way  and 
promising  crossing  concessions  at  impossible 
places  in  exchange  for  a  small  reduction  In  the 
price  per  acre,  and  working  under  instructions 
to  secure  a  uniform  width  of  100  feet  of  way, 
regardless  of  streams,  borrow  pits,  waste  banks, 
or  other  difficulties.  The  author  has  gleaned 
from  experience,  but  has  been  unable  to  verify 
his  Judgment  from  many  other  sources,  the  fol- 
lowing requirements  aa  to  widths  of  right  of 
way  required,  and  tries  to  impress  the  right  of 
way  agent  with  their  importance: 

For  bank*  from    6  to    8  ft.  In  height,  120  ft.  of  width 

8  to  10  ft      ••  140  ft.      " 

10  to  12  ft.      "  160  ft      •' 

12  to  14  ft.      "  180  ft.      " 

14  to  16  ft      "  200  ft      " 

16  to  18  ft.       •'  220  ft      " 

18  to  20  ft       "  240  ft      •' 

20  to  22  ft.       "  260  ft      " 

22  to  24  ft.       "  280  ft      " 

24  to  26  ft.       ••  800  ft      " 

Cats  wltb  wsjte  banks,    4  to    6  ft  deep,  100  ft.  width 

6  to    8  ft  "     120  ft      " 

8  to  10  ft  "     140  ft      " 

10  to  12  ft.  "      160  ft      " 

12  to  14  ft  "     180  ft.      " 

Wherever  there  Is  probability  of  damages  to  ad- 
jacent property  from  wash  of  waste  banks,  an 
additional  width  of  10  to  20  feet  Is  necessary. 
A  width  of  at  least  200  feet  Is  also  advisable  at 
the  crossing  of  all  important  streams.  When 
owners  of  land  will  sell  the  earth  off  of  addi- 
tional  ground   wanted  at  a  reasonable  figure. 
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100  feet  of  width  will  be  ample.  If  a  double- 
track  railway,  with  slopes  for  excavation  and 
embankment  can  be  placed  thereon,  but  the 
200  feet  at  streams  is  important  in  either  case. 
Before  actual  construction  begins,  the  sites 
of  all  bridge  openings  should  be  sounded  to  de- 
termine the  character  of  the  foundations  re- 
quired, and  from  these  results,  bills  of  material 
made  out  and  requisitions  for  same  sent  to  the 
chief  engineer.  The  soundings  may  readily  be 
made  by  a  party  of  three  men  and  foreman, 
provided  with  the  following  equipment:  One 
team  and  wagon,  one  sounding  rod  (sectional), 
one  drill  (1-inch  bar  8  feet  long),  two  pipe 
wrenches,  2  rod  clamps  for  raising  rod,  two 
water  palls,  one  ax,  and  one  spoon. 

A  convenient  sounding  rod  is  made  by  the 
ordinary  pipe  fitter,  by  taking  sections  of  1- 
inch  gas  pipe  10  feet  long  and  into  each  end 
of  each  section  welding  a  6-inch  piece  of  %-incli 
gas  pipe,  so  that  the  end  projects  %  inch.  This 
end  is  then  threaded  on  the  outside  ana  a  con- 
nection of  sections  made  by  uniting  them  with 
an  ordinary  %-inch  union  1%  Inches  long, 
threaded  Inside. 

The  drill  is  a  1-lnch  rod  12  inches  long  and 
pointed  as  an  ordinary  rock  drill,  with  its  cut- 
ting edge  widened  to  2  inches,  1  inch  back 
from  the  point  and  tapering  back  to  the  shank. 
The  shank  Is  then  drawn  out  to  %  inch  and 
threaded  to  fit  an  ordinary  union.  Several 
drills  should  be  provided  to  avoid  delays  of 
working  with  dull  tools.  A  couple  of  small 
holes  near  the  bottom  of  the  pipe  attached  to 
the  drill  will  relieve  the  air  pressure  when  lift- 
ing in  a  sticky  hole.  This  sounding  rod  and 
bit  can  be  used  as  an  ordinary  churn  drill. 

The  clamps  are  pieces  of  iron  similar  in  shape 
to  an  ordinary  wrench  and  made  to  fit  the  pipe 
snugly,  so  that  when  a  lever  is  put  under  the- 
handle  end,  the  clamp  will  jam  the  pipe  and 
the  pipe  be  withdrawn.  Two  clamps  are  used 
to  relieve  any  bending  strain.  Where  rock  is 
near  the  surface,  pits  will  give  much  better  re- 
sults. Notes  of  the  position  of  the  pits  or 
soundings,  as  well  as  depth  and  character  of 
material  encountered,  must  be  taken  on  the  spot 
and  plotted  later  in  the  office. 

The  resident  engineer's  force  as  a  rule  con- 
sists of  an  instrument  man,  a  rodman,  tape- 
man,  team  and  driver,  and  he  should  as  quickly 
as  possible  have  them  check  all  curves  and  tan- 
gents and  put  in  spirals,  the  length  of  spiral 
depending  on  the  road  In  question  to  some  ex- 
tent. Run  check  levels  over  the  residency  and 
report  at  once  any  errors  found  in  location 
levels.  Put  a  bench  mark  close  to  each  bridge 
for  cut-offs  and  foundation  elevations. 

Engineers  must  carefully  reference  the  begin- 
ning and  ending  points  of  all  curves  and  points 
of  compound  curve;  also  all  other  Important 
points.  This  may  be  done  by  setting  two  hubs 
at  angles  of  45  degrees  and  135  degrees  on  each 
side  of  the  tangent,  say  100  feet  from  the  P.  C. 
or  P.  T.  The  hubs  should  be  driven  down  level 
and  guard  stakes  placed  for  witnesses.  In  this 
manner  the  point  may  be  replaced  by  measure- 
ment or  intersection  or  both.  In  timbered  coun- 
try the  reference  points  may  frequently  be 
placed  on  tree  roots  for  greater  safety,  blaz- 
ing tree  for  witness. 

Cross-Sectioning. — All  cross-sections  should 
be  entered  in  the  cross-section  book  as  taken. 
Even  if  the  cross-sectioning  cannot  be  carried 
continuously  across  a  residency,  the  entries 
should  be  made  continuous  as  though  it  were, 
leaving  two  or  more  blank  leaves  at  the  end  of 
each  mile  to  be  used  for  a  summary.  Each  piece 
of  cross-sectioning  should  be  carefully  Indexed 
In  the  cross-section  book,  station  to  station. 

Vertical  curves  should  be  calculated,  before 
the  cross-sectioning  Is  done,  for  all  grade  In- 
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tersections,  and  in  sags,  the  rate  should  not  ex- 
ceed 0.10  foot  per  station.  On  summits  in 
cuts  the  rate  should  be  sharper  10  facilitate 
drainage.  On  all  vertical  curves  the  grade  ele- 
vation of  each  full  station,  and  50  feet  should 
be  entered  on  the  profile  as  well  as  in  the  level 
and  cross-section  book. 

Cross-sections  should  be  taken  and  slopes  set 
at  every  point  where  a  difference  of  elevation 
of  center  line  of  the  two  sections  exceeds  2  feet, 
and  always  every  fifty  feet,  treating  half  sta- 
tions as  though  they  were  full  ones.  In  mark- 
ing stakes,  have  the  station  number  on  the  face 
of  each  center  stake  and  the  cut  or  fill  on  the 
back.  On  slope  stakes  have  the  cut  and  fill  on 
the  face  and  station  number  on  the  back.  Have 
plus  stations  marked  with  the  last  figure  of  the 
preceding  station,  with  the  -f ,  thus:  for  station 
165  -f50,  mark  5  -f50. 

Take  cross-sections  and  set  grades  where  the 
shallow  side  of  a  cut  runs  to  grade  and  where 
the  shallow  side  of  a  fill  does  the  same.  It  is 
usually  suflJcient  to  note  the  plusses  where  the 
deep  sides  of  a  cut  or  a  fill  come  to  grade,  but 
the  author  always  follows  the  practice  of  set- 
ting grades. 

Where  it  is  expected  to  strike  rock  or  its 
equivalent,  the  preliminary  cross-sectioning 
may  be  made  at  a  slope  of  i/.  to  1,  which  will 
in  part  compensate  for  the  irregular  or  com- 
pound sections  that  develop  on  construction. 

All  embankments  at  bridge  openings  should 
be  staked  out  2  feet  wider  than  specifications 
and  tapering  back  to  the  standard  in  50  feet, 
and  as  these  banks  are  more  exposed  to  wash, 
they  should  be  carried  out  wedge-shaped  instead 
of  with  the  usual  rounded  corners.  This  gives 
footing  material  for  support  of  the  outside  cor- 
ners of  the  roadbed. 

Exceptionally  high  banks  should  have  the  al- 
lowance for  shrinkage  made  in  width  when 
cross-sectioning,  which  will  give  a  good  footing 
for  additional  material  placed  in  bringing  up 
to  a  true  grade  after  settlement  has  taken  place 
and  the  road  is  in  operation.  A  number  of 
western  roads  put  all  shrinkage  on  in  width 
when  staking  out  the  work  and  only  bring 
dump  to  the  true  profile  grade,  claiming  that 
they  have  a  better  bed  after  settlement  and 
sufficient  supporting  room  to  raise  to  true  grade 
with  tr^in  service  and  in  ballast. 

All  Isolated  masses  of  rock  which  occur  be- 
tween stakes,  but  not  included  in  regular  notes, 
should  be  separately  noted  and  added  to  the 
sum  total  of  the  yardage. 

Sections  should  be  taken  at  each  mile  post  for 
convenience  in  making  estimates. 

Records. — The  engineer  should  keep  a  transit 
book,  level  book,  field  cross-section  book,  bridge 
book,  pile  record  book,  and  diary,  for  a  field 
entry  of  notes  on  paper  or  a  memorandum  for 
future  entrance  in  the  record  books  should 
never  be  practiced  nor  permitted  by  an  assistant. 
Taking  a  simple  record  of  notes  in  memory  and 
failing  to  record  same  has  probably  brought 
more  otherwise  good  engineers  into  disrepute 
than  any  other  one  thing.  I  once  heard  a  chief 
engineer  say  very  forcibly  that  a  large  major- 
ity of  his  men  would  become  good  engineers 
only  when  they  had  some  one  to  cut  off  their 
heads  and  send  them  to  the  office  files. 

A  title  should  be  written  on  the  fly  leaf  of 
each  book  giving  the  residency  number,  resi- 
dent's name  and  address,  with  a  nrlef  state- 
ment of  what  the  book  is  used  for.  Each  page 
must  be  numbered  and  dated  for  each  day's 
entry  and  Indexed  in  front  of  book  for  each  sep- 
arate piece  of  work. 

"Nothing  new  under  the  sun"  can  be  said 
about  the  methods  of  taking  notes,  but  It  Is 
a  subject  which  has  been  sadly  neglected  and 
the  author  gives  with  apologies  a  method  which 
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he  has  arrived  at  through  the  fog  of  many  ex- 
periences: 


Left  Hand  Page. 


Right  Hand  Page. 
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In  the  diary  should  be  kept  a  careful  and 
conscientious  record  of  the  work  done  on  that 
date  by  themselves  and  parties,  ana  the  loca- 
tion, amount  and  nature  of  the  work  done  by 
various  contractors.  It  frequently  happens 
that  a  controversy  may  arise  between  the  con- 
tractors and  company  concerning  the  amount  of 
extra  work,  delays,  hindrances,  etc.,  which  came 
up  during  the  progress  of  the  construction,  and 
the  object  of  these  diaries  is  to  have  at  hand 
a  record  of  these  points,  which  at  any  time 
in  the  future  may  be  consulted  and  from  which 
the  justice  of  the  claims  may  be  determined. 

Particular  care  should  be  exercised  in  keep- 
ing a  careful  record  where  any  cut  has  in  It  a 
questionable  material  that  might  claim  classi- 
fication. In  such  an  instance,  the  diary  should 
state  plainly  at  what  times  the  cut  was  in- 
spected, how  frequently  during  the  day,  what 
force  was  at  work,  what  progress  was  being 
made,  what  special  diiBculties  encountered  and_ 
the  different  locations  and  amounts  of  any  ma- 
terial considered  by  the  engineer  as  entitled  to 
classification  under  the  specifications.  Particu- 
lar attention  should  be  given  to  the  number, 
appearance  and  condition  of  the  plow  stock,  as 
this  is  a  common  point  of  determination  be- 
tween classified  material  and  earth.  The  diary 
should  also  show  a  copy  of  all  instructions 
given  to  contractors  verbally,  and  any  other 
Items  pertinent  to  a  record  of  the  work,  and  a 
comprehensive  estimate  of  same  when  com- 
pleted, bearing  in  mind  that  this  is  a  most  im- 
portant part  of  the  final  record. 

The  diary  should  also  embrace  a  careful  re- 
port of  the  weather  and  ground  conditions,  as 
this  is  frequently  a  factor  In  claims  for  an  ex- 
tension of  time  by  the  contractor.  Also,  in  this 
connection,  the  engineer  should  go  over  the 
ground  during  or  Immediately  after  any  unus- 
ual or  record-breaking  storms,  and  note  care- 
fully the  amount  of  rainfall  reaching  the  open- 
ings la  his  track,  damage  done,  etc.,  etc.,  to 
determine,  if  possible,  any  necessary  changes 
In  the  size  of  his  bridge  openings.  A  careful 
Inspection  on  the  ground  is  worth  more  than 
the  evidence  of  a  number  of  men,  years  after- 
wards, who  did  not  have  a  particular  reason  for 
noting  the  extreme  heights  of  floods,  etc. 

Clearing  and  Grubbing. — Clearing  must  not 
be  piled  off  the  right  of  way  without  first  se- 
curing consent  from  the  owner  in  writing, 
which  must  be  forwarded  to  the  chief  engineer 
for  his  files;  nor  within  the  reach  of  high  water 
which  might  float  it  back  into  the  openings,  al- 
ways bearing  in  mind  that  in  flood  districts 
there  is  a  current  both  ways. 

In  clearing,  make  allowance  for  telegraph 
lines,  which  are  usually  45  feet  from  the  center 
line.  Dead  or  leSnlng  trees  outside  the  right 
of  way,  which  if  blown  would  wreck  the  wires, 
should  be  cut,  and  damages,  if  any,  allowed  to 
the  owner. 

Grub  holes  under  the  embankment,  made  by 
blasting,  should  be  carefully  filled  and  tamped, 
and  the  use  of  powder  for  "shooting  stumps" 
under  embankments  must  be  restricted  and  dis- 
couraged,' grubbing  being  much   preferable. 

While  the  cross-sections  are  being  taken,  the 
location  and  height  of  stumps  to  be  grubbed 
should  be  noted  and  the  location  fixed  by  meas- 
urement and  sketch,  so  that  they  may  be  sound- 


ed for  later  on,  and  if  covered  by  the  contractor, 
ordered  removed  before  acceptance. 

The  specifications  as  to  height  of  stumps  and 
the  burning  or  removal  of  grubs,  should  be  rig- 
idly inforced. 

Roadbed  Excavations. — The  engineer  will  give 
centers  through  the  excavations  as  the  work 
progresses  in  order  to  insure  the  contractor's 
excavating  to  the  required  slope,  and  he  will 
not  allow  ploughing  to  be  done  nearer  than  one 
foot  to  the  slope.  All  slopes  must  be  cleaned 
down  and  dressed  as  the  work  progresses,  if  the 
material  will  permit. 

Slope  boards  must  be  used  In  this  work  and 
will  be  furnished  by  the  company  for  the  use 
of  the  contractor,  and  will  be  returned  to  the 
engineer  as  soon  as  the  work  is  completed. 

If,  as  the  work  progresses,  the  character  of 
the  material  changes  so  as  to  require  a  different 
slope  or  roadbed,  the  engineer  must  re-cross- 
section  the  work  without  delay  and  take  sufli- 
cient  measurements  to  enable  him  to  calculate 
accurately  the  material  excavated. 

When  excavation  is  in  excess  of  embankment 
within  the  haul  limits,  the  embankments  should 
be  proportionally  widened  to  take  the  material, 
if,  in  the  judgment  of  the  engineer,  the  increase 
in  width  is  not  exceeded  in  value  by  the  price  of 
over-haul.  It  should  be  thoroughly  understood 
by  the  engineer  that  all  material  may  be  hauled 
at  his  discretion  up  to  the  point  where  over- 
haul exceeds  the  price  of  excavation. 

In  cases  where  banks  are  so  low  as  to  make 
haul  impossible  within  the  price,  material  may 
be  wasted  under  due  precautions  to  place  It  In 
such  a  way  that  it  may  not  be  washed  back  Into 
the  cut.  Wasting  material  is  objectionable  in 
many  ways  and  will  only  be  resorted  to  when 
it  cannot  be  avoided,  and  in  such  cases  the 
banks  must  be  left  in  regular  and  sightly 
shape,  not  nearer  than  15  feet  to  the  slope 
stakes  and  never  permitted  at  the  mouth  of 
cuts.  Line  the  back  of  waste  banks,  leaving  a 
liberal  fence  berm. 

Whenever  embankments  are  in  excess,  cuts 
within  the  limits  of  free  haul  and  at  the  discre- 
tion of  the  engineer  for  a  reasonable  distance 
beyond  should  be  widened  for  the  material  and 
provision  made  therefor  in  cross-sectioning. 

All  change  channel  work  and  ditching  shall 
be  staked  out  in  advance,  and  liberally,  so  that 
the  contractor  will  have  no  excuse  for  filling 
everything  in  sight  from  borrow. 

It  costs  the  contractor  an  additional  price,  to 
widen  a  cut  or  ditch  after  it  has  once  been  ex- 
cavated, and  as  it  is  to  your  interest  as  well  as 
his  to  see  that  he  makes  as  large  a  profit  as  pos- 
sible within  the  requirements  of  his  contract, 
you  should  never  by  your  carelessness  entail 
upon  him  this  additional  expense. 

At  passing  tracks  and  switch  stands,  both 
cut  and  fills  should  have  an  additional  width  of 
3  feet  for  distances  of  50  feet  toward  the  sta- 
tion and  200  feet  away  from  it,  to  enable  the 
brakem&n  to  overtake  the  train  after  throwing 
the  switch. 

While  the  work  of  finishing  is  being  done 
the  engineer  should  see  that  all  rock  cuts  or 
cuts  having  boulders  in  the  bottom  have  been 
taken  out  one  foot  below  sub-grade  and  that 
the  cut  is  full  width  on  bottom  to  allow  for  a 
good  ditch.  After  the  cut  is  taken  out,  the 
roadbed  should  be  filled  In  to  grade  with  the 
best  material  at  hand. 

The  engineer  may  require  the  contractor  to 
place  in  suitable  piles  and  at  places  he  may  di- 
rect any  material  suitable  for  riprap,  slope, 
wall,  foundations,  etc.  In  making  these  piles, 
place  them  at  90  degrees  to  the  track  and 
leave  runways  of  4  feet  width  between  piles 
to  facilitate  rapid  loading  by  work  train  crews 
later  on.  Contractor  should  be  allowed  a  suit- 
able amount  for  such  sorting  and  piling. 


The  use  of  large  quantities  of  powder  In  pot 
holes,  seams,  shaft  or  drift  shots,  may  be  re- 
stricted within  the  judgment  of  the  engineer, 
in  order  to  protect  the  slopes  or  the  earth  banks 
on  compound  sections.  In  an  ordinary  cut,  of 
say  6  feet  of  earth  over  8  feet  of  rock,  the  cen- 
ters should  be  fired  first  and  the  material 
mucked  out  and  then  the  cut  widened  by  light 
side  shots  to  avoid   shattering  slopes. 

Surface  and  Drainage  Ditches. — In  few  mat- 
ters is  there  more  of  an  opportunity  for  an  en- 
gineer to  exercise  good  judgment  In  construc- 
tion than  in  the  question  of  drainage,  including 
the  disposal  of  surface  water  above  and  In  cuts, 
above  embankments  on  side-hill  work,  and  the 
straightening  and  possible  changing  of  chan- 
nels in  streams.  A  very  slight  change  in  pro- 
file of  a  line  will  often  create  or  eliminate  a 
vast  amount  of  expense  in  the  maintenance 
later  on. 

Liberal  surface  ditches  will  be  staked  out  on 
the  high  side  of  all  cuts  and  excavated  before 
the  work  of  excavation  of  the  roadbed  has  been 
more  than  well  started. 

The  material  excavated  therefrom  will  be 
placed  in  a  continuous  bank  or  levee  between 
the  ditch  and  cut,  leaving  a  3-foot  berm  between 
the  ditch  and  bank,  thus  adding  to  the  capacity 
and  value  of  the  ditch. 

No  surface  ditch  should  be  less  than  2  feet 
wide  on  the  bottom  or  less  than  li^  feet  deep. 

All  ditches  should  be  carried  to  a  borrow  pit 
or  water  course,  or  turned  away  from  the  em- 
bankment below  the  mouth  of  cut. 

Where  embankments  are  made  from  excava- 
tion and  there  is  no  borrow  pit,  berm  ditches 
will  be  excavated  and  made  of  ample  dimen- 
sions for  the  requirements  of  the  location.  All 
ditches  must  be  staked  out,  and  in  general  the 
material  excavated  from  them  placed  In  the 
embankment.  In  change  channels  for  turning 
streams,  care  must  be  taken  to  make  embank- 
ments across  the  old  channel  of  sufllclent  width 
to  withstand  the  action  of  the  current.  In  such 
cases,  the  width  of  the  embankment  should  us- 
ually be  not  less  than  20  feet  on  top,  with  a 
slope  of  two  to  one,  bearing  in  mind  that  it 
is  cheaper  to  build  a  dyke  too  strong  than  to 
have  it  washed  out  and  be  forced  to  replace  It. 
In  turning  rapid  turbulent  streams,  take  espe- 
cial care  to  prevent  the  new  embankments  from 
being  washed  away  before  they  are  high  and 
strong  enough  to  withstand  the  current. 

Embankments. — The  clause  in  tne  ordinary 
specifications  which  requires  the  embankments 
to  be  built  out  to  the  slopes  from  the  base  up, 
so  that  the  whole  will  settle  compactly,  must 
be  rigidly  enforced.  The  contractor  will,  if  left 
to  himself,  carry  up  his  centers  and  then  widen 
by  dumping  over  the  sides  In  order  to  maKe 
a  neat-looking  Job,  and  if  paid  by  embankment 
measurement,  will  figure  that  he  puts  In  less 
yardage  in  that  manner,  which  is  true;  but  he 
is  paid  to  bring  his  dump  to  a  true  prism, 
and  if  kept  out  to  slopes  from  base  up,  will  have 
no  difliculty  with  concave  slopes  or  "sloughing 
off"  from  the  shoulders. 

The  best  material  must  be  placed  under  the 
center  of  the  roadbed  and  the  poorest  under 
the  slopes,  using  care  with  material  liable  to  a 
large  shrinkage,  such  as  sod,  frost  clods,  etc., 
to  have  them  no  farther  in  from  the  slopfes  than 
they  are  below  grade.  See  that  sod  and  sur- 
face material  from  cuts  are  not  placed  in  the 
shallow  part  of  the  fills,  but  carried  farther 
along  where  the  bank  is  high. 

When  necessary  to  work  in  freezing  weather, 
see  that  the  material  is  kept  constantly 
ploughed  to  minimize  the  freezing,  and  when 
wheel  scrapers  are  used  on  high  banks,  see  that 
the  runways  are  carried  up  the  full  width  of 
banks  In  order  to  get  uniform  compacting  by 
the  travel. 


«34 

The  shrinkage  vmries  greatly  with  different 
authorities  and  also  the  method  of  applying  the 
same  to  embankments.  A  safe  plan  is  to  widen 
the  banks  from  slope  stakes  up  ana  tnen  cor- 
rect the  grade  line,  after  settlement,  with  bal- 
last or  otherwise.  The  average  shrinkage 
uaed  on  most  roads  is  5  per  cent,  for  scraper 
work,  7  per  cent  for  wagon  work,  and  10  per 
cent,  on  casting  and  grader  work  without 
wagons. 

The  use  of  grading  machines,  elevating  di- 
rectly to  dump,  may  be  allowed  when  the  layers 
Are  limited  to  not  more  than  8  inches  in  thick- 
ness before  compacting.  E^ch  layer  must  then 
tw  compacted  by  a  narrow  or  heavy  roller  or 
both,  as  may  be  necessary  in  the  judgment  of 
the  engineer. 

When  fills  are  less  than  two  feet  in  height, 
the  sod  from  the  top  of  the  borrow  pit  or  cut 
to  a  depth  of  not  less  than  3  inches  should  be 
wasted  if  a  machine  is  used. 

Riprap. — When  embankment  must  of  neces- 
sity be  riprapped  to  protect  it  from  the  action 
of  water,  it  should  be  built  at  a  slope  not  greater 
than  two  to  one,  and  if  built  steeper,  the  riprap 
should  be  placed  with  its  exterior  face  at  that 
slope  and  be  well  backed  for  safety.  In  case  the 
base  of  the  riprap  rests  on  rock,  a  steeper  slope 
is  permissible,  but  seldom  less  than  1V&  to  one. 

The  riprap  stones  should  be  placed  with  the 
larger  ones  at  the  bottom  and  laid  by  band 
with  considerable  care  to  avoid  large  openings. 
The  stones  should  measure  1  cubic  foot  at  least 
And  at  the  ends  should  be  turned  into  the  bank 
for  a  couple  of  feet  to  avoid  undermining  or 
washing  out. 

Borrow  Pits. — No  borrowing  of  material  will 
be  permitted  on  the  station  grounds  without 
express  permission  from  the  engineer  and  no 
pits  will  be  made  where  they  might  cause  in- 
jury to  the  embankment.  Where  necessary, 
they  will  be  made  on  the  outside  edge  of  the 
right  of  way  and  not  excavated  below  the  bot- 
tom of  openings  through  which  they  are  to 
-drain,  and  the  contractor  must  be  instructed 
how  to  excavate  them  so  that  they  will  drain 
themselves  for  their  entire  length.  If  neces- 
sary, grades  should  be  run  for  this. 

Borrow  pits  for  light  fills  should  be  narrow 
4ind  deep  to  diminish  the  percentage  of  sod  in 
the  fills.  Commence  all  pits  at  least  3  feet 
farther  from  the  bank  than  the  berm  specified, 
because  the  scrapers  will  drag  off  the  corners 
And  the  contractors'  tendency  is  to  cut  the  berm 
■down  at  all  times. 

The  quantities  to  be  borrowed  are  arrived  at 
from  the  plotted  haul  and  the  contractors  are  to 
be  instructed  how  much  and  when  to  borrow  bo 
that  the  borrow  will  not  be  exclusive,  leaving 
the  cuts  to  be  wasted. 

Berms  of  the  following  width  should  be  left 
between  the  slope  stakes  and  borrow  pits: 

Banln  nnder  3  feet , '    6  feet  berm 

Butk*  8  feet  to  10  feet 8  feet  berm 

Baaka  over  10  feet 10  feet  berm 

Cro**ing». — In  locating  crossings,  consult  the 
right  of  way  deeds  and  comply  with  the  stipu- 
lations contained  therein. 

Grades  on  crossings  should  not  exceed  6  per 
cent  with  20  feet  o^  level  grade  on  each  side 
of  center  line  of  track.  The  usual  width  of  a 
farm  crossing  is  from  12  to  20  feet  and  of  a 
highway  crossing  from  20  to  36  feet  on  different 
roads,  with  the  usual  roadbed  slopes. 

The  engineer  should  endeavor  to  secure,  with- 
in reasonable  expense,  under  or  overhead  cross- 
ings. Bridges  and  culverts  can  usually  be  util- 
ized for  farm  crossings  at  least,  with  but  small 
outlay. 

FiniHhing. — All  grading  will  be  finished  to  the 
standard  roadbed  sections  and  slopes  should 
be  dressed  to  true  prisms,  both  in  cut  and  fill, 
no  concave  tXov^a  in  fills  or  cuts  being  permit- 
ted. 
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In  finishing  embankment  the  author  has  made 
a  practice  of  setting  shoulder  stakes  at  each 
station  and  center  hubs  at  each  -|-50  on  tan- 
gents, and  two  stakes  on  curves,  one  on  each 
side  at  extreme  width  of  cut  at  stations  and 
plusses.  With  some  contractors  he  has  found 
it  necessary  to  set  crown  stakes  for  the  road- 
bed in  cuts  also. 

Before  accepting,  the  grades  over  finished 
work  should  be  checked  and  atienuon  paid  to 
the  ditches  to  see  that  they  have  proper  width 
and  depth.  Any  method  of  finishing  that  will 
disturb  the  grade  stakes  will  not  be  permitted. 

Where  the  road  is  to  be  ballasted,  in  order  to 
facilitate  drainage,  the  roadbed  at  sub-grades 
should  be  crowned  both  on  tangents  and  curves 
by  raising  the  center  4  inches  above  the  sides, 
making  due  allowance  for  ballast  in  establish 
ing  grade  elevations. 

Super-Elevation  of  Curves. — On  all  curves  the 
roadbed  is  to  be  finished  to  conform  to  a  super- 
elevation eaual  to  2  per  cent  of  the  width  of 
the  roadbed  for  each  degree  in  vhe  index  of  the 
curve.  The  outer  edge  of  the  roadbed  will  be 
raised  above  the  grade  at  the  center  line  half 
the  super-elevation  and  the  inner  edge  of  the 
roadbed  will  be  depressed  below  the  grade  at 
the  center  line  half  of  the  super-elevation,  the 
center  line  remaining  in  conformity  with  the 
profile  grade,  plus  shrinkage.  Thus:  for  a  16- 
foot  roadbed  on  a  4  degree  curve,  the  super- 
elevation would  equal  1.28  feet.  Or  0.64  foot 
above  the  grade  of  the  center  for  outer  edge 
and  0.64  foot  below  the  grade  of  the  center  for 
inner  edge. 

Curves  having  bridges  within  their  lengths 
should  be  treated  in  the  same  manner  as  at 
other  points,  the  grade  line  or  the  bridge  be- 
ing adjusted  in  accordance  with  the  above  rule. 

The  distance  out  in  both  cases  will  be  set  at 
a  point  corresponding  with  the  width  of  road- 
bed desired,  which  in  general  will  ne  16  feet  on 
embankments  and  8  feet  each  side  of  the  center 
line.  On  sharp  curves  proper  correction  should 
be  made  in  the  slope  stakes  due  to  the  super- 
elevation. It  is  desired  that  embankments  shall 
be  full  and  strong  on  the  outside  of  all  curves. 
(To  be  continued.) 


The  Philadelphia  Fire-Protection  Pump- 
ing Station. 

Within  the  past  year  the  Bureau  of  Water  of 
the  City  of  Philadelphia,  under  the  direction  of 
Mr.  F.  L.  Hand,  chief  of  the  bureau,  has  com- 
pleted a  system  of  high-pressure  salt-water  fire 
mains.  For  a  time  water  was  pumped  into 
these  mains,  in  the  case  of  Are  in  the  district 
protected,  by  fire  boats  which  could  connect 
at  three  places  on  the  river  front.  This  meth- 
od was  not  considered  wholly  satisfactory,  and 
so  a  pumping  station  was  designed  ror  this  spe- 
cial service.  The  pipe  system  was  brlefiy  de- 
scribed in  this  journal  June  14,  1902. 

The  pump  installation,  recently  completed,  is 
located  on  the  Delaware  River  front,  at  the 
corner  of  Race  Street  and  Delaware  Avenue. 
The  district  protected  is  bounded  by  Broad, 
Walnut  and  Race  streets  and  the  Delaware 
River,  and  contains  many  high  office  buildings. 
The  pumping  station,  a  building  72  by  140  feet 
win  contain  ten  ll%xl2-inch  vertical,  direct- 
acting  Deane  triplex  pumps,  each  capable  of 
delivering  1,200  gallons  per  minute  at  40  rev- 
olutions, against  a  pressure  of  300  pounds  per 
square  inch,  and  two  6i4xl2-inch  pumps  of 
the  same  type  of  350  gallons  capacity  per 
minute.  These  pumps  are  to  work  together  or 
singly,  as  may  be  desired,  and  all  will  discharge 
into  a  common  20-inch  main.  The  water  supply 
for  the  pumps  will  be  taken  directly  from  the 
Delaware  River  through  a  36-lnch  suction  main. 
Only  seven  of  the  larger  pumps  are  being  in- 
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stalled  at  present,  each  of  which  will  be  driven 
by  a  280-horse-power  Westinghouse  three-cylin- 
der single-acting  gas  engine;  the  small  pumps 
will  have  engines  of  the  same  type  of  125-hor8e- 
power,  direct-connected  through  friction 
clutches,  which  will  also  drive  electric  ignition 
generators  of  7.5  kilowatts  each,  anu  the  air 
compressors  supplying  air  at  200  pounds  pres- 
sure for  starting  the  main  engines.  There  are 
three  sources  of  current  for  ignition,  connec- 
tions with  the  city  lighting  mains  and  a  stor- 
age battery  being  provided  in  addition  to  the 
ignition  generators.  The  lighting  current  is  re- 
duced from  220  to  110  volts  by  a  rotary  trans- 
former. Cooling  water  for  the  gas  engine 
cylinders  may  be  taken  from  two  different  city 
water  mains  and  from  the  fire  mains.  A  gas 
pressure  regulator  on  the  supply  pipe  of  each 
engine   maintains   the   pressure   constant. 

Triplex  pumps  have  been  selected  because  of 
the  even  flow  of  the  discharge,  producing  prac- 
tically constaflt  pressure  on  the  discharge 
mains  and  making  a  very  even  load  through  all 
parts  of  the  gas  engine  cycle.  The  crank-shafts 
are  driven  from  the  engine  shafts  through 
single-reduction  gears.  The  fact  that  the 
pumps  are  of  the  vertical  type  makes  it  easy 
to  connect  them  directly  to  the  engines  and  also 
results  in  a  considerable  saving  in  space.  Bach 
pump  is  fitted  with  a  by-pass  valve  and  a  re- 
lief valve,  the  manner  of  using  these  valves  be- 
ing well  described  in  the  following  clause  from 
the  specifications:  "It  is  proposed  to  maintain 
about  60  pounds  pressure  on  the  fire  mains 
from  the  city  reservoir.  The  pumps  will  be 
started  under  these  conditions  with  the  by-pass 
open,  and  any  surplus  of  water  pumped  will  be 
discharged  through  the  relief  valve  into  the  suc- 
tion main.  When  the  engine  is  under  way  the 
by-pass  will  be  closed,  and  when  the  water  is 
used  as  fast  as  this  unit  will  deliver  it,  its  re- 
lief valve  will  close.  In  the  meantime  a  sec- 
ond unit  will  be  started  and  handled  in  the 
same  way  and  so  on  until  the  full  plant  is 
in  operation." 

The  pressure  in  the  fire  mains  is  controlled 
automatically  by  an  electric  motor  acting  on  a 
valve.  It  may  be  held  steadily  at  any  point  un- 
der 300  pounds,  while  a  spring  relief  valve  pre- 
vents its  from  rising  above.  The  water  ends  of 
the  pumps  are  divided  into  sections,  that  is, 
each  cylinder  and  valve  chest  is  a  separate 
casting  and  can  easily  be  removed  without  dis- 
turbing the  other  parts.  The  pumps  have  large 
valve  areas  and  are  capable  of  a  much  higher 
speed  and  greater  pressure  than  are  called  for 
in  the  specification.  The  valves  are  of  hard 
rubber,  especially  suited  for  this  work. 

The  machines  were  designed  for  fire  service 
by  the  Deane  Steam  Pump  Company,  of  Holy- 
oke,  Mass.,  and  are  brass  fitted  throughout  in 
order  that  they  may  be  able  to  start  after  long 
periods  of  idleness.  All  moving  parts,  such 
as  bearings,  connecting  rods,  crank-pin  boxes 
and  cross-head  shoes,  are  adjustable  for  wear. 
The  crank-shafts  and  connecting  rods  are  made 
of  forged  compressed  steel,  have  large  factors 
of  safety  and  are  superior  to  the  steel  castings 
sometimes  used.  The  pinions  are  of  steel,  and 
the  gears  are  steel  castings,  all  carefully  cut 
by  machine  and  running  with  little  noise.  The 
pumps  are  heavy  in  every  particularly  and  in- 
sure that  every  requirement  on  the  pumping 
end  of  the  equipment  will  be  fully  met. 

The  mains  supplied  by  this  pumping  station 
are  9  miles  long  and  8,  12  and  16  Inches  in  di- 
ameter. They  are  of  extra  thickness  and  all 
fittings,  including  fire  plugs,  are  of  special  de- 
sign. The  total  weight  of  the  pipe  is  6,500,000 
pounds,  and  of  the  fittings,  850,000  pounds,  cost- 
ing altogether  |355,000.  The  pump  house  cost 
1250,000,  the  large  units,  f22,000  each,  and  the 
small  units  |8,000.     The  station  replaces  with 
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advantage  more  than  40  fire  engines,  and  as  a 
result  of  its  installation  the  rate  of  insurance 
will  be  reduced  25  cents  per  $100.  The  selec- 
tion of  gas  engines  for  motive  power  is  novel, 
but  is  believed  to  be  justified  in  view  of  the 
perfection  of  the  modern  gas  engine  as  regards 
reliability  and  freedom  from  break-down.  The 
advantages  are  economy  during  periods  of  idle- 
ness, as  compared  with  steam  pianis,  and  the 
ability  to  start  up  immediately,  at  full  power. 


Jacking   Down   Open    Cribs    for   Under- 
pinning. 

The  erection  of  the  steel  cage  office  building 
at  the  corner  of  William  and  Fulton  streets, 
New  York,  and  the  excavation  of  its  cellar  be- 
low the  footings  of  the  adjacent  buildings 
necessitated  the  underpinning  of  the  walls  and 
columns  on  both  sides  of  it.  The  building  at 
No.  102  Fulton  Street  l.s  seven  stories  high, 
with  a  3-foot  wall,  which  was  estimated  to  have 
a  total  load  of  13  tons  per  linear  foot.  The  wall 
was  supported  on  24-inch  I-beam  needles,  and 
the  rubble  footing  was  removed,  a  trench  ex- 
cavated to  the  bottom  of  the  new  cellar,  the 
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line  which  was  supported  on  a  sill  in  the  side- 
walk vault  and  on  cribbing  in  the  excavation 
for  the  new  building.  The  granite  pedestal  was 
removed,  the  concrete  footing  torn  out  and  the 
excavation  carried  down  a  little  lower  to  re- 
ceive the  bottom  course  of  a  timber  crib  or 
caisson  36  inches  wide  and  42  inches  long  In- 
side. This  course  consisted  of  four  4xl2-inch 
oak  planks  set  edgewise,  and  having  their  low- 
er sides  beveled  to  a  cutting  edge.  They  were 
connected  at  the  corners  by  short  vertical  angles 
and  had  1-inch  tie-rods  with  countersunk  heads 
in  the  direction  transverse  to  the  lot  line.  The 
two  sides  parallel  with  the  lot  line  had  mor- 
tised joints  with  the  other  two  sides,  and  the 
frame  thus  formed  was  provided  with  vertical 
oak  dowels  1  inch  In  diameter  which  projected 
from  the  upper  edge  to  lock  it  to  the  succeed- 
ing course. 

Timbers  were  set  on  the  upper  edges  of  the 
planks,  and  two  30-ton  jacks  seated  in  the  mid- 
dle of  them  reacted  against  the  granite  pedes- 
tal which  was  inserted  between  their  tops  and 
the  base  plate.  A  laborer  with  a  shovel  and 
scoop  excavated  the  sand  from  the  interior  of 
this  caisson  as  it  was  forced  down  by  two  other 
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Method   of  Sinking  Open   Cribs  for  Underpinning. 


new  footing  built  and  the  lower  part  of  the 
wall  replaced  in  the  usual  manner.  At  the 
street  corner  the  side  wall  terminated  in  a  ver- 
tical plane  about  4  feet  back  of  the  street  line, 
and  in  the  face  of  the  building  there  is  a  rec- 
tangular cast-iron  column  at  the  intersection  of 
the  side  and  front  walls.  This  column  was 
seated  on  a  cast-iron  shoe  and  a  granite  pedes- 
tal about  12  inches  thick  and  4  feet  square. 
That  portion  of  the  side  wall  adjacent  to  the 
column  which  was  supported  on  the  pedestal  is 
In  the  same  plane  as  the  remainder  of  the  side 
wall,  but  has  no  bond  with  it.  These  conditions 
and  the  fact  thaf  neither  trenching  nor  timber- 
ing was  considered  practicable  under  the  col- 
umn made  the  problem  of  underpinning  it  a  dif- 
ficult one.  It  was  finally  solved  by  an  ingeni- 
ous application  of  the  Breuchaud  process, 
which  embodied  the  novel  feature  of  using  an 
open  timber  crib. 

A  heavy  bracket  made  of  a  steel  plate  26 
inches  long  and  I'/t  inches  thick,  bent  at  right 
angles,  was  secured  to  the  street  face  of  the 
column  by  five  %-inch  stud-bolts.  Its  longi- 
tudinal face  took  bearing  on  the  upper  flange  of 
a  24inch  I-beam  needle  parallel   to  the  street 


men  operating  the  hydraulic  jacks.  When  the 
jacks  had  made  a  full  stroke,  the  pedestal  was 
supported  by  cross  pieces  temporarily  inserted 
under  it  and  bearing  on  needle  beams  and  sills. 
The  jacks  were  then  released,  another  course 
added  to  the  caisson,  the  jacks  replaced,  the 
caisson  forced  down  and  excavation  continued 
and  so  on,  until  the  caisson  was  sunk  with  Its 
cutting  edge  below  the  level  of  the  excavation 
for  the  new  building  at  a  point  just  above 
ground  water  line.  The  caisson  was  sunk  15 
feet  in  seven  hours  by  three  men.  The  sand 
was  hoisted  out  by  hand  in  a  water  bucket,  and 
the  operation  was  conducted  without  any  In- 
flow of  the  soil  or  undermining  the  neighboring 
wall. 

When  the  caisson  was  sunk  to  place  the  bot- 
tom of  the  excavation  was  carefully  leveled 
and  the  excavation  filled  with  concrete  rammed 
in  6-inch  layers.  The  top  of  the  caisson  was 
covered  by  heavy  flagstones  set  so  as  not  to 
bear  on  the  timber  walls,  and  on  them  a  brick 
pier  was  built  up  nearly  to  the  height  of  the 
granite  pedestal  and  capped  with  a  cut  granite 
block  between  which  and  the  pedestal  pairs  of 
steel  wedges  were  driven  until  the  weight  of 


the  column  was  transferred  from  the  needle 
beam  to  the  new  footing.  After  the  excavation 
for  the  new  cellar  was  completed,  the  nuts  on 
the  ends  of  the  transverse  rods  through  the 
courses  of  the  caisson  were  removed,  and  the 
outside  boards  were  taken  off  exposing  the  face 
of  the  concrete  pier  within  which  was  continu- 
ous with  the  concrete  footing  under  the  side 
wall.  This  method  of  underpinning  was  also 
adopted  with  satisfactory  results  for  the  85-foot 
wall  of  the  Merchants  and  Traders  Bank  ad- 
jacent to  the  Singer  Building  at  the  corner  of 
Prince  Street  and  Broadway,  New  York. 

The  Singer  Building  has  an  L-shaped  plau 
enclosing  the  two  inner  walls  of  the  bank  build- 
ing. Its  excavation  was  carried  below  the  foot- 
ing of  the  bank  building  so  that  it  was  neces- 
sary to  first  underpin  the  walls  of  the  latter. 
The  wall  opposite  Prince  Street  was  about  24 
Inches  thick  at  the  base,  and  nine  stories  high, 
having  an  estimated  total  load  of  15  tons  per 
linear  foot.  Adjacent  to  It  there  is  a  row  of 
vaults  extending  entirely  across  the  basement 
of  the  bank  building  so  that  it  was  impossible 
for  the  interior  to  be  occupied  or  obstructed 
by  needle  beams  or  excavation. 

In  order  to  underpin  the  wall  wholly  within 
Its  own  area,  a  hole  about  5  feet  long  and  2 
feet  high  was  first  cut  entirely  through  the 
wall  at  the  center  point,  and  an  excavation  was 
made  there  to  a  depth  of  2  or  3  feet.  In  it  was 
seated  the  lower  course  of  a  timber  caisson 
about  4  feet  long  and  3  feet  wide.  It  had  a 
beveled  oak  cutting  edge  and  corresponded 
in  its  construction  with  the  caisson  described 
for  No.  102  Fulton  Street. 

After  the  first  course  was  set,  the  excavation 
Inside  was  commenced,  and  It  was  lowered  suf- 
ficiently to  add  the  second  course  and  place  the 
jack  screws  reacting  against  bearing  timbers 
on  the  under  side  of  the  wall  above.  The  jack- 
ing and  excavation  was  then  continued,  and 
as  the  caisson  was  sunk,  fourteen  more  12-Inch 
courses  were  added.  The  caisson  was  sunk 
until  the  cutting  edge  reached  the  level  of  the 
caissons  for  the  Singer  Building,  and  then  the 
excavation  was  Continued  18  inches  further  and 
was  extended  1  foot  beyond  the  face  of  the  cais- 
son on  the  inside  of  the  bank  building,  thus 
forming  an  eccentric  footing. 

The  caisson  was  rammed  full  of  concrete  in 
6-inch  layers,  and  a  brick  wall  was  built  on  top 
to  engage  the  old  wall  and  the  pressure  trans- 
ferred with  wedges  in  the  usual  manner.  After 
this  caisson  was  completed,  two  more  were 
sunk  at  points  midway  between  it  and  the  cor- 
ners of  the  wall,  and  others  were  then  suc- 
cessively sunk,  always  at  the  centers  of  the 
vacant  spaces,  until  the  whole  wall  was  sup- 
ported on  nineteen  caissons  set  close  together 
and  forming  an  almost  continuous  footing.  The 
caissons  were  sunk  by  three  men  each,  at  a  rate 
of  about  2  feet  per  hour,  and  after  the  excava- 
tion was  made  for  the  Singer  Building,  the 
planks  were  removed  from  the  exposed  faces 
of  the  caissons,  the  bolts  withdrawn  and  the 
ends  of  the  side  planks  cut  off  so  as  to  leave  a 
smooth  continuous  wall  under  the  bank 
building. 

Mr.  Ernest  Flagg  was  the  architect  for  the 
Singer  Building,  Dawson  &  Archer  were  the 
general  contractors,  and  T.  P.  Galligan's  Sons 
were  the  sub-contractors  for  the  shoring  and 
part  of  the  underpinning.  The  underpinning 
was  executed  by  the  Foundation  &  Contracting 
Company  under  the  direction  of  Superintend- 
ent L.  L.  Brown  and  Foreman  W.  S.  Downing. 


The  Expansion  Due  to  Temperature  of  an 
alloy  of  Iron  with  36  per  cent,  of  nickel  is  so 
small  that  it  can  be  measured  only  with  the  aid 
of  delicate  Instruments,  although  that  of  each 
metal  is  considerable. 
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A    Battery    Furnace    Residence  Heating 
System. 

The  Installation  of  a  residence  heating  sys- 
tem in  which  a  pair  of  hot-air  furnaces  or  heat- 
ers connected  together  were  employed,  was 
made  the  subject  of  a  paper  presented  by  the  de- 
signer of  the  plant.  Mr.  C.  E.  Oldacre,  of  Phila- 
delphia, before  the  American  Society  of  Heating 
and  Ventilating  Engineers.  An  abstract  of  the 
paper  is  given  in  the  succeeding  paragraphs, 
and  also  an  illustration  of  the  operation  of  the 
apparatus. 

The  house  is  located  at  Jenkintown,  Pa.,  near 
Philadelphia,  on  high  ground,  and  facing  the 
north.  It  is  partly  of  stone  and  partly  of  frame- 
work. The  total  contents  of  the  rooms  to  which 
heat  is  carried  is  33,744  cubic  feet;  the  area  of 
exposed  wall  surfaces,  2,853  square  feet;  that  of 
the  glass  surface,  731,  and  the  total  area  of  the 
equivalent  glass  surface,  1,537  square  feet  The 
heaters  are  located  in  a  pit  having  a  clear 
height  to  the  first  floor  joists  of  SM:  feet  The 
heaters  have  grates  21  inches  in  diameter  and 
the  heating  surface  of  the  two  heaters  is  300 
square  feet  or  150  square  feet  each.  The  total 
grate  surface  being  about  5  square  feet,  the 
ratio  of  grate  to  heating  surface  is  1  to  60.  The 
heaters  are  set  12  inches  apart  and  are  con- 
nected at  the  top  to  a  common  dome,  or  air 
chamber,  that  allows  18  inches  clear  space  be- 
tween its  top  and  the  top  of  the  beater  casings. 
For  each  heater  there  is  an  8-inch  smoke  con- 
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Should  the  chain  break  or  become  detached,  the 
dampers  automatically  open,  avoiaing  dangers 
from  closing  smoke-pipe  or  air  duct.  The  pur- 
pose of  the  dampers  is  to  allow  the  use  of  either 
heater  independently,  if  so  desired.  Otherwise, 
if  the  air  were  allowed  to  pass  througn  one  of 
the  heaters  which  had  no  flre  in  it,  this  air 
would  reduce  the  temperature  of  the  air  com- 
ing into  the  warm-air  chamber  from  the  heater 
in  operation. 

The  heater  casings  are  galvanized  iron,  lined 
on  the  inside  with  corrugated  asbestos.  The  top 
or  dome  is  of  the  same  material,  and  Is  lined 
with  corrugated  asbestos  and  an  inner  lining 
of  tin  plate.  Here  are  16  collars  or  outlets  on 
the  heater  top  for  the  connection  of  the  heat 
pipes,  nearly  all  of  which  are  connected  to  the 
separate  rooms.  The  collars  are  made  flaring; 
that  is,  the  bottom  of  the  collar  at  the  top  of 
the  heater,  is  2  inches  larger  in  diameter  than 
the  top  where  the  pipe  is  attached.  The  pipes 
are  of  IX  bright  tin  plate  4A  grade,  and  are 
covered  with  corrugated  asbestos,  secured  to  the 
pipes  by  means  of  japanned  metal  bands.  Where- 
ever  there  is  a  change  of  direction  in  the  pipes, 
easy  bends  are  employed.  Flues  in  partitions 
and  walls  are  made  of  the  same  material  as  the 
cellar  pipes,  and  are  covered  with  asbestos 
sheathing  paper,  two  thickness  in  partitions 
and  four  thickness  In  addition  between  the 
pipes  and  wall  in  outside  walls.  Over  all  the 
flues  there  is  punched  metal  lathing  on  which 
the  plastering  is  done. 


length  of  the  heat  pipes  and  the  surroundings  of 
the  heat  flue.  For  example,  the  ratio  of  heat- 
pipe  area  in  square  inches  to  space  heated  in 
cubic  feet,  is  1  to  33  in  the  case  of  the  living 
room  on  the  first  floor;  1  to  38  for  the  dining 
room;  1  to  55  for  the  hall,  which  has  6,272  cubic 
feet  o€  contents  through  the  three  stories  and 
register  in  the  flrst  floor  only;  and  1  to  38  tor 
the  servants'  hall.  In  rear  rooms  on  the  second 
floor  the  ratios  are  1  to  18  and  1  to  20.  The 
ratio  of  heat-pipe  areas  to  equivalent  glass  sur- 
face is  for  the  rooms  mentioned:  1  to  1.56;  1  to 
1.87;  1  to  1.84;  1  to  1.5  and  1  to  1.2.  For  a  bath 
room  on  the  third  floor  the  ratio  on  the  basis 
of  room  contents  is  1  to  10  and  on  the  basis 
of  equivalent  glass  surface,  1  to  0.6.  In  the  lat- 
ter there  is,  of  course,  an  equivalent  glass  sur- 
face which  was  to  cover  transmission  losses 
through  the  ceiling. 

As  an  illustration  of  the  dlslrlDutlon  of  heat 
the  author  gave  a  table  of  the  temperatures  ob- 
served in  the  different  rooms  and  also  of  the 
temperature  of  the  air  at  the  registers.  This 
was  not  presented  as  Indicating  a  test,  as  the 
outdoor  temperature  was  18  degrees  above  zero. 
The  temperatures  throughout  the  house  ranged 
from  75  to  84  with  an  average  of  79.  The  room 
and  register  temperatures  for  the  flrst  floor 
rooms  are  as  follows:  Hall  80  and  180;  living 
room,  80  and  172;  dining  room,  79  and  170; 
servants'  hall,  79  and  174.  From  these  figures 
The  Engineering  Record  has  made  the  follow- 
ing calculations.    In  the  case  of  the  living  room 
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Plans  of  a  Three-Story  Residence  Warmed  by  a  Battery  of  Hot-Air  Furnaces. 


nection,  uniting  in  a  10-inch  galvanized-iron 
pipe  which  leads  to  a  terra-cotta  lined  chimney 
IViXll  inches  inside. 

The  fresh  air  is  brought  through  three  win- 
dows on  the  west  side  of  the  cellar,  aggregating 
in  net  area  1,000  square  inches.  The  fresh- 
air  chamber  is  tightly  boarded  oft  from  the  cel- 
lar and  the  air  is  conducted  to  the  heaters 
through  a  30x35-inch  galvanized-iron  duct. 
Near  the  heaters  the  duct  Is  divided  into  two 
parts,  each  of  which  is  above  ground  and  spread 
out  to  the  diameter  of  the  heater  casing  or  out- 
side jacket  or  to  a  cross-section  of  14x51  inches. 
Near  the  fresh-air  chamber  there  is  a  cutoff 
damper,  with  an  outside  indicator,  and  this 
when  shown  shut  still  leaves  an  opening  two- 
fifths  the  size  of  the  main  duct  This  arrange- 
ment is  to  allow  for  cutting  down  too  great  an 
inrush  of  air  during  high  winds  and  also  at 
ulf^t  when  the  fires  may  become  low,  and  it 
prevents  the  duct  l>eing  entirely  closed  off  with 
a  likelihood  of  damage  to  the  heater  and  of  in- 
terference with  the  working  of  the  system.  In 
the  branch  duct  to  each  heater  there  is  a  tight 
damper  as  there  are  also  in  the  Individual 
smoke  pipes.  The  tig;ht  dampers  of  the  air  duct 
and  smoke-pipe  of  each  heater  are  connected  to- 
gether by  chains  so  that  when  the  chain  is  oper- 
ated to  close  the  duct  to  either  heater,  it  simul- 
taneously closes  the  damper  in  the  smoke-pipe. 


Each  outlet  has  a  plain  lattice  register.  Where 
the  depth  of  the  register  box  is  ouch  that  a 
plain-face  register  would  cut  off  part  of  the 
area  of  the  flue,  a  convex-face  register  is  used. 
The  total  area  of  all  heat  pipes,  16  In  number, 
is  983  square  inches.  The  equivalent  glass  sur- 
face, as  already  stated,  is  1,537  square  feet,  this 
calculated  on  a  basis  that  4  square  feet  of  the 
wall  surface  are  equivalent  In  cooling  action 
to  1  square  foot  of  glass  surface,  and  that,  for 
the  third-story  rooms,  10  square  feet  of  the  ceil- 
ing are  equivalent  in  this  respect  to  1  of  glass. 
It  will  be  seen  that  there  are  34.3  cubic  feet  of 
air  space  for  each  square  inc"h  of  area  In  the 
heat  pipes,  or  29  square  inches  In  the  heat  pipes 
for  every  1,000  cubic  feet  of  contents.  There 
are  1.56  square  feet  of  equivalent  glass  surface 
for  each  square  inch  in  the  heat  pipes  and  ap- 
proximately 4  square  feet  of  gross  exposed  wall 
surface,  including  the  windows,  for  each  square 
inch  of  heat-pipe  area.  The  proportion  of  the 
space  heated  to  the  heating  surface  of  the  fur- 
nace is  112  to  1.  In  a  study  of  the  individual 
cases,  for  which  the  author  presented  a  table,  a 
wide  variation  is  shown  in  relation  of  the  area 
of  heat  pipes  to  the  cubic  contents  and  also  in 
the  relation  to  the  equivalent  giass  surface,  but 
this  variation,  he  explained.  Is  occasioned  by 
the  conditions  of  each  case,  sucn  as  the  ex- 
posure, direction  of  the  exposure,  elevation,  and 


there  is  an  equivalent  of  197  glass  surface.  As 
the  temperature  difference  between  room  and 
outside  is  62,  the  cooling  action,  at  1  British 
thermal  unit  per  square  foot  of  the  equivalent 
glass  surface  per  hour  per  degree  difference.  Is 
62x197=12,214  thermal  units.  If  this  Is  in- 
creased one-third  to  allow  for  its  northwest  lo- 
cation, the  total  cooling  action  may  be  taken  as 
16,300  thermal  units  per  hour.  This  amount  of 
heat  is  supplied  by  the  Incoming  air  which  is 
cooled  92  degrees  in  giving  up  the  heat.  As  one 
cubic  foot  of  air  loses  0.019  thermal  unit  in  cool- 
ing one  degree.  It  will  lose  1.75  units  in  cool- 
ing 92  degrees  and  to  supply  16,300  units  in  one 
hour,  9,300  cubic  feet  will  be  required  in  that 
time.  This  would  correspond  to  a  velocity  of 
about  3  feet  per  second  in  the  heat  pipes  and  a 
change  of  air  in  the  room  at  the  rate  of  2.2 
times  In  an  hour. 


On  the  Siberian  Railway  heretofore  certain 
students  of  the  technical  schools  have  been  per- 
mitted to  run  locomotives  as  a  part  of  their 
training,  but  orders  forbidding  this  practice 
have  recently  been  issued,  thus  debarring  about 
one  hundred  students.  These  orders  were 
called  forth  by  the  derailment  of  a  butter  train 
near  Cheliabinsk  while  a  student  from  the 
Tomsk  Technological  Institute  was  managing 
the  locomotive. 
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Illinois   Engineers  and   Illinois  Roads. 

Abstract  of  a   paper   read   by    Prof.    I.   O.   Baker 
before  the  Illinois  Society  of  Engineers  and  Surveyors. 


Engineers  frequently  complain  that  in  emol- 
uments and  in  public  esteem  the  engineering 
profession  does  not  stand  as  high  as  it  deserves, 
either  in  comparison  with  other  professions  or 
on  account  of  the  importance  of  the  interests 
involved.  There  is  doubtless  some  justifica- 
tion for  this  contention,  yet  the  reason  for  the 
lack  of  appreciation  of  engineers  by  the  pub- 
lic is  not  far  to  seek.  The  work  of  the  engi- 
neer is  almost  wholly  with  inanimate  things, 
the  world  of  dead  matter  and  of  force.  The 
engineer  devotes  all  or  nearly  all  of  his  time 
to  the  materials,  the  laws  and  the  forces  of  na- 
ture, and  scarcely  any  time  or  thought  to  the 
life  of  the  world,  to  its  commercial,  political, 
intellectual  and  social  activities.  Natural  law, 
dead  matter  and  lifeless  force  make  up  his 
working  world;  and  in  these  alone  many  en- 
gineers live  and  move  and  have  their  profes- 
sional being,  and  they  have  scarcely  auy  con- 
ception of  any  other  world.  The  social  and 
the  political  problems  of  the  community  in 
which  they  live  seem  not  to  concern  them. 
They  do  their  work  largely  apart  and  separate 
from  other  men,  and  particularly  from  those 
men  who  are  making  and  molding  public  opin- 
ion, and  who  are  giving  time  and  thought  to 
the  social  and  political  problems  of  the  com-' 
munity.  These  engineers  give  themselves  so 
much  to  the  contemplation  of  the  material 
problems  of  their  profession  that  they  lose  in- 
terest in  the  intellectual  and  social  life  of  the 
world,  and  lack  appreciation  and  enjoyment  of 
literature  and  art;  and  consequently  have  but 
little  in  common  with  men  and  women  whom 
they  meet.  The  minds  of  such  men  are  all 
shop,  out  of  which  only  shop  talk  can  be 
drawn.  Such  men  are  little  more  than  animal 
tools  and  are  liable  to  be  something  of  a  bore  to 
their  friends  and  a  weariness  to  the  flesh  of 
the  more  liberal  minded  men  of  the  other  pro- 
fessions. Their  influence  upon  the  social  and 
the  intellectual  life  of  the  community  is  zero, 
and  it  is  no  wonder  that  those  who  mold  and 
make  public  opinion  do  not  accord  these  engi- 
neers a  high  place  in  their  estimation,  and  it 
need  be  no  surprise  that  the  returns  for  profes- 
sional labors  are  too  much  like  that  received 
by  other  ciphers  in  society  and  too  little  like 
that  obtained  by  those  who  make  and  mold  pub- 
lic opinion. 

Just  now,  however,  there  is  a  distinct  call 
to  the  engineers  of  the  State  to  help  In  finding 
the  best  solution  of  the  good  roads  problem. 
The  Legislature  at  its  last  session  authorized 
the  Governor  to  appoint  a  Commission  to  study 
the  road  question,  and  report  lis  conclusions 
to  the  next  Legislature.  The  Commission  has 
been  appointed  and  its  report  is  sure  to  bring 
the  road  subject  up  for  active  consideration. 
It  is  not  too  much  to  say  that  the  civil  engi- 
neers of  the  State,  particularly  the  members 
of  this  society,  scattered  in  the  several  com- 
munities, should  contribute  of  their  knowledge 
to  the  solution  of  this  problem.  In  one  phase 
the  road  question  has  to  do  with  the  materials 
and  the  forces  of  nature,  and  hence  is  in  the 
field  of  the  engineer's  professional  activity. 
In  another  phase,  the  road  question  is  quan- 
titative rather  than  qualitative,  and  since  the 
engineer  in  his  professional  work  is  accus- 
tomed to  deal  wholly  with  quantitative  ques- 
tions, he  should  be  particularly  fitted  to  help 
solve  the  road  problem.  The  engineer  Is  es- 
pecially qualified  by  his  professional  training 
to  consider  questions  as  to  the  amount  of  the 
present  traffic  and  its  cost,  the  probable  future 
traffic  and  its  cost,  the  cost  of  maintenance  of 
the  present  and  of  the  proposed  road,  the  ma- 


terials for  the  road  surface,  and  the  details  of 
the  method  of  construction. 

But  the  good  roads  problem  is  usually  much 
more  than  a  question  of  materials  and  the 
methods  of  using  them.  Matters  relating  to  effi- 
cient road  administration,  and  to  the  equitable 
adjustment  of  the  expense  of  any  proposed  im- 
provement between  the  lowest  and  the  various 
higher  governmental  units,  and  a  proper  distri- 
bution of  the  expense  between  the  present  and 
the  future,  will  require  the  wisest  statesman- 
ship, the  most  careful  consideration  of  con- 
flicting interests,  and  a  recognition  of  the  power 
of  established  practice.  The  engineer  who  has 
been  trained  to  weigh  causes  and  foresee  re- 
sults should  be  able  to  throw  some  light  upon 
this  part  of  the  good  roads  problem. 

The  economics  of  the  good  road  problem  is 
not  a  mere  academic  question,  but  one  vibrant 
with  interest  to  the  whole  State.  If  you  be- 
lieve with  some  that  the  people  of  the  State 
are  losing  vast  sums  through  poor  wagon 
roads,  then  you-  should  lend  a  hand  to  stop  this 


subject  with  intelligence  and  conslderateness. 
The  discussion  should  proceed  with  more  light 
and  less  heat  than  has  been  common  in  tbe 
past. 


Cross-Section  of  the  Pipe  Tunnel. 


Conduit   for  Steam  Pipes. 

waste;  and  if  you  believe  with  others  that 
any  attempt  to  spend  considerable  sums  in 
road  improvement  would  be  a  public  calamity, 
then  you  should  do  all  in  your  power  to  pre- 
vent such  useless  expenditure.  This  question 
has  been  before  the  public  for  about  a  decade, 
but  it  is  a  curious  fact  that  the  contentions 
of  either  side  have  never  been  seriously  con- 
sidered by  the  other.  The  disputants  have 
faced  in  opposite  directions,  and  each  has  ad- 
dressed only  those  who  held  his  own  views, 
and  consequently  little  or  no  progress  has  been 
made  toward  the  solution  of  the  problem — un- 
less it  be  that  the  disputan.:s  have  gotten 
farther  apart.  But  this  condition  of  affairs  is 
likely  to  come  to  an  end,  for  the  report  of  the 
State  Good  Roads  Commission  will  bring  the 
matter  up  in  the  next  Legislature,  and  an  at- 
tempt will  likely  be  made  to  embody  some  view 
of  road  reform  in  legal  enactment.  Within  a 
year  the  discussion  of  the  good  road  question 
is  likely  to  take  on  a  new  aspect  in  this  State, 
and  engineers  should  be  ready  to,  discuss  the 


Purdue  University  Central  Heating  and 
Power  Station. 

Abstract  of  a  paper  read  by  J.  D.  HofTnian,  Asso- 
ciate Professor  of  Engineering  Design,  Purdue  Univer- 
sity,  Lafayette,   Ind..   at   the  meeting  of  the  Indiana 
Engineering  Society. 


At  Purdue  University  there  has  been  installed 
a  complete  centralized  plant  to  provide  heat  and 
light  for  the  various  buildings,  thirteen  in 
number,  located  at  distances  varying  from  125 
to  1,200  feet  from  the  power-house  site,  and  also 
a  central  generating  system  for  these  buildings, 
using  steam  and  electricity  for  power  or  experi- 
mental purposes.  In  selecting  the  site  for  the 
building,  the  probable  growth  of  the  university 
was  taken  into  account,  so  as  to  have  the  supply 
eventually  about  the  center  of  the  field  of  de- 
mand. Dean  W.  F.  M.  Goss,  of  the  engineer- 
ing department,  is  the  designer  and  superin- 
tended the  erection  of  the  entire  plant. 

The  pipe  lines  to  the  several  buildings  are 
carried  first  through  a  large  subway  or  tunnel, 
and  then  In  conduits.  One  conduit,  leading 
from  the  tunnel,  the  east  one,  is  double  and 
carries  two  flow  mains  and  one  return  main. 
One  main  is  a  high-pressure  main  carrying 
steam  as  high  as  250  pounds  pressure  to  supply 
the  various  power  and  experimental  engines, 
the  other  and  larger  main  carries  the  low-pres- 
sure and  exhaust  steam  from  all  the  engines 
to  the  respective  buildings  along  this  branch 
for  heating  purposes.  The  return  main  carries 
all  the  condensation  from  the  various  build- 
ings using  heat  and  power  back  to  a  receiver 
located  in  a  pit  in  the  power-house.  The  pipes 
are  graded  so  the  entire  return  water  will  flow 
to  the  power-house  by  gravity.  The  present 
plans  provide  for  40  to  45  pounds  pressure  in 
one  case  for  heating,  with  pressure  reducing 
valves  at  each  building.  Those  buildings  con- 
necting with  the  exhaust  main  will  heat  from 
steam  at  a  pressure  slightly  above  that  of  the 
atmosphere. 

The  accompanying  drawing  shows  a  section 
of  the  tunnel  near  the  power-house.  The  pipes 
are  supported  on  rollers  of  1-inch  pipe,  being 
held  at  one  end  by  a  cup-shaped  casting  and  at 
the  other  by  a  set  screw  which  provides  for 
vertical  adjustment  without  restricting  the 
turning  of  the  roller.  The  bottom  of  the  tun- 
nel is  cemented  and  thoroughly  drained.  The 
photograph  shows  details  of  the  conduit  for  the 
single  and  double  lines.  Manholes  are  placed 
at  important  points  along  the  line. 

All  main  lines  of  piping  have  flanged  flttings 
throughout  so  that  in  case  of  accident  any  sec- 
tion can  be  removed  for  repairs  on  short  notice. 
No  expansion  joints  are  used,  all  expansion  be- 
ing provided  for  by  offsets.  All  corners  are 
fltted  with  pipes  of  a  90-degree  long  radius 
bend  instead  of  the  ordinary  elbow  joint.  An- 
chors are  placed  at  proper  intervals  to  make 
the  expansion  suitable  at  the  different  bends. 
All  pipes  are  protected  with  magnesia  sectional 
covering  and  the  conduits  enclosed  with 
halved  tiles  cemented  in  place. 

The  boiler  plant  consists  of  two  Stirling 
units  of  500-horse-power  each,  with  the  founda- 
tion prepared  for  the  installation  of  a  third 
unit  of  the  same  size  at  some  later  date.  These 
boilers  are  connected  by  bent  pipes  of  large 
radius  turns  to  suitable  steam  headers,  so 
valved  and  fitted  that  they  may  be  used  inde- 
pendently or  combined.  The  firing  is  accom- 
plished by  means  of  the  Roney  mechanical 
stoker  and  is  supplied  with  coal  through  down 
spouts  from  a  coal  storage  bin.  Thfe  ashes  fall 
in  pits  located  along  the  line  of  a  bucket  con- 
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veyor.  and  when  occasion  demands,  are  dumped 
into  the  conveyor  and  elevated  to  an  ash  bin  lo- 
cated at  one  end  of  the  building  and  at  an  ele- 
vation the  same  as  that  of  the  upper  coal  bin. 
Prom  this  bin  the  ashes  can  be  spouted  to  a  car 
or  to  wagons.  The  receiving  hopper  for  the 
coal  is  located  on  one  side  of  the  building  in  the 
line  of  the  railroad.  The  coal  from  this  hopper 
is  caught  by  a  cross-conveyor  and  carried  to 
the  crusher  directly  over  the  lower  strand  of 
the  bucket-conveyor.  The  coal  when  crushed 
falls  into  the  bucket-conveyor,  is  elevated  to  the 
roof  line  and  is  dumped  into  the  coal  bin  men- 
tioned, which  is  upper  of  two  coal  bins.  From 
this  upper  bin  filling  spouts  drop,  as  stated,  to 
the  stokers.  When  the  upper  bin  is  filled  a  slid- 
ing gate  is  opened  and  the  coal  falls  to  the  lower 
or  main  storage  bin.  The  bottom  of  tne  main 
storage  bin  is  built  hopper  fashion  with  spouts 
properly  valved,  leading  to  the  lower  strand  of 
the  bucket-conveyor.  When  coal  is  scarce  in 
the  upper  bin,  the  coal  from  the  lower  bin  is 
spouted  to  the  bucket-conveyor  and  carried  to 
the  upper  bin  for  use.  The  convenience  with 
which  the  coal  can  be  moved  is  expected  to 
prove  of  great  value  In  case  of  the  heating  of 
the  coal  in  the  large  bin.  By  continuous 
handling  of  the  coal  it  would  be  given  a  chance 
to  become  cooled.  If  in  an  emergency  it  be- 
comes necessary  to  remove  the  coal  from  the 
building,  it  can  be  dumped  into  the  ash  bin, 
and  from  there  spouted  to  the  cars.  The  power- 
house is  60x130  feet,  with  a  stack  9  feet  free 
diameter  and  150  feet  high. 


The  Tenth  Anniversary  of  the  American 

Society  of  Heating  and  Ventilating 

Engineers. 


(Continued  from  page  115.) 
In  the  account  last  week  of  the  tenth  anni- 
versary meeting  of  the  American  Society  ot 
Heating  and  Ventilating  Engineers  the  proceed- 
ings were  carried  through  the  first  session  ot 
the  third  day.  The  next  session  was  the  con- 
eluding  one  of  the  convention  and  two  papers 
were  presented,  a  number  of  topical  discussions 
taken  np  and  the  new  board  of  officers  In- 
stalled. 

The  two  papers  were  those  of  Prof.  Car- 
penter on  the  necessity  of  moisture  in  heated 
houses,  reprinted  in  last  week's  issue,  and  of 
Mr.  C.  E.  Oldacre  on  a  battery  furnace  system 
of  heating  a  residence,  reviewed  elsewhere  in 
this  impression.  The  two  papers  were  dis- 
cussed together.  Prof.  Carpenter  called  atten- 
tion to  a  statement  in  Mr.  I>oveland's  study, 
forming  the  basis  of  his  contribution,  that  with 
an  inside  temperature  of  70  degrees  and  rela- 
tive humidity  of  30  i)€r  cent.,  considerable  con- 
densation on  the  windows  took  piace,  which 
fact  Prof.  Carpenter  felt  indicated  that  30  per 
cent,  was  about  the  limit  of  the  humidity  allow- 
able within  a  house.  Mr.  Oldacre  believed  that 
the  water  pan  Is  really  a  detriment  to  a  hot-air 
furnace  system,  regarding  it  as  a  means  of  col- 
lecting and  emitting  dust,  besides  being  a  cause 
for  the  burning  out  and  cracking  of  furnace  fire 
pots,  due  partly  to  the  local  obstruction  it  in- 
terposes to  the  proper  flow  of  air.  He  stated 
that  in  a  room  of  some  12,000  cubic  feet,  main- 
tained at  a  temperature  of  68  degrees,  the  rela- 
tive humidity  was  raised  only  5  per  cent,  by  the 
evaporation  of  8>/'  gallons  a  day. 

Among  the  topics  for  discussion  some  ref- 
erence was  made  to  the  dependance  on  records 
of  temperature  and  humidity  in  figuring  the  re- 
quirements for  district  heating  systems.  Prof. 
Klnealy  said  that  according  to  Mr.  W.  H.  Bryan 
the  temperature  should  be  taken  at  about  30 
degrees  less  than  the  average.  As  to  the  rela- 
tive superiority  of  Iron  or  steel  pipes  In  heat- 


ing systems,  it  was  thought  that  steel  pipes 
had  not  been  used  long  enough  to  tell.  One 
member  said  that  wrought  iron  was  much  to  be 
preferred  in  connection  with  furnace  domes. 

The  following  committee  appointments  were 
announced:  Compulsory  Legislation,  C.  B.  J. 
Snyder;  Henry  Adams;  W.  C.  Vrooman;  T.  J. 
Waters;  B.  H.  Carpenter.  Standards — J.  H. 
Kinealy;  H.  D.  Crane;  James  Mackay;  J.  J. 
Blackmore;  Wm.  G.  Snow.  Tests— R.  C.  Car- 
penter; Wm.  Kent;  George  Mehring;  A.  A. 
Cary;  B.  F.  Stangland.  The  attendance  at  the 
convention  was  the  largest  in  us  history  by 
40  or  50  per  cent.,  and  the  society  Is  to  be 
congratulated  on  the  quality  of  its  work,  es- 
pecially during  late  years,  as  evidenced  in  the 
historical  papers  presented.  At  the  dinner  Wed- 
nesday night  a  substantial  token  of  the  appre- 
ciation of  Mr.  W.  M.  Mackay's  work  in  behalf 
of  the  society  was  given  to  him  by  the  members 
in  the  shape  of  a  silver  loving  cup. 

In  connection  with  the  paper  presented  by 
Capt.  Reck,  of  Copenhagen,  on  the  hot-water 
heating  installation  in  an  institution  in  that 
city,  attention  is  called  to  the  accompanying 
chart.  The  reading  of  the  paper  was  referred 
to  In  last  week's  report.  In  his  calculations  for 
hot-water  heating  surface,  he  has  adopted  a 
standard  of  radiation  or  nominal  square  foot. 
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Chart   for  Hot-Water  Radiation. 

which  is  a  square  foot  ot  the  ordinary  pat- 
tern ot  two-column  cast-iron  radiator,  38  Inches 
high,  heated  to  a  temperature  ot  160  degrees 
Fahrenheit,  and  placed  as  direct  radiation  in  a 
room  where  the  temperature  is  68  degrees.  He 
has  found  that  a  square  foot  of  heating  surface 
under  these  circumstances  will  emit  nearly  160 
British  thermal  units  per  hour,  it  will  be 
noted  that  in  this  standard  there  Is  only  one 
round  number  to  be  remembered,  the  tempera- 
ture of  the  radiator  and  the  numoer  of  heating 
units  emitted,  being  160  in  each  case. 

The  horizontal  distances  between  each  ten 
degrees  at  the  bottom  of  the  diagram  are  In 
Inverse  proportion  to  the  heat  emitted  per 
square  foot  by  the  radiators.  For  Instance,  the 
distance  between  130  and  120  degrees  is  double 
that  between  170  and  160,  because  between 
130  and  120  the  radiator  will,  h«  stated,  only 
emit  one-half  the  heat  that  is  emitted  between 
170  and  160.  Again,  it  the  water  m  a  radia- 
tor of  the  type  represented  by  curve  I  will  go 
Into  the  radiator  at  a  temperature  ot  170  de- 
grees and  leave  it  at  a  temperature  ot  120,  then, 
as  the  number  140  Is  found  about  at  the  mid 
point  between  170  and  120,  the  mean  tempera- 
ture of  the  radiator  Is  taken  at  140'  and  Its 
heat-emltting  power  will  be  about  0.73  of  a  nom- 
inal square  foot,  this  number  being  the  coeffi- 


cient corresponding  to  the  figure  140  tor  the- 
curve  in  question.  It  145  had  been  taken  as  the 
mean,  0.8  would  have  been  the  coefflcient,  but 
under  this  assumption  the  radiator  would,  ac- 
cording to  the  author,  have  been  over-rated. 
The  real  mean  temperature  of  a  hot-water  rad- 
iator- must  generally  be  somewhat  lower  than 
the  arithmetical  mean  between  the  tempera- 
tures ot  inflow  and  outflow  because  the  water 
cools  more  rapidly  the  higher  its  tempera- 
ture. 

The  building,  tor  which  the  heating  installa- 
tion was  described,  contains  in  flve  floors  100' 
two-room  suites  occupied  mainiy  oy  aged  peo- 
ple. All  told,  the  contents  ot  the  room  heated 
are  nearly  300,000  cubic  feet  and  they  are  heated 
by  hot-water  from  two  low-pressure  steam  boil- 
ers, each  with  190  square  feet  of  heating  sur- 
face. The  author  stated  that  a  temperature  of 
68  degrees  can  be  maintained  in  the  rooms 
with  an  outside  temperature  of  4  degrees  be- 
low zero.  The  total  ot  radiation  amounts  to- 
G,210  nominal  square  feet,  equivalent  to  a 
transmission  of  1,000,000  British  thermal  units 
per  hour.  The  service  is  all  supplied  from  a 
3%-inch  main  rising  from  the  reheater  to  the 
circulator  and  the  expansion  tank,  in  accord- 
ance with  the  system  described  in  the  Issue 
ot  January  16.  Each  supply  riser  from  tha- 
main  carries  ten  to  twelve  radiators;  most  of 
these  supply  pipes  are  but  %  inch  In  diameter 
and  carry  300  or  more  nominal  square  feet  ot 
radiation  or  about  50,000  thermal  units.  As 
explanatory  ot  the  efl3ciency  of  the  circulator 
the  author  stated  that  the  attendant  can 
get  the  radiators  to  a  temperature  of  180  de- 
grees during  the  morning  in  less  than  an  hour. 


The  STE.4.M  Consumption  in  a  central  station 
where  both  electric  current  and  steam  heating 
are  supplied  was  discussed  by  Mr.  Fred.  B. 
Hofft,  of  the  Merchants'  Heat  &  Light  Com- 
pany, of  Indianapolis,  before  the  Indiana  En- 
gineering Society.  A  comparison  was  made 
first  with  the  station  run  condensing  and  then 
when  supplying  exhaust  for  heating.  Assum- 
ing the  average  electric  load  for  24  hours  as. 
750  kilowatts,  the  engines  were  charged  with 
consuming  18  pounds  of  steam  per  horse-power 
per  hour,  the  condenser  pumps  wltn  40  horse- 
power at  80  pounds  per  horse-power  hour;  the 
cooling-tower  fan  with  20  horse-power  in  an 
electric  motor  at  a  steam  value  of  21  pounds 
per  horse-power  hour;  the  boiler-feed  pumps- 
with  15  horse-power  at  80  pounds  of  steam  per 
horse-power  hour,  or  a  total  for  24  hours  of 
538,080  pounds.  When  the  heating  season  oc- 
curs, with  the  average  of  29  d>jgrees  Fahr.  in 
the  outside  atmosphere,  the  use  ot  the  200,000 
square  feet  of  radiation  was  said  to  require 
power-house  pressure  of  Zy-j,  pounds.  The  steam 
engine  water  rate  was  increased  on  this  ac- 
count to  26  pounds;  the  power  for  the  boiler- 
feed  pumps  to  20  horse-power;  a  deep-well 
pump  to  furnish  the  additional  water  was 
charged  with  5  electrical  horsepower  at  21 
pounds  of  .steam  per  horse-power  hour;  and  69,- 
000  pounds  of  live  steam  was  added  to  take  care 
of  17,000  square  feet  of  radiation,  as  the  ex- 
haust steam  available  would  only  supply  183,000 
square  feet;  making  a  total  of  729,720  pounds  of 
steam  In  24  hours  when  the  plant  Is  run  non- 
condensing  for  general  heating  purposes.  The 
heat  consumed  in  feed-water  heating  was  also- 
considered.  The  difference  between  the  heat 
represented  In  heating  the  former  quantity  of 
water  from  90  to  210  degrees  and  that  in  heat- 
ing the  latter  quantity  from  50  to  210  degrees 
is  52,585,000  thermal  units,  which  is  equivalent 
to  about  40,000  pounds  of  steam  to  be  charged 
to  the  steam-heating  period,  making  a  total  of 
769,720,  or  a  difference  between  the  two  casea 
of  231,640  pounds  of  steam  for  24  hours. 


Jan.  30,  1904. 
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Dr.  Charles  B.  Dudley,  President  Ameri- 
can Society  for  Testing  Materials. 

Charles  B.  Dudley  was  born  at  Oxford.  Che- 
nanKo  County,  N.  Y.,  on  July  14,  1842,  of 
New  England  parentage.  His  early  years  were 
spent  in  attending  the  village  school  and  later 
the  academy,  in  the  fall  and  winter,  and  in 
working  on  a  farm  in  summer.  In  1862  he  en- 
listed as  a  private  soldier  in  the  114th  New 
York  Volunteers,  and  spent  the  greater  part 
of  the  next  three  years  in  the  War  of  the  Re- 
bellion. He  was  in  seven  battles,  and  was 
finally  severely  wounded  in  the  battle  of  Ope- 
quan  Creek  in  September,  1864.  The  studious 
habits  which  may  be  said  to  have  character- 
ized Doctor  Dudley's  whole  life,  manifested 
themselves  even  during  his  army  service.  Dur- 
ing one  winter,  while  the  army  was  in  winter 
quarters  at  Franklin,  he  had  his  Latin  gram- 
mar and  reader  sent  to  him,  and  devoted  many 
hours  of  his  camp  leisure  that  winter  to  a  study 
of  that  language.  Returning  from  the  war  In 
1865,  he  resumed  his  studies  and 
graduated  from  Yale  College  in  1871. 
The  next  year  was  spent  in  news- 
paper work  in  New  Haven,  obtaining 
means  to  prosecute  further  studies. 
and  to  pay  off  obligations  already  in- 
curred during  the  previous  four  years. 
In  the  fall  of  1872,  he  entered  the 
Sheffield  Scientific  School  and  gradu- 
ated in  1874,  with  the  degree  of  Ph.D.. 
having  spent  the  two  years  largely  in 
chemical  study.  The  next  college 
year  was  spent  as  assistant  to  Dr. 
George  F.  Barker,  Professor  of 
Physics,  at  the  University  of  Pennsyl- 
vania. In  September,  1875,  Dr.  Dud- 
ley accepted  the  position  of  teacher 
of  the  sciences  In  Riverview  Military 
Academy  at  Poughkeepsie,  which  po- 
sition he  retained  only  about  a  month, 
as  on  November  10  of  the  same  year 
he  was  invited  to  accept  the  position 
of  chemist  of  the  Pennsylvania  Rail- 
road Company  at  Altoona,  which  po- 
sition he  still  holds. 

It  will  be  noted  that  by  far  the  larg- 
est portion  of  Dr.  Dudley's  active  life 
has  been  spent  at  Altoona.  When  he 
began  his  work  there,  no  railroad  had 
a  chemist  as  a  regular  employe,  al- 
though many  of  them  had  occasional 
chemical  work  done.  At  that  time  the 
whole  subject  of  the  relation  between 
scientific  knowledge  and  its  practical 
use  by  railroads  was  in  a  very  cha- 
otic state.  There  were  very  few,  if 
any,  specifications.  The  study  of  the 
valuable  properties  of  metals  and  other  mate- 
rials used  in  construction  may  fairly  be  said 
to  have  been  in  its  infancy.  Engineers,  both 
civil  and  mechanical,  were  largely  dependent 
on  the  makers  of  commercial  products  for  their 
knowledge  as  to  the  fitness  of  these  products 
for  the  purpose  desired;  also  there  was  an 
almost  absolute  absence  of  positive  knowledge 
as  to  whether  the  thousand  and  one  different 
articles  used  by  railroads,  either  in  construc- 
tion or  In  the  supplies  that  are  consumed  from 
day  to  day,  were  really  what  they  professed  to 
be.  Furthermore,  the  study  of  materials  from 
the  standpoint  of  the  service  had  only  just 
begun.  The  study  of  materials  from  the  stand- 
point of  the  maker,  that  is  how  to  manufacture 
a  given  product  successfully,  had  made  much 
more  progress;  but  whether  that  product  so 
manufactured  would  give  the  best  results  in 
actual  service  was  largely  an  unknown  field. 
This  distinction  as  to  whether  a  product  that 
•can  be  successfully  made  from  the  manufac- 
turing standpoint  will  give  the  best  results  In 


service,  is  believed  to  be  a  real  and  a  valid  one, 
and  one  that  is  far  too  often  overlooked. 
Finally  the  question  as  to  whether  there  is  any 
room  in  a  railroad  organization  for  an  em- 
ploye or  employes  who  should  devote  them- 
selves to  the  study  of  materials  from  the  stand- 
point of  the  consumer,  who  should  investigate 
methods  and  practices,  both  of  construction 
and  operation,  that  happen  to  be  in  daily  use, 
with  the  view  of  their  improvement,  and  who 
should  keep  in  touch  with  the  progress  of  sci- 
entific knowledge,  with  the  view  of  applying  to 
railroad  operation  such  portions  as  may  be  fit, 
was  at  that  time  an  entirely  unsolved  problem. 
To  Mr.  Theo.  N.  Ely,  formerly  superintendent 
of  motive  power,  and  at  present  chief  of  motive 
power  of  the  Pennsylvania  Railroad  Company. 
is  due  the  credit  for  the  conception  and  the 
belief  that  there  was  room  in  a  railroad  or- 
ganization for  an  Experimental  Department, 
devoted  to  the  work  outlined  above,  and  the 
securing  of  a  chemist  was  one  of  the  import- 
ant   steps    in    the     development    of   his    idea. 


Dr.  Charles  B.  Dudley. 

Of  the  work  done  by  Dr.  Dudley  during  the 
little  over  twenty-eight  years  of  his  life  in 
Altoona,  perhaps  that  which  has  attracted  the 
most  widespread  public  attention  was  the  study 
of  steel  rails  made  in  the  early  eighties.  The 
thought  which  led  to  and  actuated  that  study 
throughout  was:  "What  does  the  actual  service 
of  the  rails  in  the  track,  teach  us  in  regard  to 
the  kind  or  quality  of  steel  that  will  give  best 
service?"  The  plan  of  the  investigation  con- 
sisted in  taking  from  the  track  about  a  hun- 
dred rails  whose  history  was  known,  approxi- 
mately one-half  of  which  had  given  inferior 
service  and  the  other  half  better  service,  and 
subject  these  rails  to  both  physical  test  and 
chemical  analysis.  Microscopic  examination  of 
steel  had  not  at  that  time  come  into  promi- 
nence. The  results  of  the  study  seemed  to 
point  very  clearly  to  the  conclusion  that  mild 
or  softer  steel  gave  not  only  a  safer  rail,  but 
also  one  that  suffered  less  loss  of  metal  by 
wear  than  harder  steel.  The  results  were  so 
contrary  to   the   commonly   received   views   on 


the  subject,  and  were  so  antagonistic  to  the 
interests  of  the  rail  manufacturers,  since  hard- 
er steel  rails  are  easier  made,  that  they  were 
received  with  Incredulity.  The  studies  were 
published  in  a  series  of  papers  in  the  "Proceed- 
ings" of  the  American  Institute  of  Mining  Engi- 
neers, and  led  to  a  most  animated  discussion. 
They  were  also  published  either  in  full  or  in 
copious  abstract  in  various  engineering  and 
metallurgical  papers  in  this  country  and  Eng- 
land, and  were  translated  and  printed  in  a  num- 
ber of  papers  on  the  Continent  of  Europe.  Al- 
though the  main  contention  of  this  study  of 
steel  from  the  standpoint  of  the  user  has  to 
this  day  not  been  generally  accepted,  it  is  per- 
haps not  too  much  to  say  that  the  influence  of 
this  investigation  on  the  metallurgical  world 
has  been  both  deep  and  lasting.  By  it  the  steel 
maker,  as  perhaps  never  before,  was  given  a 
view  of  his  product  from  the  standpoint  of  the 
user,  and  in  no  uncertain  manner  was  called 
upon  to  study  steel  not  alone  with  an  eye  to 
output,  but  also  with  an  eye  to  the  subsequent 
demands  which  the  service  would 
make  upon  it.  It  may  not  be  amiss  to 
add  that  many  metallurgists  have  ex- 
pressed appreciation  and  acknowledg- 
ment of  their  indebtedness  to  this  in- 
vestigation for  new  ideas  and  stim- 
ulus in  their  study  of  steel. 

Another  and  very  important  line  of 
work  in  connection  with  the  labora- 
tory of  the  Pennsylvania  Railroad  at 
Altoona  during  these  twenty-eight 
years  has  been  the  making  of  speci- 
fications for  materials.  This  is  per- 
haps the  most  exacting  and  time  con- 
suming work  that  has  been  undertak- 
en. No  specification  has  been  made 
without  a  more  or  less  exhaustive 
study  of  the  conditions  under  which 
the  material  does  Its  work,  and  these 
studies  have  not  infrequently  required 
two  or  three  years  or  even  longer,  be- 
fore a  specification  would  be  forth- 
coming. There  are  now  some  48  spe- 
cificatiotis  for  different  materials  in 
use  on  the  Pennsylvania  Railroad,  of 
which  a  part  are  purely  physical,  a 
part  purely  chemical,  and  a  part 
jointly  chemical  and  physical.  Dr. 
Dudley  can  hardly  be  held  responsible 
for  all  the  specifications,  but  is  respon- 
sible for  the  chemical  part,  and  by 
way  of  consultation  and  suggestion, 
has  helped  with  the  others.  The  field 
for  the  making  of  specifications  is  far 
from  being  completely  worked  over 
as  yet,  and  new  ones  are  continually 
being  made,  as  fast  as  information 
can  be  accumulated.  But  this  making  of  spe- 
cifications is  only  half  the  problem.  The  speci- 
fications tell  what  is  wanted,  but  is  the  mate- 
rial wanted  actually  furnished?  To  answer 
this  question  involves  tests  of  samples  from 
shipments,  as  they  are  received,  and  it  is  a 
part  of  the  scheme  of  the  Pennsylvania  Rail- 
road Company,  in  connection  with  its  Experi- 
mental and  Testing  Departments,  to  allow  no 
bill  to  be  paid  until  the  material  covered  by  it 
has  either  been  Inspected  by  a  competent  per- 
son, or  been  tested  either  physically  or  chemi- 
cally, as  the  case  may  be.  This  scheme  so  far 
as  the  chemical  part  is  concerned  involves  a 
thoroughly  equipped  Laboratory,  with  a  total 
force  at  the  present  time  of  eighteen  persons, 
of  whom  twelve  are  regularly  educated  chem- 
ists. One  of  the  force  is  likewise  a  regularly 
graduated  bacteriologist,  who  has  studied  in 
Europe  and  who  is  occupied  in  the  examination 
of  water  supplies,  experiments  on  disinfection, 
and  in  making  bacteriological  tests  for  diag- 
nosis in  connection  with  the  Relief  Fund.    The 
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total  number  of  tests  aod  chemical  determina- 
tions made  in  the  Laboratory  In  connection- 
with  shipments  of  materials,  amounts  to  about 
CO.OOO  per  jrear. 

In  this  connection,  several  years  ago  when 
the  number  of  specifications  had  reached  Some 
thirty  or  more,  it  was  thought  that  If  the  rea- 
sons why,  for  the  various  requirements  were 
put  in  print,  it  might  serve  some  valuable  pur- 
pose in  making  the  specifications  better  un- 
derstood by  those  desiring  to  furnish  materials. 
This  led  to  a  serlra  of  articles,  twenty-five  in 
number,  in  the  "American  Engineer  and  Rail- 
road Journal,"  under  the  title  of  "Chemistry 
Applied  to  Railroads."  Also  under  the  same 
title,  a  second  series  of  thirty-one  articles  was 
published  in  the  same  journal,  embracing  the 
chemical  methods  involved  In  the  examination 
of  commercial  products  bought  under  specifi- 
cations. These  articles  have  attracted  consid- 
erable attention,  and  although  the  series  was 
started  more  than  fourteen  years  ago,  it  is  even 
now  not  rare  for  copies  of  the  various  papers 
to  be  asked  for.  It  is  the  intention  ultimately 
to  bring  the  two  series  up  to  date,  and  issue 
them  In  book  form. 

As  illustrating  the  Influence  of  an  Experi- 
mental Department  on  the  constructions  and 
practices  actually  in  daily  use  on  railroads, 
the  studies  under  the  supervision  of  the  La- 
boratory on  the  ventilation  of  passenger  cars 
may  be  mentioned.  These  studies  embraced  a 
period  of  some  three  or  four  years,  and  result- 
ed in  the  development  of  what  is  believed  to 
be  a  very  satisfactory  system  of  car  ventila- 
tion. When  the  studies  were  first  undertaken, 
the  ordinary  passenger  car  either  had  no  ven- 
tilation at  all  or  at  the  best  supplied  to  the 
passengers  from  six  to  ten  thousand  cubic  feet 
of  fresh  air  per  hour.  With  the  system  as  de- 
veloped, sixty  thousand  cubic  feet  per  hour  are 
supplied,  or  one  thousand  cubic  feet  per  pas- 
senger, and  this  air  is  warmed  to  seventy  de- 
grees in  the  most  severe  weather. 

Space  does  not  suffice  to  describe  special  in- 
vestigations or  further  studies  leading  to  modi- 
fications of  practices,  but  it  may  not  be  amiss 
to  mention  that  these  investigations  and 
studies  embrace  such  subjects  as  car  lighting. 
'steam  heating  of  cars,  studies  on  disinfectants, 
resulting  in  the  manufacture  of  a  standard  dis- 
infectant by  the  Latwratory,  stuaies  on  cast-iron 
for  car  wheels,  and  for  other  important  uses, 
studies  on  paints,  studies  and  long-continued 
tests  on  bearing  metals,  analyses  of  coals,  ex- 
amination of  water  supplies  both  for  boiler  use 
and  for  drinking,  and  quite  an  exhaustive 
stndy  of  explosives,  resulting  in  the  formula- 
tion of  rules  governing  the  transportation  of 
these  and  other  hazardous  materials. 

Dr.  Dudley  has  twice  been  abroad  on  busi- 
ness for  the  company,  once  in  1886  to  study  oil- 
bumlng  on  locomotives  in  Russia,  and  again 
In  1900  as  delegate  to  the  International  Rail- 
way Congress  in  Paris.  He  has  been  vice- 
president  of  the  American  Institute  of  Mining 
Engineers  and  twice  president  of  the  Ameri- 
can Chemical  Society.  He  is  at  present  presi- 
dent of  the  American  Society  for  Testing  Ma- 
terials. He  is  a  member  of  the  English, 
French  and  German  chemical  societies,  of  the 
Iron  and  Steel  Institute  of  Great  Britain,  and 
of  the  Vereln  Deutscher  Eisenhuttenleute.  He 
is  also  a  member  of  the  American  Society  of 
Civil  Engineers,  the  American  Institute  of  Min- 
ing Engineers,  the  American  Society  of  Me- 
chanical Engineers,  and  the  American  Institute 
of  Electrical  Engineers  of  this  country.  He  is 
a  member  of  the  Union  League  of  Philadelphia, 
the  Cosmos  Club  of  Washington,  and  of  the 
Engineers'  Club  of  New  York. 

Apart  from  professional  work.  Dr.  Dudley 
spends  no  small  amount  of  time  in  connection 


with  the  Altoona  Mechanics'  Library,  in  which 
he  is  much  interested.  Under  his  supervision 
and  with  the  fostering  aid  of  the  Pennsylvania 
Railroad  Company,  this  Library,  which  con- 
tains now  over  35,000  volumes,  is  accumulat- 
ing a  collection  of  technical  books,  and  bound 
scientific  periodicals,  which  many  a  more  pre- 
tentious library  might  be  proud  to  own. 


A  Special  Pipe  Foundry  Crane. 

The  Montreal  Pipe  Foundry  Company  has  re- 
cently received  from  the  Northern  Engineering 
Works,  of  Detroit,  the  special  crane  shown  in 
the  accompanying  illustration.  It  was  de- 
signed for  work  over  a  pit  in  a  pipe  foundry, 
a  location  particularly  trying  for  an  electric 
crane  of  the  usual  construction,  with  the  hoist- 
ing mechanism  on  the  trolley.  In  this  new 
type  the  hoisting  and  traversing  apparatus, 
with  the  motors  driving  it,  is  located  at  one  end 
of  the  bridge  away  from  the  dust  and  heat  of 
the  pouring  pit. 

The  design  illustrated  also  permits  the  load 
to  be  lowered  rapidly  when  desired,  under  the 
control  of  a  large  band  brake  operated  by  the 
man  in  the  cab,  a  particularly  desirable  feature 
in  handling  core  barrels  and  flasks  in  pipe 
foundries.  A  lowering  brake  operated  by  the 
hoisting  motor  is  also  provided,  and  there  is 
a  powerful  electric  solenoid  brake  to  stop  the 
motor  when  the  current  is  off.     This,  last  brake 


nepin.  III.,  proceeds  thence  62  miles  via  Bur- 
eau Creek  valley  and  over  the  summit  to  Rock 
River  at  th^  mouth  of  Green  River,  near  Colona, 
111.,  thence  by  slack  water  down  Rock  River  SMi 
miles,  thence  by  canal  around  the  lower  rapids 
of  Rock  River  iV_<  miles  to  the  Mississippi  Riv- 
er, making  a  total  distance  from  me  Illinois 
to  the  Mississippi  River  of  75  miles,  and  19314 
miles  from  Chicago  to  the  Mississippi  River. 

The  canal  is  80  feet  wide  at  the  water  surface, 
7  feet  deep,  with  lock  chambers  2,170  feet  in 
length  and  35  feet  in  width,  capable  or  passing 
barges  of  600  tons  burden. 

The  summit  level  is  about  11  miles  in  length, 
and  the  distance  from  its  eastern  end  to  the  Il- 
linois River  is  18.4  miles,  with  a  difference  of 
level  of  196.4  feet,  which  is  overcome  by  21 
locks.  The  distance  from  the  western  end  of 
the  summit  level  to  the  Mississippi  River  is  45.6 
miles  and  the  difference  in  level  is  100  feet, 
overcome  by  11  locks.  The  summit  level  is  fed 
by  a  navigable  feeder,  which  is  of  the  same  size 
as  the  main  canal  and  29  miles  long,  beginning 
at  Sterling,  111.,  where  water  tor  the  feeder  Is 
obtained  by  damming  Rock  River. 

A  lock  is  locat^id  at  the  head  or  the  feeder 
as  a  guard  lock  and  also  to  enable  boats  to  pass 
from  the  feeder  into  the  river  and  back  at  dif- 
ferent stages  of  the  water  in  the  river.  The 
dam  located  here  also  creates  slack  water  in 
Rock  River,  enabling  boats  to  navigate  it  as 
far  as  Dixon,  111.,  giving  to  that  place  as  well  as 
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has  sufficient  power  to  hold  the  full  load  inde- 
pendently of  the  others. 

The  construction  has  been  made  of  the  heav- 
iest character  in  order  to  meet  the  severe  con- 
ditions of  pipe  foundry  service.  The  principal 
gears  and  pinions  are  of  steel  with  cut  teeth. 
the  truck  and  trolley  wheels  are  also  of  steel, 
and  all  drums  and  sheaves  have  unusually  large 
diameters.  Special  attention  was  paid  to  se- 
lecting motors  of  ample  power  for  the  work  and 
to  protecting  them  from  the  dust. 


The  Hennepin  Canal. 

A  paper  read  before  the  IllInotB  Society  of  Bngl- 
neers  and  Surveyors. 


This  canal,  officially  known  as  the  Illinois 
and  Mississippi  Canal,  is  intended  to  be  a  link 
in  a  waterway  from  Lake  Michigan  at  Chicago 
to  a  point  on  the  Mississippi  River  at  the  mouth 
of  Rock  River  four  miles  below  the  city  of  Rock 
Island,  III.  It  is  being  built  by  the  United 
States,  and  is  under  the  general  charge  of  Cap- 
tain C.  S.  Riche,  Corps  of  Engineers,  U.  S. 
Army.  The  feeder  line  and  western  section  are 
under  the  local  charge  of  L.  L.  Wheeler,  U.  S. 
assistant  engineer,  and  the  eastern  section  is 
under  the  local  charge  of  J.  C.  Long,  U.  S.  as- 
sistant engineer. 

The  canal  begins  at  the  great  bend  of  the 
Illinois  River,  1%  miles  above  the  town  of  Hen- 


to  Sterling  water   connection   with   the    canal. 

Work  was  begun  on  the  canal  In  July,  1892, 
on  the  Mississippi  near  the  mouth  of  Rock 
River,  and  the  414  miles  of  canal  around  the 
lower  rapids  of  Rock  River,  with  slack  water  in 
the  river  above,  were  completed  and  formally 
opened  to  navigation  on  April  17,  1895,  and 
since  that  time  have  been  largely  used  by  coal 
boats  from  the  mines  on  Rock  River.  The  feed- 
er and  the  rest  of  the  canal  are  still  under  con- 
struction and  are  about  75  per  cent,  completed. 
The  original  estimate  of  the  cost  of  the  whole 
Improvement  was  in  round  numbers  ?7,000,000, 
but  owing  to  various  causes  the  work  will  cost 
something  more. 

The  masonry  in  the  large  number  of  struc- 
tures, such  as  locks,  arch  culverts,  abutments 
and  piers  of  railway,  highway  and  aqueduct 
bridges,  has  all  been  constructed  of  concrete 
and  has  demonstrated  its  superiority  over  or- 
dinary stone  masonry  in  stability,  economy  of 
construction  and  rapidity  of  execution.  The 
walls  of  21  locks  on  the  eastern  section,  con- 
taining on  the  average  2,500  cubic  yards  of 
concrete  masonry  each,  were  built  m  an  aver- 
age of  ten  days  time  each,  working  three  shifts 
of  8  hours  per  day. 

I  stated  before  that  this  canal  was  a  link 
in  a  waterway  from  Chicago  to  the  Mississippi 
River  near  Rock  Island.  Another  link  Is  the 
Illinois  and  Michigan  canal,  belonging  to  the 
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state  of  Illinois,  extending  from  Chicago  River 
about  5  miles  above  its  mouth  to  La  Salle.  It  is 
90  miles  long,  60  feet  wide  at  the  water  surface, 
36  feet  wide  at  the  bottom  in  earth  excavation, 
and  48  feet  in  rock,  with  loclis  110  feet  long 
and  18  feet  wide,  having  6  feet  of  water  over 
mitre  sills.  It  is  navigable  by  Doats  97  feet 
long,  17  feet  6  inches  wide  and  5  feet  draft.  It 
will  be  seen  from  these  dimensions  that  the 
Hennepin  canal  cannot  reach  its  usefulness  un- 
til the  State  canal  is  enlarged,  which  I  suppose 
will  be  done  by  the  United  States  after  the 
Hennepin  canal  is  complete  two  years  hence,  by 
agreement  with  the  State  of  Illinois. 


Concrete  Building  Blocks. 

Used  a  few  years  ago  principally  in  large 
masses  in  foundations  ana  similar  parts  01 
structures  in  which  occasional  departures 
from  uniformity  of  quality  were  not  serious, 
the  application  of  hydraulic  cements  to  build- 
ing construction  has  advanced  within  recent 
years  to  a  very  considerable  degree  of  refine- 
ment, demanding  careful  and  reliable  work- 
manship and  intelligent  design  and  supervision. 
This  development  has  proceeded  along  two  dis- 
tinct paths,  one  leading  to  the  great  variety  of 
systems  of  concrete-steel  or  reinforced  concrete 
construction,     and    the 

other   to   the   numerous 

types  of  concrete 
blocks.  In  the  con- 
crete-steel systems  the 
structures  are  usually 
formed  wholly  in  place 
in  wooden  moulds  and 
are  more  or  less  mono- 
lithic; but  by  the  lattsr 
method  blocks  of  a  va- 
riety of  shapes  are 
made  in  moulds,  with 
or  without  pressure, 
and  allowed  to  harden 
before  being  placed  in 
the  building  similarly 
to  bricks .  or  stones. 
Each  method  of  con- 
struction has  its  .  own 
field,  but  these  overlap 
somewhat. 

Among  the  more  re 
cently  perfected  sys 
tems  of  concrete  build- 
ing   blocks    is    one    in 

which  solid  blocks  of  ingeniously  devised  shapes 
are  used  for  building  hollow  well-bonded  walls. 
Excepting  window  and  door  jambs  and  sills, 
and  similar  pieces,  no  block  extends  through 
the  wall.  Each  regular  wall  block  consists  of 
a  face  slab  and  three  short  webs,  projecting 
from  each  end  and  the  middle  of  the  slab 
part  way  through  the  wall.  These  webs  are  of 
different  lengths,  so  proportioned  as  to  break 
joints  well  and  secure  a  strong  bond. 
To  increase  the  thickness  of  the  wall 
these  webs  are  increased  in  length. 
This  shape  permits  the  blocks  to 
be  fonned  without  cores  in  steel-lined  wooden 
moulds  and  subjected  immediately  to  pressures 
of  35  to  40  tons,  by  means  of  a  press,  thus  thor- 
oughly compacting  the  concrete  so  as  to  make 
it  very  dense  and  allow  the  immediate  removal 
of  the  mouldy,  excepting  the  part  against  which 
the  faoe  of  the  block  is  formed.  Wet  concrete 
composed  of  one  part  Portland  cement  and  six 
to  eight  parts  sand  and  gravel  or  crushed 
stone,  of  .one-inch  maximum  size,  is  shoveled 
into  the  mould,  set  face  side  up,  and  struck  off 
level,  when  the  face  plate  is  put  on  and  the 
mould  sent  to  press.  If  a  special  surface  is  to 
be  given  the  block,  the  concrete  is  removed 
to  a  depth  of  one-quarter  inch  below  the  top 


of  the  mould  and  the  face  mortar  put  in.  Rock- 
face,  chiseled  stone  or  other  finishes,  of  any 
desired  color,  can  be  given  to  the  blocks  by 
the  use  of  proper  face  plates.  After  the  re- 
moval of  the  moulds  the  blocks  are  left  on  the 
face  plates  for  36  to  48  hours  and  stored  on 
racks;  then  the  blocks  are  taken  off  the  face 
plates  and  stacked  in  the  storehouse  or  yard 
and  sprinkled  frequently  until  thoroughly  hard 
ened.  The  blocks  are  not  exposed  to  freezing 
temperatures  until  at  least  five  days  old. 

Each  block  is  made  in  one  solid  piece,  but 
two  blocks  are  required  for  the  thickness  of 
the  wall.  The  blocks  are  set  to  break  joints 
both  through  the  wall  and  certically,  thus  se- 
curing a  strong  bond  while  forming  continuous 
hollow  spaces  which  constitute  about  52  per 
cent,  of  the  volume  of  the  wall  and  greatly  re- 
duce the  weight.  Blocks  are  usually  made  12 
inches  high  and  24  or  32  inches  long,  of  a  size 
to  be  handled  easily  by  one  man.  Besides  be- 
ing fireproof  and  impervious  to  heat  and  ver- 
min, it  is  claimed  that  walls  of  this  construc- 
tion are  especially  proof  against  moisture  and 
soot  owing  to  the  density  secured  by  the  great 
pressure.  By  using  suitable  moulds  blocks  of 
any  special  shapes  can  be  made  for  architectu- 
ral features.  The  cost  is  very  much  less  than 
that  of  brick  or  stone  and  in  many  cases  close- 
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An  Otfice   Building   of   Pressed  Concrete   Blocks. 


ly  approximates  that  of  good  frame  construc- 
lion.  Buildings  of  this  type  have  now  stood 
the  test  of  several  years.  The  illustration  shows 
the  66i4x200-foot  three-story  office  building 
recently  erected  for  the  National  Electric  Com- 
pany, of  Milwaukee,  Wis.,  the  12-inch  outside 
walls,  the  partitions  and  the  ornamental  fea- 
tures being  wholly  of  this  type  of  blocks. 

For  manufacturing  the  blocks,  power  and 
hand  presses  of  large  capacity  and  standard 
moulds  have  been  designed.  The  hollow 
spaces,  or  flues,  in  the  walls  can  be  used  for 
ventilation  purposes,  and  as  ducts  for  pipes 
and  wires.  If  at  any  place  a  solid  pier  be  re- 
quired, it  is  only  necessary  to  fill  the  spaces 
with  concrete.  Cracks  due  to  temperature 
changes  and  to  the  setting  of  the  cement  are 
avoided  by  the  use  of  blocks.  The  system  is 
controlled  by  the  American  Hydraulic  Stone 
Company,  of  Denver,  Colo. 


The  Boileb  Plant  of  the  Manchester,  Eng., 
Electricity  Works  contains  eleven  Babcock  & 
Wilcox  boilers,  each  of  5,140  square  feet  heat- 
ing surface,  capable  of  evaporating  18,000 
pounds  hourly  at  160  pounds  pressure.  They 
have  superheaters  raising  the  steam  temper- 
ature about  90  degrees  Fahr. 


A  gas  power  installation  of  unusual  interest 
is  now  under  construction  by  the  !.,aclefle  Gas 
Light  Company,  of  St.  Louis,  Mo.  The  system 
has  for  its  object  the  more  efficient  distribution 
of  gas  over  larger  areas  than  may  be  econom- 
ically covered  by  the  simple  method  of  run- 
ning large  low  pressure  mains  from  centrally 
located  gas  works.  The  system  under  construc- 
tion is  intended  to  supply  the  entire  city  of  St. 
Louis,  embracing  an  area  of  approximately  C5 
square  miles. 

It  is  evident  that  in  order  to  serve  the  out- 
lying districts  of  such  an  area,  one  of  three 
methods  must  be  employed:  First,  a  large 
low-pressure  feeder  from  the  central  holder  to 
the  center  of  the  district  to  be  covered;  second, 
medium-size  feeders  from  the  main  holder  to 
the  auxiliary  holder  in  the  center  of  the  dis- 
trict; and  third,  a  high-pressure  reeder  to  the 
distributing  center,  using  pressure-reducing 
valves  at  this  point  for  obtaining  proper  pres-  , 
sure  upon  the  service  lines.  The  enormous  ex- 
pense for  construction  entailed  by  the  first  two 
methods  has  practically  prohibited'  their  use  in 
St.  Louis,  and  the  high-pressure  system  is  being 
installed.  With  this  system,  the  size  of  feeder 
pipes  is  greatly  reduced  and  the  necessity  of 
auxiliary  district  holders  is  entirely  done  away 
with. 

For  serving  suburban  communities,  lying  far 
beyond  the  city  limits,  this  method  may  be  ex- 
tended and  the  pressure  of  the  gas  raised  to  any 
desirable  extent  for  transmission  through  small 
pipes,  this  pressure  being  reduced  at  the  sub- 
urban distribution  center  by  pressure  regula- 
tors, as  in  the  medium-pressure  system  above 
mentioned.  This  gas  distribution  system  as  a 
who'e  presents  a  striking  similarity  to  the  or- 
dinary alternating  current  distribution  system 
with  primary  high-pressure  feeders,  reducing 
transformers  and  secondary  low-pressure  dis- 
tributing lines,  the  theory  of  high-pressure 
transmission  being  in  both  cases  identical. 

The  pressures  to  be  employed  in  the  system 
under  construction  at  St.  Louis  are  approxi- 
mately 5  pounds  per  square  inch  ror  the  medi- 
um-pressure feeders  and  from  20  to  80  pounds 
per  square  inch  for  the  high-pressure  suburban 
feeders.  On  account  of  the  use  of  cast-iron 
mains,  the  5  pound  limit  was  chosen  for  the 
medium-pressure  system,  but  for  the  high-pres- 
sure system  iron  pipe  with  screwed  fittings  will 
be  used.  With  this  construction  any  desirable 
pressure  may  be  carried  with  entire  safety  and 
the  radius  of  distribution  extended  to  100  miles 
if  necessary. 

In  the  medium-pressure  system,  the  gas  pres- 
sure will  be  supplied  by  a  blowing  unit,  con- 
sisting of  a  Connersville  blower  direct-driven 
by  a  300  horse-power  Westinghouse  horizontal 
gas  engine.  The  engine  is  of  the  type  recently 
brought  out  for  high-power  work  and  embodies 
a  number  of  new  features  which  distinguish 
the  construction  of  the  horizontal  type.  It  has 
two  double-acting  cylinders  16%  inches  in  di- 
ameter, and  a  24-inch  stroke,  the  cylinders  being 
arranged  in  tandem  with  a  single  crank.  The 
engine  uses  for  fuel  the  ordinary  illuminating 
gas  such  as  is  distributed  to  customers,  and 
draws  its  supply  directly  from  the  gas  main. 
The  engine  operates  on  the  four-stroke  cycle 
and  the  method  of  governing  secures  a  con- 
stant quality  of  explosive  mixture  at  all  loads, 
the  quantity  of  the  mixture  being  proportioned 
by  the  governor  to  the  load  on  the  engine.  Elec- 
tric ignition  is  employed. 

In  this  particular  installation  the  engine  is 
controlled  by  an  automatic  pressure  governor 
which  adjusts  the  speed  of  the  unit  in  direct 
proportion  to  the  demand  for  gas,  the   speed 
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thos  being  in  inrerse  proportion  to  the  pres- 
sure In  the  distribution  main.  So  sensitive  is 
this  control  that  the  variation  in  pressure  will 
not  exceed  8  ounces  for  a  50  per  cent,  range  in 
gas  output.  The  regular  centrifugal  speed  gov- 
ernor is,  however,  also  used  in  order  to  prevent, 
under  any  conditions,  the  engine  running  at  ex- 
cessive  speed. 

The  St  Louis  installation  is  one  of  the  first 
of  its  kind  in  the  illuminating  gas  field  and  pre- 
sents many  interesting  features.  The  system 
has.  however,  long  been  in  successful  use  in  the 
distribution  of  natural  gas  over  large  districts 
adjacent  to  natural  gas  fields.  The  St.  Louis 
worii  is  In  charge  of  Mr.  W.  A.  Baebr,  engineer 
of  the  Laclede  Gas  Light  Company. 


The  Municipal  Testing  Laboratory  of  the 
City  of  Indianapolis. 

A  pap«r  by   Walter  liiiohler.  .\ssistaut  Engineer, 

IndianapoIU,     read    at     tbe    annual    meetins    of    the 

Indiana  Engineering  Society. 


The  municipal  testing  laboratory  of  Indian- 
apolis came  into  existence  in  tbe  fall  of  1902. 
Prior  to  that  time  there  was  absolutely  no  sys- 
tematic testing  of  any  of  the  material  used  in 
work  done  under  the  supervision  of  the  city 
civil  engineer.  There  were  tests  made  of  ce- 
ment, asphalt  and  oils,  but  as  no  record  was 
kept  of  such  tests,  they  are,  of  course,  value- 
less at  this  time.    First,  apparatus  for  the  phy- 


tlon.  In  determining  the  fineness,  one  hundred 
grams  of  cement  are  passed  successively  through 
a  one  hundred,  an  eighty,  ana  a  fifty-mesh 
sieve.  The  sieve  is  shaken  by  hand  for  ten 
minutes;  the  screenings  are  then  weighed,  and 
the  sieve  is  shaken  again  for  one  minute  and 
the  second  screenings  weighed;  if  this  weight 
be  more  than  one-tenth  of  a  gram,  the  sieve  is 
shaken  again,  and  so  on  till  after  shaking  one 
minute,  less  than  one-tenth  of  a  gram  passes 
through.  The  combined  weight  of  the  screen- 
ings is  taken  as  the  amount  passing  through 
that  particular  sieve. 

Having  first  determined  the  proper  percent- 
age of  water  for  the  neat  tests,  by  adding  a 
sihall  portion  of  water  from  a  graduate  till  a 
stiff  plastic  paste  is  obtained  which  will,  when 
moulded  into  a  ball,  withstand  a  fall  of  20 
Inches  without  cracking,  twenty  ounces  of  the 
cement  are  weighed  out  and  placed  upon  the 
mixing  table,  into  which  the  proper  percentage 
of  clean  water  is  poured  and  the  whole  thor- 
oughly kneaded  to  the  proper  cousistency  with 
the  hands.  It  is  then  put  into  the  moulds  in 
three  layers,  each  layer  rammed  thirty  times 
with  a  brass  rod  %  inch  in  diameter  weighing 
■  one  pound.  The  briquettes  are  then  numbered 
and  covered  with  a  damp  cloth  tor  twenty-four 
hours,  at  the  end  of  which  time  they  are  re- 
moved from  the  molds  and  placed  on  edge  in 
galvanized-iron  pans,  submerged  in  a  large  tank 


A  Ball- Bearing  Overhead  Track  Switch. 


sical  and  chemical  examination  of  cement  was 
purchased  and  later  apparatus  for  the  chemi- 
cal examination  of  creosote  oils,  asphalt,  and 
for  the  examination  of  the  candle  power  of  the 
artificial  gas.  In  making  tests  since  the  labor- 
atory has  been  in  existence,  the  writer  has  had 
in  mind  the  importance  of  a  systematic  method 
of  keeping  the  records,  and  in  the  testing  of  ce- 
ment, the  value  of  uniformity  of  manipula- 
Uon. 

The  specifications  adopted  by  the  Board  of 
Public  Works  are  taken  as  a  basts  for  the  ac- 
ceptance or  rejection  of  the  cement.  The  sam- 
ples of  cement  are  taken  from  the  work  in 
strong  paper  bags,  each  having  a  number  which 
corresponds  to  one  on  a  tag  filled  out  by  the 
Inspector  collecting  tbe  sample.  This  tag  with 
all  necessary  data  pertaining  to  the  sample, 
stich  as:  "Date  when  collected,"  "Where  ob- 
tained," meaning  the  exact  location  on  any 
street;  "The  agent  for  the  cement,"  "Contrac- 
tor doing  the  work,"  and  "The  name  of  the  man 
collecting  tbe  sample,"  is  placed  on  file  in  the 
laboratory,  and  afterwards  copied  with  the  re- 
sults of  the  tests  into  a  book  printed  expressly 
for  that  purpose. 

Tbe  following  tests  were  made  of  each  sam- 
ple: Fineness,  tensile  strength,  time  of  initial 
and  final  set,  soundness,  specific  gravity,  and, 
when  tboaght  necessary,  a  chemical  examlna- 


A  Bail-Bearing  Overhead  Track  Switch. 

The  switches  of  overhead  tracks  In  Industrial 
establishments  are  subject  to  such  severe  usage 
in  case  they  do  not  work  easily  that  the  New 
Jersey  Foundry  &  Machine  Company,  New 
York,  has  supplied  all  such  switches  with  ball 
bearings.  The  type  of  bearing  used  with  I- 
beanis  and  hollow  tracks  is  shown  in  the  ac- 
companying illustration,  while  a  different  pat- 
tern is  employed  with  flat  or  bar  track. 

The  switch  consists  of  a  frame  bolted  to  the 
overhead  supports  and  a  steel  plate  moving 
within  the  frame.  This  plate  carries  the  sec- 
tions of  track  forming  the  switch  and  is  not 
only  supported  by  hardened  steel  balls  but  is 
guided  by  them.  The  balls  run  in  V-shaped 
grooves  in  the  frame  below  and  at  the  ends  of 
the  plate.  The  latter  is  connected  by  a  rod 
with  a  controller,  which  is  moved  by  ropes  from 
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of  constantly  changing  water.  Briquettes  are 
broken  at  regular  periods  of  twenty-four  hours, 
seven  days,  twenty-eight  days  and  two  months. 
The  sand  used  in  three  to  one  and  two  to  one 
tests  is  Ottawa  sea  sand  passing  a  twenty  sieve 
and  retained  on  a  thirty. 

For  determining  the  time  of  set,  the  labora- 
tory is  provided  with  Gllmore  needles.  The 
1/12-inch  wire  weighted  to  a  quarter  of  a  pound 
is  used  for  the  initial  set,  the  1/24-inch  needle 
weighted  to  one  pound  Is  used  for  the  final 
set.  In  testing  for  soundness,  the  hot  test,  the 
air  test  and  the  water  test  are  used.  In  the 
hot  test  a  pat  1^  inch  thick  and  3  incnes  in  di- 
ameter is  exposed  to  steam  for  six  hours,  and 
hot  water  for  eighteen  hours.  When  practical 
this  hot  water  test  is  made  at  the  end  of  the 
twenty-eight  day  test.  The  air  and  water  test 
are  made  on  pats  which  are  ezposea  10  air  and 
water  for  twenty-eight  days  and  studied  at  reg- 
ular Intervals.  The  specific  gravity  is  deter- 
mined by  means  of  a  Candelot  specific  gravity 
box.  All  cements  are  from  time  to  time  sub- 
jected to  a  chemical  analysis,  for  which  purpose 
the  laboratory  has  been  equipped  in  every  de- 
tail. Mr.  James  B.  Nelson  gave  the  laboratory 
its  start  by  expending  $400  for  apparatus,  and 
Mr.  B.  J.  T.  Jeup,  when  appointed  city  engineer 
upon  Mr.  Nelson's  resignation,  furthered  the 
equipment  of  tbe  laboratory. 


The  Davis  Duplex  Pump. 

the  ends  of  a  rocking  arm.  A  simple  device  is 
provided  to  hold  the  plate  in  any  of  the  desired 
switch  positions.  The  vertical  distance  required 
for  the  switch  above  the  top  of  the  track  is 
only   2   inches. 

For  places  where  the  intersections  of  the 
tracks  is  too  sharp  for  such  switches,  a  ball- 
bearing turntable  has  been  designed  along 
somewhat  similar  lines. 


The   Davis   Duplex   Stuff   Pumps. 

The  duplex  power  pumps  made  by  I.  B.  Davis 
&  Son,  Hartford,  Conn.,  has  recently  been  modi- 
fied, as  shown  in  the  illustration,  to  enable  them 
to  run  successfully  in  pulp  mills,  chemical  works 
and  similar  industrial  establishments  where  the 
fluid  to  be  handled  will  clog  or  wear  ordinary 
pumps.  The  valves  are  hollow  composition 
balls  made  by  special  machinery,  and  are  so 
well  balanced  as  to  turn  constantly  and  thus 
prevent  wear  in  any  one  spot.  The  plungers 
are  also  made  of  composition  and  the  cylinders 
and  glands  are  lined  with  it,  although  other  ma- 
terials can  be  substituted  for  composition  if 
desired. 

In  its  general  features  the  pump  retains  the 
characteristics  of.  the  makers'  standard  duplex 
type.  The  uprights  are  of  the  box  pattern,  the 
plungers  are  outside  packed,  and  the  shafts  run 
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in  adjustable  babbitted  boxes.  The  gears  are 
molded  from  machine-cut  iron  patterns.  There 
is  a  deep  pan  around  the  glands,  with  a  pipe 
hole  suitably  tapped  to  drain  it.  The  pumps 
are  made  in  live  sizes,  with  capacities  of  125 
to  13,500  gallons  an  hour. 


A  Small  Air  Drill. 


About  a  year  ago  the  Rand  Drill  Company 
brought  out  the  small  piston  air  drill  shown 
in  the  accompanying  cut.  It  embodied  the  gen- 
eral features  of  design  of  the  other  Imperial 
tools  and  would  drill  a  %-inch  hole  when  sup- 
plied with  18  cubic  feet  of  air  per  minute.  A 
few  weeks  ago  a  number  of  important  improve- 
ments were  made  in  the  machine,  increas- 
ing its  weight  about  9  pounds  by  raising  its 
capacity  to  a  hole  IVi  inches  in  diameter. 


A   New  Type    of    Bail-Bearing   Jack  for 
Heavy  Service. 

A  new  type  of  ball-bearing  jack  has  been 
brought  out  by  Mr.  A.  O.  Norton,  286  Congress 
Street,  Boston,  Mass.,  which  is  designed  for  spe- 
cially heavy  service  and  has  a  capacity  of  70 
tons.  This  jack  is  double  geared,  and  is  pro- 
vided with  a  foot  lift.  The  friction  on  the 
end  of  the  screw  is  reduced  40  per  cent,  by 
means  of  hardened  steel  balls  running  between 
polished  steel  plates  of  the  same  degree  of  hard-" 
ness,  which  prevents  cutting.  The  screw  runs 
through  a  phosphor-bronze  nut  into  an  oil 
chamber,  and  is  self-lubricating,  while  the 
outer  shell  or  sleeve  of  the  jack  protects  all 


A  Small  Air  Drill. 

the  working  parts  from  grit  and  rust.  A  large 
shipment  of  these  jacks  has  just  been  made  to 
Holland. 


Letters  to  the  Editor. 


Club.  It  is  to  be  hoped  before  this  subject  is 
dropped  by  adverse  vote,  or  even  If  it  is 
dropped  by  adverse  vote,  that  it  may  receive 
further  consideration  and  be  brought  to  a  rea- 
sona^jle  conclusion. 

If  you  see  your  way  clear,  I  would  be  glad 
to  have  you  publish  this  correspondence. 
Yours  very  truly,  Geo.  B.  Pkancis. 

New  York,  Jan.  21,  1904. 

Mr.  Francis'  letter  to  the  Board  of  Directors 
reads  as  follows: 

"The  following  suggestions  were  not  made 
by  the  undersigned  at  the  annual  convention  of 
the  society  in  Ashville,  for  the  reason  that  it 
seemed  better  to  place  them  before  the  Board 
of  Direction  in  the  form  of  a  letter,  than  to 
take  up  the  time  of  the  convention. 

"Regarding  the  proposed  engineering  build- 
ing, it  would  appear  to  me  that  the  Am.  Soc. 
C.  E.  should  take  such  course  as  will  maintain 
every  interest  of  the  society  as  nearly  intact 
as  possible,  -namely,  its  owntrsnip  of  land, 
buildings,  library,  etc.  To  this  end  it  is  sug- 
gested that  it  is  wholly  feasible  to  join  in  a 
general  engineering  building  structure  (pro- 
viding land  and  also  acquiescence  on  the  part 
of  Mr.  Carnegie  may  be  obtained),  without  in 
any  great  degree  changing  from  definite  own- 
ership as  seems  proposed.  This  can  be  done 
first,  by  having  each  of  the  societies  own  the 
fee  in  the  land  which  it  is  proposed  they  shall 
oocupy;  second,  having  a  general  building, 
divided  vertically  ahd  so  designed  that  each 
part  devoted  to  each  society  may  also  be  its 


The  Union   Engineering   Building. 

Sir:  I  send  you  herewith  copy  of  letter  sent 
by  me  to  the  Board  of  Direction  of  the  Amer- 
ican Society  of  Civil  Engineers,  June  19,  1903, 
also  diagram  illustrating  the  intent  of  the 
letter. 

Considering  the  action  of  the  Society  taken 
January  20,  1904,  it  would  appear  that  no  con- 
sideration whatever  has  been  given  by  the 
societies  to  an  arfangement  of  the  new  building 
which  would  preserve  the  major  part  of  the 
ownership  and  affairs  of  each  as  intact  as  to- 
day. If  such  consideration  has  been  given,  it 
has  not  been  made  public. 

It  does  not  seem  that  the  fundamental  ideas 
necessary  for  the  acceptance  of  this  gift  have 
been  worked  out  to  proper  termination  .  by 
method  suggested.  It  would  be  entirely  feasi- 
ble to  participate  in  an  honorable  way  in  the 
gift  proposed  by  Mr.  Carnegie  without  in  any 
manner  injuring  the  individual  or  future  prog- 
ress of  any  of  the  societies  or  the  Engineers' 


Bail-Bearing  Jack  far  Heavy  Service. 

property  upon  the  land  which  it  owns,  and  yet 
be  a  part  of  an  architectural  whole. 

"It  may  not  be  possible  for  this  to  be  done 
on  the  piece  of  land  already  selected,  but  it 
does  not  seem  to  me  the  project  is  so  far  ad- 
vanced that  a  new  piece  of  land  for  such  own- 
ership cannot  be  obtained,  upon  which  such  a 
structure  can  be  properly  designed. 

"The  joint  ownership  and  operation  can  then 
be  restricted  to  a  proper  arrangement  ot 
rooms  for  auditorium  purposes  and  lor  heating 
and  perhaps  lighting.  Such  a  scheme  prop- 
erly carried  out  would  bring  the  societies  to- 
gether into  an  engineering  building,  give  all 
the  benefits  of  contact  of  one  society  with  an- 
other and  leave  each  society  wholly  free  as 
regards  the  major  part  of  its  property  and  the 
management  of  the  same. 

"In  this  connection  the  action  of  one  so- 
ciety could  not  seriously  affect  or  involve  the 
affairs  of  another  society.  In  such  a  building 
as  a  whole,  the  division  walls  could  be  so  ar- 
ranged that  all  private  purposes,  aside  from 
joint  auditorium  and  heating,  would  be  car- 
ried out  in  as  individual  a  manner  as  at  pres- 
ent. This  would  also  permit  of  one  society 
owning  more  property  than  another,  if  it  so 
chose  to  do:   for  instance,  the  Am.  Soc.  C.  E. 


might  own  a  larger  ground  area  and  bulldins 
than  the  Society  of  Mining  Engineers.  Neither 
would  this  involve  the  affairs  of  technical  so- 
cieties with  those  of  the  Engineers'  Club,  while 
they  could  all  be  together  in  one  locality  as 
a  joint  engineering  headquarters,  which  ap- 
pears to  be  the  meaning  and  intent  of  Mr. 
Carnegie's  gift." 


Sir: — We  had  a  talk  last  June  regarding  the 
Carnegie  gift  to  Engineering.  I  am  in  hopes 
that  the  views  which  you  expressed  at  that  tljne 
were  based  upon  conditions  which  have  been 
removed.  The  gentlemen  representing  the 
other  societies  have  met  with  Mr.  Noble  and 
his  colleagues  from  the  American  Society  of 
Civil  Engineers  from  time  to  time  and  have 
earnestly  endeavored  to  so  shape  the  plans  both 
of  building  and  of  organization  in  such  a  way 
as  to  remove  the  objections  urged  by  some  of 
the  members  of  the  A.  S.  C.  E.  Mr.  Noble  has 
assured  us  that  so  far  as  he  can  see  every  point 
has  been  satisfactorily  covered  and  he  did  not 
see  anything  further  that  our  committee  could 
do  to  put  the  matter  in  better  shape.  I  have 
thought  it  out  of  my  province  to  enter  Into 
the  affairs  of  the  A.  S.  C.  E.  and  have  carefully 
refrained  from  "electioneerinM."  The  turn 
which  matters  have  just  taken,  however,  leads 
me  to  write  this  letter  to  you. 

The  magnificent  postscript  to  Mr.  Carnegie's 
original  letter  which  he  added  on  Monday  of 
this  week  makes  one  and  one-half  million  dol- 
lars available  for  the  present  enterprise  pro- 
vided all  of  the  societies  join  together  and  co- 
operate. The  vote  of  a  member  of  the  A.  S.  C. 
Street- 
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E.  is  therefore  no  longer  one  which  concerns 
his  society  alone,  but  is  one  which  concerns 
every  American  engineer.  Not  only  does  it  con- 
cern the  individual  engineer,  but  it  has  a  much 
higher  significance.  I  am  just  now  full  of  large 
ideals.  I  have  just  read  Mr.  George  S.  Mori- 
son's  book  "The  New  Epoch,"  in  which  the  ad- 
vent of  the  engineer  is  shown  to  have  intro- 
-duced  a  new  epoch  in  the  advance  of  civilization 
comparable  to  that  of  the  introduction  of  iron 
or  of  a  written  language.  A  gentleman,  not  a 
member  of  my  own  society,  who  is  deeply  In- 
terested in   the  matter  writes  me  as   follows; 

"A  failure  to  obtain  union  would  be  serious 
indeed.  Instead  of  giving  the  world  an  example 
of  American  breadth,  brotherhood,  union  of  sci- 
ence in  every  department — co-operating  and 
hence  strengthening  our  country  in  its  trium- 
phal march  of  industrialism  versus  militarism 
— we  should  reveal  the  very  reverse,  a  narrow 
exclusive  standing  part.  The  charm  would  be 
gone." 

I  realize  that  it  is  difficult  for  me  to  fully 
appreciate  the  other  side  when  I  am  so  strongly 
devoted  to  this  great  enterprise.  1  trust  that 
the  conditions  have  so  changed  and  the  broader 
aspect  of  the  matter  is  now  brought  into  such 
prominence  that  there  should  be  from  the  en- 
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8lne«rinK  press  no  longer  even   a  single  dis- 
cordant note. 

Very  sincerely  yours.  Cn-^s.  F.  Soott. 
Pittsburg.  Jan.  22. 


CaUSHEB   SCSEENIKGS   lUB  CONCBKTE. 

Sir:  FYom  time  lo  time  recently  I  have  no- 
ticed In  your  paper  and  others  that  the  question 
of  using  crusher  dust  instead  of  sand  for  ma- 
sonry was  receiving  considerable  attention. 
During  recent  years  it  has  been  difficult  to  get 
a  satisfactory  sand  here  and  the  writer  has  sub- 
stituted crusher  dust  for  concrete  work.  Sand 
is  still  used  on  brick  work  for  the  reason  that 
up  to  the  present  time  dust  has  not  been  put 
upon  the  market  in  suitable  condition  for  use 
in  laying  brick. 

Before  making  the  change  mentioned  a  few 
tests  were  made  to  ascertain  just  what  might 
be  expected  from  the  crushed  stone  dust  in 
comparison  with  the  sand  and  a  copy  of  these 
tests  is  inclosed.  This  does  not  pretend  to  be 
an  exhaustive  study  of  the  subject  but  simply 
a  very  superficial  examination  of  one  particular 
sample  of  stone  dust,  sand  and  cement.  There 
are.  however,  several  interesting  things  shown 
by  the  few  tests  made  and  if  they  should  be 
verified  they  would  show  why  certain  results 
are  obtained  and  perhaps  clear  up  the  question 
of  the  use  of  crusher  dust. 

In  the  first  place  from  the  mechanical  analy- 
sis it  will  be  seen  that  the  sand  is  much  more 
uniform  than  the  dust,  their  coefficients  of  uni- 
formity being  3.1  and  16.7  respectively.  As  a 
rule  the  most  uneven  material  gave  the  highest 
tests  and  the  decrease  in  strength  was  gradual 
in  the  samples  of  dust  as  the  material  became 
more  uniform.  It  is  also  noticeable  that  the 
sand  and  dust  (passing  the  No.  20  and  held  on 
No.  40)  gave  fairly  comparable  results  at  the 
end  of  one  week  with  those  of  the  mixtures 
of  different  sizes  of  dust,  but  that  at  the  end 
of  the  first  month  the  mixed  sizes  were  far 
ahead. 

It  should  be  noted  that  the  dust  passing  the 
No.  60  screen  was  not  too  fine  for  practical  use 
in  brick  work  and  plastering,  although  it  con- 
tained much  very  fine  dust. 

In  these  tests  not  less  than  two  nor  more  than 
three  briquettes  were  broken  for  each  test  re- 
ported. 

From  the  last  two  columns  in  the  table  it 
would  appear  that  there  was  no  particular  vir- 
tue in  the  crushed  stone  which  the  sand  did 
not  have,  but  rather  that  the  difference  in  the 
various  tests  was  due  almost  wholly  to  the  co- 
efficient of  uniformity. 

Yours  truly,  Habbison  P.  Eddy. 

Worcester,  Jan.  21. 


Who  is  Subring  tbe  Am.  Soc.  C.  B.? 
Sir: — In  the  closing  paragraphs  of  a  leading 
article  in  The  Engineering  Record  of  January 
23,  entitled  "The  Meeting  of  the  American  So- 
ciety of  Civil  Engineers,"  was  it  your  intention 
to  put  a  greater  slur  upon  the  Society  than  any 
that  has  been  published  elsewhere?  The  drift 
of  your  remarks  I  understand  to  be  that  "a 
building  with  suitable  accommodations  for  all 
the  constituent  societies  can  be  planned  on  the 
land  selected,"  that  "the  deliberations  of  the 
society  were  continued  in  the  slow,  careful  man- 
ner which  Mr.  Carnegie  himself  has  approved" 
and  which  "has  been  warmly  commended  by 
many  of  the  leading  men  of  the  other  organ- 
izations," but  that  "the  American  Society  of 
Civil  Engineers  will  not  enter  the  project." 
Though  I  question  the  last  statement  and  have 
reason  for  questioning  it,  I  pass  over  that  to 
complain  of  your  imputation  of  a  motive  to  the 
society.  You  do  not  say  that  you  expect  the 
society  to  be  guided  by  its  deliberate  and  fare- 
ful  consideration  (which  I  expect,  whether  Its 


decision  be  one  way  or  the  other).  What  you 
imply  is  that  the  society  is  going  to  act  out  of 
spite,  because  "various  journals  have  called  the 
members  of  the  society  names,"  and  as  a  "re- 
sult" of  "unwarranted,  unjust  criticisms,"  al- 
though "the  members  of  the  electrical,  mining 
.  and  mechanical  societies  have  no  such  opin- 
ions." 

Yours  truly,  Fbeo.  Bbooks. 
Boston,  Jan.  24. 

I  The  above  letter,  the  heading  of  which  was 
selected  by  the  writer,  is  fairly  typical  of  a 
class  of  communications  on  the  subject  of  the 
union  engineering  building.  They  pretend  to 
see  in  any  statement  contrary  to  their  opinions 
a  vindictiveness  or  personal  feeling  which  does 
not  exist.  The  Engineering  Record  has  coun- 
seled two  things  in  this  matter.  One  was  ma- 
ture consideration  on  the  part  of  the  American 
Society  of  Civil  Engineers  before  reaching  a  de- 
cision, and  that  has  been  the  course  followed, 
although  a  few  members  have  urged  haste. 
The  second  recommendation  was  the  separa- 
tion of  the  Engineers'  Club,  a  local  social  or- 
ganization, from  the  four  national  engineering 
societies.  That  has  been  done,  although  it  was 
vigorously  opposed  by  the  same  few  members. 
The  Engineering  Record  feels  that  the  course 
it  took,  contrary  to  that  of  every  other  class 
journal,  has  been  proved  correct.  The  Amer- 
ican Society  of  Civil  Engineers  is  in  such  a 
peculiar  position  that  some  of  its  most  influen- 
tial members,  also  connected  with  other  organ- 
izations mentioned  in  Mr.  Carnegie's  letter, 
are  using  all  their  influence  to  keep  the  socle- 


til  the  Are  burned  away  its  supports,  when  it 
dropped  to  the  stage,  falling  almost  under- 
neath the  point  from  which  it  was  bung.  It 
must  have  been  heated  to  a  very  high  tem- 
perature by  the  intense  fire  surrounding  it, 
and  as  soon  as  it  fell  was  deluged  by  water 
from  the  firemen's  hose.  This  is  shown  con- 
clusively from  the  fact  that  in  order  to  re- 
cover portions  of  it,  they  had  to  be  chopped 
out  with  a  hatchet,  as  the  whole  mass  was 
frozen  solid.  Even  after  such  usage  as  this, 
which  no  mineral  would  stand  without  disin- 
tegration, the  pieces  of  curtain  imbedded 
part  way  through  the  mass,  and  which  were 
protected  while  hot  to  some  extent  from  the 
water,  were  found  to  have  retained  their  tensile 
strength  and  pliability.  This  is  an  excellent 
proof  of  the  quality  and  strength  of  the  asbes- 
tos curtain.  We  have  in  our  possession  a  piece 
of  the  asbestos  curtain,  brought  back  by  the 
writer,  which  may  be  seen  at  our  office  in  sub- 
stantiation of  our  claims. 

Second.  The  inquest  has  shown  that  when 
the  fire  started  in  the  drops,  the  asbestos  cur- 
tain was  called  for,  but  apparently  a  mistake 
was  made  and  the  act  drop  was  lowered  in- 
stead. This,  of  course,  burned,  and  the  public, 
through  statements  credited  to  prominent  per- 
sons, was  led  to  believe  that  the  asbestos  cur- 
tain burned.  Superficial  examinations  show 
that  pieces  of  burlap-backed  screen  had  been 
picked  up,  and,  as  they  were  painted  with  a 
mineral  composition,  hasty  conclusions  were 
drawn  that  these  were  pieces  of  the  asbestos 
curtain.     Meanwhile,  the  asbestos  curtain  was 
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Sand  as  coarse  as  can  be  obtained  In  market. 
ty  out  of  the  project.  Some  of  these  men  have 
been  officers  in  other  organizations  concerned. 
It  is  no  slur  on  the  American  Society  of  Civil 
Engineers  to  state  that  these  men  differ  from 
Mr.  Brooks  and  a  comparatively  few  others,  nor 
is  it  any  slur  on  the  society  to  state  that  the 
many  abusive  comments  published  against 
those  who  advised  ma'ture  consideration  of-  the 
project  have  led  a  great  many  members  of  the 
American  Society  of  Civil  Engineers  to  see  no 
attraction  in  any  association  with  people  whom 
the  authors  of  such  ill-tempered  criticisms  pre- 
tend to  represent.  This  project  is  not  the  first 
that  has  been  injured  by  the  unbalanced  zeal  of 
some  of  its  advocates.] 


The  Asbestos  Cubtain  at  the  iRoquois 
Theatbe 

Sir:  The  writer  has  just  returned  from  Chi- 
cago, after  making  a  careful  examination  of 
the  stage  at  the  Iroquois  Theatre,  and  to  dis- 
pel any  doubts  that  may  be  entertained  as  to 
the  fire-proof  qualities  of  the  asbestos  curtain, 
which  testimony  before  Coroner  Traeger 
seems  conclusively  to  show  was  not  used,  we 
beg  to  submit  the  following  facts: 

First.  Large  portions  of  the  asbestos  cur- 
tain were  found  lying  across  the  stage  extend- 
ing from  one  side  of  the  proscenium  arch  to 
the  other.  The  curtain  apparently  hung  sus- 
pended above  the  arch  and  remained  there  un- 


Cobbles  screened  out. 
covered   with   debris  and   was   being   trampled 
under  foot  by  the  curious. 

Three.  There  is  little  douljt  that  had  the 
asbestos  curtain  been  lowered,  it  would  have 
acted  as  a  damper,  preventing  the  great 
draught  of  air  from  the  auditorium  from  forc- 
ing the  flames  up,  through  and  among  the 
drops,  and  would  have  thus  temporarily  held 
back  and  partially  checked  their  spread.  The 
audience,  no  doubt,  had  faith  in  the  asbestos 
curtain,  for  testimony  shows  that  they  kept 
their  seats  until  they  saw  a  burning  curtain 
lowered;  and  the  awful  panic  followed.  There 
is  no  doubt  but  that  the  sight  of  what  they 
supposed  was  the  asbestos  curtain  in  flames, 
brought  terror  with  it. 

Can  we  not  draw  the  following  conclusions?: 
Firstly,  that  the  asbestos  curtain  was  of  a 
high  grade  asbestos  material  and  thoroughly 
substantial.  Secondly,  that  the  asbestos  cur- 
tain was  not  lowered.  Thirdly,  tliat  had  it 
been  lowered  immediately,  the  progress  of  the 
fire  would  have  been  temporarily  checked. 
Fourthly,  that  had  it  been  lowered,  the  audi- 
ence would  have  felt  secure,  a  panic  would 
have  been  averted,  and  the  patrons  would  have 
left  the  theatre  without  confusion.  Fifthly, 
that  it  Is  safe  to  say  587  lives  would  not  have 
been  lost. 

Yours  respectfully,  C.  W.  Tbaineb  Mfg.  (3o. 

Boston,  Jan.  19,  1904.- 


Feb.  6,  1904. 
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Mathematics  in  Engineering  Schools. 

It  will  probably  be  geaerally  admitted  that 
the  mathematical  treatment  of  large  groups  of 
subjects  lies  at  the  foundation  of  a  great  por- 
tion of  engineering  design  and  even  of  engi- 
neering construction.  It  is  difficult  to  form 
even  a  mental  conception  of  rational  design 
work  without  some  degree  of  mathematical 
treatment,  while  such  matters  as  the  proper 
planning  of  steel  and  masonry  bridges,  retain- 
ing walls,  masonry  dams    and    other    similar 


structures,  involve  in  some  cases  mathematical 
treatment  of  a  high  order.  Advances  made 
in  the  engineering  treatment  of  nearly  all  such 
structures  and  in  the  broad  fields  of  steam  and 
electrical  engineering  during  the  past  twenty 
or  twenty-five  years  have  largely.  If  not  nearly 
all,  been  due  to  the  judicious  application  of 
mathematics  to  the  problems  confronting  the 
engineer  in  those  branches  of  his  work.  In 
nearly  all  cases  material  progress  has  been 
either  indicated  or  made  possible  by  the  results 
of  theoretical  investigations  directed  by  good 
judgment,  as  in  Professor  Pupin's  remarkable 
results  in  telephony,  all  of  which  were  conclu- 
sively demonstrated  by  refined  and  elegant 
mathematical  analysis  prior  to  experimental 
realization.  So  every-day  a  matter  as  steel 
bridge  work  has  also  been  developed  to  its  pres- 
ent degree  of  excellence  largely  through  the 
stimulating  influence  of  mathematical  treat- 
ment in  the  design  of  not  only  main  members 
but  also  practically  all  details.  In  other  words, 
mathematics  has  been  the  agent  of  practically 
all  progress  in  rational  engineering  design. 

The  fact  that  advances  in  the  production  of 
materials  and  in  machine  shop  methods  and  ca- 
pacity have  also  been  absolutely  essential  to 
phenomenal  progress  in  engineering  design  and 
construction  does  not  militate  in  any  manner 
against  the  preceding  observations,  for  those 
advances  have  either  simply  responded  to  the 
constantly  extending  demands  of  design,  or,  on 
the  other  hand,  have  made  it  possible  to  realize 
the  ends  which  have  been  attainable  only 
through  mathematical  investigation.  The  part 
played  by  the  application  of  pure  mathematics 
in  practically  every  branch  of  engineering  ac- 
tivity is  constantly  lost  sight  of  under  the  ab- 
sorbing and  broader  activities  of  the  adminis- 
tration of  large  engineering  works.  If  one  goes 
baclv  of  achieved  results  into  the  draughting 
and  computing  rooms  of  any  large  structural  or 
machinery  establishment,  it  will  be  found  at 
the  present  time  that  the  most  successful  de- 
signs of  either  structures  or  machinery  are 
based  upon  refined  mathematical  treatment  of 
fundamental   problems. 

The  method  of  instruction  in  mathematics  In 
engineering  schools  attains,  therefore,  a  degree 
of  importance  which  has  not  even  yet  been  ade- 
quately recognized  except  in  comparatively  few 
quarters.  "While  most  engineering  instructors 
who  have  in  one  way  or  another  come  in  con- 
tact with  practical  matters  are  more  or  less 
agreed  upon  cert^n  general  principles  for  the 
giving  of  instruction  in  the  subject,  there  is 
still  a  wide  divergence  of  opinion  on  many  es- 
sential details  and  on  some  general  principles. 
The  old  method  in  vogue  forty  or  fifty  years 
ago,  when  engineering  instruction  had  scarce- 
ly even  attained  to  its  boyhood,  was  what  may 
be  called  the  method  of  abstract  Instruction. 
In  this  method  "mathematics  for  the  sake  of 
mathematics"  seemed  to  be  the  guiding  motive 
in  all  instruction.  Engineering  students  were 
expected  to  demonstrate  in  the  class-room  all 
kinds  of  mathematical  formulas  applicable  to 
engineering  work,  but  without  regard  to  the 
actual  application  of  those  formulas.  Daily 
mathematical  exercises  in  the  engineering 
school  consisted  almost  entirely,  if  not  quite  so, 
of  old  style  mathematical  recitations  in  which 
the  abstract  demonstration  was  everything  and 
the  application  to  engineering  problems  prac- 
tically nothing.  Although  this  method  was  an 
intense  drill  on  certain  general  mathematical 
principles,  the  results  were  sterile  for  useful 
purposes.  The  student  who  had  finished  his 
engineering  course  of  study  at  that  time  was 
essentially  immune  to  any  useful  application  of 
his  mathematical  work.  A  natural  result  was 
the  widely  extended  repulsion  of  feeling,  last- 
ing even  to  the  present  time,  toward  mathemati- 


cal treatment  of  engineering  work;  a  repulsion 
without  any  rational  foundation  and  which 
trenches  materially  on  the  true  professional 
character  of  an  engineer's  practice. 

The  science  of  pure  mathematics  Is  absolute- 
ly nothing  whatever  beyond  the  precise  and  ac- 
curate treatment  of  problems,  and  one  of  the 
main  purposes  of  rational  mathematical  instruc- 
tion is  to  give  facility  in  tSiat  kind  of  mental 
activity  and  to  acquire  the  habit  of  accurate  and 
logical  thinking.  The  day  has  gone  by  when 
any  Instructor  in  any  line  of  science  whatever 
can  properly  pride  himself  on  having  accom- 
.plished  nothing  useful  in  either  his  mathemati- 
cal or  laboratory  work,  although  that  boast  has 
many  times  been  made  in  the  great  univer- 
sities of  the  country.  The  human  mind  Is  so 
constituted  that  It  works  best,  indeed  It  only 
really  works  at  all,  when  it  is  engaged  toward 
a  definite  purpose.  Engineering  students  will 
acquire  a  more  thorough  and  clear  knowledge 
of  mathematics  when  it  is  taught  in  connection 
with  its  application  to  engineering  problems, 
and  it  is  probably  the  only  way  in  which  ease 
and  facility  in  the  mathematical  treatment  of 
those  problems  can  be  attained.  A  email  min- 
ority only  of  people  are  so  constituted  as  to 
take  a  keen  interest  in  purely  abstract  matters, 
but  there  are  few  indeed,  and  those  few  are  not 
found  among  engineering  students,  who  would 
not  be  inspired  by  mathematical  Instruction 
when  given  in  constant  application  to  engi- 
neering problems.  It  may  be  laid  down  em- 
phatically that  no  engineering  instructor  in 
mathematics  is  performing  his  duty  properly 
who  does  not  in  dally  work  develop  his  mathe- 
matical formulas  in  constant  application  to 
precisely  those  problems  which  confront  the  en- 
gineer in  the  practice  of  his  profession.  All 
intelligent  engineering  design  work  is  funda- 
mentally based  upon  precise  quantitative  treat- 
ment of  those  elements  which  enter  It  and  no 
rational  results  can  be  accomplished  without 
such  a  precise  quantitative  treatment;  which 
is  only  another  way  of  stating  that  all  design 
work  must  be  treated  mathematically  in  order 
to  attain  safe  and  economical  results. 

One  of  the  most  difficult  matters  of  mathemat- 
ical application,  one  which  requires  the  exercise 
of  the  highest  grade  of  professional  judgment, 
is  the  limit  to  which  mathematical  accuracy  is 
to  be  carried  In  engineering  work.  It  is  simple 
enough  to  apply  formulas  to  any  given  case,  but 
frequently,  as  in  the  application  of  the  theory 
of  earth  pressure,  it  is  a  matter  of  good  judg- 
ment solely  to  determine  to  what  extent  the 
results  of  such  application  must  be  modified  to 
meet  the  conditions  of  actual  work  which  can- 
not be  accurately  measured  or  even  represented 
by  formulas.  This  matter  of  judicious  applica- 
tion of  engineering  theory  to  many  obscure 
problems,  as  in  foundation  work,  calls  for  the 
highest  professional  skill,  but  it  is  no  exagger- 
ation to  state  unqualifiedly  that  the  best  solu- 
tions of  such  difficult  problems  of  construction 
can  be  reached  only  through  a  wisely  tempered 
application  of  engineering  theory. 

Again,  there  are  many  cases  in  which  approx- 
imate methods  may  be  most  judiciously  em- 
ployed, although  this  legitimate  license  should 
never  lead  to  careless  or  slovenly  work  in  what 
may  be  termed  the  mathematics  of  engineer- 
ing. Good  sense  and  sound  judgment  are  the 
concurrent  requisites  with  the  mathematical 
treatment  of  engineering  problems. 

Rankine  practically  created  the  true  science 
of  engineering  and  the  admirable  mathematical 
results  of  his  work  are  the  basis  of  that  science, 
but  no  engineering  instructor  at  the  present 
time  ought  to  assume  for  a  moment  that  Ran- 
kine's  formulas  can  even  be  considered  in  the 
class-room  except  in  their  practical  application 
to  engineering  work.    They  should  be  used  pre- 
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dsely  as  they  would  be  employed  in  an  engi- 
neering office,  not  without  demonstration,  but 
as  an  agency  or  appliance  for  obtaining  practi- 
cal results.  Whether  mathematical  methods 
are  those  of  graphics  or  analysis  is  a  matter  of 
no  consequence.  Both  methods  should  be  made 
^miliar  to  the  engineering  student,  but  the 
acquisition  of  familiarity  should  be  attained 
from  start  to  finish  by  daily  exercises  in  pre- 
cisely such  applications  as  the  young  engineer 
mast  malve  in  his  subsequent  professional 
work. 


The  Appraisal  of  Railways. 

A  paper  by  Mr.  R.  A.  Thompson  on  the 
methods  of  the  Texas  Railroad  Commission  in 
valuing  railway  properties  was .  read  before 
the  American  Society  of  Civil  Engineers  on 
Wednesday  of  this  week,,  which  merits  an  un- 
usually thorough  discussion.  The  Texad  law 
which  enables  a  public  commission  to  deter- 
mine the  amount  of  bonds  and  stock  that  may 
be  issued  for  a  new  line  and  the  part  of  the 
capitalization  of  an  old  line  which  is  entitled 
to  receive  dividends  is  not  likely  to  find  favor 
in  most  States.  The  problem  of  appraisal  un- 
dertaken in  accordance  with  Its  provisions  is, 
however,  essentially  the  same  as  that  which 
arises  in  the  valuation  of  railways  for  pur- 
poses of  assessment.  Work  of  that  nature  has 
been  done  in  New  Jersey  and  Michigan  and  is 
now  in  progress  in  Wisconsin  under  the  direc- 
tion of  Prof.  W.  D.  Taylor,  of  the  University 
of  Wisconsin.  It  is  probable  that  similar  valu- 
ations will  be  made  in  many  other  States,  and 
for  this  reason  the  "Transactions"  of  the  So- 
ciety mentioned  should  contain  a  complete  dis- 
cussion of  the  subject.  Outside  of  Mr.  Thomp- 
son's paper,  an  article  by  Professor  Taylor  in 
the  "Wisconsin  Engineer,'"  and  a  description 
of  the  Michigan  work  in  this  journal,  there  is 
little  available  Information  on  the  principles  in- 
volved and  the  methods  followed.  The  Ameri- 
can Society  of  Civil  Engineers'  "Transactions" 
aCTord  an  unusually  good  place  for  frank  and 
full  discussion  of  the  subject,  from  the  position 
of  the  railway  companies  as  well  as  that  of  the 
State  assessors.  It  is  to  be  hoped  that  the  com- 
panies will  take  advantage  of  the  opportunity 
and  put  on  record  their  views  concerning  the 
proper  procedure  in  such  appraisals,  and  that 
the  engineers  who  have  been  engaged  on  the 
work  In  the  States  mentioned  will  explain  In 
detail  the  systems  they  adopted. 

It  is  useless  to  expect  any  considerable  as- 
sistance from  the  old  reports  of  the  railway 
companies.  Most  of  them  are  lost,  and  it  is  only 
necessary  to  examine  some  of  the  documents 
In  the  McAlpine  collection  in  the  library  of  the 
American  Society  of  Civil  Engineers  to  learn 
that  such  records  as  exist  have  practically  no 
value  as  a  rule.  The  railways  have  usually 
changed  owners  many  times  since  they  were 
built  and  the  price  paid  for  them  was  fixed 
by  other  considerations  than  their  actual  cost 
of  construction.  The  problem  before  the  engi- 
neering assessors,  is,  therefore,  not  an  appraisal 
of  the  actual  value  of  the  properties  as  much 
as  an  estimate  of  the  cost  of  duplicating  the 
right-of-way,  roadbed,  buildings  and  rolling 
stock.  The  Wisconsin  law  of  last  year  Indicates 
that  the  franchise  value  of  the  railways  must 
also  be  considered,  but  that  feature  of  the  sub- 
ject need  not  be  discussed  by  engineers  at  the 
present  time. 

The  difficulties  of  this  work  are  evident  as 
soon  as  any  piece  of  road  Is  considered.  The 
right-of-way  in  many  cases  cost  nothing,  hav- 
ing been  donated  as  an  inducement  to  build  the 
line.  To-day.  the  property  along  portions  of 
this  strip  may  be  of  considerable  value  and  if 
the  railway  were  not  there  might  be  worth  still 


more.  It  is  not  unlikely  that  in  some  situa- 
tions the  purchase  of  such  a  right-of-way  at  the 
present  day  could  only  be  made  at  higher  fig- 
ures than  the  current  value  of  the  land,  be- 
cause the  track  would  cut  through  the  property 
and,  by  dividing  it,  render  it  less  valuable. 
Again,  the  cost  of  the  roadbed  is  not  easily 
estimated  in  all  cases.  It  may  have  been  built 
originally  without  any  of  the  modern  plant  tor 
the  purpose,  and  at  a  unit  cost  considerably 
higher  than  would  be  necessary  in  these  days  of 
steam  shovels,  graders  and  dumping  cars. 
Moreover,  an  old  embankment  consolidated  by 
years  of  use  is  worth  more  than  a  new  one  of 
the  same  dimensions,  but  how  much  more  is  a 
hard  question  to  decide.  Even  the  problem  pre- 
sented by  the  rails  is  full  of  diflJculty.  Mr. 
Thompson  states  that  in  Texas  no  allowance 
was  made  for  any  depreciation,  while  Professor 
Taylor  states  that  in  Wisconsin  the  subject 
was  carefully  considered.  He  points  out  that 
in  that  State  an  error  of  even  $1  a  ton  in  the 
assumed  average  value  of  rails  would  affect 
the  total  appraisal  by  nearly  a  million  dollars. 

The  rolling  stock  presents  features  of  even 
greater  complication.  If  It  never  went  be- 
yond the  State  boundaries  it  would  not  be  diffi- 
cult to  appraise,  but  it  goes  very  far  beyond 
them  in  many  cases.  In  fact,  every  large  rail- 
way system  has  a  car  tracing  department  for 
the  purpose  of  finding  such  of  its  rolling  stock 
as  wanders  too  far  from  home  and  seeks  an 
easy  life  on  the  little  branch  lines  of  other 
companies.  A  certain  proportion  of  cars  and 
locomotives  of  interstate  lines  are  necessary  in 
each  State,  but  it  is  evident  that  an  opportunity 
for  considerable  argument  can  be  found  in  the 
determination  •  of  the  proportion  it  is  just  to 
consider  for  purposes  of  taxation. 

Enough  has  been  said  to  show  that  this  par- 
ticular field  of  civil  engineering  presents  so 
many  novel  problems  that  a  comprehensive  dis- 
cussion of  them  is  desirable.  If  this  discussion 
takes  place  now  It  will  be  of  much  assistance 
to  the  engineers  engaged  on  similar  work  in 
the  future.  The  American  Society  of  Civil  En- 
gineers has  rarely  had  an  opportunity  to  render 
such  a  service  as  Mr.  Thompson's  paper  pre- 
sents, and  at  the  same  time  to  make  its 
"Transactions"  of  importance  to  non-technical 
men  interested  In  problems  of  State  government 
and  railway  management. 
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Concerning    Concrete-Steel    Con- 
struction. 


The  Importance  of  concrete-steel  construc- 
tion and  the  unusual  conditions  which  affect 
its  present  status  among  engineers  call  for 
comment,  particularly  as  a  communication 
from  an  esteemed  correspondent  Indicates  a 
misapprehension  of  the  position  of  The  Engi- 
neering Record  with  regard  to  such  matters. 
It  seems  desirable  to  point  out,  therefore,  that 
at  the  present  time  most  of  the  engineers  who 
have  given  the  greatest  amount  of  attention  to 
concrete-steel  construction  are  interested  either 
in  contracting  or  in  the  supply  of  material  em- 
ployed as  the  steel  reinforcement  for  concrete. 
It  is  manifest  to  anyone  acquainted  with  some 
of  the  work  of  this  nature  recently  executed, 
that  there  are  persons  engaged  in  the  construc- 
tion of  concrete-steel  buildings  and  bridges 
who  are  unqualified  for  their  task.  On  the 
other  hand,  there  are  many  who  feel  that  they 
cannot  afford  to  risk  their  reputations  by  de- 
signing structures  having  elements  of  weak- 
ness. It  must  be  remembered  that  at  the  pres- 
ent time  there  Is  no  generally  accepted 
procedure  for  designing  such  work.  The 
Engineering  Record  prefers  the  methods  out- 
lined  in  the  last  edition   of  Professor  Burr's 


"Materials  of  Engineering,"  but  it  is  perfectly 
willing  to  acknowledge  that  some  engineers  of 
long  experience  prefer  to  employ  other  methods 
of  design.  With  the  data  now  at  hand,  the  cor- 
rect design  of  important  concrete-steel  struc- 
tures calls  for  a  complete  acquaintance  with 
the  theory  of  stresses  and  a  trained  judgment; 
the  engineer  having  such  knowledge  may  be 
safely  trusted  to  produce  a  satisfactory  result, 
no  matter  what  formulas  he  uses,  while  the 
engineer  without  such  knowledge  courts  dis- 
aster. 

This  being  the  opinion  held  by  The  Engi- 
neering Record,  It  Is  evident  that  its  columns 
are  open  for  any  discussion  of  the  theory  and 
practice  pf  concrete-steel  construction  which 
is  conducted  in  a  manner  In  keeping  with  dig- 
nified argument.  It  makes  no  difference 
whether  the  principles  of  design  are  advo- 
cated by  a  professional  engineer,  a  manufac- 
turer of  steel  for  purposes  of  reinforcement  or 
a  contractor  for  concrete-steel  work.  If  these 
classes  of  readers  choose  to  send  this  journal 
an  account  of  the  experiments  they  make,  the 
structures  they  build  or  the  theories  they  ad- 
vance, space  will  always  be  given  to  so  much 
of  their  contributions  as  the  editor  considers 
of  value  to  the  readers  of  the  paper.  But  there 
Is  no  room  in  the  paper  for  articles  of  any  other 
class.  Bare  statements  without  proof  that  a 
contributor  Is  wrong,  sarcastic  references  to 
his  knowledge  or  experience,  claims  for  any 
system  of  design  which  are  not  accompanied 
by  sober  discussion  of  Its  advantages,  are  of 
advantage  to  nobody.  This  statement  seems 
necessary  because  of  the  peculiar  condition  of 
the  concrete-steel  industry  at  the  present  time. 
Many  failures  of  such  construction  have  al- 
ready occurred  and  many  more  will  happen, 
because  work  has  not  been  properly  designed 
or  properly  executed.  The  most  valuable  data 
on  the  subject  are  probably  in  the  possession 
of  the  various  parties  who  build  such  works. 
No  one  firm  or  individual  can  have  more  than 
a  small  part  of  the  information  which  should 
be  available  to  everybody  if  concrete-steel  is 
to  emerge  from  its  period  of  probation  un- 
scathed. Instead  of  warring  among  them- 
selves and  hurting  the  business  they  are  en- 
deavoring to  build  up,  the  people  interested 
financially  in  concrete-steel  should  look  upon 
all  published  data  of  a  reputable  character  as 
so  much  important  Information  in  their  pos- 
session. They  should,  in  fact,  contribute  in- 
formation which  will  help  to  establish  the  good 
name  of  concrete-steel. 

Concrete-steel  construction  is  just  at  present 
more  in  danger  from  the  people  who  are  at- 
tempting to  build  unimportant  works  than 
from  those  who  endeavor  to  Introduce  new 
methods  of  applying  the  steel  reinforcement. 
There  are  many  good  general  contractors  who 
believe  that  the  grade  of  concrete  they  have 
been  accustomed  to  lay  for  low  retaining  walls, 
the  footings  of  buildings  and  the  foundations 
of  pavements  is  concrete  suitable  for  concrete- 
steol.  The  two  materials  are  as  far  apart  as 
angel's  food  and  hoe  cake,  and  It  is  the  failure 
to  recognize  this  fact  that  will  lead  to  trouble. 
For  this  reason  The  Engineering  Record  is  In 
full  sympathy  with  Mr.  Tucker's  suggestion 
elsewhere  In  this  issue,  that  the  people  inter- 
ested in  this  new  material  should  endeavor  to 
secure  the  co-operation  of  the  American  Society 
of  Civil  Engineers  In  the  proposed  joint  com- 
mittee to  investigate  concrete-steel  work.  It 
is  important  to  bear  In  mind  that  this  commit- 
tee project  will  fall  through  unless  at  least 
one-third  of  the -members  of  the  Society  vote 
on  the  question  and  a  majority  of  these  votes 
are  favorable.  The  friends  of  the  project 
should  use  all  their  persuasive  powers  during 
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the  next  lortnight  to  securing  a  large  vote,  for 
the  plan  may  fail  through  a  lack  of  sufflcient  in- 
terest on  the  part  of  the  membership  to  send 
in  their  ballots. 

The  sooner  an  authoritative  statement  is 
made  on  the  subject  of  concrete-steel  the  more 
quickly  the  dangers  of  the  present  situation  will 
be  overcome.  At  the  present  time  the  subject 
labors  under  the  misfortune  of  being  largely  in 
the  hands  of  people  whose  business  interests 
lead  them  to  adopt  views  of  a  somewhat  biased 
nature.  It  is  the  province  of  a  technical  paper 
to  give  everyone  an  opportunity  to  make  his 
views  public,  when  they  are  properly  pre- 
sented, but  it  is  reserved  for  national  organiza- 
tions like  the  American  Society  of  Civil  Engi- 
neers, the  American  Society  I'or  Testing  Ma- 
terials and  the  Association  of  Portland  Cement 
Manufacturers,  to  put  the  subject  on  a  thor- 
oughly safe,  unbiased  basis  by  means  of  an 
investigation  conducted  by  a  joint  committee. 


The  Design  of  Light  Steel  Work. 


One  of  the  most  common  sources  of  unneces- 
sary expense  in  buildings  requiring  consider- 
able steel  work  is  to  be  found  in  the  design 
of  such  construction  by  men  without  practical 
•experience  in  the  oflBces  of  works  manufactur- 
ing the  structural  material.  At  the  recent  con- 
vention of  the  Iowa  Engineering  Society,  Prof. 
L.  E.  Ashbaugh  gave  two  instances  of  this  fact 
which  are  worth  repeating.  A  bid  was  made  by 
a  bridge  shop  for  work  for  Mexican  parties  and 
designed  by  their  engineer.  The  tender  was 
accepted  and  then  the  shop  submitted  an  alter- 
native design  much  stiffer  and  better  adopted 
to  their  needs.  This  was  gladly  accepted  and 
it  also  yielded  a  nice  extra  profit  to  the  com- 
pany. In  another  case,  a  certain  company  main- 
taining a  structural  department  called  for  ten- 
ders on  its  plans  for  a  building,  and  the  bid 
of  the  same  shop  for  the  work  was  accepted. 
Later  an  alternative  plan  was  presented,  but 
rejected  on  the  ground  of  being  too  expensive. 
A  few  hours  later  it  was  accepted,  however,  at 
the  same  price  as  the  first  tender.  The  alter- 
native plan  was  acknowledged  to  be  better,  but 
It  was  not  known  that  it  represented  an  ad- 
ditional profit  of  $5,000  to  the  builders.  These 
Instances  could  doubtlessly  be  multiplied  many 
times  from  the  experience  of  every  structural 
steel  shop  in  the  country. 

Anyone  who  has  had  an  opportunity  to  be- 
come familiar  with'  the  process  of  design  in 
such  a  shop  is  aware  that  there  is  a  certain 
kind  of  knowledge,  only  acquired  by  long  ex- 
perience in  the  drafting  room,  which  is  essen- 
tial for  the  most  economical  designing  of  steel 
work.  Probably  any  graduate  of  a  good  engi- 
neering school  is  competent  to  design  strong 
steel  frames  for  mills  and  similar  buildings, 
hut  none  of  them  is  able  to  design  work  which 
will  be  economical  until  he  has  obtained  a  prac- 
tical knowledge  of  all  the  elements  which  go  to 
make  up  the  total  cost.  In  the  opinion  of  Pro- 
fessor Ashbaugh,  it  does  not  pay  for  a  company 
or  a  city  to  design  steel  work  unless  it  main- 
tains specialists  ie  such  construction,  and  he 
advises  placing  this  designing  in  the  hands  of 
the  bridge  companies.  If  all  the  information 
concerning  the  uses  to  which  the  structure  will 
be  placed  is  furnished,  the  shop  draftsmen 
are  able  to  work  up  plans  which  will  be  low  in 
cost  and  of  ample  safety.  If  it  is  necessary  to 
have  them  checked,  this  can  be  done  by  a  con- 
sulting specialist  for  a  small  fee,  for  anyone 
familiar  with  such  work  is  able  to  examine  the 
steel  details  of  an  ordinary  mill  building  in  a 
short  time.  That  is  to  say,  he  can  do  so  it  they 
have  been  drawn  by  competent  men.  but  if  they 
are  the  work  of  an  amateur  It  is  Impossible 
to  say  how  long  a:  time  must  be  spent  on  the 


examination.  In  submitting  the  requirements 
for  steel  construction,  it  is  best  to  give  a  gen- 
eral layout  of  the  building  with  the  machinery 
placed  as  desired.  In  the  paper  mentioned.  It 
is  stated  that  the  Allis-Chalmers  Company 
once  sent  out  for  such  a  purpose,  in  connection 
with  a  flve-story  building  for  ore-dressing,  a  set 
of  blueprints  showing  the  position,  weight  and 
size  of  all  heavy  machinery,  with  connecting 
shafting,  openings  in  the  fioors  and  walls  and 
other  features  of  arrangement.  This  is  the 
common-sense  method. 

The  reason  such  designing  is  usually  best  left 
to  the  bridge-shops,  unless  the  engineer  has 
had  practical  experience  in  such  shops  himself, 
is  because  of  the  saving  in  cost  which  will  re- 
sult. Occasionally  steel  work  plans  are  submit- 
ted to  bridge  shops  which  are  so  weird  that 
the  tender  is  always  accompanied  by  a  proviso 
that  in  case  the  bid  is  accepted  the  shop  shall 
not  be  held  responsible  for  any  failure  due  to 
defects  other  than  those  of  material  and  work- 
manship. Fortunately  such  cases  are  rare.  The 
shop  design  is  usually  preferable  because  it 
makes  the  best  use  of  material,  because  the 
work  is  largely  along  standard  lines  with  which 
the  workmen  are  familiar,  and  because  any  spe- 
cial features  are  detailed  so  as  to  be  as  easily 
carried  out  in  the  shop  as  possible.  Sometimes 
there  is  a  scarcity  of  shapes  of  the  sizes  usually 
called  for  in  designs  for  the  class  of  work  under 
consideration,  and  the  shop  designers  are  then 
able  to  get  out  plans  which  call  for  material  on 
hand,  thus  saving  time  in  construction.  As 
steel  work  is  generally  wanted  quickly  this  is 
a  feature  of  the  subject  which  may  be  of  con- 
siderable importance. 

In  what  is  said  there  is  no  intention  of  re- 
fiecting  on  the  work  of  the  consulting  special- 
ist in  structural  steel  design.  As  a  rule,  how- 
ever, these  engineers  prefer  to  check  over  the 
plans  of  framing  for  mills  and  similar  build- 
ings to  making  the  plans  themselves.  The 
work  is  merely  routine  designing,  and  is  best 
done  where  the  facilities  for  it  are  the  greatest. 
This  is  unquestionably  in  the  offices  of  the 
bridge  companies  or  engineers  making  a  spe- 
cialty of  mill  architecture  and  employing  de- 
signers trained  in  bridge  shops. 


Notes  and  Comments. 


Reservoir  Level  Ikdicatoks,  showing  at  the 
water  works  office  and  the  pumping  station  the 
height  of  water  in  all  the  basins  to  which  water 
is  raised,  are  useful  safeguards  against  acci- 
dents which  often  have  very  costly  conse- 
quences. A  recent  accident  illustrates  this 
clearly.  There  were  two  reservoirs  at  differ- 
ent elevations,  connected  by  a  main  having  a 
gate  which  was  kept  closed  when  the  upper 
basin  was  being  filled  and  the  lower  one  was 
full.  This  gate  broke  one  night,  and  for  some 
time  the  water  pumped  into  the  upper  reser- 
voir flowed  into  the  lower  one,  overtopping  it 
and  finally  washing  a  hole  through  it.  The 
damage  was  many  times  the  cost  of  indicators 
which  would  have  shown  the  pumping  station 
attendants  that  something  was  wrong,  and  thus 
given  them  a  sufficient  warning  to  have  pre- 
vented  any   damage. 


The  Eably  Engineers  of  the  country  were 
obliged  many  times  to  rely  on  judgment  rather 
than  experience  in  designing  their  works,  and 
as  a  result  some  amusing  instances  of  conser- 
vatism are  on  record.  For  example,  when  some 
lattice  bridges  were  built  for  the  Little  Schuyl- 
kill &  Susquehanna  R.  R.,  there  was  no  pre- 
cedent for  their  use  for  railway  service.  Chief 
Engineer  Solomon  W.  Roberts  accordingly  re- 
ported  In   1838   as   follows:       "I    propose    that 


when  the  superstructure  of  each  bridge  is  com- 
pleted, the  keys  of  the  falseworks  shall  be 
loosened  and  the  falseworks  allowed  to  remaia 
standing  within  a  few  inches  of  the  lov/er 
chords  of  the  bridge,  so  as  to  obviate  the  pos- 
sibility of  accident,  and  if  found  necessary, 
timber  framed  piers  may  be  built  halt-way  be- 
tween the  stones  ones  to  render  the  bridge  more 
than  strong  enough  to  sustain  any  possible 
load." 


The  Electric  Train  Service  which  the  Lan- 
cashire &  Yorkshire  Railway  will  shortly  es- 
tablish for  its  suburban  business  between 
l.,iverpool  and  Cfossens  involves  the  electric 
equipment  of  about  25  miles  of  double-track 
road.  Four-car  trains  seating  270  passengers 
and  having  room  for  a  limited  amount  of  bag- 
gage will  be  used.  Each  end  car  will  have 
four  150-horse-power  motors,  so  connected  that 
the  motors  of  both  cars  are  controlled  from 
either  end.  Sheet  steel  and  uralite  have  been 
used  plentifully  to  prevent  any  fire-hazard  due 
to  the  electric  equipment.  A  special  form  of 
vacuum  brake  is  employed  instead  of  the 
usual  air  brake.  The  power  plant  will  furnish 
alternating  current  at  7,500  volts  to  four  sub- 
stations, where  transformers  and  rotary  con- 
verters will  change  it  to  600-volt  direct  current. 
The  third-rail  system  has  been  adopted,  with 
gaps  In  the  rail  at  grade  crossings  and  timber 
guards  at  all  frequented  places.  The  center  of 
the  rail  is  placed  3  feet  lli/4  inches  from  the 
center  of  the  track  and  its  head  is  3  inches 
above  the  heads  of  the  main  rails;  these  are 
the  standard  dimensions  of  all  British  compan- 
ies. The  equipment  of  the  road  is  now  nearly 
completed,  and  one  of  the  trains  has  been  given 
an  experimental  run.  The  results  of  the 
handling  of  this  suburban  service,  a  quite 
heavy  one,  with  electric  trains  will  be  awaited 
with  interest,  because  it  will  replace  a  long- 
established  steam  service  and  no  attempt  will 
be  made  to  exceed  the  speed  of  the  best  steam 
trains  now  engaged  in  it.  The  electrical  work 
has  been  carried  out  by  Dick,  Kerr  &  Company. 


A  New  Type  of  Gas  Engine,  designed  by  Mr. 
Adolf  Vogt,  has  lately  received  considerable  at- 
tention in  London.  Only  a  model  has  yet  been 
constructed,  but  with  it  a  horse-power  hour  is 
developed  with  16  to  18  cubic  feet  of  city  gas, 
a  remarkable  record  for  a,  motor  with  a  cylin- 
der a  trifle  over  3  inches  in  diameter  and  less 
than  6  inches  long.  This  cylinder  has  an  upright 
chamber  at  each  end  containing  air,  gas  and 
exhaust  valves.  The  cylinder  and  the  lower 
part  of  each  chamber  are  fllled  with  water.  The 
charge  is  compressed  by  the  water  in  the  upper 
part  of  the  chamber  and  on  ignition  the  pres- 
sure is  immediately  communicated  through  the 
water  to  the  piston.  There  are  two  explosions 
to  each  revolution,  so  that  the  motor  resem- 
bles a  steam  engine  in  this  respect.  The  valves 
are  mechanically  actuated  and  there  is  a  special 
device  for  insuring  the  presence  of  the  proper 
amount  of  water  on  each  side  of  the  piston. 
The  gas  and  air  are  supplied  by  pumps,  and  the 
quality  of  the  mixture  and  the  degree  of  the 
compression  remain  constant.  The  engine  runs 
very  cool  without  water  jackets,  which  simpli- 
fies the  construction,  the  air  and  exhaust  valves 
are  cooled  by  water  submerging  them  once 
every  stroke,  and  the  gas  valve  is  cooled  by  the 
inflowing  and  expanding  gas.  Whether  a  large 
engine  can  be  operated  on  such  a  system  re- 
mains to  be  demonstrated.  The  difficulty  of 
making  the  water  act  properly  when  it  is  pres- 
ent in  the  large  volume  needed  in  an  engine  of 
fair  size  is  certainly  great  enough  to  warrant 
withholding  an  opinion  on  the  commercial 
value  of  the  motor  until  experiments  on  a 
working  engine  are  made. 
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The   New    Henry    R.    Worthington  Hy- 
draulic Works  at  Harrison,  N.  J. 

PA«t  I. FOCSDATIOXS.  POWER  PLA.XT,  TRANSPOB- 

TATIOX    AND    MaCUINE    EIbECTING    ShOPS. 

A  large  manu/acluring  plant  which  will  em- 
ploy about  6,000  men.  when  running  at  its  full 
capacity,  is  now  in  course  of  construction  for 
Henry  R.  Worthington,  at  Harrison,  N.  J.  It 
is  of  interest  not  only  as  an  example  of  mill 
architecture  for  a  long-established  industry 
which  has  learned  by  years  of  experience  just 
what  arrangements  are  best  suited  for  the  con- 
duct of  its  work,  but  also  because  the  estab- 
lishment is  the  largest  one  yet  to  occupy  the 
region  of  the  famous  Hackensack  meadows.  It 
is  located  on  the  high  ground  just  beyond  the 
"meadows"  proper,  which  some  people  expect 
to  become  the  most  important  center  for  heavy 
manufacturing  in  the  vicinity  of  New  York. 
Here  the  Lackawanna  and  Pennsylvania  and 


sand  automatically  from  the  flasks  through  the 
foundry  floors,  receiving  and  handling  it  in  the 
basements  and  delivering  it  by  elevators  and 
conveyors  to  the  moulding  room. 

Foundations. — The  thirty-odd  acres  of  the 
Harrison  site  was  originally  a  slightly  undulat- 
ing salt  meadow.  A  topographical  survey 
showed  that  the  average  level  could  be  estab- 
lished aft  about  10  feet  above  high  water,  the 
hillocks  being  graded  down  by  horse-plows  and 
scrapers  for  the  purpose  of  flUing  the  depres- 
sions. The  original  Intention  had  been  to  put 
in  the  footings  and  part  of  the  foundations  in 
the  few  low  places  and  ponds  before  grading, 
but  the  soil  under  the  ponds  proved  too  soft 
and  muddy  for  this  to  be  practicable.  The  low 
places  were  accordingly  drained  and  filled  be- 
fore the  trenches  were  opened.  As  one  of  the 
most  serious  objections  to  this  meadow  tract 
for  manufacturing  plants  has  been  its  supposed 
treacherous  character  for  building  purposes,  it 


ment  of  load.  When  this  occurred,  the  load 
was  partly  removed  and  another  mark  made, 
which  was  often  above  those  previously  drawn. 
More  brick  were  taken  oft  until  no  further  set- 
tlement was  indicated  by  a  careful  compari- 
son of  the  marks.  From  the  last  figures  the 
equivalent  load  per  square  foot  was  quickly  de- 
duced and  assumed  to  be  the  bearing  capacity 
of  the  soil.  The  footings  were  then  designed 
to  impose  a  load  of  not  more  than  half  this 
amount  on  the  bottom  of  the  trench  in  the  vi- 
cinity. When  it  was  necessary  to  carry  on  such 
examinations  as  rapidly  as  possible,  the  load- 
ing of  the  post  was  continued  only  to  the 
amount  when  the  rate  of  settlement  began  to 
increase  rapidly;  this  amount  was  taken  as  the 
bearing  capacity  of  the  soil.  The  architects 
state  that  this  method  of  testing  the  founda- 
tions has  been  proved  by  many  experiments  to 
be  a  safe  one,  and  that  the  results  obtained  cor- 
respond closely  with  those  given  by  first  load- 
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Erie  railroads  afford  facilities  for  rail  ship- 
menu,  and  there  is  plenty  of  level  ground  on 
which  to  lay  out  the  various  buildings  so  as 
to  have  the  work  in  them  proceed  in  the  most 
economical  manner.  This  work  will  comprise 
not  only  that  conducted  at  present  in  the 
Worthington  shops  in  Brooklyn  and  the  Worth- 
ington foundries  at  EUzabethport,  but  also 
some  of  the  pump  and  air  compressor  construc- 
tion now  carried  on  by  other  companies  affil- 
iated with  the  Worthington  company. 

It  is  not  considered  by  the  designers  that 
the  plant  is  unusual  in  design  or  operation,  but 
that  a  special  effort  has  been  made  to  select 
and  combine  the  best  features  of  advanced 
practice  in  construction  and  equipment,  to  pro- 
vide for  all  operations  in  continuous  sequence 
and  to  avoid  hand  labor  wherever  possible.  The 
most  novel  structural  features  are  the  project- 
ing elevator  platforms  In  the  machine  shop  gal- 
leries and  the  arrangements  for  dumping  the 


is  of  interest  to  note  that  extensive  tests  of  the 
bearing  power  of  the  soil  were  conducted  by 
the  mill  architects  in  charge  of  the  work, 
Messrs.  Bert  L.  Baldwin  &  Company,  of  Cincin- 
nati and  New  York.  The  method  of  testing 
was  as  follows:  A  pit  was  dug  at  the  place 
of  a  test  until  a  hard  stratum  was  encountered. 
On  this  firm  material  there  was  placed  a  verti- 
cal timber  with  its  foot  exactly  0.1  square  foot 
in  area.  At  the  top  it  carried  a  platform,  and 
it  was  held  in  a  vertical  position  by  guides  on 
the  surface  of  the  ground.  A  card  was  tacked 
to  the  post  opposite  one  of  the  guides,  and  a 
line  drawn  on  the  card  by  means  of  a  straight- 
edge laid  across  the  top  of  the  guide.  The  plat- 
form was  then  loaded  with  a  known  weight  of 
brick  and  a  second  mark  made  on  the  card. 
This  process  of  loading  and  marking  was  con- 
tinued until  there  was  an  Jipheava!  of  the 
ground  Just  beyond  the  edges  or  the  post  and 
the  latter  settled  more  rapidly  with  each  incre- 


Ing  and  then  unloading  the  platform.  Those  in 
charge  of  the  work  believe  that  tests  made  with 
posts  are  comparable  with  those  in  which 
larger  areas  are  loaded,  and  that  the  results 
are  amply  accurate  for  use  In  proportioning 
footings. 

Originally  the  site  was  partly  covered  by  a 
chain  of  small  ponds  with  their  surface  about 
1  foot  above  mean  high  tide.  They  were  filled 
with  fresh  water  from  rains  and  surface  drain- 
age and  one  of  them  had  an  outlet  through 
tide  gates  into  a  small  creek.  Channels  were 
cut  connecting  all  the  ponds  and  their  drain- 
age was  easily  accomplished  by  closing  the  gate 
at  low  tide.  After  this  was  done  the  deepest 
water  remaining  in  any  place  was  about  2  feet, 
near  the  high  erecting  shop,  and  this  was  ab- 
sorbed by  the  material  filled  in  to-  establish 
the  new  grade. 

Before  construction  was  commenced,  about 
twenty    wash    test   holes   were   sunk   in    differ- 
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ent  parts  of  the  site  to  aa  average  depth  o£ 
about  25  feet  and  a  maximum  of  40  feet.  They 
indicated  good  sand  and  gravel  and  were  re- 
ported to  reach  solid  rock,  but  this  was  thought 
to  be  a  mistake,  and  it  was  concluded  that  they 
had  encountered  boulders,  a  belief  of  which  was 
justified  by  later  developments.  The  test  holes 
were  sunk  about  5  feet  below  tnc  footings  and 
no  test  pits  were  sunk  any  deeper  as  the  soil 
there  was  satisfactory.  The  areas  of  the  foot- 
ings were  all  proportioned  in  accordance  with 
the  results  of  the  loading  tests  made  at  the 
nearest  points,  and  it  was  intended  to  load  the 
soil  uniformly  to  about  one-half  of  its  indi- 
cated bearing  capacity,  except  where  that  was 
unusually  high.  Many  of  the  piers  themselves 
weighed  nearly  or  quite  as  much  as  that  po.r- 
tion  of  the  building  which  they  supported;  it 
was  believed  that  there  would  be  no  appi-eciable 
settlement  and  that  the  slight  amount  which 
mights  occur  would  take  place  before  the  con- 
struction of  the  superstructure  and  so  would 
be  negligible,  a  conclusion  which  has  been  jus- 
tified so  far  by  the  results. 

All  footings  have  been  laid  in  trenches  kept 
open,  when  necessary,  with  sheet-piling  and 
drained  by  hand  pumps.  These  footings  rest 
on  gravel,  sometimes  mixed  with  loam,  clay  or 


tracks,  furnished  by  the  C.  W.  Hunt  Manufac- 
turing Company,  connects  all  the  buildings. 
Some  of  these  tracks  are  located  permanently, 
while  others  can  be  shifted  readily  as  the  neces- 
sities of  the  work  require.  These  standard 
and  narrow-gauge  tracks  will  be  supplied  with 
steam  and  electric  locomotives  and  locomotive 
derricks  and  will  be  supplemented  by  a  large 
number  of  traveling  overhead  cranes  in  the 
buildings. 

The  more  important  portions  of  the  crane 
installation  are  as  follows:  In  the  main  foun- 
dry there  will  be  two  20-ton  and  two  30ton 
cranes  of  60-foot  span  in  the  center  aisle  and 
five  10-ton  cranes  in  each  side  aisle,  besides 
four  5-ton  traveling  jib  wall  cranes  in  the  cen- 
ter aisle.  In  the  machine-moulding  foundry 
there  will  be  no  longitudinal  traveling  cranes, 
but  each  transverse  panel  between  roof  trusses 
will  be  supplied  with  a  1  or  2-ton  traveling 
pneumatic  hoist.  In  the  cleaning -shed  there 
will  be  two  10-ton  cranes  of  3G-foot  span  and 
one  5-ton  crane  of  24-foot  span.  In  the  center 
aisle  of  the  machine  shop,  provision  is  made 
for  four  20  to  30-ton  cranes  of  61%-foot  span 
and  in  each  side  aisle  six  or  more  5-ton  cranes 
of  30-foot  span.  In  the  erecting  shop  the  plans 
call  for  three  20-ton  cranes  of  61%-foot  span  in 
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sand.  These  mixed  materials  differ  consider- 
ably in  their  bearing  capacity.  In  one  place 
where  the  soft  material  was  very  deep  and  the 
piers  for  the  steel  columns  had  to  be  carried 
down  26  feet,  the  walls  were  carried  by  arches 
sprung  between  concrete  piers;  these  arches 
are  just  below  the  surface  of  the  ground.  These 
pits  were  16  feet  below  mean  high  tide  and  were 
drained  by  an  8-inch  centrifugal  pump  working 
at  intervals  about  an  hour  at  a  time.  The 
average  depth  of  the  footings  below  the  surface 
is  about  8  feet,  and  the  minimum  depth  is  about 
6  feet.  The  concrete  used  in  this  part  of  the 
work  was  mixed  in  the  proportion  of  one  part 
of  Saylor's  Portland  ceinent,  three  parts  of  sand 
and  five  parts  of  stone  broken  to  pass  a  IV^-inch 
ring.  Both  gravity  and  Ransome  mixers  were 
used. 

Transportation. — The  general  arrangement 
of  the  buildings  is  so  clearly  indicated  In  the 
accompanying  plan  of  the  works  that  little  com- 
ment is  needed  on  this  subject.  The  foundry 
departments  are  entirely  distinct  from  the  ma- 
chine and  erecting  departments.  Spurs  from 
the  neighboring  tracks  of  the  Delaware,  Lack- 
awanna &  Western  Railroad  enter  each  build- 
ing in  which  manufacturing  is  carried  on.  while 
a  very  complete  system  of   industrial    railway 


the  center  aisle  and  four  5-ton  cranes  of  30- 
foot  span  in  each  side  aisle.  In  the  high  erect- 
ing shop,  there  are  to  be  one  30-ton  and  one 
50-ton  crane  of  60-foot  span  in  the  center  aisle 
and  two  5-ton  cranes  of  32-foot  span  in  each 
side  aisle,  besides  numerous  stationary  5-ton  jib 
cranes  in  the  center  aisle.  In  the  shipping 
room  and  W3.rehouse  there  will  be  one  10-ton 
crane  of  about  35-foot  span  in  each  aisle.  In 
the  yard  there  will  be  two  10-ton  locomotive 
derricks  with  15-foot  radius,  and  it  is  pro- 
posed to  install  a  double-cantilever  traveling 
gantry  of  150-foot  span  and  30-foot  track  to 
command  the  space  between  the  machine  shop, 
erecting  shops  and  the  foundry,  thus  providing 
especially  for  the  transfer  of  large  castings. 
In  the  pig-iron  yard  there  will  be  a  large  num- 
ber of  narrow-gauge  transverse  surface  tracks 
intersecting,  a  depressed  track  on  each  side  of 
the  yard,  where  there  will  be  a  transfer  car  to 
shift  the  loaded  stock  cars  to  the  cupola  tracks. 
A  similar  provision  will  be  made  for  the  sand 
sheds,  where  temporary  narrow-gauge  trans- 
verse tracks  will  be  laid  on  the  top  of  the  sand 
in  different  bins  and  will  connect  with  a  longi- 
tudinal depressed  track  on  which  the  cars  will 
be  transferred  from  tracks  In  the  rnain  foundry. 
Power   Plant. — All    power   will    be   furnished 


from  a  100xl72-foot  central  station.  In  it  there 
will  be  installed  six  SOO-horse-power  Babcock 
&  Wilcox  boilers  connected  to  a  chimney  of 
the  Alphons  Custodis  type  9  feet  in  diameter 
inside  and  200  feet  high.  This  stack  has  an 
octagonal  concrete  footing  8  feet  thick  and  30 
feet  in  diameter,  which  reduces  the  foundation 
pressure  to  6,000  pounds  per  square  foot  on  the 
soft  sandy  clay.  The  engine  foundations  are 
monolithic  concrete  blocks  extending  6  feet  be- 
low and  10  feet  above  the  ground  surface.  The 
boiler  foundations  are  concrete  walls  from  2 
to  3  feet  wide  and  6  feet  deep. 

The  boilers  will  be  supplied  with  anthracite 
coal  from  storage  bins  of  about  300  tons  capa- 
city alongside  the  boiler  house.  These  bins  will 
be  built  of  concrete  with  their  bottoms  about 
4  feet  below  the  boiler  room  floor.  They  will 
be  filled  with  coal  up  to  the  boiler  room  floor 
level,  where  a  temporary  pavement  will  be 
formed  with  tar  and  slack.  Above  this  floor 
the  bins  will  be  filled  with  coal  for  regular 
use.  Below  it  the  coal  will  be  kept  indefinitely 
as  a  reserve  for  emergencies.  The  coal  cars 
will  be  drawn  up  an  incline  by  an  electric  hoist- 
ing engine  and  will  be  dumped  directly  into 
the  top  of  the  bins  or  through  chutes  to  the 
boiler  room.  About  300  tons  more  of  coal  will 
be  stored  directly  under  the  inclined  trestle 
leading  to  the  coal  pockets  and  a  total  storage 
suflacient  for  about  30  days'  supply  can  thus 
be  maintained. 

The  power  house  is  divided  by  a  center  longi- 
tudinal wall  and  row  of  enclosed  columns  into 
nearly  equal  parts  for  the  boilers  and  for  the 
engines.  The  boiler  room  has  a  clear  height  of 
171/i  feet  to  the  lower  chords  of  the  roof 
trusses,  from  which  is  suspended  a  pipe  gal- 
lery. The  roof  trusses  are  of  simple  construc- 
tion seated  on  the  tops  of  the  side  columns  and 
riveted  to  the  sides  of  the  center  columns.  They 
are  braced  together  by  purlins,  by  four  lines 
of  longitudinal  struts  in  the  planes  of  the  lower 
chords  and  by  X-bracing  of  diagonal  clevis  rods 
in  every  third  panel  of  the  top  chords.  The 
wall  columns  are  also  X-braced  by  diagonal 
rods  in  corresponding  panels.  The  columns 
have  I-shaped  cross-sections  and  solid  webs  in 
the  planes  of  the  roof  trusses  similar  to  the 
construction  in  the  shops. 

At  first  there  will  be  two  compound  condens- 
ing direct-current  electric  units  each  of  500 
kilowatts  wound  for  250  volts  and  arranged 
with  collector  rings  so  that  a  three-wire  sys- 
tem can  be  run  for  250  and  125  volts  for  the 
motor  and  lighting  service.  They  will  be  fur- 
nished by  the  General  Electric  Company  and 
each  wlU-"  have  a  horizontal  cross-compound 
steam  engine  of  the  Corliss  type.  There  will 
also  be  furnished  by  the  General  Electric  Com- 
pany an  auxiliary  steam  turbine  of  200  kilo- 
watts capacity  for  night  work  and  reserve  ser- 
vice. Electric  motors,  many  of  them  transfer- 
red from  the  old  plants,  and  including  all  the 
principal  makes,  will  be  used  to  operate  all 
machine  tools,  separate  motors  being  usually 
provided  for  those  tools  requiring  more  than  10 
horse-power.  Small  tools  of  the  same  class 
will  be  grouped  together  and  each  group  driven 
by  a  motor  of  about  20  horse-power,  usually  in- 
stalled overhead  and  driving  the  tools  from 
jack  shafts. 

The  boiler  feed  pumps  will  be  of  the  verti- 
cal compound  marine  type  arranged  so  that 
either  side  can  be  used  independently  or  both 
together,  and  of  such  a  capacity  that  either  side 
alone  can  suppdy  all  the  boilers  and  thus  pro- 
vide a  reserve  system  in  one  unit.  These  pumps 
are  to  be  installed  in  the  engine  room  of  the 
power  house,  where  the  electric  units  and  the 
main  air  compressors  are  also  located.  The 
compressor  which  supplies  air  for  tool  service 
and  pneumatic  hoists,  is  a  cross-compound  con- 
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densing  two-stage  LAidlaw-Dunn-Gordon  ma- 
chine with  a  capacity  of  1,500  cubic  feet  of  tree- 
air  per  minute,  and  provides  compressed  air  at 
100  pounds  pressure  for  numerous  uses  through- 
out the  plant,  including  pneumatic  hoists,  chip- 
ping tools,  rumbling  machines,  vibrators, 
pneumatic  hammers  and  rammers  and  for  dry- 
ing pumps  after  testing.  A  reduced  pressure 
is  also  used  for  sand  blast  to  clean  the  castings. 
There  are  also  in  the  power  house  two  horizon- 
tal Worthington  surface  condensers.  One  of 
them,  for  the  main  units,  has  6,000  square  feet 
of  cooling  surface  and  its  cooling  water  is  cir- 
culated by  a  cycloidal  pump,  which  also  de- 
livers water  to  a  cooling  tower.  The  air  pump 
for  this  condenser  is  of  the  vertical  Deane  type. 
The  other  condenser  with  3,000  square  feet  of 
surface  receives  the  steam  from  the  pumps  and 
compressors,  and  has  a  horizontal  Worthing- 
ton air  pump  and  cycloidal  steam-driven  cir- 
culating pump. 

The  water  supply  for  the  plant  will  be  de- 
rived from  four  8-inch  driven  wells  from  350 
to  500  feet  deep,  which  have  yielded  1,350  gal- 
lons per  minute  throughout  a  five-hour  test. 
The  water  is  to  be  pumped  from  these  by  com- 
pressed air  furnished  by  a  G.  F.  Blake  single- 
stage  machine  with  a  capacity  of  500  cubic  feet 
per  minute.  The  well  water  will  be  delivered 
to  an  open  concrete  reservoir  having  a  capacity 
of  at  least  1.000.000  gallons.  It  will  have  divis- 
ion walls  so  that  it  can  be  cleaned  in  sections, 
and  from  it  the  different  pumps  will  draw  their 
supplies,  which  can  be  supplemented  when  de- 
sired from  the  city  mains.  The  general  supply  for 
the  shop  service  and  lavatories  will  be  furnish- 
ed under  direct  pressure  by  a  small  duplex 
Worthington  pump.  The  elevators  will  be  oper- 
ated by  a  triple-expansion  duplex  Worthington 
pump  with  a  capacity  of  1,500  gallons  per 
minute  at  a  pressure  of  200  pounds. 

The  plant  will  be  equipped  with  yard  hy- 
drants at  frequent  intervals  and  with  fire 
mains  and  hose  reels  throughout  the  shops, 
which  will  be  supplied  by  fire  mains  from  3 
to  6  inches  in  diameter  connected  to  two 
Worthington  underwriters'  pumps  with  a  ca- 
pacity of  1,500  gallons  each  per  minute.  All 
shops  will  be  equipped  with  an  automatic  lire 
sprinkler  service  operated  from  a  100,000-gal- 
lon  Unk  on  a  tower  150  feet  high,  filled  by  a 
cycloidal  motor-driven  pump. 

Machine  aiid  Erecting  Shops. — The  erecting 
shop  and  the  machine  shop  will  be,  when  com- 
pleted, para'lel  and  substantially  duplicate 
structures,  each  1,000  feet  long  and  122  feet 
10  inches  wide  on  centers  of  columns.  The 
machine  shop  has  been  completed  to  the  full 
length  and  a  section  of  the  erecting  shop,  592 
feet  long,  has  been  built  and  will  later  be  ex- 
tended to  correspond  with  the  machine  shop. 
These  two  buildings,  150  feet  apart,  are  connect- 
ed by  a  four-story  wing  of  similar  construction, 
called  the  high  erecting  shop  and  used  for  as- 
sembling very  large  vertical  pumping  engines. 
The  water  and  steam  ends  of  such  engines  are 
generally  erected  successively  and  seldom  have 
a  height  of  more  than  50  feet  each,  but  this 
shop  will  permit  high  erection  of  60-foot  struc- 
tures if  necessary. 

The  machine  shop  has  four  longitudinal  rows 
of  columns,  30  feet  9  inches  and  61  feet  5 
inches  from  the  center  line,  which  support  the 
roof  trusses,  crane  girders,  gallery  floors  and 
wall  girders  and  are  braced  together  in  trans- 
verse bents  18  feet  apart,  except  at  the  inter- 
section with  the  transverse  wing  where  the 
spacing  is  irregular  and  varies  about  13  to  21 
feet.  The  framework  is  braced  longitudinally 
by  twenty-seven  lines  of  channel  purlins  seated 
on  top  of  the  roof  trusses,  by  four  lines  of  longi- 
tudinal struts,  by  X-brace  rods  in  the  planes  of 
the  lower  chords  In  every  fourth  panel  between 
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roof  trusses,  by  seven  lines  of  I-beam  stringers 
in  each  gallery  floor,  by  the  traveling  crane 
runway  girders,  and  by  the  wall  girders  and 
lintels  which  support  the  brickworlv.  The  total 
weight  of  structural  steel  in  the  machine  and 
erecting  shops  is  about  5,000  tons,  and  it  is 
made  entirely  of  unreamed  medium  steel.  The 
roof  is  proportioned  for  a  total  live  load  of  50 
pounds  per  square  foot  and  the  galleries  for  a 
live  load  of  300  pounds  per  square  foot.  The 
outside  columns  have  a  line  of  horizontal  wall 
girders  near  the  middle  and  another  line  of 
girders  and  one  of  struts  at  the  top.  The  cen- 
ter line  of  columns  has  lattice-girders  two 
panels  in  length  near  the  center  and  the  run- 
way girders  at  the  top  of  the  lower  sections. 

At  the  ends  of  the  building  the  purlins  are 
carried  on  trusses  similar  to  those  in  the  inter- 
mediate panels,  and  there  are  also  Intermediate 
columns  from  15  to  20  feet  apart  which  are  con- 
nected at  the  top  to  the  lower  chords  of  the 
roof  "trusses,  but  do  not  support  them,  being  in- 
tended only  to  carry  the  framework  for  the 
masonry.  Expansion  joints  are  provided  about 
thirteen  panels,  or  234  feet,  apart  where  the 
ends  of  the  longitudinal  members  have  bolted 
connections  with  slotted  holes.  The  gallery 
floor  is  made  continuous  across  the  ends  of  the 
building  with  platforms  about  9  feet  wide,  be- 
tween which  there  i^  no  transverse  communica- 
tion. At  three  appi'oximately  equl-distant 
points  on  each  gallery  the  floor  is  extended  8^4 
feet  beyond  the  centers  of  the  columns  and 
supported  on  cantilever  brackets  to  make  plat- 
forms 18  feet  long,  which  contain  the  wells  for 
the  hydraulic  elevators  and  the  landings  for 
the  stairs  to  the  main  floor.  These  platforms 
also  provide  points  where  materials  can  be 
transferred  from  the  gallery  to  the  main  aisle 
girder  cranes.  Their  construction  is  simple, 
consisting  of  15-inch  longitudinal  I-beams  sup- 
ported on  the  top  flanges  of  pairs  of  transverse 
8-inch  channels  riveted  across  the  column 
flanges  and  having  their  outer  ends  knee- 
braced  to  the  columns  with  similar  inclined 
channels. 

The  lower  sections  of  the  main  columns  are 
made  with  one  12-inc,h  I-beam  and  two  12-inch 
channels  latticed  together,  as  shown  in  the  de- 
tail. The  outside  12-inch  channel  is  about  14 
feet  long  and  has  the  upper  end  milled  to  re- 
ceive the  seat  of  the  gallery  floor  girder  in  the 
side  aisle.  The  other  channel  is  continuous  to 
the  top  chord  of  the  center  aisle  root  truss.  On 
the  opposite  side  of  the  column  a  12-lnch  I- 
beam  extends  to  a  height  of  29  feet  iV-  inches, 
and  is  milled  to  receive  a  cap  plate,  on  which 
the  main  runway  girder  is  seated.  Above  this 
cap  the  column,  up  to  the  bottom  chord  of  the 
roof  truss,  is  composed  of  two  12-inch  chan- 
nels connected  together  by  flange  tie-plates  and 
having  at  the  upper  end  a  \'^rtical  transverse 
gusset-plate  shop-riveted  to  the  center  of  the 
web  to  receive  the  fteld-rlveted  connection  for 
the  roof  truss.  This  plate  is  notched  so  as  to 
engage  the  web  of  the  short  channel  and  of 
the  projecting  one.  The  gallery  girders  are 
connected  to  the  column  with  web  angles  as  in- 
dicated in  the  detail. 

The  wall  columns  have  I-shaped  cross-sec- 
tions made  with  two  pairs  of  flange  angles  and 
a  solid  plate  in  the  transverse  plane  of  the  roof 
trusses.  Thesfe  columns  are  also  made  with 
offset  seats  to  receive  the  gallery  girders  and 
support  them  on  the  milled  upper  ends  of  the 
lower  flange  angles.  The  upper  sections  of  the 
columns  have  reduced  widths  with  their  inner 
flanges  clearing  the  runway  girders  and  riveted 
to  them.  The  tops  of  the  columns  have  short 
sections  of  web-plates  projecting  beyond  the 
flanges. to  receive  the  fleld-riveted  connections 
of  the  roof  trusses.  The  roof  trusses  are  of 
simple   construction,   as  Indicated  in   the   por- 
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tlons  shown  connected  to  the  columns,  and  all 
their  members  have  T-shaped  cross-sections 
with  connections  to  gusset-plates  riveted  he- 
tw^een  the  flanges  of  their  angles.  The  top 
chords  of  the  main  aisle  trusses  have  a  12-inch 
web-plate  riveted  between  the  flange  angles 
throughout,  except  in  two  panels  at  each  end. 
The  gallery  girders  have  solid  web-plates  33 
Inches  deep  and  pairs  of  6x6-lnch  flange  angles 


with  14-inch  cover-plates.  They  are  fleld-rivet- 
ed  to  the  columns  through  the  vertical  end 
web-stiftener  angles  and  have  bracket  and  web 
connections  for  the  I-beam  stringers.  The  run- 
way-girders are  24-inch  I-beams  which  have  the 
track  rails  seated  on  the  top  flanges  and  con- 
nected to  them  by  hook  bolts  with  nuts  and 
washers  on  the  rail  web.  These  are  specially 
designed  to  afford  a  quick  and  positive  gauge 


adjustment,  In  case  of  possible  displacement, 
and  to  always  give  secure  fastening.  The  longi- 
tudinal struts  between  the  trusses  are  lattice- 
girders  57  Inches  deep  with  T-shaped  flanges 
made  with  pairs  of  angles  connected  by  X-brac- 
ing of  single  angle.  The  brick  walls  are  car- 
ried on  plate  and  lattice-girders  and  have  door 
and  window  lintels  composed  generally  of  a 
pair  of  channels  or  a  channel  and  an  I-beam, 
with  a  projecting  cover-plate  riveted  to  their 
lower  flanges. 

The  steel  columns  and  wall  framing  are  en- 
tirely within  the  brickwork,  pilasters  being 
formed  where  necessary  to  enclose  the  columns. 
The  Interior  surface  has  smooth  struck  joints 
and  is  covered  with  cold-water  paint.  The  outer 
surface  has  concave  tooled  joints.  The  window 
sills  and  copings  are  of  bluestone.     The   first 
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floor  Is  mad«  ot  1:3:3  concrete  3  fe«t  thick  in 
th«  high  erecting  shop  and  1  foot  thick  else- 
where. To  make  it  about  10,000  barrels  of  Say- 
lor"8  Portland  cement  and  10,000  cubic  yards 
of  line  gravel  were  used.  The  floors  are  mono- 
lithic and  except  in  a  few  cases  afford  suffi- 
cient foundation  for  the  machine  tools  which 
are  anchorbolted  to  them  in  any  required  lo- 
cation. The  gallery  floors  have  a  lower  course 
of  2%-inch  splined.  tongued  and  grooved  yel- 
low pine  laid  diagonally,  covered  with  tar  paper 
and  a  -i-inch  course  of  transverse  tongued  and 
grooved  maple.  The  roof  sheathing  is  tongued 
and  grooved  yellow  pine  1%  inches  thick 
dressed  on  the  underside  and  covered  with  the 
hlglieet  grade  composition  rooflng  made  by  the 
Philip  Carey  Manufacturing  Company. 

The  sides  of  the  shop  have  two  tiers  of  win- 
dows, lighting  the  lower  story  and  gallery  re- 
spectively. Each  tier  has  three  windows  in 
every  panel,  except  where  doors  occur.  They 
are  all  glazed  with  12xl6-inch  clear  glass  and 
have  balanced  sash.  The  clere-story  windows 
occupy  the  whole  of  the  vertical  space  and  are 
glazed  with  9xl4-inch  glass.  The  sash  have 
horizontal  center  pivots  and  are  operated  by 
links  riveted  to  eccentrics  on  a  shaft  command- 
ed by  suspended  cords.  The  flashing  around 
the  window  sills  and  the  galvanized  iron  cor- 
nice and  gutters  are  carefully  designed  and 
clearly  shown  in  the  special  details.  The 
main  doors  are  14  feet  high  and  are  suspended 
from  overhead  horizontal  tracks.  They  are 
paneled  and  have  frames  3  inches  thick  and 
small  binge  doors  with  glazed  upper  portions. 
The  upper  part  of  the  main  door  is  also 
glazed. 

In  the  roof  there  are  three  almost  continuous 
lines  of  skylights.  The  center  one  is  about  18 
feet  wide  and  is  in  lengths  of  from  178  to  252 
feet  separated  by  transverse  spaces  8  feet  wide 
which  aSord  passageways  and  locations  for  the 
36-inch  tubular  ventilators.  The  side  skylights 
are  about  10  feet  wide  and  in  sections  48  to  54 
feet  long  separated  by  3-foot  passageways.  The 
surfaces  of  the  skylights  are  inclined  slightly 
more  than  the  flat  roofs.  They  are  of  the  Plenty 
system  with  steel  gutter  bars,  copper  sash  and 
ribbed  glass  5/16-inch  thick.  They  are  set  In 
wooden  curbs  and  underneath  them  is  stretched 
wire  netting  of  2-inch  mesh  to  protect  the  men 
in  the  shop  from  broken  glass.  The  center  sky- 
light is  double-pitched  and  is  supported  in  the 
middle  by  a  pair  of  bent  angles  riveted  to  the 
double  channel  purlin  and  carrying  a  longitud- 
inal horizontal  angle  to  which  the  wooden  cen- 
ter strip  is  bolted. 

The  high  erecting  shop  corresponds  to  the 
machine  shop  in  general  features,  but  has  a 
much  higher  roof,  four  stories  in  the  side  aisles, 
slightly  different  widths  between  the  column 
rows,  runways  for  crane  girders  of  greater  ca- 
pacity and  provision  for  jib  cranes  on  the  cen- 
ter columns.  The  columns  are  very  much  taller 
than  those  in  the  machine  shop.  They  are  shop- 
riveted  in  two  sections  with  a  splice  made  with 
web  and  flange  cover-plates  shop-riveted  to  the 
upper  end  of  the  lower  section,  so  as  to  form 
Jaws,  which  are  fleld-riveted  to  the  lower  ends 
of  the  upper  sections.  The  lower  part  has  an 
I-shaped  cross-section  made  with  solid  web- 
plate  and  flange  angles  reinforced  on  both  sides 
with  channels.  One  flange  is  cut  off  at  a  height 
of  about  62  feet  above  the  floor  and  capped  to 
receive  the  24-inch  I-beam  gallery  floor  girder. 
Above  this  point  the  column  Is  made  much 
narrower,  with  the  other  flange  carried  up  con- 
tinuously to  the  roof  truss  connection.  The 
upper  section  of  the  column  has  no  reinforce- 
ment channel  on  the  outer  flange. 

The  gallery  floors  are  used  chiefly  for  stor- 
age and  are  proportioned  for  live  loads  of  400 
pounds  per  square  foot.     At  the  ends  of  the 
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high  erecting  shop  the  gallery  floor  is  carried 
across  the  center  aisle  to  connect  with  the  side 
aisles  and  is  supported  on  a  lattice-girder  6>^ 
feet  deep;  this  is  carried  by  longitudinal  plate- 
girders  web-connected  to  the  main  columns,  as 
at  the  ends  of  the  machine  and  erecting  shops. 
These  girders  are  made  with  T-shaped  mem- 
bers riveted  back  to  back  with  connection 
plates  between  their  flanges.  They  have  panels 
about  5  feet  long  with  zigzag  diagonal  mem- 
bers and  vertical  posts  at  alternate  panel 
points.  The  vertical  posts  have  web  tie-plates 
connecting  them  with  pairs  of  vertical  chan- 
nels, back  to  back,  which  just  clear  the  girder 
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skylight  34  feet  long  and  two  end  skylights  51 
feet  long,  all  of  them  12  feet  wide  with  skylight 
and  window  details  corresponding  to  those  in 
the  machine  shop. 

(To  be  continued.) 


The  SAFErrY  of  the  Simke  of  Trinity  Church, 
New  York,  has  been  questioned  lately  in  con- 
nection with  the  excavations  being  made  ad- 
jacent to  its  foundations  for  the  construction 
of  the  Broadway  extension  of  the  Rapid  Tran- 
sit subway.  A  letter  from  the  Trinity  Church 
Corporation,  calling  attention  to  the  possible 
danger  and  asking  for  protection  from  it,  was 
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Sections   and   Stairway   of   the  Kelly   &  Jones   Concrete-Steel   Factory  Building. 


flanges  and  extend  3%  feet  above  the  top  flange; 
there  they  receive  the  ends  of  overhead  trans- 
verse struts  which  are  fleld-riveted  to  the  wall 
girders  and  stiffen  the  trusses  laterally  with- 
out obstructing  the  passageway  In  the  gallery. 
At  each  end  of  the  high  erecting  shop,  on  op- 
posite sides  of  the  center  line,  there  is  an  elec- 
tric elevator  with  the  shaft  passing  through 
the  gallery  floors.  The  side  walls  of  the  erect- 
ing shop,  like  all  the  other  walls  In  the  plant, 
are  proportioned  to  resist  a  wind  stress  of  50 
pounds  per  square  foot.  There  are  In  the  sides 
of  the  high  erecting  shop  four  tiers  of  windows 
corresponding  to  the  gallery  stories  and  a  fifth 
tier  In  the  clere-story  of  the  center  aisle.  In 
the  ends  of  this  part  of  the  building  there  are 
two  tiers  of  windows  In  the  third  and  fourth 
gallery  stories  above  the  roofs  of  the  machine 
and  erecting  shops.  In  the  roof  there  is  a 
center  skylight  146  feet  long  and  18  feet  wide, 
and  there  Is  on  each  side  aisle  roof  one  center 


recently  read  at  a  public  meeting  of  the  Rapid 
Transit  Railroad  Commissioners.  The  matter 
Is  now  under  consideration  by  the  engineers  of 
the  Commissioners,  the  Rapid  Transit  Subway 
Construction  Company,  the  contractors  for  this 
division  of  the  work,  and  the  Foundation  & 
Contracting  Company,  engineers  for  the  Trin- 
ity Church  Corporation.  The  Trinity  Church 
spire  is  266  feet  high,  of  slender  proportions. 
Its  foundations  extend  only  about  9%  feet 
below  the  curb  and  are  seated  on  coarse  sand. 
In  this  locality  the  sand  generally  increases  in 
fineness  downwards  and  has  a  ground  water 
line  not  above  25  feet  below  the  curb.  The 
nearest  subway  excavation  is  about  15  feet 
from  the  east  buttress  of  the  spire  and  will 
have  a  depth  of  about  20  feet  below  the  curb. 
At  present  It  has  been  carried  down  only  to 
the  first  level,  not  more  than  12  feet  below  the 
curb,  and  no  protective  construction  has  yet 
been  required  or  undertaken  at  this  point. 
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The  Kelly  &  Jones  Company's  Concrete- 
Steel  Factory  Building. 

Part  I. — The  Desi(j>-. 

The  Kelly  &  Jones  Company's  new  factory  at 
Greensburg,  Pa.,  for  the  manufacture  of  small 
brass  work  is  a  60x300-foot  four-story  building, 
constructed  entirely  of  concrete  reinforced  by 
the  Ransome  system  of  twisted  sieel  rods.  It  is 
somewhat  special  In  the  construction  of  the 
floors  and  outer  walls,  in  some  features  of  the 
reinforcement,  in  the  details  ol  the  moulds  and 
falsework  and  in  the  methods  of  handling  them 
and  the  concrete.  Each  floor  is  a  solid  contin- 
uous concrete  slab  60  feet  wide  and  300  feet 
long  separating  the  tiers  of  columns  above  and 
below  it.  The  roof  is  similar  to  the  floors,  ex- 
cept that  it  is  pitched  about  1:50  transversely. 
All  sides  of  the  building  are  glaaed  throughout 
a  large  portion  of  their  area,  so  that  the  wall 
piers  between  them  become  narrow  and  are 
equivalent  to  ordinary  columns,  except  at  the 
four  corners  and  at  two  intermediate  points  60 
feet  distant  from  them  in  the  side  walls,  where 
the  piers  are  made  of  about  twice  the  regular 
width  to  secure  architectural  effect  and  to  di- 
vide the  building  into  panels. 

There  are,  counting  the  wall  columns,  sixty- 
four  four-story  columns  20  feet  apart  in  both 
directions.  They  fiave  extended  footings  of 
concrete,  without  reinforcement  carried  down 
to  rock  at  a  depth  of  about  9  feet  below  grade. 
The   flrst-story   columns  are   maae   In  two   sec- 


3/)  inch  clear  of  the  .aurface  of  the  , concrete. 
These  bars  are  surrounded  from  end  to  end  by 
a  helix  of  4-inch  pitch  made  of  Vj-lnch  twisted 
steel,  to  which  they  are  wired  at  intersections. 
The  wall  columns  have  rectangular  cross-sec- 
tions and  are  made  hollow  with  air  spaces  cored 
out  so  as  to  leave  a  minimum  thickness  of  con- 
crete of  3  inches.  They  are  reinforced  at  each 
forner  by  a  %-lnch  rod,  which  is  made  continu- 
ous from  foundation  to  roof  by  lapping  12 
inches  for  a  splice  at  every  floor.  Tnese  rods 
are  wired  to  loops  of  %xM>-inch  horizontal  bars 
12  inches  apart  vertically. 

The  first  floor  is  of  concrete  4  inches  thick 
without  reinforcement,  and  was  laid  on  the 
rammed  and  leveled  earth.  Like  the  other  floors 
it  is  carried  continuously  over  the  tops  of  the 
lower  sections  of  the  columns  and  projects  be- 
yond them  on  the  outer  faces  of  the  exterior 
walls.  Unlike  the  upper  floors,  it  has  no  beams 
or  girders,  and  the  projecting  outer  edges  have 
an  L-shaped  cross-section,  reinforced  by  single 
V.>-inch  bars  at  top  and  bottom,  virtually  form- 
ing fascia  girders  12  inches  deep,  which  enclose 
the  building  at  grade.  The  upper  floors  are  all 
proportioned  for  a  live  load  of  250  pounds  to  the 
square  foot  and  are  divided  into  panels  3  feet 
8  5/16  inches  wide  and  8  feet  4  Inches  long 
in  the  clear  by  the  transverse  and  longitudinal 
girders,  which  have  a  uniform  depth  of  12 
inches  below  the  under  side  of  the  3-inch  un- 
reinforced  floor  slab.  The  main  transverse 
girders  are  in  pairs  supported  on  each  row  of 
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tlons,  a  short  lower  one  which  reaches  from 
the  footing  to  the  under  side  of  the  floor  and  a 
regular  upper  section  which  extends  from  floor 
to  floor.  The  second-story  columns  are  seated 
on  the  second  floor  and  extend  to  the  under  side 
of  the  third  floor,  which  they  support,  and  so 
on.  All  columns  are  square  at  top  and  bottom 
with  corners  chamfered  oft  to  give  them  octa- 
gonal cross-sections  except  at  the  ends.  The  up- 
per ends  are  corbeled  out  by  mouldings  on  all 
sides  which  form  capitals  and  nearly  double 
the  area  of  the  bearing  which  receives  the  floor 
load.  The  foot  of  the  column  is  not  extended 
and  is  seated  directly  on  the  surface  of  the 
floor. 

The  widths  of  the  interior  columns  are  24 
Inches  below  the  first  floor,  23  inches  in  the 
first  story,  20,  15  and  10  inches  respectively,  in 
the  second,  third  and  fourth  stories.  They  are 
reinforced  in  each  story  by  eight  Vi-inch  verti- 
cal bars  spaced  equi-distantly  In  a  clrcie  about 


columns,  as  shown  in  the  general  cross-sec- 
tion and  by  the  details.  They  carry  thirteen 
lines  of  intermediate  beams  connected  by  trans- 
verse girders  in  the  center  of  each  panel. 

The  longitudinal  beams  are  3  inches  wide 
and  3  feet  8  5/16  inches  apart  in  the  clear.  They 
are  reinforced  by  one  1 14-inch  bar  in  the  lower 
side  and  by  one  14 -Inch  bar  In  the  upper  part 
of  the  fioor  slab,  which  is  integral  with  the 
upper  portion  of  the  beam.  In  all  beams  and 
girders  vertical  U-bars  of  lA-inch  steel  with 
their  loops  engaging  the  lower  tension  rods  are 
arranged  close  together  at  the  ends  of  the 
beams  and  farther  apart  in  the  middle,  being 
spaced  so  as  to  conform  with  the  strain  sheet 
of  maximum  shears,  and  relieve  the  concrete 
from  all  the  computed  shearing  stress.  All 
angles  between  the  under  surface  of  the  fioor 
slabs  and  the  vertical  sides  of  tne  beams  and 
girders  are  filleted  with  solid  concrete.  On 
the   sides   of   the   longitudinal     beams    this    is 


rounded  off  to  a  radius  of  about  5  inches;  else- 
where it  makes  an  angle  of  45  degrees.  The 
exterior  ends  of  all  beams  and  girders  are  re- 
inforced by  a  single  horizontal  %-lnch  bar  4 
feet  long,  which  is  bedded  in  the  floor  slab  and 
extends  nearly  through  to  the  outer  race  of  the 
wall.  The  main  transverse  girders  9  inches 
wide  are  reinforced  by  three  1%-lnch  rods  in 
the  lower  side  of  each  and  are  arranged  In 
pairs,  each  girder  being  9  Inches  In  the  clear 
from  the  center  line  of  the  columns.  Where 
these  girders  intersect  the  longitudinal  beams 
at  column  centers  their  inner  faces  enclose  an 
18x30-inch  rectangle  concentric  with  the  cross- 
section  of  the  column,  which  varies  from  23x23 
inches  in  the  flrst  story  to  10x10  inches  in  the 
fourth  story.  This  space,  instead  of  being  left 
vacant  or  being  made  open  around  the  faces 
of  the  column,  is  filled  solid  with  concrete  inte- 
gral with  the  beams  and  girders,  thus  making 
a  solid  slab  3  feet  square  and  17  inches  deep 
over  all  which  includes  portions  of  the  beams, 
girders  and  floor  and  forms  a  cap  on  top  of  the 
lower  story  of  the  column.  The  upper  part 
of  the  slab  is  reinforced  by  four  horizontal 
%-inch  bars  4  feet  long  and  8  Inches  apart,  at 
right  angles  to  a  %-inch  bar  8  feet  long  which 
connects  the  upper  sides  of  the  longitudinal 
beam  across  the  top  of  the  column.  The  roof 
is  similar  to  the  floors  except  that  the  trans- 
verse girders,  arranged  in  pairs,  are  only  3 
inches  thick,  and  in  order  to  stiffen  them  later- 
ally the  lower  edges  of  each  pair  are  connected 
by  a  horizontal  slab  like  a  ceiling  strip,  3  feet 
wide  over  all,  which  with  the  roof  surface  vir- 
tually makes  a  box  girder  of  each  pair. 

In  the  planes  of  the  side  and  end  walls  all 
the  beams  and  girders  are  made  special  with 
double  webs  and  are  substantially  box  girders 
with  rectangular  cross-sections  having  sides 
and  tops  from  3  to  4  Inches  thick.  The  Inner 
web  is  reinforced  with  a  1-inch  bar  at  the  lower 
and  a  %-inch  bar  at  the  upper  edge;  the  outer 
webs,  which  form  exterior  wall  panels  between 
the  tiers  of  windows,  are  reinforced  with  four 
4xi4-inch  bars  set  obliquely.  These  beams, 
called  belt  courses,  were  at  flrst  designed  to  be 
made  with  removable  moulds  and  to  have  the 
floor  slab  between  the  webs  rest  in  rebates  on 
the  webs,  and  be  removable  to  allow  the  core 
moulds  to  be  taken  out,  but  this  plan  was  aban- 
doned and  the  beams  were  made  with  a  core 
of  %-inch  hemlock  boards  permanently  en- 
closed in  the   concrete. 

All  space  between  the  wall  piers  and  the 
outer  faces  of  the  wall  girders  is  occupied  by 
very  large  windows,  and  by  solid  concrete  pan- 
els 2  feet  deep  between  their  sills  and  the 
floors.  The  panels  under  the  windows  are 
about  4  inches  thick  with  exterior  mouldings 
on  the  upper  edges  to  form  the  window  sills. 
They  are  reinforced  with  a  single  %-inch  rod 
in  the  upper  and  lower  edge  and  were  built  in 
place  after  the  completion  of  the  floors  and 
columns. 

There  are  in  each  story  two  flights  of  stairs, 
built  entirely  of  concrete  and  independent  of 
the  walls.  The  string  pieces  are  inclined 
girders  about  3  feet  deep  and  5  feet  apart  over 
all,  which  have  their  lower  flanges  flush  with 
the  under  sides  of  the  stairs  and  have  the 
upper  flanges  moulded  to  serve  as  hand  rails. 
The  inner  face  of  the  solid  2-inch  web  Is  plain 
and  the  outer  face  is  paneled.  They  are  rein- 
forced by  a  single  1-inch  bar  in  the  lower  flange 
and  a  %-inch  bar  in  the  upper  flange.  The 
lower  flange  is  also  reinforced  by  a  4x5-lnch 
rectangular  coil  of  %-inch  twisted  steel  with 
a  pitch  of  4  inches,  which  encloses  the  tension 
rod  from  end  to  end.  The  shear  in  the  stringer 
is  provided  for  by  %-inch  U-bars  engaging  the 
lower  rod,  but  not  the  upper  rod.  The  lower 
flange  projects  Inwardly  and  serves  as  a  seat 
for   the   steps.     These   are   triangular   concrete 


slaba  cast  In  moulds  and  built  up  to  position 
on  the  strinsera.  A  3-lnch  circular  hole  is 
cored  out  of  the  center  and  each  of  the  corners 
is  reinforced  by  a  14-inch  bar,  as  indicated  in 
the  cnM»section. 

Tlie  llreproof  doors  are  made  with  double 
le«Te8  each  about  9  feet  high  and  6  feet  wide. 
They  are  built  with  crossed  diagonal  layers  of  1- 
inch  tonguedand  grooved  pine  covered  both  sides 
with  tin,  and  have  special  heavy  strap-hinges 
bolted  to  them.  The  hinges  engage  forked  eyes 
moulded  into  the  vertical  concrete  slabs  5  inches 
thick,  which  form  the  door  jambs.  The  door 
sillB  are  made  of  single  4-inch  channels,  flanges 
down,  bedded  in  the  floor  concrete  with  the 
webs  flush  with  its  sloping  surface. 

Mr.  B.  I^  Ransome,  M.  Am.  Soc.  C.  E.,  of  New 
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A    One-Thousand-Foot    English    Trans- 
porter Bridge. 

A  transporter  bridge  of  1,000  feet  clear  span 
is  now  being  built  to  carry  highway  traiBc  at 
low  level  across  the  River  Mersey  between 
Widnes  and  Runcorn,  England.  It  will  have 
two  pairs  of  steel  towers  190  feet  high  above 
water  level.  These  will  support  two  cables 
from  which  will  be  suspended  the  two  stiffen- 
ing trusses  to  carry  the  trolley.  Each  tower 
has  four  cast-iron  cylindrical  piers  9  feet  in 
diameter  seated  on  solid  rock  and  filled  with 
concrete.  Two  of  them  are  bolted  to  the  sur- 
face of  the  rock  and  the  other  two  were  sunk 
about  35  feet  below  water  level  by  the  pneu- 
matic process.     The  pyramidal   towers  are  70 
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bedded  in  7:1  Portland  cement  concrete 
rammed  solid  around  the  anchor  chains.  The 
stiffening  trusses  will  be  18  feet  deep,  35  feet 
apart  on  centers  and  will  have  a  clearance  of 
82  feet  above  high  water  level.  They  will  be 
proportioned  for  a  wind  pressure  of  56  pounds 
per  square  foot  and  will  be  hinged  in  the  cen- 
ter and  supported  on  vertical  rocker  bents  at 
the  towers,  beyond  which  they  will  cantilever 
several  panels  towards  the  shore  to  carry  the 
trolley  over  the  approaches. 

The  lower  chords  of  the  trusses  will  carry 
the  track  for  the  thirty-two-wheel  trolley  car 
77  feet  long,  which  is  to  be  propelled  by  two 
35-horse-power  electric  motors  fitted  with  pow- 
erful automatic  and  hand  brakes.  The  24x55- 
foot  car  will  have  a  capacity  for  four  two-horse 
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York,  was  the  architect  and  engineer  for  the 
building,  and  the  Ransome  t  Smith  Company, 
also  of  New  York,  was  the  general  con- 
tractor. 


Am  Expebimektal  Septic  Tank  of  220  gal- 
lons capacity  was  put  In  operation  in  Novem- 
ber, 1897,  by  the  Massachusetts  State  Board  of 
Health  and  continued  through  1902.  It  is  divid- 
ed into  three  sections,  and  was  at  first  air- 
tight; later  petcocka  and  pipes  were  attached 
above  for  the  ready  escape  of  the  larger  volume 
of  gas  generated.  According  to  the  recent  re- 
port of  the  Board,  the  tank  has  been  operated 
without  removal  of  sludge,  and  at  the  end  of 
1902  about  30  per  cent,  of  its  capacity  was 
filled  with  this  matter. 


feet  apart  on  centers,  transversely,  and  each 
has  a  curved  outline  with  four  tapered  legs  30 
feet  apart  at  the  base  and  G  feet  9  Inches  apart 
at  the  top,  where  there  will  be  a  powerful  elec- 
tric light  in  a  lantern  714  feet  in  diameter  and 
8  feet  high. 

Each  cable  will  be  made  of  nineteen  ropes 
wrapped  with  two  layers  of  sail  cloth,  all  well 
saturated  with  bituminous  compound.  Each 
will  contain  2,143  steel  wires  0.16  inch  di- 
ameter with  an  ultimate  Strength  of  190,000 
pounds  per  square  inch  and  a  diameter  of  about 
12  inches.  The  anchor  chains  will  be  connected 
to  three  sets  of  cast-iron  plates  in  each  anchor 
pit.  These  pits  are  excavated  30  feet  deep  in 
solid  rock.  Longitudinal  and  transverse  tiers 
of  rails  will  be  laid  over  the  anchor  plates  and 


wagons  and  300  passengers  and  will  be  sus- 
pended 12  feet  clear  of  the  water  by  inclined- 
steel  ropes  arranged  to  prevent  transverse  or 
longitudinal  oscillations.  The  car  will  make  a 
single  trip  in  about  2Vi  minutes  and  is  expected 
to  make  ten  trips  per  hour.  The  bridge  will  be 
provided  with  a  three-story  power  station  equip- 
ped with  two  70-horse-power  gas  engines,  two 
dynamos,  a  booster  and  a  246-cell  accumulator 
for  the  illuminating  and  operating  plant. 
The  total  estimated  cost  is  about  |650,000; 
about  one-third  of  that  for  an  ordinary  bridge 
of  the  same  span  with  high  level  approaches. 
Mr.  John  J.  Webster,  M.  Inst.  C.  E.,  of  West- 
minster, and  Mr.  John  T.  Wood,  M.  Inst.  C.  E., 
of  Liverpool,  are  the  engineers,  and  Mr.  L.  H. 
Chase,  M.  Inst,  C.  E.,  is  the  resident  engineer. 


Feb.  6,  1904. 

The  Philadelphia  Filtration  System. 

Part  V. — Torbesdale  Filters. 
The  Torresdale  filter  plant  is  the  largest  In  the 
world  and  the  last  of  the  four  plants  of  the 
Philadelphia  system  to  be  put  under  cbnstruc- 
tion.  The  filters  are  of  the  same  design — cov- 
ered, slow-sand,  concrete  groined  arch  type, 
with  clay  puddle  under  the  bottoms  and  on 
the  sides — as  the  others  described  and  illustrat- 
ed January  3,  March  28,  April  11  and  Septem- 
ber 12,  1903,  and  the  methods  of  construction 
have  been  similar,  but  on  a  larger  scale.  The 
position  of  this  plant  in  the  system  is  shown 
■on  a  map  published  Jan.  3,  1903.  It  is  located  on 
the  shore  of  the  Delaware  River,  close  to  the 
New  York  Division  of  the  Pennsylvania  Rail- 
road, at  the  Liddoufield  station,  in  the  part  of 
Philadelphia    known    as    Holmesburg,     eleven 
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affords     facilities     for     receiving    supplies    by 
water. 

General  Description. — At  a  rate  of  3,000,000 
gallons  per  acre  per  day  the  capacity  of  the 
plant  will  be  106,000,000  gallons,  allowing  ten 
or  eleven  filters  to  be  idle  tor  cleaning  or  other 
reasons  at  all  times.  With  the  preliminary  fil- 
ters in  operation  the  rate  may  be  increased  to 
6,000,000  gallons,  thus  making  the  capacity  of 
the  plant  212,000,000  gallons.  The  tract  of  land 
secured  by  the  city  contains  370  acres  and  is 
large  enough  to  accommodate  ninety  additional 
filters  of  the  size  adopted.  The  land  is  substan- 
tially level  and  all  the  filters  will  be  at  the 
same  elevation.  On  account  of  the  low  level  of 
this  plant  the  water  cannot  flow  by  gravity  into 
the  distribution  system,  but  will  pass  through 
a  300,000,000-gallon  conduit  in  tunnel  to  a  large 
pumping  station  now  being  built  at  Lardner's 
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are  like  those  in  the  other  plants  and  have 
already  been  described,  the  principal  interest 
centers  in  the  contractor's  plant  and  methods, 
and  the  large  reinforced  concrete  conduits.  The 
extent  and  general  arrangement  of  the  works 
are  well  shown  by  the  panoramic  view,  taken 
with  a  camera  set  up  in  a  central  position  and 
revolved  to  cover  contiguous  portions  of  the 
field  successively,  presenting  at  various  points 
different  parts  of  the  works  in  almost  every 
stage  of  progress.  This  panorama  is  repro- 
duced on  the  inset  sheet,  and,  of  course,  con- 
tains certain  distortions  unavoidable  with  this 
method  of  photographing,  while  the  general 
plan  herewith  shows  the  locations  not  only  of 
the  filters  and  their  principal  applirtenances 
but  also  of  the  contractor's  plant  and  camps. 

Thirty-three  filters  are  140  feet  8  inches  by 
235  feet  8  inches,  and  the  remaining  twenty-two 
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General  Plan    of  the  Torresdale  Filters,  Philadelphia,  Showing  the  Contractor's  Plant  and  Laborers'  Quarters. 


miles  by  air  line  from  the  city  hall,  and  em- 
braces 55  filters  of  %  acre  net  area,  a  50,000,- 
000-gallon  filtered-water  basin,  preliminary  fil- 
ters and  a  low^ift  pumping  station.  The  In- 
take from  the  river,  the  low-lift  pumping  sta- 
tion with  its  machinery  and  the  preliminary 
filters  have  been  studied  and  the  final  drawings 
for  construction  are  now  being  completed.  The 
whole  plant  is  to  be  equipped  with  a  system 
•of  electric  lights  and  with  the  necessary  sand 
washers,  pumps  and  portable  sand  ejectors.  The 
ejectors  and  washers  will  be  like  those  at  the 
Lower  Roxborough  plant  described  and  illus- 
trated October  10,  1903.  Coal-handling  machin- 
ery and  local  pockets  will  be  Installed  and  a 
spur  track  laid  Into'the  grounds  from  the  Penn- 
•sylvania  Railroad.    A  wharf  on  the  river  front 


Point,  about  3  miles  distant,  which  will  give 
the  water  the  necessary  lift  for  the  require- 
ments of  distribution.  Water  from  these  works 
will  be  supplied  to  about  three-quarters  of  the 
area  of  the  city,  containing  nearly  1,100,000 
people  at  present. 

Contract  No.  25  for  constructing  the  fifty-five 
filters,  the  filtered-water  basin  and  the  appurte- 
nant conduits,  drains  and  pipe  lines  was  award- 
ed to  Mr.  Daniel  J.  McNichol,  of  Philadelphia, 
December  23,  1901,  and  requires  the  work  to  be 
completed  within  780  working  days  or  about 
July,  1904.  Work  was  begun  in  January,  1902, 
and  80  per  cent,  of  the  construction  required  by 
this  contract  had  been  accomplished  by  Jan- 
uary 1  of  this  year.  Aside  from  the  size  of 
these  works  and  the  details  of  design,  which 


are  133  feet  2  inches  by  253  feet  2 
inches  inside.  Topographical  conditions 
necessitated  building  nine  or  ten  filters 
wholly  or  partly  on  fill,  mostly  along  the  old 
bed  of  a  brook,  which  was  diverted,  and  the 
floors  of  these  filters  were  reinforced  with  one 
layer  of  3-lnch  mesh  No.  10  expanded  metal 
embedded  in  the  concrete  1%  inches  above  the 
bottom,  adjoining  sheets  being  lapped  6  Inches. 
The  fifty-five  filters  are  arranged  in  five  rows 
forming  three  banks  separated  by  courts,  with 
granolithic  pavements  122  feet  wide  to  pro- 
vide for  sand  washing  and  storage  and  other 
necessary  operations,  and  each  bank  is  subdi- 
vided by  a  cross  court. 

The  raw  water  will  be  delivered  to  the  pre- 
liminary filters  by  low-lift  pumps,  and  flow  by 
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sravlty  through  cast-Iron  pip«s  to  the  main  fil- 
tora.  Five  lines  of  -iS-inch  pipes  have  been  laid 
along  Delaware  Avenue  to  court  No.  1.  where 
two  turn  at  right  angles,  one  being  laid  on 
either  side  of  the  court  close  to  the  filters;  three 
mains  continue  to  court  No.  2,  where  two  more 
turn  off.  and  the  fifth  pipe  extends  to  court  No. 
3.  up  which  it  turns  to  feed  the  fifth  row  of  fil- 
ters. As  these  mains  extend  up  the  courts, 
they  are  reduced  in  diameter  successively  to 
4X  36  and  24  inches.  Before  any  of  the  24-inch 
feeders  to  the  filters  are  taken  off,  the  two  48- 
inch  mains  in  t>oth  court  No.  1  and  court  No. 
2  are  cro8»connected  by  a  48-inch  pipe,  three 
48-inch  gates  being  set  to  control  the  fiow  so 
that  water  from  either  or  both  mains  may  be 
supplied  to  either  or  both  rows  of  filters.  These 
and  the  other  principal  pipes  and  the  drains 
for  court  No.  1  are  shown  on  the  accompany- 
ing plan  of  piping,  which  is  typical  for  all  the 
courts.  For  handling  these  heavy  pipes  and 
fittings,  as  well  as  for  many  other  operations, 
a  S-ton  locomotive  revolving  crane,  built  by  the 
Brown  Hoisting  Machinery  Ck>mpany,  of  Cleve- 
land, was  found  very  serviceable. 

The  regulating  chambers  and  their  piping,  as 
well  as  the  superstructures  which  cover  them, 
are  similar  to  those  at  Belmont,  described  and 
illustrated  September  12,  1903.  The  principal 
pipes  and  valves  for  each  regulating  house  were 
set  and  their  joints  made  soon  after  the  con- 
crete floor  had  been  placed  and  before  the  walls 
were  built  as  is  clearly  shown  in  one  of  the 
pictures.  The  flltered-water  basin  is  601  feet 
10  inches  by  762  feet  2  inches  inside,  with  an 
available  depth  of  15  feet,'  giving  a  capacity  of 
50,000,000  gallons;  it  is  of  covered,  groined  arch 
concrete  construction,  similar  to  the  Belmont 
basin.  The  filtered  water  will  enter  it  at  one 
comer  through  an  inlet,  gatehouse  and  be 
drawn  out  through  another  gatehouse  on  an 
opiwsite  comer,  or  the  water  can  be  by-passed 
through  an  8-foot  circular  concrete  and  ex- 
panded metal  conduit  800  feet  long. 

In  the  construction  of  the  portion  of  the  plant 
comprehended  by  contract  No.  25,  the  follow- 
ing principal  quantities  are  involved:  935,200 
cubic  yards  earth  excavation,  298,000  cubic 
yards  of  embankment,  117,850  cubic  yards  clay 
paddle,  168,650  cubic  yards  Portland  cement 
concrete,  300,000  barrels  Giant,  Lehigh  and 
Star  Bonneville  Portland  cement,  7,000  tons 
cast-iron  pipe  and  960  tons  of  special  castings, 
680,000  square  feet  expanded  metal,  434  tons  of 
structural  steel  and  approximately  5,000,000  feet 
board  measure  of  lumber  for  forms,  railroad 
trestles  and  similar  purposes.  A  slight  amount 
of  rock  excavation  was  necessary.  The  total 
payments  for  the  work  under  this  contract  will 
amount  to  about  14,940,000,  and  the  estimated 
total  cost  of  the  work  ready  for  operation  is  in 
round  figures  110.470,000.  For  handling  such 
large  quantities  of  materials  and  executing 
work  of  such  magnitude  evidently  a  complete 
extensive  and  costly  contractor's  equipment  was 
neceaaary. 

Contractor't  Plant. — The  general  layout  of 
the  contractor's  plant  and  its.  relation  to  the 
works  are  shown  by  the  accompanying  general 
plan.  At  the  maximum  about  200  horses  and 
over  300  wagons  and  scrapers  of  various  kinds 
were  used,  and  to  care  for  them  large  stables 
and  blacksmith  and  harness  repair  shops  were 
built.  Besides  the  smithy  work  for  horses  and 
wagons,  the  sharpening  of  picks  and  miscel- 
laneous jobbing  had  to  be  provided  for  and  so 
two  blacksmith  shops  were  built  and  six  forges, 
furnished  by  the  Canedy  Manufacturing  Com- 
pany, of  Chicago  Heights,  III.,  were  set  up  in 
them.  Owing  to  the  distance  from  the  city 
and  the  magnitude  of  the  plant.  It  was  found 
economical  to  build  a  machine  shop  and  equip 
It  with  drill  presses,  a  lathe  and  other  tools 


necessary  for  doing  quite  a  range  of  shop  work. 
A  12-hor8e-power  Turner  rotary  compound  en- 
gine furnished  the  power,  and  steam  for  this 
engine  and  for  heating  several  buildings  was 
supplied  by  a  60-horse-power  vertical  boiler. 
For  the  extensive  woodworking  operations  in 
making  centers  and  forms,  a  small  sawmill  and 
carpenter  shop  were  placed  in  the  lumber  yard 
and  equipped  with  one  band  and  two  circular 
saws,  power  for  which  was  furnished  by  a  20- 
horse-power  engine  and  boiler.  A  large  number 
of  forms  and  centers  were  needed  for  the  con- 
crete work,  although  many  of  them  were  used 
several  times;  they  were  generally  made  con- 
siderably in  advance  and  stored  as  shown  in 
the  views. 

Two  camps  were  established  for  laborers, 
one  with  accommodations  for  700  Italians  and 
the  other  for  700  negroes,  besides  which  there 
were  buildings  for  housing  other  men,  provid- 
ing in  all  for  about  1,000  colored  and  1,200 
Italian  laborers.  To  care  for  the  injured  a  hos- 
pital was  built  and  equipped,  and  arrangements 
made  for  attendants  and  a  physician.  The 
maximum  number  of  men  of  all  classes  em- 
ployed at  any  time  has  been  about  1,600. 

Coal,  cement,  broken  stone,  lumber,  steel, 
pipes  and  most  of  the  miscellaneous  supplies 
were  delivered  over  the  Pennsylvania  Railroad, 
from  which  spur  tracks  were  run  on  to  the 
site  and  to  the  various  storehouses  and  yards, 
as  shown.  Sand  and  clay  were  brought  in 
barges  to  the  70x300-foot  wharf  and  unloaded 
into  cars  by  10-ton  and  15-ton  locomotive 
cranes  built  respectively  by  the  Industrial  Iron 
Works,  of  Bay  City.,  Mich.,  and  the  American 
Hoist  &  Derrick  Company,  of  St.  Paul,  Minn. 
From  the  wharf  standard-gauge  tracks  were 
laid  to  connect  with  the  other  parts  of  the  plant 
railroad  system.  In  all  there  are  some  6  miles 
of  standard-gauge  tracks  for  freight-handling 
and  excavating  purposes,  and  to  move  the  cars 
on  these  tracks  one  35-ton  Baldwin  locomo- 
tive, with  tender,  and  one  26-ton,  one  42-ton  and 
two  30-ton  Baldwin  saddle  tank  locomotives 
have  been  used.  Coal  was  stored  in  piles  un- 
der a  railroad  trestle  on  to  which  the  loaded  cars 
were  run  and  then  dumped;  likewise  sand  and 
broken  stone  for  concrete  and  clay  for  puddle. 
There  are  in  all  1,460  feet  of  trestle,  parts  of 
which  are  shown  in  the  illustrations,  the  part 
at  the  storage  piles  being  30  feet  high.  There 
is  a  store  yard  for  pipes  and  fittings  and  an- 
other for  lumber.  For  unloading  heavy  mater- 
ials from  the  cars  and  handling  them  in  the 
yards  two  guyed  derricks  with  60-foot  booms 
and  double  drum  Lldgerwood  hoisting  engines 
were  installed.  In  order  to  keep  a  good  stock 
of  cement  on  hand  one  small  and  two  large 
storehouses  were  built,  having  a  combined  ca- 
pacity of  over  300  carloads. 

Excavation. — Although  the  sites  for  a  few 
filters  required  filling  to  a  maximum  depth  of 
about  5  feet,  the  topography  of  the  greater  part 
of  the  site  necessitated  excavation.  The  aver- 
age depth  of  cut  for  the  filters  was  about  8 
feet  and  the  maximum  15  feet;  the  cut  for  the 
flltered-water  basin  averaged  20  feet  in  depth 
with  a  maximum  of  24i^  feet,  and  In  some  spots 
4  or  5  feet  of  mud  were  taken  out  below  grade 
and  the  holes  refilled  with  cobbles  covered  with 
gravel  and  rolled.  In  view  of  the  depth,  size 
and  character  of  the  excavations,  which  were 
mostly  In  sand  and  gravel,  steam  shovels  were 
employed  for  a  large  part  of  the  work.  The 
filter  excavations  were  made  by  a  45-ton  Bucy- 
rus  shovel  with  a  l^-cublc  yard  dipper  loading 
wagons,  while  a  55-ton  Marion  shovel  with  a 
2V4-cubic  yard  dipper,  a  65-ton  Vulcan  shovel 
with  a  3-cublc  yard  dipper  and  a  35-ton  Vulcan 
traction  shovel,  with  a  1-cubie  yard  dipper  were 
worked  In  the  filtered-water  basin  and  loaded 
Into  dump  cars,  of  which  there  were  sixty  of 


6  cubic  yards  capacity  and  30  of  5  cubic  yards 
capacity,  all  standard  gauge.  Ample  and  con- 
venient spaces,  as  shown  on  the  plan,  were  re- 
served for  dumping  the  spoil  from  the  excava- 
tions and  for  storing  the  top  soil  and  other 
selected  materials  to  be  used  in  refills  and  em- 
bankments. The  fills  for  the  foundation  re- 
quired for  some  of  the  filters  were  made  soon 
alter  the  work  was  well  started,  being  built  to 
an  elevation  of  1  foot  above  subgrade,  in  4-lnch 
layers  well  rolled  by  one  12-ton  and  two  10-ton 
Buffalo-Pitts  steam  rollers.  The  surplus  on 
these  fills  was  subsequently  excavated  just  be- 
fore the  placing  of  the  puddle  tor  the  filters. 

Puddle. — A  12-inch  lining  of  puddle  made  of 
equal  parts  of  rich  stiff  clay  and  fine  broken 
stone  or  gravel  has  been  placed,  as  at  all  the 
other  plants,  beneath  and  on  the  sides  of  the 
filters  and  flltered-water  basin  and  on  the  roof 
of  the  basin.  Three  puddle-mixing  plants,  each 
containing  two  pug  mills,  were  set  up  at  con- 
venient points  and  delivered  the  puddle  to 
carts  by  means  of  which  it  was  conveyed  to  the 
places  where  used.  The  equipment  of  two 
plants  included  four  Wallace  mills  10  feet  long, 
driven  by  two  50-horse-power  Nagle  portable  en- 
gines and  boilers,  and  the  other  plant  consisted 
of  two  12-foot  Raymond  mills  driven  by  the  en- 
gine of  an  adjacent  concrete-mixing  plant.  The 
combined  capacity  of  the  three  puddle  plants 
was  about  450  cubic  yards  per  day.  The  pud- 
dle, while  in  a  plastic  condition,  was  spread 
in  layers  about  6  inches  thick  and  allowed  to 
partiafly  dry  out,  during  which  process  it  was 
rolled  until  all  shrinkage  cracks  were  clo?<>d 
and  the  entire  mass  thoroughly  compacted  and 
made  watertight,  the  time  required  varying,  of 
course,  with  weather  and  other  conditions.  For 
this  service  there  were  used  a  12-ton,  an  8-ton, 
a  3-ton  Universal  steam  roller,  with  curved 
ribs  on  the  rolls,  made  by  Julian  Scholl  &  Com- 
pany, of  New  York,  a  2-ton  and  two  4-ton 
grooved  horse  rollers  and  a  2-ton  stone  roller. 
In  those  places,  on  the  sides  of  the  filters  and 
elsewhere,  which  could  not  be  reached  by  the 
rollers,  the  puddle  was  thoroughly  rammed. 
Portions  of  this  puddle,  after  being  rolled  In 
place,  passed  through  a  winter  and  other  por- 
tions through  protracted  summer  droughts,  un- 
covered, without  injury. 

Orading. — Excepting  the  excavated  materials, 
taken  in  cars  to  the  spoil  dumps  and  storage 
piles,  the  earth  for  the  fills  and  enbankments 
was  mostly  hauled  in  2-cubic-yard  dump 
wagons  and  tip  carts,  some  120  wagons  of  the 
Austin,  Day  and  Watson  makes  and  30  carts  be- 
ing used  for  this  purpose  and  for  hauling  pud- 
dle, concrete  materials,  etc.  The  spreading  of 
the  earth  In  embankments  and  similar  places 
was  accomplished  by  means  of  a  Champion  and 
a  Western  Wheeled  Scraper  Company's  road 
scraper.  A  New  Era  grader  and  a  traction  en- 
gine were  used  for  removing  top  soil. 

Concrete. — For  the  Altera,  filtered-water 
basin,  conduits  and  sewers  all  concrete  was 
mixed  in  the  proportion  of  1:8  by  volume,  there 
being  usually  three  volumes  of  sand  and  five 
of  broken  stone,  but  these  were  varied  slightly 
so  as  to  obtain  always  a  dense  mixture.  It  was 
specified  that  in  measuring  the  Ingredients  the 
cement  should  be  considered  as  of  the  same 
compactness  as  in  the  original  package,  so  that 
380  pounds  of  dry  Portland  cement  would  have 
approximately  a  volume  of  3.6  cubic  feet.  The 
sand  was  required  to  be  composed  of  grains 
ranging  from  fine  to  coarse,  thoroughly 
screened  to  reject  all  particles  having  greater 
diameters  than  %  Inch,  and  to  contain  in  the 
aggregate  not  more  than  3  per  cent,  by  weight 
of  loam,  clay  or  other  Impurities.  For  ballast 
broken  limestone  brought  from  Norristown,  Pa., 
was  used  almost  exclusively,  and  it  was  re- 
quired to  be  graded  from  fine  to  coarse,  crushed 
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•so  that  its  greatest  dimension  would  pass 
through  a  1%-inch  ring  and  screened  to  remove 
all  particles  having  a  less  diameter  than  % 
inch.  For  the  piers  supporting  the  roofs  the 
stones  were  restricted  to  %-inch  maximum  di- 
mension. Some  of  the  excavations  yielded  large 
quantities  of  small  boulders,  and  these  were 
picked  out  and  stored  in  piles  for  concrete  bal- 
last. To  crush  them  a  Kennett  Square  portable 
stone  crusher,  with  engine  and  boiler,  was  set 
up,  and  bins  for  storing  and  loading  built  near- 
by. Sufficient  water  was  used  to  make  a  rather 
wet  mixture  for  most  of  the  work,  especially 
for   the  piers. 

With  so  large  quantities  of  concrete  re- 
quired in  the  filters  and  filtered-water  basin, 
how  and  where  to  mix  it  and  how  to  deliver  and 
place  it,  were  interesting  problems  for  the  con- 


engines,  mounted  in  suitable  trestle  towers 
were  employed,  being  moved  to  suit  the  con- 
venience of  the  work.  One  of  these  Is  shown 
in  an  accompanying  illustration.  The  ingre- 
dients fed  to  each  of  these  isolated  mixers  were 
handled  by  means  of  a  55-foot-boom  stiff-ieg 
bull-wheel  derrick  and  a  Lidgerwood  double- 
drum  hoisting  engine  set  up  close  by.  Certain 
exigencies  of  the  work  made  it  necessary  oc- 
casionally to  mix  small  quantities  of  concrete 
by  hand  close  to  the  place  of  deposit,  but  the 
total  of  the  hand  work  was  insignificant  com- 
pared to  the  whole. 

The  three  Carlin  cubes  in  the  central  plant 
were  installed  in  a  trestle  tower  near  the  stone 
and  sand  bins  under  the  end  of  one  of  the  rail- 
road trestles  previously  mentioned.  From  the 
tower   an  incline  leads   down   to   a  tunnel   be- 


sired.  However,  as  some  annoyance  was  ex- 
perienced with  the  latching  of  the  bottoms  of 
these  cars  after  they  were  emptied,  the  other 
cars  were  made  with  the  dumping  door  on  one 
side  at  the  bottom,  with  a  hand  lever  for  latch- 
ing. The  water  is  supplied  from  three  auto- 
matic steel  measuring  tanks  standing  on  the 
top  deck  of  the  tower,  as  seen  in  one  of  the 
views.  Empty  cars  return  down  the  incline  by 
gravity,  under  control  of  the  cable.  In  both  di- 
rections the  cars  travel  at  high  speed.  The  ar- 
rangement for  the  Iroquois  mixers  is  similar, 
as  shown  by  the  Illustrations. 

To  distribute  the  concrete  mixed  in  this  cen- 
tral plant  a  system  of  cable  haulage,  installed 
by  the  Trenton  Iron  Company,  of  Trenton,  N. 
J.,  a  3-foot-gauge  gravity  railway  and  three  I<ld- 
gerwood  traveling  cableways    are    used.      The 


4-Une5. 


The  Torresdale  Filters,  Philadelphia:     Partial  Plan  of  the  Pipes,  Conduits   and   Sewers. 


tractor  to  solve.  The  specifications  called  for 
mixing  in  batches  by  machinery  in  cubical  box 
mixers.  A  large  central  plant  was  determined 
upon,  arranged  as  shown  in  general  on  the  plan 
and  in  some  detail  by  the  views,  with  a  bat- 
tery of  three  5-foot  Carlin  cubes  having  a  com- 
bined capacity  of  500  to  600  cubic  yards  in  ten 
hours,  at  one  end,  and  a  second  battery  of  two 
1-cublc-yard  Iroquois  asphalt-type  mixers  witn 
an  output  of  225  cubic  yards  in  ten  hours,  at 
the  other  end.  To  drive  the  larger  battery  an 
SO-horse-power  Hollidaysburg  engine  was  in- 
stalled in  a  small  house  nearby,  while  for  the 
other  battery  a  50-horse-power  Nagle  portable 
engine  was  provided.  Besides  this  plant  two 
single  5-foot  Carlin  cubical  mixers,  with  a  ca- 
pacity of  about  200  cubic  yards  each  in  ten 
lours,  driven  by  25-hor8e-power  Nagle  portable 


neath  the  bins.  Through  the  tunnel  and  on  the 
incline  narrow-gauge  tracks  were  laid  over 
which  small  measuring  cars  holding  a  charge 
of  sand,  cement  and  stone  for  a  1%-cubic-yard 
batch  for  one  mixer  are  hauled  by  a  %-inch 
steel  wire  cable  winding  on  to  the  drum  of  a 
Lidgerwood  hoisting  engine  installed  in  a  small 
house  at  the  head  of  the  Incline.  The  cars  had 
three  compartments  and,  as  each  one  was 
pushed  through  the  tunnel,  the  cement  was  put 
into  the  small  compartment  as  the  car  passed 
the  gangway  from  the  cement  house,  and  then 
the  stone  and  sand  were  measured  into  the 
larger  compartments  from  the  bins  overhead. 
Two  of  the  cars  have  hopper  bottoms  and  by 
setting  a  stop  and  tripping  device  these  cars 
are  stopped  and  dumped  automatically  Into  the 
hopper  over  any  one  of  the  three  mixers  as  de- 


gravity  railway  is  double-tracked  and  extends 
from  the  Iroquois  mixers  to  and  along  the  near- 
er side  of  the  filtered-water  basin,  the  empty 
cars  being  returned  to  the  mixer  by  horses. 
It  is  equipped  with  small  platform  cars  for 
carrying  I'^-cubic  yard  buckets.  The  cable- 
haulage  equipment  comprises  5,000  feet  of  3- 
foot-gauge  tracks,  with  an  equal  length  of 
cable,  and  seventeen  grip  cars  for  carrying  1%- 
cubic-yard  steel  buckets.  A  50-horse-power 
Erie  high-pressure  engine,  installed  in  a  house 
near  the  three  Carlin  cubes,  actuates  the  cable, 
and  in  this  same  house  are  two  65-horse-power 
boilers  in  brick  settings,  which  furnish  steam 
for 'this  engine,  for  those  running  the  concrete 
plant,  for  the  two  adjacent  pug  mills  and  tor 
the  pumps  which  drain  the  filtered-water  basin 
excavation.     The  cable  system  was  first  laid  in 
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court  No.  1  and  later  transferred  to  court  No.  2. 
In  its  first  j>06ition  it  delivered  concrete  for  fil- 
ters Nos.  1  to  11  and  Nos.  12  to  33.  and  in  the 
aecond  position  it  supplied  the  remaining  filters. 
On  both  gravity  and  cable  roads  the  cars  run 
beneath  the  mixers,  and  after  receiving  their 
loads  of  concrete  carry  them  to  the  towers  of 
the  proper  cableway.  At  first  one  cableway 
was  set  up  to  span  the  filters  between  Penny- 
p«ck  Street  and  court  No.  1,  while  the  second 
spanned  the  filters  between  courts  Nos.  1  and 
2.  Later  both  were  set  to  serve  this  second 
bank  of  filters,  as  shown  on  the  general  plan, 
their  span  being  750  feet.  Afterwards  they 
were  set  to  span  the  filters  between  courts  Nos. 
2  and  3,  and  in  this  position  will  complete  the 
filters  now  under  construction  during  the  com- 
ing summer.  The  third  cableway,  of  800  feet 
span,  serves  the  filtered-water  basin.  The 
method  of  operation  has  been  the  same  in  all 
cases.  The  buckets  of  concrete  are  lifted  from 
the  cars  by  the  cableway  hoist,  transferred  to 
the  place  where  the  concrete  is  being  deposited 
on  the  bottom  or  in  the  forms  and  dumped. 
The  cableways  handle  on  the  average  about 
200  bucketfuls  each  per  day,  and  it  requires 
about  two  minutes  to  lift  a  bucket  from  the 
car,  carry  it  to  place,  dump  it  and  return.  The 
maximum  record  for  one    cableway    was    330 


"ords  are  made  of  the  date  and  location  of  the 
concrete  represented  by  each  cube.  These  cubes 
are  broken  at  the  end  of  30,  90  and  180  days 
and  1  year.  The  180-day  cubes  have  shown  an 
average  crushing  strength  of  about  1,500  pounds 
per  square  inch,  frequently  running  as  high  as 
2,500  pounds  and  seldom  or  never  below  1,200. 
As  is  not  surprising  on  such  extensive  works, 
at  a  few  places  the  concrete  has  been  found  un- 
satisfactory on  the  removal  of  the  forms  and 
has  required  correction.  The  great  bulk  of  the 
concrete  in  the  completed  filters  and  the  por- 
tion of  the  filtered-water  basin  which  has  been 
built  is  of  excellent  quality  and  presents  very 
smooth  surfaces  free  from  voids  or  protruding 
stones.  Time  and  trouble  were  saved  and 
smoothness  gained  in  the  roof  groins  by  tack- 
ing strips,  a  few  inches  wide,  of  heavy  sheath- 
ing paper  over  the  groin  joints  of  the  forms 
after  the  various  sections  of  forms  for  a  given 
portion  of  a  roof  had  been  set.  This  remedy 
was  used,  however,  only  on  joints  which  failed 
to  match  within  %  Inch;  these  cases,  which 
were  not  numerous  considering  the  total  num- 
ber, occurred  generally  with  forms  which  had 
been  used  more  than  once;  large  cracks  in 
forms  were  closed  by  strips  of  wood. 

Some  cracks  have  occurred   in  the   concrete 
walls,  usually  at  intervals    of    about    50    feet. 


over  the  underdrains  ready  to  receive  the  sand, 
is  very  clearly  shown  in  an  accompanying  in- 
terior view  of  a  finished  filter  at  Upper  Rox- 
borough.  For  the  fifty-five  filters  now  under 
construction,  99,000  linear  feet  of  8-inch  per- 
forated terra  cotta  collectors,  62,600  cubic  yards 
of  gravel  of  all  sizes  and  198,900  cubic  yards  of 
sand  will  be  required,  and  will  be  intrortuce<i 
through  the  sand  runs  and  the  ventilator  open- 
ings. The  traveling  cableways  will  probably 
be  used  to  some  extent  to  assist  in  distributing 
these  materials.  The  total  cost  of  the  sand, 
gravel  and  collectors  in  place  will  be,  in  round 
numbers,  $1,027,000.  The  delivering  and  plac- 
ing is  expected  to  begin  about  May  1,  and  will 
be  finished  about  January  1,  1905. 

Mr.  John  W.  Hill  is  chief  engineer  of  the 
Bureau  of  Filtration,  and  the  plant  at  Torres- 
dale,  like  the  others,  is  being  constructed  un- 
der his  general  supervision;  Mr.  Frederick  C. 
Dunlap  is   resident  engineer. 

(To  be  continued.) 


The    Des  Moines    River  Viaduct  of  the 
Chicago   Great   Western    Railway. 

Part  II. — Plate-Gikdeb  Spans  and  Erection. 
There  are  two  lines  of  main  girders  10  feet 
apart  on  centers  which  are  braced  together  by 


Erecting  a  Complete  Tower  Bent. 

batches,  equivalent  to  495  cubic  yards,  deposit- 
ed in  roof  and  floor  in  one  working  day.  The 
floors  have  been  laid  in  blocks,  each  block  be- 
ing one-half  of  the  square  whose  corners  are  at 
the  centers  of  four  columns.  Such  a  block  con- 
tains 3  cubic  yards,  or  2  bucketfuls,  of  concrete, 
and  is  deposited  and  rammed  in  layers.  About 
thirty  men  have  placed  and  flnished  300  cubic 
yards  of  floor  in  a  day  at  a  cost  of  about  45 
cents  per  cubic  yard  after  the  delivery  of  the 
concrete  by  the  cableway.  For  rapidly  spread- 
ing the  large  batches  of  concrete  immediately 
after  they  were  dumped  from  the  cableway 
buckets  on  to  the  roof  forms,  long-handled  four- 
tined  hooks  or  rakes  were  found  useful.  The 
method  of  using  these  tools  is  shown  in  one  of 
the  illustrations.  The  spreading  with  them 
was  supplemented  by  the  use  of  shovel  and  by 
ramming. 

Each  day  a  6-inch  test  cube  has  been  made 
from  concrete  taken  from  one  of  the  batches, 
these  samples  being  taken  from  different  places 
on  succeeding  days  so  as  to  represent  the  con- 
crete  in   all    parts  of  the  works.     Proper  rec- 


Erecting  Upper  Section  of  a  Tower  Bent. 

Many  of  these  are  only  fine  cracks  requiring  but 
little  more  than  a  brushing  of  grout  to  close 
them ;  the  comparatively  few  larger  cracks  have 
been  cut  out  and  calked.  A  number  of  the  com- 
pleted filter  basins  have  been  tested  for  leak- 
age and  have  given  remarkably -good  results,  as 
is  shown  by  the  following  examples: 


Final 

24-hour 

No.  of 

Date 

Uate  last 

No.  of 

leakage. 

Date 

niter. 

started. 

report. 

days. 

Gallons. 

accepted. 

1 

5-21  03 

6-8-03 

18 

244 

6903 

*> 

8-1003 

8-26-03 

l(i 

244 

8-26-03 

•6 

94-03 

9-2303 

10 

0 

9-24-03 

4 

9-a9-<J3 

102403 

2.'5 

0 

11-1303 

5 

11  1-03 

n-2403 

23 

488 

11-27-03 

8 

10-31-03 

112-04 

67» 

732 

1-14-04 

9 

10-3-03 

10-24-03 

21 

0 

11-13  03 

11 

10-29-03 

11-24-03 

26 

244 

11-27-03 

2D 

1^-1003 

1-12-04 

24 

732 

1-14-04 

•Water  drawn  off  to  repair  Alter  16  days. 

Filter  Band  and  Oravel. — The  filter  sand  and 
the  gravel  for  covering  the  underdrains  will  be 
of  the  same  kinds  and  sizes  as  those  used  in  the 
other  works  and  previously  described.  The 
main  collectors  will  be  like  those  at  Belmont, 
for  which  drawings  were  given  in  a  preceding 
article.    The  appearance  of  the  gravel,  as  placed 


Erecting  a  Deck  Span. 

ordinary  sway-brace  frames  and  top  and  bot- 
tom zigzag  angles  riveted  to  connection  plates 
on  the  girder  flanges.  They  have  a  uniform 
depth  of  7  feet  from  back  to  back  of  flange 
angles.  The  regular  girders  on  top  of  the 
towers  are  39  feet  3  inches  long  from  out  to 
out  and  38  feet  long  on  centers  of  bearings. 
They  are  made  with  two  %-inch  web  plates 
spliced  with  two  cover  plates  and  four  vertical 
rows  of  rivets.  Each  flange  has  two  6x0x9/16- 
inch  angles  and  the  web  projects  %  inch  above 
the  top  flange  angles  to  lock  the  ties  in  posi- 
tion. Panels  from  2  feet  6  inches  wide  at  the 
ends  to  3  feet  8  inches  wide  in  the  center  are 
made  by  pairs  of  3x5x%-lnch  vertical  stiffener 
angles  riveted  to  the  opposite  sides  of  the  web. 
with  filler  plates  at  sway  brace  points  only,  and 
fitted  ends.  These  girders  extend  across  the 
full  width  of  the  tower  caps  and  their  end 
panels  are  notched  from  the  top  flange  to  the 
center  line  to  form  seats  16  inches  long  to  re- 
ceive the  ends  of  the  connecting  span  girders 
which  have  the  lower  sides  notched  to  corres- 
pond.    The  lower  halves  of  the  end   panels  of 
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the  webs  are  reinfoFced  to  a  thickness  of  l^i 
inches  and  have  ten  vertical  stiffener  angles 
riveted  to  them  to  form  a  tort  of  pedestal  on 
the  center  line  of  the  tower  column  for  the 
seat  of  the  supported  girder. 

The  regular  connecting  girders  are  76  feet  3 
inches  long  over  all,  75  feet  long  on  centers  of 
bearings  and  73  feet  7  inches  long  on  the  lower 
flange.  They  are  made  like  the  38-foot  girders, 
except  for  the  dimensions  of  the  materials. 
The  web  is  made  in  three  lengths  and  both  top 
and  bottom  flanges  are  reinforced  by  three 
cover  plates  of  different  lengths.  The  ends  are 
notched  on  the  lower  side  to  correspond  with 
and  be  the  reverse  of  those  in  the  38-foot  gird- 
ers and  are  similarly  reinforced,  except  that 
the  outside  web  plates  extend  the  full  depth 
of  the  girder.  The  drop  ends  are  seated,  as 
Indicated  in  the  view  at  the  top  of  the  tower 
post,  on  the  ends  of  the  38-foot  girders,  and  the 
top  flanges  of  both  girders  are  connected  by 
cover  plates,  which  are  generally  field-riveted 
to  the  long  girders  and  bolted  through  slotted  ' 
holes  to  the  short  girders  at  expansion  joints 
and  riveted  to  them  at  fixed  joints.  At  their 
bearings  the  girders  are  bolted  together  with 
four  bolts  which,  at  the  expansion  joints,  en- 
gage slotted  holes  in  the  lower  flanges  of  the 
long  girders.  This  arrangement  permits  the 
75-foot  girders  to  "expand  and  contract  freely 
with   temperature   changes,    the   tower    girders 


full  length  and  are  seated  on  cross  girders  con- 
nected to  the  end  posts  of  the  trusses.  At  this 
point  the  end  sway  brace  frame  consists  of 
three  horizontal  struts  and  two  panels  of  X- 
bracing.  Near  the  center  line  of  the  girder 
there  are  horizontal  angles  riveted  to  the  out- 
sides  of  the  web  about  6  feet  from  the  ends  of 
the  girders,  which  diverge  to  connect  with  the 
top  chords  of  the  trusses,  which  are  spaced 
about  twice  as  far  apart  as  the  girders  are. 

The  adjacent  ends  of  the  trusses  and  girdera 
both  have  fixed  connections  to  the  tower  and 
the  arrangement  of  braces  makes  the  lateral 
system  continuous  between  the  viaduct  and  the 
span.  The  braces  are  pairs  of  6x6x7/16-inch 
angles  and  are  calculated  for  a  tensile  or  com- 
pressive stress  of  66,500  pounds.  At  the  riv«r 
ends  they  are  connected  directly  to  the  top 
lateral  system  of  the  spans  and  at  the  shore 
ends  they  distribute  their  stresses  to  both  top 
and  bottom  lateral  systems  of  the  viaduct 
through  the  intermediate  cross  struts  made  of 
two  6x6x%-inch  angles  which  connect  the  webs 
of  the  girders  at  their  extremities. 

Five  hand-car  retreats  12  feet  long  and  about 
9  feet  wide  outside  of  the  track  were  placed 
at  intervals  of  about  500  feet  and  were  sup- 
ported on  angle-iron  brackets  riveted  to  the 
girders  opposite  the  sway  frames,  and  on  the 
trusses  they  were  supported  directly  by  the 
floor-beams.     All   of   them   were   covered   by   a 
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being  riveted  fast  to  the  towers  at  both  ends. 

At  the  towers  nearest  the  truss  spans  the 
75-foot  girders  have  expansion  joints  at  the 
tower  girders  at  both  ends.  In  all  other  cases 
the  75-foot  girders  have  expansion  joints  at  one 
end  of  the  tower  girders  and  fixed  joints  at  the 
other  snds.  At  the  east  end  of  the  viaduct  the 
girders  connecting  the  tower  to  the  abutment 
are  38  feet  9%  inches  long  over  all  and  resem- 
ble the  75-foot  girders,  except  that  the  ends  are 
not  notched  at  the  abutments,  but  are  full 
depth  there  and  are  seated  on  special  cast-steel 
pedestals  with  transverse  ribs  engaging  holes 
mortised  In  their  base  plates. 

At  the  west  end  of  the  viaduct  the  abutment 
girders  are  similar  to  those  at  the  east  end, 
except  that  they  are  75  feet  9%  Inches  long 
over  all.  In  both  cases  they  are  anchor-bolted 
through  the  pedestals  to  the  abutment  masonry 
and  have  expansion  joints  on  the  tower  girders. 
The  girders  at  both  ends  of  the  truss  spans  are 
also  special  and  are  like  the  regular  75-foot 
girders  at  the  ends  away  from  the  spans.  At 
the  ends  adjacent  to  the  spans  they  are  made 


solid  plank  floor  and  protected  by  a  hand  rail 
which  extended  the  full  length  of  the  viaduct, 
offsetting  at  the  hand-car  retreats. 

All  steel  was  delivered  at  the  east  end  of 
the  viaduct  and  stored  outside  of  and  between 
the  tracks,  where  it  was  handled  by  a  derrick 
car  on  a  standard-gauge  track,  which  served  as 
a  tender  and  delivered  it  from  the  storage  yards 
to  the  traveler.  The  traveler  was  essentially  a 
large  derrick  car  with  a  long  timber  platform 
mounted  on  ten  wheels  running  on  a  track  of 
10-foot  gauge.  At  the  rear  of  the  platform  the 
hoisting  engine,  boiler  and  coal  and  water  sup- 
plies were  located  in  a  small  house  and  at  the 
front  of  the  platform  there  was  a  three-post 
vertical  bent  about  45  feet  high  like  a  shear 
frame.  The  vertical  middle  post  of  this  bent 
served  as  a  mast  and  terminated  about  10  feet 
from  the  top  of  the  two  battered  side  posts. 
At  the  foot  of  It  was  pivoted  a  64-foot  trussed 
boom  with  three  spreaders  and  a  4xl2-lnch 
Douglass  flr  truss  plank  on  each  of  the  four 
sides.  The  boom  had  a  capacity  of  52,000 
pounds    at    full    radius.      It    was    rigged    with 


eight-part  wire  rope  hoisting  and  toppiDg-llft 
tackles,  and  the  latter  was  connected  to  the  top 
of  the  mast,  where  It  was  braced  by  a  pair  of 
stiff-legs  which  spread  out  to  the  full  width  of 
the  derrick  platform  near  the  rear  end.  For 
light  work  the  rope  was  reeved  through  only 
four  or  six  sheaves.  A  horizontal  beam  about 
6  feet  long  was  attached  to  the  boom  about  15 
feet  from  its  point  and  to  its  extremities  four- 
part  Manila  rope  tackles  were  attached  which 
were  also  secured  to  the  ends  of  the  transverse 
sill  at  the  forward  end  of  the  derrick  platform. 
These  tackles  were  operated  by  the  hoisting 
engine  to  swing  the  boom  about  20  feet  from 
the  center  laterally  and  enable  it  to  set  the 
tower  columns  and  the  members  of  the  trusses. 

Material  was  delivered  from  the  storage 
yards  by  the  derrick  car  on  a  standard-gauge 
track  concentric  with  the  10-foot  track  of  the 
traveler.  As  near  as  possible  to  the  required 
place  it  was  unloaded  on  the  ground  or  on  the 
ends  of  the  truss-span  floor-beams  outside  the 
rails  of  the  10-foot  track.  After  the  derrick 
car  had  been  removed,  the  traveler  lifted  the 
material  and  carried  it  to  place. 

The  first  tower  bent  of  the  viaduct  was  as- 
sembled on  shore,  lowered  to  position  by  the 
traveler  and  guyed  until  the  girders  of  the 
first  span  were  connected  to  it  and  the  floor 
was  built.  The  traveler  then  moved  out  of  this 
span  and  erected  the  second  bent  and  its  gird- 
ers and  so  on  until  the  truss  spans  were 
reached.  When  the  tower  posts  were  in  single 
lengths,  the  transverse  bents  were  assembled 
together  horizontally  on  the  ground  and  re- 
volved up  into  position  on  their  pedestals  by 
the  traveler  boom,  the  lifting  tackle  being  at- 
tached to  a  bridle  connected  to  the  tops  of  both 
posts.  The  first  bent  of  each  tower  was  a  lit- 
tle beyond  the  reach  of  the  boom  so  that  when 
it  was  revolved  nearly  into  position,  it  was 
necessary  to  pull  it  forward  to  a  vertical  plane 
by  hand  guys  assisted  by  runners  from  the 
hoisting  engine  on  the  traveler.  When  the 
tower  posts  were  spliced  in  the  field,  the  lower 
sections  of  the  first  bent  were  assembled  and 
set  on  the  masonry,  as  above  described,  and 
guyed  with  the  tops  inclined  a  little  backwards 
towards  the  traveler.  The  top  sections  were 
then  assembled  and  connected  to  them  and  the 
fioor  erected  before  the  second  bent  was  raised. 
When  this  bent  had  spliced  posts,  the  lower 
sections  were  erected  separately  and  braced  to- 
gether and  afterwards  the  upper  section  of  the 
bent  was  assembled  horizontally  on  the  ground 
fully  bolted,  except  for  the  lower  diagonal 
braces,  and  lifted  by  the  derrick  and  set  in 
position,  it  being  possible  to  spring  the  posts 
sufficiently  to  make  the  splice  connections.  The 
ends  of  the  girders  adjacent  to  the  first  truss 
span  were  temporarily  supported  on  falsework 
bents,  while  the  traveler  moved  out  on  them 
and  erected  the  A-towers  which  carried  the 
ends  of  the  truss  spans.  The  traveler  then 
erected  and  braced  two  bents  of  falsework  on 
which  the  end  panels  of  the  trusses  were  as- 
sembled. 

In  order  to  erect  the  second  sections  of  the 
top  chord  readily  (the  splice  being  just  a  little 
toward  the  end  from  the  second  full  panel 
point),  a  temporary  bent  was  added  upon  the 
falsework  to  support  the  top  chord  and  allow 
the  floor-beams  and  stringers  to  be  put  In  up  to 
the  middle  of  the  second  panel,  when  a  third 
bent  of  falsework  was  put  out  and  the  second 
section  of  the  chord  and  the  third  vertical  were 
bolted  together  and  raised,  coupled  to  that 
which  had  been  previously  put  up,  and  braced ; 
and  so  on,  completing  to  the  third  panel.  In 
this  way  each  truss  was  erected  until  the  last 
full  panel  point  was  reached,  when  the  next 
tower  was  raised  and  braced  before  the  last 
panel  of  the  truss  was  put  in  place.     The  same 
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falsework  was  used  (or  all  the  truss  spaus, 
each  bent  as  wanted  being  taken  from  its  po- 
sition under  the  completed  span,  raised  at  the 
side  of  the  truss  (guys  being  carried  out  on 
the  opposite  side  from  the  point  of  the  boom 
to  prevent  overturning)  and  carried  forward 
above  the  deck  and  launched  into  its  new 
place. 

The  study  of  the  site  was  commenced  in 
July.  1901.  Sub-structure  work  was  commenced 
in  October,  1901.  and  finished  in  June,  1902, 
and  included  the  building  of  about  3.900  yards 
of  stone  masonry  and  about  9.300  yards  of  con- 
crete. The  superstructure  weighed  about  3,350 
tons  and  its  erection  was  commenced  October 
8,  1902,  and  finished  March  10.  1903.  The  220- 
foot  spans  weighed  about  341  tons  each,  and  the 
heaviest  pieces  in  the  viaduct  were  the  75-foot 
girders  which  weighed  36.000  pounds  each. 

It  is  an  unusual  fact,  and  extremely  credita- 
ble to  the  supervision  of  the  work,  that  from 
beginning  to  end  of  its  construction,  a 
period  of  about  seventeen  months,  while  there 
were  from  50  to  200  men  constantly  employed, 
working  in  dangerous  positions  and  handling 
heavy  materials  in  inclement  weather,  that  no 
serious  accidents  of  any  nature  occurred,  the 
most  important  one  being  the  loss  of  a  finger. 
The  dilBculties  encountered  in  the  exposed  situ- 
ation are  indicated  by  the  fact  that  when  the 
viaduct  was  painted,  splashes  of  the  black 
■  paint  were  carried  by  the  wind  along  the  track 
of  the  Minneapolis  &  St.  Louis  Railroad  300 
feet  away  and  100  feet  below. 

Mr.  H.  C.  Keith,  bridge  engineer  of  the 
Mason  City  A  Ft.  Dodge.  Railroad,  was  in  di- 
rect supervision  of  the  design  and  construc- 
tion, and  to  him  acknowledgment  is  made  for 
data.  The  Bates  &  Rogers  Construction  Com- 
pany, of  Chicago,  was  the  contractor  for  the 
substructure.  The  American  Bridge  Company 
was  the  contractor  for  the  superstructure,  and 
the  38-foot  girders  and  towers  were  built  at 
their  Milwaukee  plant,  the  75-foot  girders  at 
the  American  shops,  Chicago,  and  the  truss 
spans  and  towers  in  the  Detroit  plant,  except 
the  eye-bars,  which  were  made  at  the  Pencoyd 
plant  The  Kelly-Atkinson  Construction  Com- 
pany was  the  sub-contractor  for  the  erection  of 
the  steel-work. 


Notes  on  Railway  Constiniction   from  the 
Resident  Engineer's  Stsindpoint. 

A  paper  read  before  the  Iowa  Engineering  Society 
by  K.  C.  French,     Continued  from  page  134. 

Mtuonry. — In  staking  out  masonry,  the 
stakes  for  the  neat  lines  should  be  set  far 
enough  back  from  the  work  to  permit  of  its  be- 
ing carried  on  without  interference  with  the 
stakes  and  in  such  a  position  that  lines 
stretched  between  tacks  will  intersect  at  the 
neat  comers.  The  working  plan  furnished  the 
contractor's  foreman  must  show  locations  of  all 
stakes.  The  slope  stakes  should  be  set  at  such 
points  as  will  reasonably  prevent  caving  dur- 
ing construction,  and  the  cross-sections  taken 
In  squares  over  a  larger  area  so  that  in  case 
caving  occurs  a  complete  record  of  the  surface 
Is  at  hand.  Stakes  should  not  be  set  on  these 
squares,  but  the  slopes  set  independently. 

All  foundation  courses  must  be  spread  well 
below  the  frost  line,  unless  placed  on  solid 
rock,  and  in  concrete  foundations  without  gril- 
lage the  excavation  should  be  of  dimensions 
equal  to  the  footing  course,  while  in  stone  ma- 
sonry excavation  should  be  made  one  foot 
larger  each  way  than  the  dimensions  of  the 
footing  course. 

A  complete  record  and  sketches  of  all  mason- 
ry must  be  kept,  particularly  of  the  founda- 
tions which  will  be  covered  up  later  on.  The 
depth  in  every  case  must  be  given  below  some 


fixed  point  such  as  the  coping  or  bridge  seat. 
In  all  cases  of  uncertain  foundations,  special 
instructions  will  be  issued  by  the  chief  engi- 
neer. 

Culverts. — All  culverts  should  be  laid  out  at 
right  angles  to  the  center  line  when  possible 
and  have  their  foundations  below  the  frost  line 
and  at  sufficient  depth  and  grade  that  the  cul- 
vert will  drain  itself  and,  in  general,  the  bor- 
row bits  adjacent.  Every  culvert  must  be 
placed  so  that  it  may  safely  work  under  a  mod- 
erate head  without  injury  to  itself,  and  at  as 
large  a  grade  as  the  nature  of  the  ground  and 
its  safety  will  admit.  Both  ends  should  be  pro- 
tected by  a  sunk  wall  extending  at  least  three 
feet  below  the  floor  and  the  lower  end  must  be 
protected  by  an  apron  or  some  arrangement  to 
prevent  undermining  by  the  backwash. 

Vitrified  pipes,  when  used,  must  be  at  least 
3  feet  below  sub-grade  and  crowned  a  few 
inches  at  the  center.  The  bottom  of  the 
trench  for  pipe  must  be  rounded  and  holes  dug 
for  the  sockets.  In  case  the  foundation  is  poor, 
it  must  be  excavated  and  suitable  material 
placed.    Stone  must  never  be  permitted  in  con- 


against  sinking  under  the  load.  The  inspector 
should  be  provided  with  a  pile  record  book  in 
which  to  keep  a  careful  record  of  the  bent  num- 
ber of  each  pile,  and  the  pile  letter,  together 
with  sketches  of  all  pile  foundations  other  than 
trestles,  in  order  that  the  piles  in  the  record 
may  be  identified.  The  bents  are  numbered  con- 
secutively, the  bank  bent  being  (1)  and  so  on, 
and  the  piles  in  each  bent  lettered  A,  B,  C,  D, 
etc.,  from  left  to  right  when  looking  with  the 
stationing.  The  pile  record  will  then  show  on 
the  left  hand  page:  First,  station;  second, 
bert  number  and  pile  letter;  third,  length  put 
in  leads;  fourth,  kind  of  pile  and  whether  treat- 
ed or  untreated;  fifth,  penetration  below  sur- 
face; sixth,  length  below  cut  off,  to  be  filled  in 
later;  seventh,  penetration  under  last  five 
blows;  eighth,  weight  of  hammer  and  last  drop 
in  feet.  On  the  right  hand  page  all  remarks  on 
the  progress  and  method  of  conducting  work 
should   be  made. 

The  pile  inspector  will  see  that  long  piles 
are  not  used  where  shorter  ones  are  ample, 
and  that  due  precautions  against  brooming  are 
used   by  having  the   heads   well   chamfered  or 
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tact  with  the  pipe.  When  filling  over  pipe  use 
drag  scrapers  to  build  up  walls  parallel  to  pipe 
and  as  close  as  possible  to  each  side,  giving  the 
space  over  the  pipe  a  more  moderate  packing. 
This  will  imitate  to  a  degree  the  usual  practice 
of  pipe  laying  in  trenches.  When  two  rows  of 
pipe  are  used,  they  should  be  far  enough  apart 
to  admit  of  thorough  work  between  them. 

Blind  drains  are  sometimes  made  of  rough 
stones  thrown  In  without  particular  order  and 
covered  over  with  brush  and  sod.  Their  use 
is  objectionable,  however,  and  should  be  re- 
stricted to  few  cases. 

Piling. — All  pile  bridges  should  be  staked  out 
ahead  of  the  driver,  setting  a  hub  for  the  cen- 
ter of  each  hent  and  a  stake  for  each  pile, 
being  careful  to  use  the  near  face  of  the  pile 
for  the  station,  as  centers  can  then  be  plumbed 
up  from  the  hubs  without  the  continual  use  of 
an  instrument. 

Pile  inspectors  should  be  appointed  by  the 
engineer,  whose  duties  are  to  watch  the  driving 
of  all  piles  and  keep  a  record  of  each,  seeing 
to  It  that  every  pile  is  driven  deep  enough  to 
be  secure  against  wash  and  scour  as  well  as 


pile  rings  used.  In  hard  driving,  piles  should 
be  shod.  A  good  formula  for  safe  load  in  pounds 
is  2  WH  -f-  (S  +  1),  where  W  is  the  weight 
of  the  hammer  in  pounds;  H  the  fall  in  feet;  S 
the  set  of  the  pile  in  inches  under  last  blow. 

When  leaving  a  residency,  the  inspector  will 
turn  over  the  records  to  the  resident  engineer, 
who  will  hand  them  in  with  his  final  notes. 
Where  piles  are  driven  by  the  company,  the 
company  foreman  will  keep  the  records  of  the 
inspector. 

Cut-Offs. — In  setting  cut-offs  on  curves 
drive  a  tack  In  the  pile  under  the  Inside  rail 
at  some  convenient  whole  number  of  feet  be- 
low the  cut-off,  blazing  the  pile  around  tack  and 
marliing  on  It  the  number  of  feet  up  to  the  cut- 
off, the  distance  being  recorded  in  the  notes. 
The  outside  pile  is  treated  in  the  same  way, 
allowing  for  the  elevation. 

On  tangents,  drive  a  tack  In  the  two  outside 
piles  in  a  similar  manner  and  let  the  sawyers 
line  up  the  remaining  Inside  piles.  In  every 
case  the  distance  from  the  cut-off  to  the  top 
of  the  pile  must  be  noted,  as  this  with  the  pile 
record  fixes  the  length  of  the  pile  in  bents. 
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Timber  Structures. — All  timber  must  be  free 
from  wanes,  shakes,  large  knots,  rot,  or  any 
defects  which  will  impair  its  strength  and  dur- 
ability, must  be  sawn  square  and  be  of  proper 
dimensions,  all  imperfect  sticks  being  rejected 
where  they  may  be  placed  under  transverse 
strain  or  tension. 

Frame  trestles  will  usually  have  foundations 
of  piles  and  where  in  the  judgment  of  the  en- 
gineer piles  cannot  be  driven  mud  sills  should 
be  permitted.  Where  mud  sills  are  used  all 
beds  should  be  in  excavation  and  to  secure  this 
"step  bents"  are  sometimes  necessary.  Care 
must  be  taken  to  avoid  covering  any  part  of  a 
sill  with  earth. 

Care  must  be  used  in  the  framing  of  all  tim- 
bers, as  shimming  should  not  be  permitted,  all 
adjustment  of  heights  due  to  settlement  being 
made  by  jacking  up  from  below.  Foundations 
must  be  firm  and  unyielding.  Bents  must  be 
jacked  and  braced  to  right  line.  Cut-offs  must 
be  true  and  piles  water  tabled.  All  timbers  must 
be  placed  to  a  true  and  full  bearing  on  piles 
and  other  timbers.  Ends  of  caps  and  ties  must 
be  sawed  to  line  from  end  to  end  of  bridge; 
ties  adzed  to  full  bearing,  without  shoulders, 
over  the  entire  chord,  guard  rails  well  secured 
in  line.  Sway  bracing  must  be  ample  and  well 
bolted  and  spiked.  Tlie  whole  structure  must 
be  in  good  line  and  surface,  completely  bolted 
and  washered,  waterways  well  cleaned  out  and 
all  framing  so  arranged  that  water  is  not  re- 
tained. 
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Excavation. 

Station.  Yards  per  station.  Total. 

0  130  630 
+  50  90  500 

1  120  410 
+  50  100  290 

2  90  190 
+  60  60  100 

3  40  40 
+  73  00 

Embankment. 
.Station.  Yds.  per  Sta.         Total.       Total  solid  rook. 

3  +  73  0 

4  .10  ."lO  31 
+  50  30  80  50 

5  no  130  81 
+  50  70  _             200  125 

«  60  S60  163 

+  50  60  320  200 

7  80  400  250 
+  50  110  510  318 

8  80  590  363 
+  50  120  710  444 

Overhaul  Earth. 

97  cu.  yds.,  1  station,  equal i 97 

101  cu.  yds.,  2  stations,  equal 202 

Total  overhaul  to  700  feet  equals 299 

Overhaul  Kock. 

80  yd«.,  1   station,  equal 80 

82  yds.,    2    stations,    equal 164 

Total  overhaul  to  700  feet  equals 244 

In  the  above  table  the  amount  of  solid  rock  Is  taken 
which  will,  when  broken  to  swell  00  per  cent,  of  Itself 
In  place,  till  the  yardage  marked  In  the  earth  column 
•opposite. 


Quantities. — The  engineer  must  calculate  the 
quantities  as  the  work  proceeds,  and  as  a  rule 
the  end  area  methods  will  be  suflBcient.  For 
this,  as  before  stated,  the  sections  should  be 
taken  as  often  as  the  difference  in  elevation 
of  the  center  line  exceeds  2  feet.  In  the  cal- 
culations where  the  solid  has  only  one  end  area, 
as  at  the  end  of  a  «ide  hill  cut,  you  should  cal- 
culate as  a  pyramid  instead  of  a  wedge.  As  a 
check,  see  that  the  sum  of  pay  quantities  less 
the  waste  equals  the  total  embankment.  In  all 
calculations  use  the  better  man  as  the  final 
checker,  otherwise  it  may  result  in  no  check. 

Haul. — The  positions  of  the  mile  posts  are 
fixed,  consequently  when  material  is  hauled 
past  a  post  that  fact  and  the  quantity  hauled 
must  be  stated  in  the  notes  on  both  miles  af- 
fected; for  instance,  "On  mile  50,  500  yards 
hauled  from  mile  51,  and  on  mile  51,  500  yards 
hauled  to  mile  50.  All  excavated  material  from 
cuts  or  borrow  must  be  estimated  and  paid  for 
on  the  mile  upon  which  the  material  is  exca- 
vated. 

The  pound-of-flesh  method  of  checking  to  the 
last  decimal  of  a  yard  is  not  required.  In  figur- 
ing the  overhaul,  the  profile  of  quantities  meth- 
od is  used  as  shown  in  the  accompanying  dia- 
gram. 

In  making  this  diagram,  the  total  yardage, 
both  in  cuts  and  fills  both  ways  from  the  grade 
point,  is  summed  up  to  the  various  cross-sec- 
tion stations  within  the  limit  of  haul.  These 
stations  are  then  platted  on  a  horizontal  line  to 
the  scale  chosen.  The  total  yardage  from  the 
grade  point  to  each  station  is  then  platted  ver- 
tically under  that  station  to  the  scale  chosen 
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Six-Chord   Spiral. 

The  sl.\-chord  spiral  and  terminal  curve  having  a 
radius  twice  that  of  the  main  curve,  has  each  chord,  C, 
one-fourth  of  the  length  o£  the  terminal  curve.  Hence 
the  spiral  Is  1%  times  the  length  of  the  terminal 
curve  and  the  quarter  points,  Hj,  Hz.  Ha,  H,,  of  the 
terminal  curve  are  abreast  the  one-slrth  points.  Si,  S2, 
etc.,  of  the  spiral.  S,  and  Hj  coincide.  S3A  =  S3B. 
One-half  the  terminal  curve  is  inside  the  spiral,  the 
other  half  outside,  and  the  offsets  between  them  at 
equal  distances  from  Ha  or  Sa  are  equal.  HiSi  =  H5S5 
=  0.035  p  and  H2S2  =  H.S4  =  0.054  p.  The  offset 
p  =  R(l  —  cos  T)  =  R  ver  sin  T.  where  R  =  radius 
of  main  curve  and  T  —  the  terminal  angle.  To  locate 
the  spiral,  take  the  distance  for  gaming  the  required 
elevation  =  L  +  C  =  7  C.  Here  C  =  chord  and  L  = 
(i  C  =  length  of  spiral.  The  distance  is  taken  to  the 
nearest  multiple  of  7  feet  to  avoid  fractional  chain- 
ing. This  gives  one-seventh  of  the  total  elevation  at 
the  P  S.  Then  2  CD  -H  100  =  T,  where  D  =  degree  of 
main  curve.  T  =  terminal  angle  In  degrees  and  C  = 
length  of  chord  In  feet.  Next  calculate  p  from  the 
equation  already  given,  and  run  In  the  terminal  curve 
and  offset  to  spiral.  Locate  P  S  and  So  on  the  outer 
tangent  and  main  curve  one  chord  length  from  H, 
and  Wa  respectively. 

and  connecting  lines  drawn  as  shown.  Then  a 
horizontal  scale  is  slid  downwards  until  it  meas- 
ures between  the  cut  and  fill  projections  500, 
600,  700  feet.  These  horizontal  lines  are  then 
ruled  in. 

This  diagram  may  be  made  on  plate  "A"  pro- 
file paper  or  cross-section  paper,  on  a  horizon- 
tal scale  of  1  Inch  to  200  to  400  feet,'  and  a  ver- 
tical scale  of  1  inch  to  200  to  2,000  yards. 


In  the  diagram,  the  amount  of  solid  rock  is 
taken  which  will  in  each  case  when  broken  to 
swell  60  per  cent,  of  its  volume  in  place,  fill  the 
yardage  marked  in  the  earth  column  opposite. 

Shrinkage  and  expansion  affect  distance 
hauled,  but  not  yardage  hauled;  this  latter  Is 
always  to  be  measured  in  excavation.  In  the 
diagram,  1  yard  of  solid  rock  Is  taken  equal 
to  1.6  yards  in  embankment,  hence  the  dotted 
line  is  platted  in  proportion,  vertically,  thus:  at 
the  point  where  the  regular  cross-section  quan- 
tities sum  up  to  160  yards,  the  dotted  line 
passes  through  the  100-yard  point. 

Free  haul  points  and  all  other  quantities  tak- 
en from  this  diagram  are  to  be  entered  in  the 
notes  as  final,  no  further  numerical  calcula- 
tions being  necessary.  The  haul  diagrams  from 
which  the  final  estimates  have  been  made  are 
to  be  turned  in  with  the  cross-section  notes  and 
become  a  part  thereof. 

The  engineer  will  note  the  expansion  of  the 
rock  by  taking  stations  between  which  cut  and 
fill  actually   balance   on   the   ground. 

Haul  must  be  estimated  separately  for  each 
cut,  and  paid  for  on  the  section  from  which  the 
excavation  is  made. 

Yertical  Curves. — Vertical  curves  will  be  put 
in  at  all  changes  of  grade  where  the  algebraic 
difference  exceeds  0.2  foot,  and  In  sags  the  rate 
of  change  per  station  should  not  exceed  0.1.  In 
summit  cuts  the  rate  may  be  increased  to  facil- 
itate drainage. 

To  determine  the  length  of  the  curve  in  sta- 
tions, divide  the  algebraic  difference  of  the  in- 
tersecting grades  by  the  desired  rate,  thus  if  a 
— 0.7  grade  meets  a  -f  0.4  at  station  60,  the 
length  of  curve  for  a  rate  of  change  of  0.1  per 
station,  would  be  (—0.7  —  0.4)  -^  0.1  =  11  sta- 
tions and  the  curve  would  begin  at  54  -|-  50  and 
end  at  65  -f  50. 

Reports. — The  engineer  usually  compiles 
from  his  diary  and  records  on  the  first  and  fif- 
teenth of  each  month,  and  forwards  to  the  chief 
engineer  a  complete  report  of  the  progress  of 
the  work,  good  and  bad  methods  of  carrying  It 
on,  and  any  other  items  of  importance,  this  be- 
ing accompanied  by  a  force  report,  on  standard 
forms,  giving  by  stations,  sections  and  contrac- 
tors the  full  average  force  at  work  on  the  line, 
or  which  might,  if  conditions  were  favorable,  be 
at  work  on  the  line.  In  this,  men  and  animals 
are  not  to  be  counted  unless  the  contractor  has 
a  sufficient  plant  for  handling  them. 

Progress  Profiles. — Progress  profiles  are  sent 
at  the  end  of  each  month  to  the  chief  enginer's 
office,  showing  graphically  all  material  deliv- 
ered and  work  done,  and  by  percentages,  the 
amount  of  the  totals  completed.  The  location 
of  all  bridges  and  size  of  same  should  be  plain- 
ly marked  and  the  depth  of  the  lowest  pile  In 
each  bent.  Where  track  is  laid  or  fencing  done 
or  telegraph  lines  put  up,  a  line  should  show  the 
end  of  each  day's  work.  The  marking  on  pro- 
files by  months  should  be  by  water  colors  or 
section  lining,  so  arranged  as  to  be  apparent  at 
a  glance  which  months  the  work  was  completed 
in. 

Standard  record  books  are  furnished  for  the 
final  notes  and  such  notes  are  written  In  ink 
when  they  are  final  and  not  until  then.  They 
should  comprise  everything  having  a  bearing  on 
the  final  estimate  and  be  arranged  according  to 
special  instructions.  A  summary  should  be 
compiled  at  the  end  of  each  mile,  showing  at  a 
glance  the  estimate  by  totals  In  each  section, 
the  records  being  kept  up  so  far  as  possible 
while  the  work  is  in  progress. 

As  soon  as  the  construction  permits,  the  en- 
gineer should  establish  permanent  bench  marks 
every  half  mile,  preferably  on  masonry  bridge 
seats  or  other  permanent  objects;  where  these 
are  not  available,  the  engineer  should  call  for 
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Btaodard  bench  marks  which  will  be  furnished. 
As  80on  as  the  work  is  completed,  the  engineer 
must  make  a  final  profile  showing  all  informa- 
tion required  on  profiles  in  accordance  with  the 
actual  work  as  constructed.  This  profile  must 
be  made  as  per  standard  sample,  on  Plate  "A" 
profile  paper,  continuous  roll,  in  scale  200  feet 
wide  and  long  enough  to  leave  18  inches  of 
blank  paper  at  each  end. 

To  the  usual  title,  add: 

Final  Profile,  Residency  No. 

Miles,  18  to  27, 
SUtions,  1081  to  1566. 

In  the  preparation  of  this  paper,  thanks  are 
largely  due  to  J.  R.  Stephens,  assistant  chief 
engineer.  Grand  Trunk  Railway,  formerly  engi- 
neer of  construction  of  the  Atchison,  Topeka  & 
SanU  Fe  Railway,  for  first  suggesting  to  the 
author  the  idea  of  the  necessity  of  such  instruc- 
tions, and  for  help  in  their  preparaUon  received 
from  his  able  instructions  issued  while  the  au- 
thor had  charge  of  a  residency  under  him  in 
Oklahoma,  on  the  SanU  Fe.  The  author  has 
also  received  help  and  valuable  suggestions 
from  the  book  issued  by  the  Northern  Pacific 
Railway,  and  the  circular  information  from  the 
Kansas  City,  Mexico  &  Orient  Railroad. 


Steel    Roof    Trusses  in  the  New  Union 
Railroad  Station  at  Washington. 

The  new  nnion  railroad  station  in  Washing- 
ton, D.  C,  a  general  description  of  which  was 
published  October  31,  1903,  will  have  a  head 
house  627  feet  long  and  120  feet  high,  with 
masonry  walls  and  a  rather  elaborate  roof, 
which  comprises  several  spans,  supported  by 
steel  trusses.  The  exterior  lines  of  the  roof 
and  the  vaulted  ceilings  under  them  form  im- 
portant elements  of  the  architectural  design, 
and  the  details  of  their  construction  are  among 
the  most  inieresUng  features  of  the  structural 
work  In  the  building.  The  most  prominent  sec- 
tion of  the  roof  is  that  in  the  central  part  of 
the  building,  which  covers  the  130x220-foot 
main  waiting  room.  Here  the  framework  con- 
stsu  essentially  of  ten  steel  arch  trusses  of 
137  feet  8  inches  span,  connected  by  11  lines  of 
lattice-girder  purlins  and  longitudinal  girders, 
and  the  lateral  and  sway-bracing  and  secondary 
members  for  supporting  the  ceiling  and  roof 
covering. 

All  but  the  two  end  trusses  are  braced  to- 
gether 8  feet  apart,  on  centers,  in  pairs,  and  the 
pairs  are  spaced  41%  feet  apart  on  centers. 
E^ach  end  truss  Is  connected  to  the  nearest  pair 
with  lateral  and  sway-bracing.  Each  truss  is 
made  with  ten  panels  and  has  top  and  bottom 
chords  in  concentric  circular  arcs,  giving  verti- 
cal depths  on  center  lines  of  about  21  feet  at 
the  crown  and  29  feet  at  the  ends.  Each  pair 
of  trusses  is  supported  on  a  single  llx22-foot 
hollow  masonry  pier  at  each  end.  The  single 
end  trusses  are  carried  by  the  main  walls  of 
the  building.  The  trusses  are  of  very  simple 
riveted  construction  with  T-shaped  top  and 
bottom  chords,  the  former  having  a  vertical 
web  and  a  cover  plate  and  the  latter  being 
composed  simply  of  a  pair  of  6x6-inch  angles, 
back  to  back. 

The  intermediate  vertical  posts  for  the  single 
end  trusses  all  have  I-shaped  cross-sections 
made  with  two  pairs  of  angles.  At  the  ends  of 
the  truss  they  have  solid  web  plates  and  at  the 
center  are  latticed  together.  The  intermediate 
vertical  posts  for  trusses  in  pairs  are  similar, 
except  that  they  have  a  channel  section  made 
with  one  pair  of  angles,  web  plate  and  lattice 
as  for  single  trusses.  The  end  posts  have 
rectangular  cross-sections  made  with  a  pair  of 
channels  latticed  together,  with  their  flanges 
turned  inwards.    The  diagonal  members  are  all 


pairs  of  6x4  and  5x3Vi-inch  angles,  back  to  back, 
with  separators  between.  The  top  and  bottom 
chords  were  shipped  in  two  panel  lengths  with 
web-connection  plates  shop-riveted  to  them  so 
as  to  serve  also  for  splice  plates.  All  the  web 
members  were  shipped  loose  and  field-riveted 
to  the  chord  connection  plates,  which  are  en- 
gaged between  the  pairs  of  angles. 

Each  vertical  post  is  web-connected  at  the 
top  through  its  gusset  plate  to  a  lattice-girder 
purlin  3  feet  deep,  and  at  the  bottom  above  the 
gusset  plate  to  a  horizontal  longitudinal  strut 
corresponding  to  the  lattice-girder.  The  strut 
carries  the  ceiling  joist,  as  shown  in  the  cross- 
section,  through  a  pair  of  trusses  at  the  crown, 
the  details  of  the  trusses  corresponding 
throughout  to  those  shown  at  the  end  posts 
and  at  the  crown.  The  end  posts  project  be- 
yond the  lower  chord  and  terminate  with  hori- 
zontal base  plates  with  slotted  holes  for  con- 
nection bolts  to  I-beam  grillages.     These  gril- 


angles  carried  by  a  framework  of  curved  7- 
inch  I-beams,  in  the  planes  of  the  trusses  and 
horizontal  longitudinal  channels.  The  lower 
ends  of  the  I-beams  penetrate  the  pier  ma- 
sonry and  are  riveted  to  horizontal  anchor 
channels  embedded  below  its  surface.  The 
ceiling  surtace  forms  a  barrel  vault,  paneled 
with  deep  projecting  ribs,  enclosing  the  lower 
chords  of  the  arches.  The  longitudinal  girders 
connecting  it  to  the  lower  parts  of  the  end 
posts  do  not  help  support  the  ceiling  of  the 
main  hall,  but  carry  the  ends  of  horizontal  8- 
Inch  beams  for  the  ceiling  of  the  corridor.  At 
the  ends  of  the  waiting  room  the  purlins  are 
supported  on  the  brick  cross  walls  about  19 
feet  in  the  clear  from  the  end  trusses.  In  these 
panels  the  ceiling  is  coved  with  a  curve  resem- 
bling an  ellipse.  The  furring  consists  of  an- 
gles bent  to  template  and  field-riveted  to  make 
a  rigid  framework,  which  includes  the  skeleton 
for  a  circular  window  75  feet  in  diameter. 


Center    of   Truss  E 
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Details  of  Roof  Trusses,  New  Union  Depot  at  Washington. 


lages  also  support  the  double  girders  which 
carry  the  upper  parts  of  the  brick  walls,  as 
shown  In  the  detail,  and  distribute  the  com- 
bined loads  on  the  pier  masonry  in  which  they 
are  embedded.  The  single  end  trusses  have 
similar  end  posts  seated  on  cast-iron  pedestals 
and  curved  I-beams  carrying  the  roof  from  their 
upper  ends  to  the  ceiling  beams  over  the  ad- 
jacent corridors,  as  indicated  in  the  diagram 
of  the  general  cross-section. 

The  web-connection  plates  at  the  panel  points 
of  the  purlins  project  beyond  the  top  chords  to 
receive  the  web  connections  of  the  8-lnch  trans- 
verse I-beams,  which  support  the  3x3-inch  roof 
Ta  4  feet  apart  on  centers.  The  T-bars  carry 
the  concrete  and  tile  roof  which,  together  with 
the  trusses,  is  proportioned  for  a  total  load 
of  105  pounds  per  square  foot,  including  30 
pounds  for  snow  and  wind.  Tire  celling  is 
plastered  on  a  furring  of  metal  lath  and  light 


The  ticket  lobby  is  about  51  feet  wide  and 
104  feet  long,  from  out  to  out  of  its  walls,  and 
its  roof  has  five  two-hinge  steel-arch  trusses 
ot  54-foot  span.  The  trusses  are  simple  lat- 
tice-girders, with  eccentrically  curved  T- 
shaped  top  and  bottom  chords,  each  made  with 
a  pair  of  6x4-inch  angles  back  to  back.  They 
are  divided  by  radial  members  into  panels, 
which  have  a  uniform  length  of  about  6  feet 
above  the  springing  line  and  3  feet  below  it. 
Each  panel  has  a  single  diagonal  member,  and 
all  web  members  have  T-shaped  cross-sections 
made  with  pairs  of  2%-inch  angles  back  to 
back.  The  chords  of  the  trusses  are  vertical 
and  parallel  from  the  ends  to  the  springing 
line  at  a  height  of  12%  feet  above  the  hinge 
pins,  where  they  are  3%  feet  apart,  out  to  out. 
From  this  point  they  are  curved  with  radii  of 
about  25%  and  29  feet.  The  center  for  the  top 
chord  is  3  feet  above  t^iat  for  the  bottom  chord. 
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the  rise  at  the  bottom  chord  is  26  feet  1% 
inches,  and  the  depth  of  the  truss  at  the  crown 
is  about  6%  feet.  The  end  panels  have  a  solid 
web  plate  and  the  chords  converge  there  to  the 
3-inch  hinge  pin,  which  engages  the  double 
webs  of  an  ordinary  riveted  shoe  anchored  to 
the  masonry  at  a  height  of  23  feet  above  the 
first  floor.  The  truss  is  shop-riveted  in  four 
sections  and  is  field-spliced  through  the  verti- 
cal fianges  of  the  angles  at  the  crown  and  at 
the  haunches.  At  every  panel  point  above  the 
springing  line  there  is  in  the  radial  plane  a 
lattice-girder  purlin  with  its  top  flange  In  the 
plane  of  the  top  chord  of  the  truss  and  its 
lower  flange  clearing  the  upper  side  of  the  bot- 
tom chord.  These  purlins  are  made  with  zigzag 
web  members  and  their  bottom  chords  carry 
the  curved  angle  and  T-bars  supporting  the 
ceiling,  which  Is  furred  out  to  form  wide  ribs 
enclosing    the    bottom     chords    of    the     main 


forced  by  vertical  stiffener  angles.  The  trusses 
carry  lattice-girder  purlins  connected  to  their 
vertical  members  with  the  top  flanges  about  a 
foot  below  the  upper  chords.  The  purlins  are 
Qiade  with  X-brace  web  members  and  have 
web-connection  plates  projecting  above  their 
top  flanges  to  carry  the  intermediate  8-lnch 
transverse  I-beams,  which  support  the  concrete 
roof.  Corresponding  bottom  gusset  plates  af- 
ford connections  for  vertical  angles,  which 
carry  the  6-lnch  longitudinal  and  transverse 
channels  for  the  ceiling  in 
the  plane  of  the  lower 
chords  of  the  roof  trusses. 

The  panels  between  the 
purlins  in  the  end  bays  and 
in  four  intermediate  bays 
of  the  roof  have  pin-con- 
nected diagonal  rods  in  the 
planes     of     the     top     chord. 


of  the  main  girders  and  the  fixed  girder  is  con- 
nected to  it  in  the  usual  manner.  The  other 
side  of  the  column  is  cut  down  the  full  depth 
of  the  girder  and  has  a  cap  plate  on  which  the 
end  of  the  sliding  girder  is  seated.  This  girder 
has  the  end  web-stiffener  angles  set  back  from 
the  end  of  the  girder  so  as  to  leave  room  for 
connection  with  pairs  of  vertical  Jaw  plates 
which  are  shop-riveted  to  the  column,  engage 
the  girder  web  and  have  slotted  holes  through 
which  it  is  bolted,  as  shown  in  the  detail.     Be- 
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trusses.    The  top  chords  carry  copper  ribs  sup- 
porting the  skylight. 

The  concourse  between  the  waiting  room  and 
the  train  platforms  is  130  feet  wide  and  760 
feet  long  and  is  covered  by  a  single-span 
arched  ceiling  and  roof  supported  on  lattice-" 
girder  trusses  39  feet  4  inches  apart.  These 
trusses  are  carried  at  one  end  on  a  masonry 
wall  and  at  the  other  end  on  a  continuous  line 
of  plate  girders  8  feet  deep  and  from  41  to  57 
feet  long,  which  are  supported  on  the  tops  of 
the  columns  about  20  feet  above  the  floor.  The 
trusses  have  T-shaped  top  and  bottom  chords, 
each  made  with  a  pair  of  6x4-inch  angles,  a  12x. 
%-lnch  web  plate  and  one  or  more  14-inch 
flange  cover  plates.  Tne  web  members  are 
made  with  pairs  of  3i/i-inch  angles  back  to 
back,  except  for  the  center  vertical,  which  has 
a  double  pair  of  angles.  The  end  panels  have 
PoHd     web     plates     about     7    feet    wide    rein- 


Where  the  trusses  are  seated  on  the 
walls  they  have  horizontal  bed  plates  with 
anchor  bolts.  Five  of  the  trusses  are  sup- 
ported directly  by  the  columns.  They  are 
seated  on  horizontal  angles  and  have  vertical 
flange  angles  field-riveted  to  the  column  cover 
plates.  The  girders  which  support  the  north 
ends  of  the  trusses  are  made  with  96x%-inch 
web  plates  spliced  with  pairs  of  14x%-inch 
cover  plates.  Each  flange  is  made  with  two  6x 
6x%-inch  angles  and  cover  plates,  varying  in 
numbers  and  size  according  to  span.  The  gir- 
ders are  seated  on  horizontal  angle  brackets 
riveted  to  the  sides  of  the  columns  and  are 
field-riveted  to  the  columns  through  the  flanges 
of  their  vertical  web  stiffener  angles. 

The  columns  extend  to  the  tops  of  the  gir- 
ders and  their  caps  are  riveted  to  the  top 
flanges  on  both  sides.  At  the  expansion  joints 
one  side  of  the  column  extends  to  the  top  flange 


low  the  girders  a  pair  of  8-inch  channels  are 
rigidly  suspended  by  vertical  struts  flange-riv- 
eted to  the  girders.  These  channels  serve  as 
wall  girders  to  carry  the  brickwork  and  support 
the  terra  cotta  lintel. 

Messrs.  D.  H.  Burnham  &  Company  are  the 
architects,  Mr.  J.  G.  Giaver  structural  engineer, 
and  the  American  Bridge  Company  is  the  con- 
tractor for  the  steel  work,  which  weighs  about 
15,000,000  pounds. 


Algakbobo  Woon  Blocks  have  been  used  for 
street  paving  in  Buenos  Aires,  on  a  practical 
scale,  during  recent  years,  and  are  reported  to 
give  satisfaction.  According  to  the  "Surveyor," 
a  small  area  of  street  In  London  was  paved 
with  some  of  these  blocks,  as  an  experiment 
last  spring.  It  is  stated  that  this  wood  showed 
practically  no  swelling  after  a  month's  immer- 
sion in  water. 
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More  Light  on  the  Theory  of  Concrete. 

A  pap«r  read  before  tho   Indiana    Engineering  So- 
ciety, by  Mr.  Spencer  B.  Newberr;.  Slightly  abridged. 


I  Materials. — The  sands  which  give  the  high- 
est tests  with  cement  are  those  having  rounded 
grains  with  a  dull  surface.  A  mixed  size  ot 
grain,  from  fine  to  coarse,  is  better  than  a 
grain  of  uniform  size.  The  presence  of  a  small 
amount  of  clay,  up  to  4  or  5  per  cent.,  does  no 
harm,  if  concrete  be  thoroughly  mixed  and  suf- 
ficiently wet.  Gravel  and  broken  stone  should 
be  hard  and  sharp,  and  as  free  as  possible  from 
soft  particles.  The  harder  the  stone  the  better 
the  concrete  will  be;  trap  rock  or  crushed  flint 
or  quartz  are  superior  to  soft  limestone  or 
sandstone.  As  in  the  case  of  sand,  a  mixed 
material,  fine  to  coarse,  is  preferable,  and 
screening  Is  generally  injurious.  It  was  for- 
merly supposed  that  the  presence  of  fine  dust 
in  the  materials  was  objectionable.  This  is  not 
the  case  if  the  mixing  be  thorough.  It  is  quite 
possible  that  with  imperfect  mixing  a  film  of 
clay  or  stone-dust  might  coat  the  stone  or 
gravel  and  prevent  adhesion  of  the  cement.  If 
the  mixing  be  thorough,  however,  these  fine 
materials  will  help  to  fill  the  voids  and  increase 
the  strength.  The  most  competent  engineers 
now  use  crushed  stone  without  screening,  con- 
taining all  the  dust  from  the  crusher.  Many 
engineers  consider  broken  stone  superior  to 
gravel  for  concrete.  With  this  view  the  writer 
does  not  agree.  Good  quartz  gravel  is  harder 
than  any  broken  stone,  except  trap  or  quartzite, 
and  owing  to  its  rounded  form  contains  much 
less  voids  than  stone!  There  is  no  ground  for 
believing  that  rounded  stone  or  rounded  sand 
gives  less  strength  with  cement  than  material 
composed  of  angular  fragments.  Certain  nat- 
ural sands,  with  nearly  spherical  grains,  show 
much  higher  tests  with  cement  than  angular 
crushed  quartz.  Comparative  tests  of  crushed 
stone  and  gravel  concrete  are  not  available,  but 
the  many  examples  of  faultless  work  with  ce- 
ment, sand  and  gravel  show  that  where  good, 
coarse  gravel  is  abundant  there  is  no  need  ot 
going  to  a  distance  for  costly  crushed  stone. 

Proportions. — ^The  chief  object  in  compound- 
ing concrete  is  to  produce  a  compact  mass,  as 
free  as  possible  from  open  spaces;  in  short,  to 
imitate  solid  rock  as  closely  as  possible.  To 
produce  a  compact  mass  from  fragmentary 
materials  the  voids  must  be  filled.  In  practice 
it  is  well  known  that  the  use  of  materials  of 
varying  fineness  gives  the  best  concrete,  since 
the  voids  are  much  less  than  in  materials  com- 
posed of  pieces  of  uniform  size.  Hence,  the 
common  practice  of  making  concrete  with  ce- 
ment, sand  and  broken  stone,  Instead  of  with 
cement  and  sand  or  cement  and  stone  only. 
The  sand  fills  the  voids  of  the  stone,  the  ce- 
ment fills  the  voids  of  the  sand,  and  if  the  pro- 
portions are  correct  a  practically  solid  mass  re- 
sults. As  an  example  of  this,  the  writer  found 
that  briquettes  of  cement  with  three  parts  sand 
and  four  parts  gravel  showed  higher  tensile 
strength  at  twenty-eight  days  than  those  made 
with  three  parts  sand  only. 

The  determination  of  the  percentage  of  voids 
In  the  gravel  or  broken  stone  to  be  used  is  of 
the  (H'eatest  Importance.  This  determination 
Is  most  easily  made  by  the  use  of  a  metal  box 
of  exactly  one  cubic  foot  (or  a  known  part  of  a 
cubic  foot)  capacity.  This  Is  weighed,  filled  with 
the  material,  well  shaken  down,  and  again 
weighed.  One  cubic  foot  of  solid  quartz  or 
limestone,  free  from  voids  would  weigh  165.4 
pounds.  The  difference  between  the  weight 
actually  found  and  165.4  represents  the  amount 
of  voids.  For  example,  a  cubic  foot  of  sand 
was  found  to  weigh  112  pounds,  or  53.4  pounds 
less  than  a  solid  block  would  weigh.  The  per- 
-centage  of  voids  was,  therefore,  32.2. 


The  following  table  gives  the  percentage  of 
voids  in  a  number  of  materials,  as  determined 
by  the  writer: 

Per  cent. 

Sandusky  Bay  sand,  not  screened 32.2 

Sandusky  Kay  sand,  through  2U  mesh 38.5 

Sandusky  Bay  sand,  through  2U-30  mesh 40.7 

Gravel,    "4  to   H  Inch 42.4 

(iravel,   Vt   to  1/20  Inch 35.9 

Marblehead  broken  stone,  about  egg  size 47.0 

Comparison  of  the  three  different  grades  of 
Sandusky  Bay  sand  shows  how  greatly  the  per- 
centage of  voids  varies  w^ith  the  proportion  of 
fine  and  coarse  grains  present.  The  first  is  the 
natural  sand  and  contains  a  large  amount  of 
fine  gravel.  The  second  is  the  same  passed 
through  a  20-mesh  screen.  It  will  be  seen  that 
this  operation  increases  the  proportion  of  voids 
from  32  to  38  per  cent.  The  third  is  the  same 
sand  passing  a  20-mesh  and  retained  on  a  30- 
mesh  screen,  thus  brought  to  the  fineness  of 
the  "Standard  sand"  used  in  cement  testing. 
This  shows  40.7  per  cent,  of  voids,  owing  to  the 
uniform  size  of  the  grains.  The  same  rela- 
tion is  seen  in  the  two  grades  of  gravel  given 
in  the  table,  that  containing  finer  grains  show- 
ing much  the  lower  percentage  of  voids.  These 
figures  illustrate  the  imprudence  of  screening 
any  of  the  material  used  in  making  concrete. 
As  an  aid  in  determining  the  voids  in  concrete 
material,  the  writer  has  prepared  tables  in 
which  the  percentage  of  voids  corresponding 
to  various  weights  per  cubic  foot  may  be  seen 
at  a  glance,  and  also  how  to  calculate  the  pro- 
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per  cent,  may  safely  be  used  for  foundations, 
filling  of  abutments,  etc.  If  the  materials  are 
well  selected  and  correctly  proportioned,  these 
poor  concretes  will  be  found  to  have  surprising 
strength,  and  often  to  be  superior  to  rich  mix- 
tures injudiciously  combined. 

Many  series  of  tests  of  strength  of  concrete 
have  been  published,  but  in  none  of  them  have 
the  influences  of  proportions  on  density  and 
density  on  strength  been  clearly  stated.  Such 
a  series  of  experiments,  consisting  of  crushing 
tests  of  G-inch  cubes  of  concrete,  is  now  in 
progress  under  the  writer's  direction,  and  re- 
sults will  be  published  as  soon  as  complete.  It 
is  believed  that  the  strength  of  concrete  will 
be  found  to  be  more  or  less  closely  proportion- 
al to  the  ratio  of  percentage  of  cement  to  voids, 
and  that  mixtures  in  which  the  voids  are  filled 
to  th3  same  degree  will  be  approximately  equal 
in  strength.  There  is,  however,  another  factor 
which  enters  into  the  question,  and  that  is  the 
amount  of  surface  the  mixture  presents.  It  is 
evident  that  all  surfaces  must  be  coated  with 
a  film  of  cement  to  produce  adhesion  between 
them;  therefore,  the  greater  the  surface,  the 
more  cement  will  be  required.  It  is  probably 
chiefly  for  this  reason  that  coarse  materials 
give  greater  strength  than  fine  materials. 

Proportion  of  Water. — It  was  formerly  sup- 
posed that  the  best  concrete  was  obtained  by 
using  very  little  water,  and  engineers  generally 
specified  that  the  consistency  of  the  mixture 
should  be  that  of  moist  garden  earth  and  that 
no  water  should  show  until  after  thorough 
tamping.    Recently  it  has  been  shown  that  the 
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portions  in  which  the  materials  are  to  be  used.  . 

In  the  mixtures  of  sand  and  gravel  the  maxi- 
mum weight  obtained  was  133.7  pounds  per  cu- 
bic foot,  and  the  minimum  voids  19.1  per  cent. 
This  will  vary  considerably  with  different  ma- 
terials, but  those  materials  are  certainly  best 
which,  when  mixed  in  the  most  favorable  pro- 
portions, give  the  greatest  weight  per  cubic 
foot.  Any  good  gravel  and  sand,  rightly  pro- 
portioned will  show  at  least  130  pounds;  the 
best  results  the  writer  ever  obtained  was  139 
pounds,  corresponding  to  16  per  cent,  voids. 
Broken  limestone  and  sand  give  less  density, 
rarely  more  than  125  pounds.  A  few  trials 
with  available  material  will  enable  an  engineer 
to  specify  a  minimum  weight  per  cubic  foot  for 
materials  to  be  used  in  a  given  piece  of  work. 

Proportion  of  Cement. — Mr.  Fuller's  nile  is 
to  "add  cement  as  economy  dictates,  possibly  up 
to  10  per  cent,  in  excess  of  the  voids  in  the 
combined  material."  The  lowest  proportion  of 
voids  obtained  with  the  gravel  and  sand  used 
in  the  above  experiments  was  19.1  per  cent. 
Addition  of  this  proportion  of  cement  would 
give  a  very  rich  and  expensive  concrete;  about 
1  to  5 — far  beyond  anything  that  could  be  re- 
quired for  any  use  except  watertight  work.  On 
the  other  hand,  if  a  volume  of  cement  equal 
to  the  calculated  voids  in  the  mixture,  13.9  per 
cent.,  be  taken,  we  shall  have  a  1:7  concrete 
of  abundant  strength  for  engine  foundations  or 
other  important  uses.  Mixtures  much  poorer 
in  cement,  containing  10  per  cent,  or  even  7 


use  ot  more  water — at  least  enough  to  make  the 
mass  decidedly  plastic — gives  better  results. 

Mixing  and  Laying  Concrete. — Engineers  ap- 
pear to  be  generally  convinced  of  the  advan- 
tage of  using  a  suitable  concrete-mixer,  instead 
of  hand  labor.  When  large  amounts  of  con- 
crete are  to  be  mixed  the  saving  by  using  a 
power  mixer  is  very  great,  and  ther?  can  be 
no  doubt  that  the  danger  of  imperfect  and  care- 
less mixing  is  avoided  by  use  ot  a  suitable  ma- 
chine. The  writer  has  successfully  used  mix- 
ers of  the  pug-mill  type,  consisting  of  a  trough 
with  revolving  blades.  Several  excellent  ma- 
chines of  the  revolving  drum  type  are  in  use 
and  giving  excellent  satisfaction.  In  mixing 
concrete,  the  sand  and  cement  should  first  be 
mixed  dry,  then  the  water  added,  and  finally 
the  stone  or  gravel,  previously  well  wetted,  in- 
troduced, and  the  whole  thoroughly  mixed  to- 
gether. Large  masses  of  concrete  should  be 
laid  continuously,  by  day  and  night  work  if 
necessary  to  avoid  partings  between  set  and 
fresh  work.  It  the  laying  must  be  interrupted, 
the  set  surface  should  be  thoroughly  wetted 
and  dusted  with  neat  cement  before  fresh  con- 
crete Is  applied.  This  method  should  also  be 
used  in  plastering  the  surface  of  concrete  with 
cement  mortar.  A  break  in  a  cement  floor  or 
sidewalk  may  be  successfully  patched  in  the 
same  manner. 

Concrete  in  Freezing  Weather. — Freezing 
does  no  harm  to  Portland  cement  after  the 
mass  has  fully  set.     The  hardening  ot  the  ce- 
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ment  is  interrupted  by  freezing,  but  proceeds 
again  without  liindrance  after  thawing  taltes 
place.  Damage  from  frost  is  to  be  feared  be- 
fore the  setting,  especially  if  excess  of  water  is 
used.  When  work  in  extreme  cold  cannot  be 
avoided  the  sand  and  water  should  be  warmed 
and  the  proportion  of  water  reduced  to  a  min- 
imum. After  putting  in  place  the  work  should 
be  covered  with  straw  or  other  non-conductor 
to  protect  it  from  frost.  Mortar  for  use  in 
freezing  weather  is  often  made  with  the  addi- 
tion of  salt  (about  one  pound  to  one  gallon 
of  water)  and  appears  to  give  good  results.  Ce- 
ment plastering  in  extreme  cold  weather  should 
not  be  attempted. 


Steam  Plant  of  the  Tileston  &  Hollings- 
worth  Company. 

The  steam  plant  described  in  this  article  is 
for  the  paper  mill  of  the  Tileston  &  Hollings- 


drum  where  they  would  be  harmless.  This 
proves  to  be  the  fact,  and  the  tubes  are  found 
to  be  perfectly  clean.  Some  of  the  tubes  to- 
wards the  fire  have,  nevertheless,  bulged  and 
cracked  from  overheating,  but  it  is  hoped  that 
the  substitution  of  steel  tubes  for  the  front 
row  in  place  of  the  charcoal  iron  tubes  orig- 
inally used,  will  prevent  a  recurrence  of  this 
trouble. 

This  type  of  boiler  consists  of  a  lower  and 
an  upper  drum  connected  by  tubes,  the  water 
being  inside  of  the  tubes  as  well  as  of  the  drums. 
A  portion  of  the  upper  drum  is  used  for  steam 
space.  The  firebox  is  built  of  brick  in  front 
of  the  boiler,  and  there  is  a  vertical  layer  of 
tiling  separating  the  front  and  back  tubes  from 
each  other  and  making  of  them  two  equal 
groups.  This  tiling  rests  on  the  lower  drum 
and  terminates  a  few  feet  below  the  upper 
drum.  The  effect  of  this  tiling  is  to  cause  the 
gases  as  they  leave  the  firebox  to  pass  upward 


is  certain  that  with  both  stop  valves  closed  and 
the  bleeder  open,  it  is  possible  and  safe  for  a 
man  to  enter  a  boiler.  Pearson's  automatic 
stop  valves  are  used  on  top  of  the  boilers  and 
Crosby  globe  valves  on  top  of  the  steam  header. 
The  individual  pipes  are  of  steel  and  have  Van' 
Stone  fianges. 

The  steam  header  consists  of  several  lengths 
of  extra  strong  cast  iron  with  the  nozzles  cast 
on.  The  metal  of  these  pipes  is  heavy,  the 
changes  in  form  are  made  with  large  fillets,  the 
flanges  are  thick  and  the  bolts  are  large  and 
numerous.  The  joints  are  made  with  corru- 
gated copper  gaskets  and  plumbago  paste.  This 
header  rests  on  wrought  iron  pipe  columns  with 
curved  forms  on  top  and  flanges  at  the  bottom, 
and  is  supported  on  piers  below  the  floor  level. 
In  this  way  it  is  certain  that  a  heavy  line  can  be 
supported  without  danger  of  its  supports  yield- 
ing so  as  to  bend  the  pipe  and  render  the  joints 
leaky.     A  prolific  cause  of  leaky  pipe  joints  Is 
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New  Boiler  Plant  of  the  Tileston  &  Hollingsworth  Company,  Hyde  Park,  Mass. 


worth  Company  at  River  Street  Station,  Hyde 
Park,  Mass.,  and  is  located  on  the  Neponset 
River.  This  river  is  badly  contaminated  with 
refuse  from  the  mills  above,  and  the  water 
is  unfit  for  boiler  use.  It  is,  however,  the  only 
water  available,  and  -at  this  plant  it  is  passed 
through  mechanical  filters  until  it  is  perfectly 
dear.  Nevertheless  it  has  elements  in  solu- 
tion that  are  very  injurious  to  boilers,  and  so 
acted  on  the  vertical  type  which  were  In  use 
until  recently  and,  before  them,  on  horizontal 
tubular  boilers,  that  it  was  thought  desir- 
able by  Messrs.  Dean  &  Main,  of  Boston,  the 
engineers  consulted  on  the  subject,  to  make 
a  radical  change  in  the  pattern  to  be  used 
in  the  new  plant.  For  this  reason  the  Wickes 
vertical  water-tube  boiler  was  selected  with 
the  hope  that  all  precipitates  forming  in  the 
tubes  would   fall  to  the  bottom  of  the  lower 


among  the  front  half  of  the  tubes,  across  the 
top,  and  thence  downward  among  the  back 
half,  and  thence  to  the  chimney. 

The  boilers  are  five  in  number  and  of  250 
horse  power  each.  Each  boiler  has  2,556 
square  feet  of  heating  surface,  and  49  square 
feet  of  grate  surface,  or  about  10  square  feet 
of  heating  surface  per  horse  power,  and  about 
five  horse  power  per  square  foot  of  grate. 

As  these  boilers  are  very  high  and  the  steam 
is  taken  out  of  the  top,  the  rise  of  the  steam 
nozzle  is  so  much  when  the  boilers  are  fired 
up  that  a  very  flexible  steam  connection  be- 
tween the  boilers  and  the  drum  is  necessary. 
For  this  reason  the  pipes  referred  to  are  bent 
in  the  manner  shown  so  as  to  give  consider- 
able length  and  therefore  flexibility.  In  each 
Individual  steam  pipe  there  are  two  atop  valves 
with  a  bleeding  pipe  between.     In  this  way  it 


the  yielding  of  supports.  In  this  case,  however, 
there  is  no  danger  of  this  trouble. 

The  remainder  of  the  line  of  pipe  is  of  steel 
with  Van  Stone  flanges  and  heavy  bolts,  but 
with  heavy  fittings  from  an  extra  strong  mix- 
ture of  cast  iron.  The  pipe  covering  is  of  mag- 
nesia, and  the  flanges  are  covered. 

In  the  boiler  house  there  is  a  separator,  and 
in  its  vicinity  there  is  a  high  loop  in  the  main 
steam  pipe  for  the  purpose  of  providing  for  ex- 
pansion and  contraction  in  the  main  pipe  sys- 
tem, which  is  very  long.  Where  the  main  pipe 
crosses  from  the  boiler  house  to  the  mill,  and 
is  out  of  doors,  it  is  encased  in  sheet  iron.  In 
the  middle  of  the  out-door  lengths  there  is  a 
support  made  of  structural  steel.  The  feed 
pipe  where  it  crosses  this  space  is  also  inside 
of  the  casing. 

The  water  collected  by  the   separator  is  re- 
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ttttned  to  the  boilers  by  the  Holly  gravity  re- 
turn system. 

The  pamplng  system  is  such  that  hot  or  cold 
water  can  be  pumped  from  the  mill,  or  cold 
water,  either  filtered  or  directly  from  the  river, 
can  be  pumped  by  pumps  in  the  annex  of  the 
boiler  house. 

The  chimney  is  8  feet  in  diameter  and  150 
feet  high.  The  main  flue  lies  at  a  low  level  be- 
hind the  boilers  and  is  of  sheet  steel. 

The  boiler  fronts  are  made  of  steel  plate. 
The  floor  of  the  boiler  house  is  of  granolithic 
pavement,  except  that  immediately  in  front  of 
the  boilers  it  is  of  cast  iron,  with  a  track  for  the 
coal  cars. 


The  Power  Equipment  of  the  Sackett  & 

Wilhelms  Lithographing  &  Printing 

Company. — I. 


A  new  printing  establishment  has  recently 
been  completed  in  Brooklyn,  N.  Y..  for  the  Sack- 
ett A  Wilhelms  Lithographing  &  Printing  Com- 
pany, which  is  particularly  interesting  as  pro- 
viding facilities  for  the  two  rival  processes  of 
lithography  and  type  printing.  Where  a  single 
establishment  contains  facilities  for  every  va- 
riety of  presswork  from  stone,  aluminum 
plates,  type  and  engraved  blocks,  and  is  also 
equipped  to  make  such  blocks,  it  is  evident  that 


2 


tions  by  letters  Is  given  on  the  accompanying 
plan.  Sections  B,  C  and  D  are  four  stories 
in  height,  sections  E,  F,  G  and  H  are  two 
stories,  and  section  A  is  a  practically  isolated, 
one-story  building  for  the  accommodation  of 
the  boiler  plant.  This  separation  of  the  fire 
room  helps  to  minimize  fire  risk  and  is  in  keep- 
ing with  the  extensive  precautions  taken 
against  interruption  to  the  business  by  fire.  The 
wall  openings  between  all  sections  is  command- 
ed by  gravity  fire  doors  automatically  released 
in  time  of  fire,  and  a  stand-pipe  sprinkler  sys- 
tem fed  from  a  30,000-gallon  tank  on  the  roof 
covers  all  rooms.  In  addition  fire  pails  and  ex- 
tinguishers are  plentifully  distributed.  The 
complete  installation  for  fire  protection  and  the 
electric  wiring  were  specified  to  meet  the  re- 
quirements of  not  only  the  New  York  Board 
of  Fire  Underwriters,  having  •jurisdiction  in 
this  territory,  but  also  those  of  the  Associated 
Factory  Mutual  Insurance  Companies  of  Bos- 
ton. 

The  plumbing,  ventilation  and  lighting  have 
been  given  careful  attention.  By  day,  even 
though  the  rooms  are  deep  and  wide,  they  are 
remarkably  bright.  This  is  the  result  of  a  gen- 
erous distribution  of  windows,  the  upper 
sashes  of  which  are  fitted  with  refracting 
glass;  the  avoidance  of  partitions  where  possi- 


The  second  floor  is  the  lithographing  depart- 
ment and  is  divided  as  follows:  B,  transfer  de- 
partment. I.e.,  where  the  original  drawings  on 
stone  or  aluminum  are  transferred  to  other 
plates  in  multiplicate;  C,  plate  graining  and 
preparing,  and  stock  rooms;  D,  layout  room, 
where  the  work  is  prepared  for  the  presses;  E, 
F,  and  G,  litho-press  rooms. 

As  before  stated  B,  C  and  D  have  third  and 
fourth  floors.  On  the  third  floor  D  is  divided 
into  a  room  for  chromo-artists  and  one  for  the 
engraving  and  label  department,  C  is  as  yet  un- 
occupied and  D  contains  the  engineering  de- 
partment, including  the  oflice  of  the  consulting 
engineer  and  a  shop  for  experimental  work,  and 
a  limited  amount  of  repairing.  On  the  roof 
of  sectiop  G  a  house  has  been  built  to  accom- 
modate a  restaurant  conducted  for  the  benefit 
of  the  operatives.  The  fourth  floor  section  B 
contains  an  excellently  appointed  photographic 
room  and  a  room  for  the  artists  and  provers. 
Sections  C  and  D  are  not  occupied  at  present 

Mechanical  Plant. — An  accompanying  plan 
shows  the  relative  location  of  the  component 
parts  of  the  mechanical  plant,  including  the 
boiler  house,   the  engine-generator    plant    fur- 


Piping  System  in  Engine  Room. 

the  plant  is  one  of  unusual  completeness.  The 
long  experience  of  the  company  in  both  publish- 
ing periodicals  and  carrying  on  job  work  has 
given  it  full  information  concerning  the  equip- 
ment nedessary  for  all  departments  of  such 
work,  and  it  is  proposed  in  this  article  and  a 
succeeding  one  to  describe  briefly  some  of  this 
plant  and  the  power  installation  for  Its  opera- 
tion. As  a  general  thing,  direct-current  motors 
supply  the  power  by  individual  drive,  though 
there  are  a  few  cases  where  short  line  shafts 
are  employed  for  group  driving.  Nearly  seven- 
t7  Crocker- Wheeler  motors  from  %  to  7V4 
horse-power  in  capacity  are  used,  their  aggre- 
gate rating  being  about  350  horse-power. 

Building. — The  building  occupies  a  trape- 
zoidal area  of  about  55,070  square  feet,  with  a 
frontage  of  261  feet  on  Grand  Street,  330  feet 
on  Morgan  Avenue,  and  232  feet  on  Metropoli- 
tan Avenue.  It  is  of  slow-burning,  mill-type 
construction,  and  is  divided  by  fire  walls  into 
«ight  sections,  enclosing  three  sides  of  a  court 
wherein  Is  located  a  25x50-foot  covered  reser- 
voir, having  a  capacity  of  125,000  gallons,  and 
a  store-house  for  the  automobile  delivery 
wagons.     The  designation  of  the  several  sec- 
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Basement  Plan  of  the  Sackett  &  Wilhelm's  Printing  Plant. 


ble,  and  the  painting  of  the  walls,  posts  and 
ceilings  with  white  magnite  fireproof  paint. 
Artificial  illumination  is  never  required  for 
more  than  a  small  part  of  the  day.  For  this 
purpose  there  are  some  900  incandescent  lamps 
and  150  arc  lights. 

Sections  B  and  G  in  the  basement  contain  all 
of  the  mechanical  plant.  Section  C  is  used  for 
the  storage  of  lithographic  stones  and  plates, 
and  a  label  stock  room,  D  as  a  store  room  for 
"Judge"  and  a  carpenter  shop  where  crates  and 
boxes  for  shipping  purposes  are  made,  E  for 
embossing,  dusting  and  dampening  machines, 
and  hydraulic  presses  for  straightening  damp- 
ened paper,  all  of  which  are  used  for  commer- 
cial stationery;  F  for  paper  stock,  and  H  as  a 
paper  seasoning  room  and  a  fireproof  vault  for 
the  storing  of  electrotype  plates  belonging  to 
customers  and  the  company. 

The  first  floor,  with  the  exception  of  section 
B,  which  accommodates  the  shipping  room  and 
office,  constitutes  the  printing  department.  The 
bindery  is  in  section  C,  cutting  room  In  D, 
stitching,  trimming  and  type  pressroom  in  E, 
type  pressroom  in  F,  composing  room  In  G,  and 
drying  and  seasoning  room  in  H. 


nishing  light  and  power,  two  engine-fan  equip- 
ments for  the  ventilation,  and  the  several 
pumps  for  boiler-feed,  heating-system  returns, 
sump-pit  drainage,  house  supply  and  fire  ser- 
vice. The  ultimate  boiler  equipment  will  con- 
sist of  two  double  batteries  comprising  four 
213-horse-power  Babcock  &  Wilcox  wrought-steel 
header  sectional  water-tube  boilers.  At  pres- 
ent three  are  in  place.  Each  has  2,132%  square 
feet  of  heating  surface  and  59%  square  feet  of 
grate  surface;  two  steam  and  water  drums  36 
inches  in  diameter  by  23  feet  3  Inches  long,  and 
14  sections  of  tubes,  each  section  consisting  of 
seven  tubes  4  inches  in  diameter  and  18  feet 
long.  No.. 2  buckwheat  coal  is  burned  satisfac- 
torily on  herring-bone  grates  by  the  provision 
of  an  ample  natural  draft.  The  chimney  is  of 
the  Alphons  Custodis  radial  brick  construction, 
C  feet  in  diameter  on  the  inside  and  150  feet 
high.  At  its  connection  to  the  base  of  the 
stack  the  smoke  breeching  contains  a  Spencer 
damper  regulator. 

Coal  storing  and  handling  are  accomplished 
conveniently  and  with  little  labor.  The  boiler 
room  is  well  below  the  level  of  the  driveway 
and  the  ceiling  is  above,  so  that  the  coal  may 


Feb.  6,  1904. 


THE     ENGINEERING     RECORD 


167 


be  dumped  direct  from  the  carts  through  short 
chutes  onto  the  floor  In  front  of  the  furnaces. 
Bight  of  these  openings  are  provided;  one  in 
front  of  each  boiler,  one  in  front  of  the  space 
for  a  future  additional  boiler  and  four  in  the 
adjoining  coal-storage  room.  The  floor  space 
and  the  height  of  the  opening  allows  for  each 
pile  a  capacity  of  100  tons,  and  by  hand  trim- 
ming it  is  calculated  that  the  storage  room  will 
hold  500  tons.  The  intention  is  to  replenish  the 
piles  in  the  fire  room  frequently  and  to  fall  back 
on  the  coal  in  the  storage  room  only  in  case  the 
outside  supply  should  be  interrupted  by  a 
strike  or  other  cause.  The  ashes  are  removed 
in  cans  and  elevated  to  the  street  on  an  ash 
lift  at  the  front  of  the  boiler  house.  This  is  at 
present  hand-operated,  but  is  to  be  provided 
with  a  3-horse-power  motor.  Near  the  ash  lift 
there  is  an  elevated  room  containing  a  shower 
bath  and  toilet  for  the  men  employed  in  the 
boiler  and  engine  rooms. 

Steam  is  generated  at  a  pressure  of  130 
pounds  and  delivered  from  the  boilers  through 
an  underground  tunnel  to  the  main  building, 
branching  after  entering  it  with  a  4-inch  sup- 
ply to  the  fire  pump,  and  from  this  with  a  2- 
inch  supply  to  the  return  and  boiler-feed 
pumps.  The  fire  pump  is  a  Knowles  duplex 
18xl0xl2-inch  underwriters'  pump,  having  a  ca- 
pacity of  1,000  gallons  per  minute.  It  is  ready 
to  operate  instantly  if  needed  and  is  connected 
to  discharge  into  the  sprinkler  system.  Beyond 
the  tunnel  the  12-inch  main  rises  to  the  ceiling 
of  the  engine  room  where  it  runs  as  shown  on 
the  plan.  The  first  branch  is  a  6-inch  line  to 
the  heating  apparatus,  and  in  the  opposite  di- 
rection a  10-inch  line  is  continued  to  a  lOxlOx 
5x5-inch  cross.  One  of  the  5-inch  outlets  of  this 
connects  to  a  tee  from  which  a  4-inch  line  sup- 
plies a  25-klIowatt  set.  The  other  5-inch  out- 
let of  the  cross  is  stopped  with  a  blank  flange 
leaving  a  supply  available  for  an  additional 
100-kilowatt  set  at  some  future  time.  The  10- 
inch  side  connects  with  a  cross,  from  which  are 
supplied  two  100-kilowatt  engine-sets,  with  the 
third  opening  stopped  off  for  another  extra  en- 
gine. 

The  pipes  are  taken  from  the  top  side  of 
the  main  to  obtain  steam  as  dry  as  possible, 
and  in  addition  each  engine  main  contains  a 
Cochrane  steam  separator.  All  of  the  steam 
mains  in  the  engine  room  are  supported  on 
stanchions  of  2y>-inch  pipe  instead  of  being  sus- 
pended from  the  ceiling,  to  avoid  causing  vibra- 
tion in  the  oflSce  on  the  floor  above. 

The  engine-generator  sets  consist  of  Ball  & 
Wood  engines  direct-connected  to  General  Elec- 
tric generators.  The  two  of  100-kilowatt  size 
are  driven  by  160-horse-power  horizontal  tan- 
dem-compound engines  with  cylinders  12  and 
18  by  14  inches,  and  run  at  250  revolutions  per 
minute;  the"  75-kilowatt  set  runs  at  275  revolu- 
tions, driven  by  a  112-horse-power,  10  and  17 
by  12-inch  horizontal  compound  engine;  and 
the  25-kilowatt  set  is  driven  at  300  revolutions 
per  minute  by  a  horizontal  simple  40-horse- 
power  SxlO-inch  engine. 

The  6-inch  pipe  to  the  heating  apparatus,  pre- 
viously mentioned,  supplies  two  engines  tor  the 
ventilating  system  and  one  for  the  refrigerating 
system,  and  it  also  furnishes  live  steam  to  the 
heating  system  at  a  reduced  pressure  when- 
ever the  available  exhaust  steam  is  insufficient. 
The  engine-fan  sets  were  built  by  the  Buffalo 
Forge  Company.  One  is  located  in  Section  B 
and  serves  the  four-story  part  of  the  building. 
It  consists  of  a  134-inch  blower  direct-connect- 
ed to  an  llxl2-inch  horizontal  side-crank  en- 
gine and  operates  at  a  maximum  speed  of  145 
revolutions  per  minute.  The  other  set  serves 
the  two-story  part  of  the  building;  it  is  located 
in  the  basement  of  G  and  consists  of  an  8x10- 
Inch  engine  direct-connected  to  a  113-inch  fan 


running  at  a  maximum  speed  of  175  revolu- 
tions per  minute. 

The  refrigerating  outfit  which  is  also  located 
in  the  basement  G,  is  employed  for  cooling  the 
air  supply  in  the  summer  and  making  Ice  for 
use  about  the  building.  On  the  lithographic 
presses  it  Is  necessary  to  keep  ice  in  the  water 
with  which  the  stone  or  aluminum  plate  Is 
moistened  between  each  impression,  otherwise 
the  grease  in  the  ink  will  have  a  tendency  to 
spread  it  over  portions  of  the  plate  which  are 
not  intended  to  print.  At  present  ice  is  also 
used  in  the  drinking  water  tanks  scattered 
about  the  building,  but  the  installation  of  a 
piped  drinking  water  system  is  contemplated 
which  will  have  cooling  coils  connecting  with 
the  refrigerating  system.  The  ammonia  com- 
pressor is  10%x20  inches  in  size  and  is  driven 
by  a  14x26-inch  engine.  The  system  has  a  ca- 
pacity of  30  tons  of  refrigeration  per  twenty- 
four  hours  and  was  installed  by  the  De  La 
V^rgne   Refrigerating  Machine  Company. 

The  exhaust  steam  from  all  of  the  engines 
and  pumps  in  section  B  is  collected  into  a  12- 
inch  main,  which  contains  a  Baldwin  oil  ex- 
tractor provided  with  a  by-pass.  Beyond  the 
extractor  the  live  steam  connection  through  a 
by-passed  reducing  valve  is  made.  The  con- 
tents of  the  main  is  then  distributed  to  the  va- 
rious radiating  surfaces  of  the  heating  system. 
When  the  exhaust  steam  is  in  excess  of  that 
needed  for  this  purpose  It  is  allowed  to  escape 
through  a  back-pressure  valve  and  passes  first 
through  a  1,000-horse-power  Berryman  feed- 
water  heater,  or  direct  to  the  exhaust  riser  to 
the  atmosphere.  The  exhaust  steam  from  the 
two  engines  in  section  G  driving  the  fan  and 
the  ammonia  compressor  is  similarly  passed 
into  the  heating  system  through  a  smaller 
grease  extractor,  or  vented  through  an  exhaust 
head  on  the  roof  of  that  section.  AH  piping 
is  dripped  and  trapped  where  moisture  is  like- 
ly to  accumulate,  and  the  condensation  is 
drained  to  a  sump  well. 

The  returns  from  the  heating  system  are  col- 
lected in  a  main  which  terminates  in  a  tank  3 
feet  in  diameter  by  6  feet  long  placed  in  the 
basement  near  the  feed  water  heater.  Two  7^/l>x 
5x6-inch  Worthington  pumps,  cross-connected 
so  that  they  may  be  used  interchangeably,  have 
their  suctions  connected  to  the  return  tank  and 
are  provided  with  a  No.  3  Kieley  pump  gover- 
nor on  their  supplies.  They  are  arranged  to 
deliver  through  the  feed-water  heater  to  a  3-" 
inch  feed  main  leading  to  the  boiler  room 
through  the  tunnel.  If  desired  the  heater  may 
be  by-passed  and  the  boiler  fed  directly  from 
the  pumps.  As  another  alternative  the  boilers 
may  be  fed  with  cold  water  from  the  city  mains 
by  a  Metropolitan  injector.  The  make-up 
boiler-feed  to  replace  that  lost  in  the  wasted 
exhaust  steam  and  when  the  boilers  are  blown 
off,  is  let  into  the  return  tank  from  the  city 
water  supply.  The  blow-off  pipes  from  the 
boilers  and  the  greasy  drips  from  the  traps  are 
drained  into  a  sump  pit  in  the  boiler  room, 
which  is  emptied  to  the  sewer  by  a  Worthing- 
ton pump.  The  water  supply  for  the  building 
is  first  received  from  the  street  into  a  5,000-gal- 
lon  steel  suction  tank  in  the  basement  B  and 
from  this  is  pumped  by  a  Worthington  pump 
through  the  plumbing  system  to  all  parts  of  the 
building. 

(To    be    continued.) 


A     Plea    for    a    Committee    on     Steel- 
Concrete. 

By  Ross  Francis  Tucker,  M.  Am.  Soc.  C.  K. 


An  Anthracite  Coai.  Strainer  for  sewage, 
having  1  foot  of  buckwheat  size  coal  over  gravel 
underdrains,  operated  experimentally  by  the 
Massachusetts  State  Board  of  Health  at  a  rate 
of  1,400,000  gallons  per  acre  daily  for  about  six 
months,  removed  44  per  cent,  of  the  total  or- 
ganic matter  and  64  per  cent,  of  the  suspended 
matter. 


The  proposition  of  the  American  Society  of 
Civil  Engineers  to  appoint  a  committee  on 
"Concrete  and  Steel-Concrete"  is  most  timely, 
and  it  is  eminently  desirable  that  such  a  com- 
mittee be  selected  to  go  thoroughly  into  the 
subject  and  establish  some  general  rules  for  the 
guidance  of  the  engineer  in  his  design  and  in 
the  conduct  of  his  work  in  the  field.  The  re- 
peated failures  of  reinforced  concrete  struc- 
tures during  the  past  year,  numbering  about  fif- 
teen reported  cases,  some  of  them  entailing 
loss  of  life  and  very  serious  consequences,  in- 
dicate a  grave  condition  of  affairs  in  this  class 
of  construction  and  the  engineer  who  may  con- 
template its  adoption  may  well  pause  and  con- 
sider. Broadly  speaking,  the  cause  of  these  fail- 
ures is  quickly  found.  Incompetency  and  in- 
experience lie  at  the  root  of  the  trouble. 

A  dozen  years  ago,  the  subject  of  reinforced 
concrete  was  practically  unknown  save  to  one 
or  two  specialists  in  widely  separated  parts  of 
the  world.  Monier  in  Prance  and  Ransome  in 
California  had  progressed  far  into '  this  un- 
known field  and  were  the  chief  exponents  of 
the  art  of  reinforcing  concrete,  works  of  great 
magnitude  and  importance  having  been  de- 
signed and  constructed  under  their  respective 
systems.  Since  then  the  intervening  years 
have  been  given  to  promulgating  and  demon- 
strating the  value  of  the  reinforced  structure 
for  the  solution  of  many  problems,  and  the 
writer,  having  also  been  a  pioneer  in  this  work, 
can  testify  to  the  very  proper  conservatism  of 
the  American  engineer  in  his  attitude  toward 
an  idea  which  lacks  authority  or  which  is  theo- 
retical as  far  as  his  personal  observation  or  ex- 
perience is  concerned. 

A  few  years  since,  however,  there  befell  a 
great  scarcity  in  the  supply  of  steel  for  struc- 
tural purposes,  and,  as  by  common  impulse,  en- 
gineers and  architects  sought  other  solutions 
for  problems  in  hand,  and  at  once  the  subject 
of  reinforced  concrete  took  on  a  new  and  great 
importance.  Thereupon  was  created  a  demand 
which  there  was  a  corresponding  rush  to  sup- 
ply. There  came  forth  rods  and  bars,  sheared 
metal  and  wire  mesh,  in  great  variety,  each 
with  its  mass  of  formulae,  tables  of  sizes,  rec- 
ords of  tests,  references  and  authorities,  until 
one  was  bewildered  with  data  crowded  upon 
him.  Firm  after  firm  sprang  up,  basing  its  ex- 
istence on  some  bar  or  mesh,  in  many  cases  de- 
pending upon  a  young  engineer  whose  experi- 
ence has  been  measured  by  his  college  course 
for  the  "engineering  work"  and  without  techni- 
cal qualification  or  adequate  experience,  has 
plunged  in  where  angels  might  fear  to  tread. 
There  is  no  more  justification  for  a  firm  of  this 
character  being  allowed  to  undertake  the  con- 
struction of  such  highly  technical  and  respon- 
sible work  than  there  is  to  permit  a  dentist  to 
perform  an  intricate  and  dangerous  operation 
in  surgery.  Yet  they  are  upon  every  hand  and 
their  eagerness  to  solve  the  problem  of  the  long 
span  seems  to  be  in  Inverse  ratio  to  their  abil- 
ity and  the  value  of  the  material  they  offer  for 
reinforcement. 

This  matter  of  building  long  slabs  with  re- 
inforced concrete  and  placing  upon  it  burdens 
that  one  would  hesitate  to  call  upon  steel  to 
bear,  indicates  what  a  reckless  disregard  for 
fundamental  principles  exists  in  the  minds  of 
many  exploiters  of  reinforcing  fabrics,  partic- 
ularly of  wire  mesh.  The  tensile  reinforcement 
is  ridiculously  out  of  proportion  to  the  compres- 
sive area,  and  as  for  shearing  resistance,  that 
is  omitted  entirely.  The  bearings  are  in  most 
cases  entirely  insufficient,  and  little  care  is 
given  to  either  the  selection  of  the  materials  or 
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U>cir  putting  in  place.  One  sees  cinder  con- 
crete mixed  helter-skelter,  "in  any  old  way," 
then  thrown  on  to  the  centers  and  tamped  with 
a  shovel,  and  the  embedded. metal  tied  together 
with  single  t»Us  of  No.  16  tie  wire.  There  is 
nothing  correctly  done  in  the  whole  process 
and  yet  it  "passes."  It  is  really  marvelous  that 
so  much  of  this  work  does  stay  in  place. 

The  making  of  concrete  may  be  thought  to 
be  a  simple  matter,  but  that  does  not  warrant 
the  unskilled  in  assuming  that  he  may  safely 
and  properly  build  a  concrete  beam.  As  a  mat- 
ter of  fact,  however,  the  making  of  concrete  is 
not  a  simple  matter  at  all,  but  a  very  complex 
and  subtle  matter  of  which  years  of  experi- 
ence will  hardly  give  mastery.  To  some  this 
may  appear  amusing,  but  a  knowledge  of  the 
qualities  of  this  material  would  soon  justify  the 
statement 

After  thoroughly  good  designs  are  evolved  for 
a  structure  failures  may  occur  from  many 
causes.  When  the  weather  is  very  hot,  concrete 
requires  shade  and  water.  When  it  is  cold,  it 
needs  shelter  and  warmth.  It  should  not  be  dis- 
turbed during  its  initial  set  It  should  have 
sufficient  air.  It  can  be  frozen  or  stifled  or 
drowned.  These  are  but  the  elements  of  suc- 
cessful "handling"  and  are  the  mere  incidentals 
of  the  problem,  yet  how  many  "steel-concrete  ex- 
perts" understand  and  provide  for  them. 

It  is  a  fairly  just  commentary  on  the  lack  of 
material  progress  in  the  design  of  reinforced 
structures  to  observe  that  during  the  past 
decade,  while  some  details  have  been  developed 
and  perfected,  there  has  been  no  general  advance 
beyond  the  limits  marked  by  Ransome  in  his 
constructions  on  the  Pacific  coast.  There  have 
sprung  up  many  rivals  to  the  twisted  bar,  but 
the  material  gain  in  practical  design  over  that 
demonstrated  in  the  work  done  in  the  'SOs  is 
very  small  indeed.  We  have  data  and  theory 
enough  at  hand.  What  we  need  is  skilful  and 
responsible  application  of  the  data  in  the  actual 
construction.  It  is  shameful  that  a  concrete 
beun  should  fail,  whatever  may  be  the  type 
of  bar  used  in  its  construction.  It  is  shame- 
ful that  such  an  excellent  material  as  expanded 
metal  should  be  subjected  to  the  disgrace  of  a 
collapse,  because  of  the  endeavor  of  some 
"agent"  to  outspan  his  competitor. 

And  yet  the  busy  engineer  is  to  a  large  ex- 
tent at  the  mercy  of  these  irresponsible  people. 
He  has  neither  time  nor  opportunity  to  study 
their  comparative  merits  from  actual  experi- 
ment. He  must  rely  upon  data  presented,  In 
regard  to  design,  testa  and  work  already  accom- 
plished. But  there  is  one  thing  he  can  do,  and 
that  is  insist  that  skilled  and  experienced  firms 
shall  do  his  work.  He  would  not  use  an  un- 
known or  untried  cement  if  he  were  wise.  No 
more  will  he  wisely  employ  those  of  uncertain 
knowledge  or  skill. 

We  need,  however,  the  data  and  regulations 
that  a  competent  and  impartial  committee 
might  promulgate  for  the  guidance  of  engineers 
in  the  essentials  of  the  design  and  executi()n  of 
steel-concrete  structures.  The  province  of  the 
bar  and  the  province  of  the  mesh  should  be 
studied  and  defined,  for  each  has  its  limits  as 
well  a^^nAT-Wheeler  mmonv  of  every  design. 
Sorse-powBr  in  capacity  are  used,  tnbicing  of 
gate  rating  being  about  330  borse-power. 

Building. — The  building  occupies  a  trape- 
zoidal area  of  about  55,070  square  feet,  with  a 
frontage  of  261  feet  on  Grand  Street  330  feet 
on  Morgan  Avenue,  and  232  feet  on  Metropoli- 
tan Avenue.  It  is  of  slow-burning,  mill-type 
construction,  and  is  divided  by  flre  walls  into 
eight  sections,  enclosing  three  sides  of  a  court 
wherein  is  located  a  25x50-foot  covered  reser- 
voir, having  a  capacity  of  125,000  gallons,  and 
a  store-bouse  (or  the  automobile  delivery 
wagons.     The  designation  of  the  several   sec- 


A  Low-Head  Mill  Power  at  Juliette,  Ga- 

A  water  power  of  14  feet  head  has  recently 
been  improved  at  Juliette,  Ga.,  on  the  Ocmulgee 
River,  for  the  direct  driving  of  a  corn  mill.  A 
timber  dam  extends  across  the  river  at  the 
head  of  a  shoal,  a  short  canal  runs  from  one 
end  of  the  dam,  and  at  the  end  of  the  canal  ver- 
tical water  turbines  are  submerged  in  a  flume 
continuous  with  the  canal  and  supported  di- 
rectly over  the  tail-race  into  which  the  turbines 
discharge.  By  means  of  bevel  gears  the  wheels 
drive  horizontal  shafts  extending  inio  the  mill 
building,  which  stands  on  the  bank  of  the  river 
opposite  the  flume.  The  mill  building,  which 
has  a  capacity  of  5,000  bushels  of  corn  meal  per 
day  of  24  hours,  is  largely  a  timber  structure 
of  unusually  heavy  members. 

The  new  mill  is  located  at  Juliette,  Ga.,  on 
a  site  that  has  been  used  for  mill  purposes  since 
1845.  The  river  at  this  point  is  divided  Into 
two  channels  by  an  island  and  at  the  head  of 
the  island  a  timber  dam  or  bulkhead  has  long 
been  in  use  to  Impound  the  waters  above  that 
point.  This  bulkhead,  on  account  of  the  width 
of  the  river  at  this  point,  is  quite  long,  but  is 


of  the  wall  a  timber  dam  has  been  run  across 
the  inner  or  nearer  channel  of  the  river.  This 
consists  of  heavy  timber  cribwork  carrying 
8xl2-inch  tlm'bers  inclined  40  degrees  with  the 
horizontal, and  giving  the  stream  an  upward  in- 
clination leading  to  the  crest.  This  is  about  8 
feet  above  the  stream  bed.  The  canal  has  a 
slope  so  that  the  head  water  is  normally  9  feet 
deep  at  the  flumes.  There  are  two  of  these 
wheel  chambers,  each  guarded  by  racks  and  a 
pair  of  timber  gates.  They  are  termed  with 
heavy  masonry  side  walls,  one  being  the  outside 
canal  wall  raised  a  few  feet  above  the  highest 
head-water  level,  another  the  wall  at  the  bank 
carrying  the  outer  end  of  the  mill,  and  the  third, 
the  partition  wall  between  the  chambers.  This 
is  4  feet  thick  and  is  carried  to  the  same 
height  as  the  others,  and  is  provided  with  an 
opening  which  may  be  uncovered  for  the  sake  of 
stability,  whenever  there  is  danger  of  collapsing, 
the  wall,  owing  to  any  difference  of  pressure  on 
the  two  sides.  The  back  wall  of  the  flumes  is 
of  timber,  of  which  the  main  members  are  12x6- 
inch  beams  supported  vertically  on  30-inch  cen- 
ters and  braced  by  horizontal  beams  and  by  tie 
rods  carried  into  the  masonry.  The  flooring 
of  the  wheel  chambers,  which,  as  explained, 
span  the  tailrace,  is  carried  on  12-inch  I-beams, 
supported  between  ends  by  8-inch  cast-iron  col- 
umns, and  consists  of  12xl2-inch  timbers  spaced 
30  inches  apart  and  carrying  the  floor  proper, 
which  is  of  4-inch  planks.  The  thrust  on  the 
end  wall  is  further  provided  for  by  heavy  tie 
rods  which  are  attached  at  one  end  to  the  floor- 
ing of  the  flumes  and  are  anchored  at  the  other 
in  the  masonry  under  the  canal.  The  canal  bot- 
tom Is  3  feet  above  the  wheel  chamber  floor  and 
is  formed  of  concrete  at  that  point,  with  a  tim- 
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Plan  of  the  Com  Mill  and  Elevator  at  Juliette,  Georgia. 


not  high.     According   to   a   publication    made 
some   time   ago    by    the    State    Geologist    of 
Georgia,  the  Ocmulgee  River  at  this  point  has 
a  shoal  some  4,000  feet  long,  which  gives  a  total 
fall  of  16  feet.    The  river  has  a  low-water  flow 
at  Juliette  of  probably  400  cubic  feet  per  sec- 
ond, so  that  the  power  available  there  is  325 
horse-power,  which  is  only  one-fifteenth  of  the 
power   accorded    by    early    authorities.      The 
freshet  waters  probably  amount  to  some  seventy 
times  the  stated  minimum  volume.    The  desir- 
ability of  enlarging  the  old  plant,  as  well  as 
of  securing  the  advantage  of  a  better  develop- 
ment and  the  economy  of  modern  machinery, 
led  to  the  abandonment  of  the  old  mill,  which 
was  kept  running  so  far  as  possible  during  the 
onstruction  work.    The  mill  is  the  property  of 
he   Juliette   Milling   Company,   of    which    Dr. 
(.  P.  Glover  is  the  general  mill  manager  and 
tlf  owner.    Water  power  is  utilized  on  the  op- 
cuite  bank  of  the  river,  largely  for  a  cotton 
1  which  is  the  property  of  the  Glover  Manu- 
B,  wing  Company. 

offlci-  new  water-power  Installation  is  designed 
bindruaximum  head  of  14  feet  The  canal  has 
BtitcLut  off  from  the  river  by  erecting  a  heavy 
tjTje  ry  wall  between  what  Is  now  the  canal 
dryinp  river  channel,  and  from  the  upper  end 


ber  flooring  at  the  extreme  end  to  protect  the 
concrete  against  wear. 

The  water-wheel  installation  consists  of  two 
62-lnch  Samson  turbines  and  one  35-lnch  Sam- 
son turbine,  all  built  by  James  Letfel  &  Com- 
pany, of  Springfield,  O.  They  are  set  on  the 
floor,  with  short  draft  tubes  extending  through 
holes  In  it,  the  normal  level  of  the  tail-water  be- 
ing immediately  below  that  elevation.  They  are 
of  a  vertical  type,  and  the  shafts  carry  large 
bevel  gears  which  are  meshed  into  gearing  on 
horizontal  shafts.  They  are  all  controlled  by 
hand  and  the  rods  for  controlling  the  gates  are 
similarly  meshed  into  light  horizontal  shafts 
which  allow  for  placing  the  controller  wheel 
within  the  mill  building.  The  highest  head- 
water rises  to  a  level  of  about  14  feet  above  the 
wheel  chamber  floors  and  the  height  of  the  tail- 
water  is  slightly  above  the  center  of  the  wheels. 
Each  of  the  larger  turbines  is  designed  to  run 
at  about  78  revolutions  per  minute,  and  to  de- 
velop under  the  14  feet  of  head,  407  horse-power. 
The  35-iDch  wheel  is  rated  to  develop  129  horse- 
power at  a  speed  of  13G  revolutions  per  minute. 
The  shafting  and  gearing  are  carried  by  the  us- 
ual form  of  yokes,  which  are  fixed  to  heavy 
timbers,  as  indicated  in  the  accompanying  draw- 
ing.    During  a  recent  flood,  when  the  tail-water 
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rose  so  there  was  but  5  feet  of  head,  the  wheels 
proved  capable  of  driving  all  of  the  machinery, 
though  located  below  tail-water  level. 

The  mill  building  comprises  two  adjoining 
structures,  forming  a  letter  L,  in  communica- 
tion with  each  other.  One  of  these  is  the  grind- 
ing department,  containing  two  runs  of  eight 
buhr  stones  each,  and  the  other  is  the  corn 
storage  building  or  elevator,  containining  eight 
bins  of  a  total  capacity  of  26,880  bushels.     The 


siding  on  which  the  grain  is  dumped  from  cars 
into  a  screw-conveyor.  This  is  partly  right- 
hand  and  partly  left-hand,  and  delivers  the 
corn  in  a  chute  to  a  corn  sink.  From  this  it  is 
elevated  a  short  distance  and  delivered  into  a 
weighing  hopper  of  1,000  bushels  capacity.  From 
this  it  is  again  elevated  and  discharged  through 
a  revolving  screen  for  removing  large  foreign 
matter,  such  as  cobs,  stones,  etc.,  and  is  ele- 
vated to  a  longitudinal  conveyor  above  the  stor- 
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Plan  and  Elevation  of  Water- Wheel  Plant  at  Juliette. 


buildings  have  masonry  foundations,  the  first 
story  has  brick  walls  and  the  structure  above  Is 
housed  in  clapboards.  The  structural  work  con- 
sists entirely  of  heavy  timbers,  formed  into 
trusses  to  carry  the  roof  and  floors.  To  explain 
the  character  and  amount  of  machinery  in- 
stalled In  the  building,  the  passage  of  the  corn 
through  the  mill  may  be  briefly  followed.  Along- 
side of  the  storage  building  there  is  a  railroad 


age  bins.  These  are  emptied  on  a  longitudinal 
screw-conveyor  underneath  the  bins,  and  the 
corn  then  passes  In  turn  through  an  Invincible 
cleaner  and  an  elevator  leading  to  conveyors 
over  the  stock  bins  in  the  grinding  house.  The 
corn  discharged  from  the  stock  bins  and  ground 
In  the  buhr  stones  is  conveyed  as  meal  In  steel 
conveyors,  from  which  it  is  elevated  and  car- 
ried to  a  conveyor  for  three  meal  bins  over  the 


packers,  passing  en  route  through  a  Eureka 
magnetic  separator.  The  ceiling  of  the  first 
story  of  the  grinding  room  carries  a  number  ot 
I-beams,  one  over  each  buhr  stone  and  leading 
in  groups  to  turntables,  the  I-beams  forming  a 
system  of  supports  for  a  trolley  hoist  by  which 
any  buhr  stone  may  be  removed  for  resurfacing. 

Each  of  the  62-inch  turbines  is  connected  to 
one  of  the  rows  of  buhr  stones  and  also  drives 
the  corresponding  meal  conveyor,  which  i":  a 
9-lnch  screw  48  feet  long  and  turned  at  158  rev- 
olutions per  minute.  Two  of  the  buhr  stones 
in  each  row  are  54  inches  in  diameter  and  the 
others  48,  but  they  are  all  geared  to  run  at  the 
same  peripheral  speed,  which  is  z,225  feet  per 
minute.  All  the  other  machinery  is  driven  by 
the  35-inch  turbine  from  the  so-called  speed 
shaft  and  comprises  the  following:  Four  buck- 
et corn  elevators,  three  of  1,000  bushels  capacity 
per  hour  and  one  of  530  bushels  capacity;  one 
meal  elevator;  three  steel-screw  corn  conveyors, 
12  Inches  in  diameter,  one  53  feet  long,  running 
at  182  revolutions  per  minute,  one  58  feet  long, 
running  at  180  revolutions  per  minute,  and  the 
third,  50  feet  long,  running  at  176  revolutions; 
two  9-inch  screw  meal  conveyors,  running  at 
123  revolutions,  one  12  feet  long  and  the  other 
35  feet;  the  rolling  screen;  the  cleaner,  the 
magnetic  separator,  and  three  meal  packers. 

The  general  features  of  the  water-power  de- 
velopment were  designed  by  James  Leftel  & 
Company,  and  those  of  the  mill  by  the  Rich- 
mond City  Mill  Works,  Richmond,  Ind.  The 
details  of  the  work,  particularly  the  building, 
were  designed  by  Dr.  Glover,  and  the  whole  was 
constructed  under  his  immediate  direction. 


Two  Transporter  Bridges  in  France. 

A  large  and  high  bridge  with  a  suspended 
movable  platform  has  recently  been  completed 
to  carry  highway  traffic  across  the  Loire  at  the 
harbor  of  Nantes,  France.  The  principle  of  the 
bridge  is  similar  to  that  of  a  few  other  well- 
known  European  bridges,  and  has  been  pro- 
posed for  some  Aiherican  structures.  The  di- 
mensions are  unusually  large  and  the  design 
has  some  special  features  of  arrangement  and 
detail  which  were  illustrated  in  "Le  Gfinle 
Civil,"  Paris,  November  28.  Transporter 
bridges  previously  constructed  have  been  built 
with  a  suspension  bridge  span  of  the  ordinary 
type  having  the  cables  anchored  at  a  consider- 
able distance  from  the  towers  and  having  con- 
tinuous stiffening  trusses  between  the  towers. 
In  this  case  it  was  impracticable  to  extend  the 
anchorages  more  than  about  80  feet  beyond  the 
towers,  and,  in  order  to  provide  for  the  mini- 
mum obstruction,  a  modification  of  the  ordinary 
overhead  span  was  designed.  The  structure 
has  two  steel  towers  248  feet  high  on  masonry 
piers  462  feet  apart  on  centers.  Each  tower 
supports,  at  a  height  of  164  feet  above  the  water, 
an  unequal-armed  double  cantilever  trussed 
platform  having  an  anchor  arm  of  82  feet  and  a 
channel  arm  of  174%  feet.  These  trusses  have 
not  sufficient  strength  to  act  as  independent 
cantilevers,  but  are  additionally  supported  by 
back  stays  from  the  tops  of  the  towers  to  points 
about  15  feet  apart  on  the  lower  chords.  The 
shore  ends  of  the  short  arms  are  anchored  by 
vertical  ropes  to  masses  of  masonry  sufficient 
to  provide  reaction  for  all  the  live  and  dead 
load  of  the  bridge.  This  arrangement  makes 
each  tower  and  cantilever  resemble  the  type  of 
derrick  with  counter-guyed  horizontal  boom 
which  is  often  used  for  heavy  work  in  large 
dry-docks.  The  river  ends  ot  the  long  arms  of 
the  cantilevers  support  and  are  connected  by  an 
ordinary  trussed  span  113%  feet  long. 

A  horizontal  platform  Is  thus  provided  164 
feet  high  in  the  clear  above  water  level  and  626 
feet  long  from  anchorage  to  anchorage,  which 
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gives  clearance  (or  shipping  and  supports  the 
Buspenaed  car  which  travels  back  and  (orth 
across  the  river  to  carry  passengers  and  vehi- 
cles. The  stiffening  trusses  are  about  26  feet 
apart  on  centers,  have  a  lateral  system  of  X- 
bracing  and  carry  sidewalks  for  the  bridge  ser- 
vice. In  order  to  distribute  the  load  of  the 
8uq>«nded  platform  on  the  shallow^  stiffening 
trusses,  the  trolley  has  a  wheel  baa^  105  feet 
long  and  from  it  the  33x39-(oot  platform  is  sus- 
pended by  vertical  ropes  and  by  ropes  inclined 
in  both  longitudinal  directions.  The  car  has 
a  landing  at  one  end  of  the  bridge  inside  the 
tower  and  at  the  other  end  on  a  pile  platform 
Just  beyond  it  Each  tower  is  made  with  two 
transverse  t>ents  battered  longitudinally  and 
braced  together  by  horizontal  and  diagonal 
riveted  members.  Each  bent  is  made  of  two 
columns  75V.>  feet  apart  at  the  base  and  26\i 
feet  apart  at  the  top.  They  are  connected  to- 
gether by  horizontal  and  diagonal  bracep  and 
by  a  deep  portal  strut  at  the  top.  Each  column 
is  tapered  from  the  middle  to  both  ends  and  is 
built  up  of  smaller  stiff  members  riveted  to- 
gether. The  bases  are  pivoted  to  the  pedestals. 
The  car  with  its  load  weighs  about  308,000 
pounds. 

The  towers  were  erected  by  a  light  movable 
derrick  having  a  braced  mast  or  tower  with  a 
double-arm  trussed  boom  pivoted  to  the  top. 
The  arms  of  the  boom  are  unequal,  the  shorter 
one  being  adjustably  anchored  to  the  mast  and 
the  longer  one  carrying  the  hoisting  tackle.  By 
operating  the  anchorage  tackles  the  boom  could 
be  raised  or  lowered.  This  derrick  was  carried 
up  with  the  steel  work,  and  after  erecting  half 
of  the  tower  up  to  the  first  cross  strut,  was 
moved  transversely  on  falsework  and  erected 
the  other  half  and  then  another  story  of  that 
side  of  the  tower;  then  it  was  moved  back 
again  and  erected  two  sloriee  of  tlie  other  side, 
and  so  on  until  the  tower  was  completed,  after 
which  the  cantilever  arms  were  erected  by  over- 
banging  shear  legs  on  a  traveling  platform.  The 
center  span  weighing  99,000  pounds,  was  com- 
pletely assembled  on  shore,  floated  underneath 
the  cantilever  arms  and  lifted  into  position  by 
tackles  suspended  from  the  shear  legs.  Before 
the  center  span  was  lifted,  each  of  the  tackles 
was  tested  by  lifting  a  boat-load  of  sand  weigh-  , 
ing  over  57,000  pounds.  The  span  was  lifted 
at  a  speed  of  only  about  40  feet  an  hour. 

Another  bridge  of  the  same  class  but  of  much 
greater  dimensions,  and  an  entirely  different 
type,  has  been  designed  to  cross  the  Gironde,  at- 
Bordeaux,  and  was  illustrated  in  "Le  G^nie 
Civil,"  June  20,  1903.  In  this  case  the  clear 
span  between  piers  is  1,312  feet  and  the  clear 
height  of  the  trolley  platform  above  the  water 
Is  151  feet.  The  platform  is  supported  by  a 
peculiar  arch  with  hinges  at  the  crown  and  at 
the  haunches.  The  trusses  between  the  crowu 
and  the  haunches  have  lune-shaped  outlines  with 
vertical  and  diagonal  memliers.  From  the 
haunches  to  the  skewbacks  the  outlines  of  the 
trusses  are  nearly  triangular  and  support  the 
trolley  platform  on  vertical  spandrel  i>osts  con- 
nected to  their  top  chords.  Between  the 
haunches  the  platform  is  suspended  by  vertical 
members  from  the  bottom  chords  of  the  arch 
trusses.  The  total  rise  of  the  arch  is  328  feet 
and  its  total  height  above  water  level  is  33314 
feet.  The  trolley  platform  terminates  at  two 
33x1 12-foot  towers  164  feet  high  and  1,392  feet 
apart  oq  centers.  The  platform  has  no  stiffen- 
ing trusses  and  its  longitudinal  girders  are 
spaced  79  feet  apart  and  braced  transversely 
with  lateral  struts  and  X-bracing.  There  are 
two  parallel  33-foot-gauge  tracks  on  each  of 
which  there  is  a  trolley  with  a  wheel  base  about 
150  feet  long  supported  by  sixteen  pairs  of 
wheel^.  From  each  pair  of  wheels  there  is  an 
Inclined  suspension  rod  to  the  platform  which, 


with  the  trolley  and  load,  weighs  about  100 
tons.  There  will  be  elevators  installed  in  each 
tower  to  give  access  to  the  promenade  on  the 
trolley  platform  which  will  be  floored  over 
above  the  tracks.  A  foot-walk  will  also  follow 
the  lower  chord  of  the  arch  truss  so  that  vis- 
itors may  reach  the  ground.  It  is  estimated 
that  the  suspended  platform  will  travel  from 
end  to  end  of  the  structure  in  two  minutes  and 
with'  require  a  150-horse-power  motor. 


Strain    Sheet    and    Specifications    for    a 

Four-Truss  Double-Deck  Railroad 

Bridge. 

The  five-span,  double-deck,  four-track  (de- 
signed for  five  tracks)  bridge  which  carries  the 
Pittsburg,  Fort  Wayne  &  Chicago  Railway 
across  the  Allegheny  River,  at  Pittsburg,  is  a 
very  heavy  and  important  structure  present- 
ing special  features  which  have  been  illustrated 
in  The  Engineering  Record  of  October  11  and 
18,  1902.  In  order  to  accommodate  upper  and 
lower  tracks  the  bridge  has  two  decks,  the 
clearance  between  which  is  so  small  that  it 
was  necessary  to  provide  four  trusses  so  as  to 
reduce  the  depth  of  the  floor-beams.  This  ar- 
rangement would  have  permitted  three  tracks 


'■M-Ji.'. 


Sidiwallf   Floorbcams 
Range,  M*j^vi'i# 

.Center    Cross- Section  '«,.**.«.  mcose 

Allegheny  River  Bridge. 

at  each  level,  but  one  track  is  at  present  omit- 
ted and  another  is  replaced  by  a  foot-walk  for 
the  public,  these  two  transverse  panels  being 
occupied  by  riveted  sway  bracing  arranged  to 
come  at  opposite  ends  of  the  diagonal  of  the 
cross-section  of  the  span.  The  trusses  are 
slightly  unsymmetricai  and  the  stresses  and 
cross-sections  of  corresponding  members  differ 
slightly  on  opposite  sides  of  the  center.  The 
sections  and  stresses  for  the  heavy  end  of  the 
center  truss  are  shown  In  the  diagram. 

At  present  the  two  center  trusses  carry  all 
the  load  from  two  of  the  tracks  and  half  the 
load  from  the  other  two  tracks  and  one  side- 
walk, and  the  outside  trusses  are  equally 
stressed  by  the  remainder  of  the  live  and  dead 
loads  except  {hat  one  truss  carries  a  compara- 
tively trifling  larger  amount  than  the  other  on 
account  of  the  sidewalk.  They  were  designed, 
however,  so  that  one  of  the  outside  trusses 
should  carry  half  of  the  fifth  track  in  addi- 
tion to  what  the  other  outside  truss  now  car- 
ries. These  differences  and  irregularities  af- 
fected only  the  quantities  on  the  strain  sheets, 
the  computations  for  the  outside  trusses  hav- 
ing been  made  in  the  same  way  as  those  for 
the  center  trusses,  and  their  diagrams  corres- 


ponding to  the  one  which  is  given  for  a  heavy 
truss  except  that  all  the  stresses  are  lighter. 
The  materials  at  the  right  are  for  the  corre- 
sponding symmetrical  members  at  the  left,  and 
both  ends  of  the  diagram  together  give  data  for 
the  heavy  end  only. 

The  soft  steel  floor  is  proportioned  for  a 
track  weight  of  300  pounds  per  linear  foot,  a 
distributed  live  load  of  5.O00  pounds  per  linear 
foot  and  a  concentrated  load  of  50,000  pounds. 
A  concentrated  load  of  75,000  pounds  is  used 
tor  proportioning  floor-beam  and  stringer  con- 
nections. The  medium  steel  trusses  and 
braces  in  the  333-foot  span  are  proportioned 
for  a  distributed  wind  pressure  of  30  pounds 
per  square  foot  for  the  loaded  and  50  pounds 
for  the  unloaded  structure  and  600  pounds  per 
linear  foot  moving  pressure.  The  vertical 
loads  per  linear  foot  were  assumed  for  the  out- 
side trusses  at  2,980  pounds  dead,  3,750  pounds 
live,  and  37,500  pounds  concentrated,  and  the 
center  trusses  at  6,380  pounds  dead,  7,500 
pounds  live  and  75,000  pounds  concentrated, 
where  the  greatest  chord  or  floor-beam  stress 
from  lateral  force  exceeds  one-third  of  the 
stress  from  dead  and  live  loads,  additional  sec- 
tion is  provided  for  such  excess.  All  adjusta- 
ble rods  are  proportioned  for  an  initial  stress 
of  10,000  pounds  in  addition  to  the  computed 
stress,  and  all  lateral  struts  are  proportioned 
for  their  computed  stresses  plus  the  sums  of 
all  the  10,000-pound  initial  stresses  in  the  ad- 
justable members  connected  to  them.  Each  ver- 
tical and  diagonal  member  of  the  trusses  is  pro- 
portioned for  the  computed  stresses  plus  50  per 
cent,  of  the  concentrated  load  or  its  oblique 
component. 

Both  maximum  and  minimum  stresses  are 
computed  and  the  working  unit  stresses  de- 
rived from  them  are  increased  20  per  cent, 
above  the  amounts  given  by  the  following 
formulse:  Tension  per  square  inch  in  plates 
and  shapes,  net  section  =  7,000  [1  +  (minimum 
H- maximum)];  tension  in  rolled  bars  =  7,500 
[1 -j- (minimum -^  maximum)] ;  tension  in  end 
suspenders  and  counters  r=  6,000  [1  +  (mini- 
mum-f- maximum)] ;  tension  in  laterals  and 
sway  bracing  =  9,000  [1  +  (minimum  -h  maxi- 
mum)]. The  general  formula  for  compression 
is:  Unit  stress  =;  [7,000  —  26  (1 -^  r)]  X  [1 -f- 
(mlnimum  -4-  maximum)]  in  which  1  -4-  r  Is  the 
ratio  of  the  length  to  the  least  radius  of  gyration. 
Unit  compression  in  lateral  struts  =  [9,000  — 
33  (1  -=-  r)]  X  [l-f  (minimim  -h  maximum)]. 
Shearing  stress  per  square  inch  in  the  webs  of 
solid  girders  —  4,000  H  +  (minimum  -^  maxi- 
mum)]. For  members  subjected  to  alternate 
tension  and  compression  the  term  1  —  %  (max- 
imum stress  of  lesser  kind  -^  maximum  stress 
of  greater  kind)  is  substituted  in  the  preceding 
formulsR  for  the  term  1  -j-  (minimum  -^  maxi- 
mum). 

The  shearing  stress  per  square  inch  upon 
pins  or  rivets  does  not  exceed  75  per  cent,  of 
the  allowed  tension  or  compression  per  square 
inch  in  the  members  they  connect,  nor  is  the 
bearing  pressure  on  the  diametrical  section 
more  than  twice  the  allowed  shearing  stress. 
For  hand  driven  or  field  rivets  these  stresses 
are  reduced  20  per  cent.  Shear  in  stringer  and 
floor-beam  connection  angles  does  not  exceed 
4,000  pounds  per  square  inch.  The  bending 
stress  on  outer  fibers  of  pins  does  not  exceed 
15,000  [1  -f  (minimum  -^  maximum)]  pounds 
per  square  inch.  The  bearing  pressure  per  linear 
Inch  upon  steel  friction  rollers  does  not  ex- 
ceed 400  times  the  diameter  of  the  roller  in 
inches.  The  bearing  pressure  upon  masonry 
does   not  exceed  250  pounds  per  square  inch. 

Rivet  spacing  in  solid-web  girders  is  deter- 
mined by  the  shear  at  the  point  under  consid- 
eration, having  regard  to  the  kind  of  shear. 
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thus  shearing,  one  kind,  pounds  per  square 
inch,  5,000  [1  -j-  (minimum  -h  maximum)]; 
shearing,  opposite  kinds,  pounds  per  square 
inch,  5,000  [1  —  Va  (maximum  shear,  lesser 
kind  -^  maximum  shear,  greater  kind)]. 

Flange  areas  are  built  up  as  much  as  possi- 
ble with  angles.  When  flange  reinforcement 
plates  are  used,  those  next  to  the  angles  are 
made  full  length  of  the  girder.  The  minimum 
thickness  of  metal  is  %  inch.  The  minimum 
weight  of  angles  is  6  pounds  per  linear  foot. 
The  minimum  size  of  lateral,  sway  and  counter 
diagonals  is  IV4  inches  square.  No  round  rods 
are  allowed.  The  camber  is  one-thousandth  of 
the  span.  Provision  is  made  for  an  expansion 
of  1  inch  in  70  feet.  The  other  requirements 
conform  in  general  to  standard  practice  for 
first  class  railroad  bridge  work. 

The  specifications  have  a  number  of  special 
provisions  among  which  some  are  here  given 
which  were  not  applicable  to  this  structure,  as 
well  as  some  which  are  evident  from  the  pre- 
viously published  details  of  these  spans.  Plate 
girder  bridges  are  generally  used  for  spans  up 
to  80  feet;  open  web  girders  for  spans  from  80 
to  120  feet,  and  single  intersection  pin-con- 
nected Pratt  truss  bridges  for  spans  over  120 
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In  calculating  the  shearing  or  bearing  stresses 
of  plate-girder  rivets  the  whole  shear  acting  on 
the  outside  of  any  section  is  considered  to  be 
transferred  to  the  flange  angles  in  a  distance 
equal  to  the  depth  of  the  girder.  Plate  girder 
flanges  generally  have  14-inch  plates  and  6x6- 
inch  angles. 

Whenever  the  unsupported  distance  between 
flange  angles  exceeds  50  times  the  thickness 
of  the  web  plate,  vertical  angle  stifCeners  are 
placed  on  each  side  of  the  web.  They  are  gen- 
erally symmetrically  arranged  with  spaces 
equal,  in  the  center,  to  the  height  of  the  girder 
and  one-half  as  great  at  the  ends.  Stiffeners 
are  placed  at  all  web  splices  and  over  both 
ends  of  bearing  plates.  The  stiffeners  are  wide 
enough  to  fully  support  the  flange  angles  and 
are  provided  with  fillers  as  thick  as  the  flange 
angles. 

At  the  shore  ends  of  through  girders  the  top 
flanges  are  curved,  on  the  center  line  of  rivets 
through  the  web,  to  a  radius  of  18  inches  for 
spans  up  to  50  feet,  21  inches  up  to  60  feet  and 
24  inches  for  greater  spans.  The  pier  ends  of 
girders  are  finished  square  and  separated  6 
inches  except  on  curves.  In  through  girders 
the  floor-beam  webs  are  riveted  to  the  vertical 
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Strain  Sheet  of  Center  Truss,  Allegheny  River  Bridge. 

Stresses  and  Materials  Both  Apply  to  Left-hand  Half  of  Truss,  Which  Varies  Slightly  from  Other  Half. 


feet.  The  track  gauge  is  4  feet  9  inches.  For 
single-track  bridges  on  tangents,  clearance  is 
required  21 1^  feet  high,  10  feet  wide  at  the 
bottom,  6  feet  wide  at  the  top,  and  14  feet  wide 
for  a  distance  from  4  to  16  feet  above  the  base 
of  rail.  Through  girders  are  spaced  13  feet 
apart  on  centers  when  the  top  chord  or  flange 
is  not  more  than  3  feet  aoove  the  rail  base. 

Bridges  on  curves  have  trusses  set  parallel 
with  the  chord  connecting  the  centers  of  track 
at  the  .ends  of  the  span,  the  center'  line  of  the 
bridge  bisecting  the  versed  sine  at  the  center 
of  the  span.  When  the  bridge  is  on  a  curve 
there  is  added  to  "the  maximum  lateral  forces 
a  moving  lateral  force  equal  to  3  per  cent,  of 
the  live  load  on  all  tracks  (acting  in  the  direc- 
tion of  centrifugal  force),  for  each  degree  of 
curvature.  Stringers  are  braced  laterally  to 
resist  the  same  force.  The.  connections  be- 
tween the  lateral  bracing  and  the  chords  or 
flanges  are  made  of  greater  strength  than  the 
lateral  braces.  No  portions  of  the  webs  of 
beams  or  girders  are  used  In  computing  flan'^o 
areas.  Provision  is  made  for  the  effect  of  the 
weights  of  horizontal  and  Inclined  compressive 
members  in  reducing  their  strength  as  columns. 


web  stiffeners  of  the  main  girders  and  form 
gusset  plates  and  braces  to  the  top  flanges. 
When  the  inclined  edge  of  the  gusset  plate  Is 
longer  than  96  times  its  thickness  it  is  stif- 
fened by  angles.  When  the  floor-beams  are 
near  the  middle  of  the  height  pf  the  girders 
their  gusset  plates  extend  to  both  top  and  bot- 
tom flanges. 

In  the  top  chords  of  pin-connected  bridges, 
the  distance  between  the  centers  of  gravity  of 
the  channels  is  not  less  than  the  depth  of  the 
channel.  Splices  do  not  come  at  pin  points, 
lower  chord  eye-bars  are  not  allowed  to  di- 
verge more  than  %  inch  per  foot. 
Counters,  laterals,  and  sway  diagonals 
are  adjustable.  Turn-buckles  are  made  with 
open  sides  and  loop  eyes  have  a 
minimum  length  of  three  pin  diameters  from 
back  of  pin  to  apex  of  loop.  All  lateral  systems 
have  adjustable  diagonals  intersecting  in  each 
panel.  Struts  are  of  the  full  depth  of  the  un- 
loaded chord  and  diagonals  there  are  in  the 
planes  of  the  pin  centers. 

When  two  stringers  are  used  under  each 
track  they  are  6%  feet  apart  on  centers;  when 
four  are  used  one  pair  is  7  feet  apart  and  the 
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other  pair  is  3  feet  apart.  Cross  frames  are 
used  between  stringers  at  center  of  panel 
whenever  the  length  of  stringers  exceeds 
twelve  times  their  flange  width  or  whenever 
the  alignment  is  on  a  curve.  In  double-track 
bridges  the  upper  angle  of  the  intermediate 
cross  frame  is  continuous  over  the  top  flanges 
of  all  stringers  in  each  panel,  on  curves. 

All  bed  plates  have  sheet  lead  plates  %  Inch 
or  more  in  thickness  interposed  between  them 
and  the  masonry.  On  piers  one  continuous  bed 
plate  receives  the  ends  of  adjacent  spans.  The 
lengths  of  rivet  grips  are  limited  to  five  times 
their  diameters.  All  girder  and  riveted  truss 
spans  must  be  fully  assembled,  fitted  up  and 
reamed  in  the  bridge  shop.  All  riveted  field 
connections  must  be  assembled  and  reamed  in 
the  shop  or  the  rivet  holes  must  be  reamed  to 
an  iron  template.  Rivets  above  %  inch  diam- 
eter must  not  be  hand  driven.  Bridges  erected 
alongside  to  replace  an  existing  structure  must 
be  erected  on  the  down-stream  side.  These 
specifications  were  issued  in  April,  1897,  by  the 
engineering  department  of  the  Pennsylvania 
Lines  West  of  Pittsburg,  Mr.  Thomas  Rodd, 
chief  engineer,  and  Mr.  J.  C.  Bland,  engineer 
of  bridges. 


Saving  a  Sinking  Concrete  Arch  Bridge. 


An  island  landing  for  pleasure  yachts  at 
Mamaroneck,  New  York,  was  connected  with 
the  owner's  residence  on  the  mainland  by  a 
concrete  arch  bridge  about  140  feet  long  which, 
when  nearly  finished,  was  threatened  with  im- 
mediate destruction.  It  was  saved  by  prompt 
action  and  the  building  of  an  unusual  kind  of 
protection  and  reinforcement  for  its  founda- 
tions. A  footwalk  and  driveway  leading  to  the 
dock  were  designed  by  the  landscape  architect 
and  two  abutments  and  four  piers  of  stone  ma- 
sonry were  built  by  the  general  contractor 
across  an  exposed  channel  where  the  tide  of 
about  7  feet  washed  the  sand  back  and  forth, 
leaving  it  usually  a  foot  above  low  water  and 
often  scouring  it  deeply  in  storms. 

The  5xlO-foot  piers  were  about  8  feet  high 
with  concrete  footings  6  inches  thick  extended 
6  inches  beyond  the  masonry  and  seated  on  the 
sand  a  foot  below  low  water.  The  contract  for 
the  superstructure  was  awarded  to  Messrs. 
Tucker  &  Vinton,  of  New~York,  who  accepted, 
without  special  investigation,  the  assurance 
that  the  piers  were  fully  competent  to  sustain 
together  the  600  or  700  tons  weight  of  their 
own  masonry  and  superstructure.  On  the  piers 
and  abutments  five  full  centered  arches  were 
built,  as  shown  in  the  sectional  elevation,  and 
the  large  spaces  over  the  piers  and  haunches 
were  filled  up  to  sub-grade  with  broken  stone. 

During  the  construction  of  the  arches  a  se- 
vere storm  scoured  the  bottom  and  destroyed 
all  of  the  falsework.  It  was  renewed  and  the 
concrete  work  was  completed  and  the  stone  fill- 
ing over  the  piers  and  haunches  had  been  near- 
ly finished  when  vertical  V-shaped  cracks  ap- 
peared above  the  crowns  of  two  of  the  arches. 

One  of  them  opened  about  %  Inch,  and  the 
other  about  %  inch  at  the  top.  A  vertical 
crack  was  also  developed  on  the  center  line  of 
the  pier  between  them  and  on  each  side  of  it 
•the  face  concrete  was  crushed.  Observations 
on  the  water  marks  showed  that  this  pier  had 
settled  about  4  inches  and  the  others  had  set- 
tled from  1  to  2  inches.  The  broken  stone 
which  had  been  placed  on  the  arches  was  im- 
mediately removed  and  piles  3  feet  apart  were 
driven  in  parallel  rows  about  9  feet  each  side 
of  the  bridge  axis.  Waling  pieces  were  bolted 
to  the  insides  of  these  piles  and  against  them 
were  driven  3-inch  tongued  and  grooved  sheet 
piles  15  feet  long,  thus  enclosing,  between  side 


172 


THE    ENGINEERING     RECORD 


Vol.  49,  No.  6. 


walls  and  the  dry  land  on  both  sides  of  the 
channel,  a  portion  of  the  sandy  bottom  which 
sustained  the  piers. 

It  was  not  deemed  safe  to  undermine  the 
piers  so  as  to  underpin  them,  but  slots  were 
cut  on  each  side  of  each  pier  as  low  as  could 
be  reached  at  extreme  low  water  and  in  them 
were  seated  single  12-inch,  32-pound  transverse 
I-beams  which  took  bearing  on  the  round  piles 
and  were  wedged  up  against  the  top  of  the  slot 
in  the  pier  masonry,  thus  affording  some  sup- 
port against  further  settlement.  The  beams 
were  encased  in  solid  masses  of  concrete,  which 
were  extended  around  all  sides  of  the  piers  to 
a  width  and  aepth  of  2  feet  The  tops  of  the 
piles  and  the  w-aling  pieces  were  enclosed  in  a 
mass  of  concrete  about  3  feet  wide  and  2  feet 
high,  except  where  it  also  enclosed  the  ends  of 
the  I-beams  and  was  3  feet  high.  This  concrete 
extended  about  2  feet  below  low  water  mark 
and  was  embedded  a  foot  below  the  average 
surface  of  the  sand.  The  space  around  the  piers 
and  cross-beams  between  the  piles  was  covered 
with  a  6-inch  layer  of  concrete  forming  a  con- 
tinuous floor  over  the  whole  area  which  served 
as  an  apron  to  protect  it  from  scour.  By  this 
means  resistance  to  further  settlement  of  the 
piers  was  provided  by  the  transverse  beams, 
and  the  bearing  capacity  of  the  soil  and  its 
stability  were  greatly  increased  by  confining  it 
between  the  sheet  piles  and  protecting  its  up- 
per surface. 

The  results  of  the  work  were  satisfactory, 
and  the  bridge  was  successfully  completed  and 
put  in  service  and  showed  no  further  signs  of 
irregular  settlement.'  The  repairs  occupied 
al>out  one  month  and  cost  in  the  neighborhood 
of  13,000.  The  concrete  in  the  new  footings  and 
apron  was  made  1:3:6  with  Alsens  brand  of 
Portland  cement  and  beach  gravel  up  to  2 
inches  in  diameter.  The  concrete  for  the  arches 
was  made  1:2:5  with  Alsen's  cement  and  gravel 
from  %  inch  to  1%  inches  in  diameter.  The 
arch  rings  were  reinforced  by  full  width  sheets 
of  No.  10  expanded  metal  with  3-inch  mesh,  ex- 
tending continuously  from  one  springing  line 
of  the  crown  to  the  other  springing  line  and 
stiffened  with  three  semi-circular  longitudinal 
steel  rods  %  inch  in  diameter. 


Letters  to  the  Editor. 


The  Umon  Encineebino  Bcilding. 

Sir:— With  regard  to  the  acceptance  by  the 
American  Society  of  Civil  Engineers  of  assist- 
ance from  persons  not  members  of  the  Society 
it  may  be  said  that  the  Society  has  had  for 
some  thirty  years  a  class  of  Fellows,  some  of 
whom  are  characterized  parenthetically  in  the 
catalogue  as  not  members.  Their  qualifica- 
tions are:  "Fellows  shall  be  contributors  to 
the  permanent  funds  of  the  Society"  and  "per- 
sons elected  as  Fellows  shall  become  such 
upon  the  payment  of  Two  Hundred  and  Fifty 
Dollars."  The  Society  has  also  been  publish- 
ing with  its  list  of  members  for  twenty  years 
a  list  of  "Subscribers  to  the  Building  Fund," 
including  commercial  firms  or  bodies  and  in- 
dividuals not  belonging  to  the  Society,  as,  for 
example,  the  Boston  Gas  Light  Co.  A  few 
years  ago  many  more  names  used  to  be  printed 
than  now,  and  among  them  was  Andrew  Car; 
negie. 

With  regard  to  the  feasibility  of  having  sev- 
eral societies  under  one  roof,  I  am  somewhat 
influenced  by  the  fact  that  a  common  room  is 
used  for  the  libraries  of  the  Boston  Society  of 
Civil  Engineers,  the  New  England  Water 
Works  Association  and  the  Society  of  Gas  En- 
gineers, while  an  adjacent  room  is  sublet  to  a 
manufacturing  company.  This  arrangement 
has  been  found  mutually  advantageous,  and  has 
allowed  the  divers  organizations  to   maintain 


their  distinctive  peculiarities.  In  other  re- 
spects besides  magnitude  this  experience  may 
differ  from  the  project  for  a  union  engineers' 
building.  I  am  still  so  hopeful  as  to  perceive 
no  need  of  quarrels  between  neighboring  engi- 
neering societies  greater  than  the  quarrels  that 
arise  between  members  in  one  engineering 
society. 

Respectfully,   Fred.   Brooks. 
Boston,  Jan.  26. 


who  with  signal  success  direct  the  aftalrs  of  the 
organization  for  which  Mr.  Carnegie  furnishes 
a  house  are  as  worthy  ol'  praise  and  acknowl- 
edgment as  he  who  furnishes  the  building,  is 
it  any  wonder  that  there  are  men,  not  so  rich 
pertaps  as  Mr.  Carnegie,  but  who  have  worked 
faithfully  for  the  welfare  of  these  societies  in- 
dividually, who  do  not  wish  to  see  their  work 
and  their  names  buried  under  the  weight  of 


Sir: — An  argument  advanced  to  me  by  a 
prominent  member  of  the  American  Society  of 
Civil  Engineers  against  the  acceptance  of  Mr. 
Carnegie's  offer  to  erect  a  union  building  for 
the  four  national  engineering  societies  is  that 
it  will  be  another  "Carnegie  Monument";  that 
Mr.  Carnegie  will  receive  all  the  credit  and 
the  building  will  be  known  by  his  name,  while 
as  a  matter  of  fact  the  real  success  of  the 
venture  is  dependent,  not  upon  the  building, 
but  upon  the  subsequent  efforts  of  the  constitu- 
ent societies,  which  will  be  called  upon  to  raise 
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not  only  a  large  amount  of  money  to  buy  the 
ground  upon  which  the  building  is  to  be  placed 
but  also  will  be  responsible  for  its  main- 
tenance. 

There  is,  unquestionably,  room  for  argument 
as  to  the  benefit  derived  from  some  of  Mr. 
Carnegie's  gifts,  the  efforts  and  sacrifices  of 
the  people  being  overshadowed  by  the  ever 
present  name  of  "Carnegie"  engraved  in  large 
letters  upon  the  front  of  the  building  in  which 
he  bears  a  part.  This  it  is  feared  will  be  the 
fate  of  the  societies;  that  the  building  will  be 
known  to  the  public  as  a  "Carnegie  building" 
and  the  societies  as  "some  of  Carnegie's  engi- 
neering societies.*'  When  we  realize  that  the 
success  of  any  venture  is  not  assured  by  the 
completion  of  a  building,  that  the  man  or  men 


this  one  man's  name  no  matter  how  generous 
his  gift? 

Mr.  Carnegie  has  had  unusual  facilities  for 
amassing  a  fortune  and  many  men  have  con- 
tributed to  that  fortune  their  brains  and  ener- 
gies, and  perhaps  to  no  other  factor  is  Mr. 
Carnegie  more  indebted  than  to  engineering 
science.  None  knows  this  better  than  Mr. 
Carnegie  himself.  Mr.  Carnegie,  therefore,  in- 
fluenced by  a  broad  spirit  of  philanthropy  and 
generous  recognition  of  the  debt  which  modern 
commercialism  and  vast  fortunes  owe  to  engi- 
neering science,  should  be  more  interested  in 
presenting  this  gift  to  the  engineering  societies 
of  the  United  States  that  the  constituent  soci- 
eties are  In  receiving  it,  and  upon  the  comple- 
tion of  the  building  the  knowledge  of  an  act 


Feb.  6,  1904. 


THE    ENGINEERING    RECORD 


173 


well  performed  will  be  Mr.  Carnegie's  sufficient 
reward.  While  I  have  seen  no  authoritative 
statement  concerning  the  relation  Mr.  Carne- 
gie's name  is  to  bear,  to  the  completed  project, 
it  still  seems  to  me,  in  thinking  over  the  argu- 
ments used  to  me  against  this  project,  that  if 
assurances  were  sought  from  and  given  by  Mr. 
Carnegie  or  those  who  represent  him,  that  this 
building  when  completed  will  in  truth  be  a 
union  engineering  society  building,  known  and 
read  of  all  men  upon  its  face  as  such,  and  not, 
as  is  now  reported,  "only  another  Carnegie 
monument,"  then  one  of  the  most  potent  argu- 
ments against  the  acceptance  of  this  gift  will 
have   been   overcome. 

Another  argument  used  among  the  societies 
themselves  is  the  inequalities  which  at  present 
exist  among  them.  The  American  Society  of 
Civil  engineers  is  at  present  admittedly  in  a 
position  superior  to  any  of  th6  other  national 
engineering  societies,  both  as  to  numbers  and 
finances.  This  is  due,  perhaps,  to  the  fact  that 
those  branches  of  engineering  science  coming 
more  particularly  under  the  caption  of  "civil 
engineering"  are  more  advanced  than  the  other 
branches  of  the  profession.  Whether  this  will 
remain  so  in  time  to  come  no  one  knows.  It 
may  be  that  electrical,  or  mechanical  engineer- 
ing is  destined  by  invention  or  otherwise  to 
eclipse  in  importance  civil  engineering.  In  this 
age  of  discovery  and  progress  he  who  is  on  the 
top  to-day  may  be  last  in  the  race  to-morrow. 
Jealousies,  then,  among  the  societies  are  petty, 
too  petty  to  have  a  place  in  this  argument,  and 
too  petty  to  influence  broad-minded  and  think- 
ing men.  Adjustment  and  reciprocity  are  to 
be  the  keynote  of  the  future,  and  none  should 
more  readily  adopt  these  measures  than  engi- 
neers  among  themselves. 

It  is  true  that  the  American  Society  of  Civil 
Engineers  seems  to  have  less  to  gain  by  the 
proposed  alliance  than  the  other  organizations, 
but  this  may  be  only  a  temporary  and  surface 
iudicatiou,  and  I  cannot  conceive  a  probable 
condition  in  which  it  can  lose  anything  by  the 
affiliation.  It  seems  to  me  on  the  other  hand 
that  this  society  with  its  present  admitted  su- 
periority, is  afforded  an  opportunity  to  manifest 
the  magnanimity  which  should  pervade  a  sci- 
entific body  of  this  kind,  and  to  do  that  which 
unquestionably  will  tend  to  raise  the  standard 
of  engineering  as  a  profession. 

Very  truly,  Alexander  Potter, 

Assoc.  M.  Am.  Soc.  C.  E. 

New  York,  Feb.  1. 


Who  is  a  Civil  Engineer? 

Sir: — Your  interesting  editorial  on  "Who  Is 
a  Civil  Engineer,"  reminds  me  that  a  few  years 
ago  you  published  my  suggested  definition  of 
the  modern  civil  engineer  as  "one  who  skilfully 
designs  and  constructs  stationary  economic 
structures."  In  diseussing  this  definition,  an 
English  technical  journal  misunderstood 
"economic"  to  mean  "economical."  Therefore, 
for  "economic"  it  may  be  better  to  substitute 
"industrial,"  which,  however,  the  aforesaid 
journal  may  interpret  as  "diligent."  Similarly, 
we  may  define  the  mechanical  engineer  as  "one 
who  skilfully  designs  and  constructs  movable 
industrial  structures."  These  definitions  would 
make  civil  engineering  include  hydraulics, 
sanitary  works  and  mining;  and  would  class 
electrical  works  and  possibly  naval  architecture 
as  branches  of  mechanical  engineering.  The 
two  would  include  all  industrial  structures 
ashore  or  afloat,  and  therefore  all  engineering' 
except  military. 

Although  in  the  complex  relations  of  modern 
industrial  forces  it  is  "difficult  to  separate  dis- 
tinctly the  various  professions  at  all  points.  In 
the  above  definitions  the  boundary  line  between 
civil  and  mechanical  engineering  is  generally 


sharp.  But  it  may  occasionally  blur.  For  ex- 
ample, a  drawbridge,  though  movable,  would 
commonly  be  the  work  of  the  civil  engineer,  ex- 
cept the  propelling  and  locking  mechanisms, 
which  would  be  more  skilfully  built  by  the  me- 
chanical engineer.  Mechanical  engineering 
would  include  not  only  all  machinery  and  in- 
struments but  ships,  elevators,  cars  and  other 
vehicles. 

The  definition  would  make  civil  engineering 
include  some  architectural  work.  I  think  this 
inclusion  is  defensible.  The  so-called  architec- 
ture of  many  Industrial  structures  is  practically 
part  of  civil  engineering.  But  beyond  the  util- 
itarian and  into  the  domain  of  art,  the  engineer, 
as  such,  cannot  go.  Embellishment  is  mine, 
says  the  architect.  The  engineer  is  essentiallj- 
a  scientist,  and  the  architect  an  artist.  Yet  it 
is  probable  that,  contrary  to  the  popular  notion, 
the  work  of  the  civil  engineer  merges  oftener 
with  that  of  the  architect  than  with  that  of  the 
mechanical  engineer. 

However  the  different  works  may  be  appor- 
tioned among  the  branches  of  the  great  profes- 
sion of  engineering,  who  is  an  engineer?  "One 
who  skilfully  designs  and  constructs."  The 
word  "skilful"  has  for  engineers  a  profound 
significance.  They  have  ceased  to  think  of  it 
as  conveying  merely  the  ordinary  idea  of  dex- 
terity or  precision,  but  see  in  it  a  profusion  of 
intelligence,  study,  experience  and  good  judg- 
ment. This  kind  of  skin  applied  to  engineering 
work  is  what  "makes  a  dollar  earn  the  most  in- 
terest." To  get  the  best  results  and  to  do  the 
most  skilful  work  the  engineer  must  be  the 
chief  director  and  manager  of  construction,  and 
subordinate  to  no  one  in  the  conduct  of  his 
work.  Such  of  his  own  subordinates  as  can 
skilfully  design  and  construct  are  of  course  en- 
gineers also.  It  can  be. demonstrated  that  no 
man  is  made  an  engineer  by  schools  alone.  The 
C.  E.  title  given  by  colleges  to  the  inexperienced 
is  at  least  a  misnomer. 

Do  not  these  definitions  roughly  describe  the 
modern  engineer?  And  is  it  not  better  for  all 
that  the  grand  divisions  be  few  and  logical,  and 
that  the  specialties  be  recognized  as  branches 
of  these  grand  divisions?  Is  it  not  generally 
true  that  to  be  a  successful  specialist  one  must 
have  the  complete  training  of  the  civil  engineer 
or  of  the  mechanical  engineer  as  herein  defined? 
And  is  it  not  probable  that  the  recent  inclina- 
tion to  specialties  among  educated  engineers' 
has  proceeded  nearly  to  its  limit  and  may  soon 
react  permanently?  Of  course,  no  man  can  be 
skilled  in  all  the  various  works  comprised  in 
either  civil  or  mechanical  engineering,  but  to  be 
an  engineer  he  must  be  able  skilfully  to  de- 
sign and  build  some  important  class  of  struc- 
tures; his  skill  Involving  the  economical  use 
of  materials,  labor  and  machinery,  and  sufficient 
of  the  common  legal  and  business  principles  to 
safeguard  his  work  and  his  client  under  all  or- 
dinary conditions  of  construction. 

Very  truly  yours,  John  W.  Burke. 

New  York,  Feb.   2. 


Cost  of  Running  a  Union  Engineering 
Building. 
Sir: — Inasmuch  as  the  fullest  knowledge  of 
all  phases  of  the  United  Engineering  Building 
project  is  to  be  desired,  that  all  members  of  the 
American  Society  of  Civil  Engineers  may  vote 
with  the  greatest  intelligence  on  the  question, 
the  writer  having  sSen  no  statement  of  the 
probable  cost  of  maintenance  of  such  a  building, 
sought  and  obtained  from  the  largest  operator 
in  that  line  of  business  in  New  York  City  a  de- 
tailed statement,  the  items  of  which  foot  up  a 
round  total  of  ?30,000  per  annum,  which  sum 
when  assessed  upon  the  associated  societies  in 
proportion  to  the  space  occupied  would  evident- 
ly make  the  amount  to  be  assumed  by  the  Am- 


erican    Society     of     Civil     Engineers     about 
?12,000. 

The  annual  cost  of  maintenance  of  the  pres- 
ent Society  House  with  ample  accommodations 
for  all  uses  of  the  Society  except  the  annual 
meetings  (which  has  recently  been  provided  for 
most  satisfactorily  in  an  adjacent  building)  is 
less  than  |4,000. 

The  difference  will  go  a  long  way  toward  ad- 
vancing the  interests  of  the  American  Society 
of  Civil  Engineers  and  the  engineering  profes- 
sion in  other  channels. 

Very  truly  yours,  F.  S.  Odell, 

M.  Am.  Soc.  C.  E. 

Port  Chester,  N.  Y.,  Feb.  2. 


Stkel-Core  Dams. 

Sir: — Noticing  in  your  issue  of  January  16, 
1904,  Mr.  Babcock's  letter  relative  to  "steel  core 
dams,"  I  wish  to  say  that  I  believe  I  was  the 
first  to  suggest  such  a  type  of  construction.  In 
April,  1891,  while  constructing  a  stone-filled,  tim- 
ber-crib dam  in  the  San  Francisco  River,  Ari- 
zona, I  conceived  the  idea  of  building  a  much 
higher  dam  at  the  same  place  to  develop  about 
five  times  the  horse-power  of  the  smaller  struc- 
ture; and  made  sketches  for  a  dam  of  this  type, 
and  submitted  them  to  the  manager  of  the  min- 
ing company  for  which  I  was  then  constructing 
the  smaller  one.  Also,  in  this  connection,  in  May, 
1891,  I  wrote  a  letter  to  Mr.  J.  A.  L.  Waddell, 
the  eminent  bridge  engineer  of  Kansas  City, 
Mo.,  roughly  outlining  the  method  I  had  in 
mind,  and  asking  his  opinion  as  to  the  merits 
of  such  construction.  The  plan  did  not  receive 
his  endorsement,  as  such  materials  as  the  steel 
plates  and  I-beams  were  at  a  high  figure;  and 
taking  it  all  together,  I  seemed  to  be  a  good 
many  years  ahead  of  the  time.  As  the  mining 
company  did  not  construct  this  second  dam,  I 
had  no  opportunity  to  carry  forward  my  inven- 
tion; and  after  discussing  the  matter  with  sev- 
eral other  engineers,  and  in  no  case  receiving 
encouragement,  I  let  the  matter  drop. 

So  far  as  I  know  up  to  the  present  time,  I 
am  the  bona  fide  original  inventor  of  this  type 
of  construction,  and  still  retain  the  above-men- 
tioned letter  from  Prof.  Waddell  as  a  memento 
of   that   occasion.  ^ 

Respectfully,  A.  McL.  Hawks. 

Tacoma,  Jan.  27. 


Common-Sense  in  Engineering. 

Sir: — It  is  the  desire  of  the  writer  to  impress 
upon  his  readers  the  necessity  of  more  of  what 
should  be  a  very  common  attribute,  common 
sense,  in  engineering  practice.  For  one  exam- 
ple, in  the  common,  but  very  necessary,  work  of 
measuring  we  see  one  engineer  compelling  his 
men  to  read  the  steel  tape  to  hundredths  on  a 
farm  or  railroad  survey;  while  another,  to  go 
to  the  other  extreme,  will  be  satisfied  to  the 
nearest  foot  on  a  base-line,  upon  which  all  other 
calculated  distances  depend.  Truly  some  do 
"strain  at  a  gnat  and  swallow  a  camel."  It  is 
obvious  that  it  is  a  lack  of  common  sense  and 
a  fitness  of  things  which  is  the  cause  of  this 
incongruity. 

Again  we  see  others,  with  a  like  disregard  of 
the  precepts  of  common  sense,  insisting  upon 
a  vernier  or  angular  survey  with  the  transit  on 
a  preliminary  railroad  or  timber-land  survey, 
when  the  needle  of  the  transit  would  give  as 
good  results  for  the  purpose  desired,  with  a 
great  saving  in  time  and  expense. 

Or  we  have  the  case  of  the  superficial  one 
who  Insists  upon  a  rod-reading  in  leveling  to 
thousandths  of  a  foot,  when  the  cross-wire  will 
cover  a  hundredth  at  a  couple  of  hundred  feet; 
and  they  also  forget  that  the  bubble  in  a  field 
instrument  cannot  be  made  delicate  enough  to 
indicate  such  a  refinement.  We  all,  too,  have 
found  men  in  the  field   (and  some  or  them  of 
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yeus  or  experience),  who  persist  in  reading 
the  rod  to  hundredths  in  place  of  tenths  on  the 
ground. 

In  this  way,  we  might  go  on  ad  InQnltum, 
preaching  on  this  subject,  but  let  this  suffice. 
With  Pope  we  can  say: 
"Why  has  not  man  a  microscopic  eye? 
For  this  plain  reason,  man  is  not  a  fly. 
Say  what  the  use,  were  finer  optics  given. 
To     inspect    a    mite,    not    comprehend    the 
heaven?"' 

Yours,  A.  E.  DucKHAM,  C.  E. 
Pittsburg,  Jan.  23. 


Book  Notes. 


A  New  Doublc-Acting  Automatic  Stop- 
Valve. 


An  automatic  stop-valve  for  which  patents 
have  been  granted  in  several  countries  is  shown 
In  cross-section  in  the  accompanying  engraving. 
Its  chief  feature  is  that  it  closes  against  a 
flow  in  either  direction  in  the  event  of  an  acci- 
dent in  the  apparatus  with  which  it  is  con- 
nected. If  on  the  one  hand  a  boiler  tube  should 
bust,  its  office  is.  like  the  automatic  valves  on  the 
market  to  prevent  an  escape  of  steam  from  the 
remaining  boilers  through  the  disabled  boiler; 
and  on  the  other  hand,  should  a  fracture  oc- 
<ur,  for  example,  in  the  steam  piping  leading 
to  an  engine,  it  is  designed  to  shut  off  a  flow 
of  steam  from  the  boilers.  The  valve  can  be 
operated  as  an  ordinary  stop  valve. 

There  are  two  separate  valves  in  the  valve 
body  proper,  C  and  D,  each  loose  on  thu  spin- 
dle. When  valve  C  is"  screwed  down  it  acts  aa 
the  ordinary  stop  valve;  when  the  spindle  Is 
raised  and  the  pressure  on  the  two  sides  has 
become  equal,  the  valve  is  opened  and  lifted  by 
the  flow  of  steam  from  the  boiler.  Being  loose 
on  the  spindle,  as  soon  as  a  reverse  flow  of 
steam  arises  it  is  brought  to  its  seat.  The  lower 
valve  D  operates  in  the  same  way  only  in  the 
opposite  direction.  This  valve  is  kept  in  posi- 
tion by  its  own  weight,  together  with  such  pres- 
sure of  steam  above  it  as  is  caused  by  partial 
vacuum  formed  at  point  E  by  the  flow  of  the 
steam  past  the  valve.  According  to  "Engineer- 
ing," from  which  the  illustration  is  taken,  the 
valve  can  be  set  to  close  at  any  desired  differ- 
ence in  pressure,  which  is  generally  about  20 
per  cent,  by  an  adjusting  screw  and,  when  once 
adjusted,  a  padlock  may  be  applied  to  prevent 
anyone  tampering  with  the  valve.  When  D  is 
closed  for  any  reason.  It  Is  held  in  its  upper 
position  until  the  upper  valve  is  screwed  down, 
when  It  falls,  owing  to  an  equalization  of  pres- 
sure above  and  below  It  through  the  space  be- 
tween this  valve  and  the  spindle.  Hand  wheels 
for  testing  are  connected  by  means  of  spindles 
to  levers  engaging  the  valves,  as  indicated. 

The  valve,  which  has  been  introduced  In  Eng- 
land by  T.  Sugden,  Limited,  Fleet  Street  Lon- 
don, is  constructed  to  work  at  300  pounds  pres- 
sure. The  body  is  made  of  cast  steel  of  60,000 
pounds  tensile  strength,  and  the  working  parts 
are  special  gun  metal,  with  the  seating  for  the 
valves  of  a  special  combination  of  nickel  to 
withstand  what  action  there  may  be  with  super- 
heated steam.  It  will  be  noted  that  there  Is  a 
valve  face  on  the  spindle  above  valve  C  which. 
In  iU  upper  position,  comes  In  contact  with  a 
seat  immediately  under  the  stuffing  box.  This 
is  to  protect  the  packing  and  to  allow  for  in- 
•erting  new  packing  while  the  valve  is  under 
steam.  The  valve  Is  also  made  for  marine 
work  and  In  this  type  valve  D  is  arranged  to 
remain  seated  by  a  slight  steam  pressure,  so 
that  the  valve  may  work  irrespective  of  the 
roll  of  the  ship  or  location  of  the  valve  in  a 
vertical  or  a  horizontal  position.  The  valves 
are  also  made  with  or  without  spindles,  of  the 
angle  and  straightway  patterns  and  in  sizes  of 
1%  to  20  Inches. 


The  volume  of  "Transactions"  of  the  Ameri- 
can Society  of  Mechanical  Engineers  for  1903  is 
a  book  of  nearly  1,600  pages.  It  is  particularly 
noteworthy  for  the  large  number  of  papers  it 
contains  on  subjects  connected  with  power  prob- 
lems, theoretical  and  practical.  Some  of  these, 
like  Mr.  William  Kent's  "Heat  Resistance,"  are 
related  rather  to  refrigeration  or  other  outlying 
branches  of  power  plant  engineering,  but  as  a 
whole  they  are  of  immediate  importance.  The 
most  important  is  undoubtedly  the  final  report 
of  the  committee  appointed  to  standardize  a 
.system  of  testing  steam  engines.  It  is  inter- 
esting to  notice  the  number  and  value  of  the 
papers  on  shop  and  office  management  and  the 
payment  of  mechanics,  Mr.  Fred  W.  Taylor's 
now  famous  paper  entitled  "Shop  Management," 
being  an  Important  contribution  to  this  volume. 

The  ninth  annual  report  of  the  Boston  Tran- 
sit Commission  is  an  admirable  engineering 
document.  It  is  largely  an  account  of  the  con- 
struction of  the  East  Boston  tunnel,  prepared 
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The  Hubner-Mayer  Stop  Valve. 

by  .Mr.  Howard  Carson,  chief  engineer  of  ihe 
commission,  and  fully  illustrated.  A  full  de- 
scription of  this  difficult  undertaking  has  al- 
ready appeared  In  The  Engineering  Record^  but 
the  official  explanation  of  the  work  gives  a  num- 
ber of  details  which  were  omitted  In  the  more 
condensed  article  in  this  journal.  There  are 
also  a  number  of  Important  tables  in  the  book, 
which  contain  data  of  much  value  on  such  im- 
portant subjects  as  the  strength  of  concrete- 
steel  beams,  the  shrinkage  of  clay  and  the  like. 

Earthwokk  and  Its  Coht.  By  H.  P.  Gillette. 
New  York,  Engineering  News  Publishing  Co. 
Cloth,  244  pages,  »2. 

The  author  has  collected  from  scattered 
sources  many  valuable  data  relating  to  cost  and 
methods  of  earth  excavation  and  disposal,  which 
forms  an  Important  part  of  nearly  all  engineer- 
ing works  of  construction.  Combining  these 
<lata  with  results  of  his  oWn  observations,  he 
has  presented  In  a  concise  and  practical  man- 
ner and  In  a  volume  of  bandy  form.  Informa- 
tion which  will  be  of  value  In  aiding  young  en- 


gineers to  make  preliminary  estimates.  The 
book  Is  valuable  in  a  less  degree  as  an  aid  to 
contractors  in  submitting  bids  on  work  of 
which  some  of  the  items  "and  conditions  may 
not  be  familiar  to  them.  Some  severe  but  just 
criticism  is  made  of  various  rules  and  tables 
which  have  been  copied  from  early  engineering 
books  without  modification  to  suit  modern, 
wages,  cost  of  materials  and  up-to-date  methods 
of  construction.  The  common  failure  of  engi- 
neers to  look  to  the  ultimate  financial  success 
of  their  structures  and  the  too  common  under- 
estimation of  cost  of  construction  by  engineers 
are  discussed  and  the  causes  pointed  out.  A 
chapter  is  devoted  to  the  shrinkage  of  earth  in 
embankment,  with  a  summing  up  of  deductions 
from  the  great  variety  of  cases  cited.  Classifi- 
cation of  earth  is  next  discussed  and  the  im- 
portance of  test  pits  emphasized.  Costs  of  loos- 
ening, shoveling,  dumping,  spreading  and  roll- 
ing are  treated  in  two  chapters  and  the  cost  of 
moving  earth  by  wheelbarrows,  carts  and 
wagons,  with  rules  for  estimating,  occupy  two 
more.  Methods  and  costs  of  excavating  with 
various  kinds  of  scrapers,  graders,  steam  shov- 
els and  cars  are  given  in  the  six  following  chap- 
ters. Tables  of  cost  from  which  the  cheapest 
method  of  handling  for  any  given  haul  can  be 
determined  at  a  glance  are  given.  Cost  of 
trenching  and  pipe-laying,  hydraulic  excava- 
tion and  earth  structures  are  treated  in  an  in- 
teresting manner.  In  the  appendix,  practical 
methods  of  rapid  earthwork  calculation  and 
overhaul  calculation  are  described. 


The  PunincATioN  of  Skwa<je  and  Waticb. 
By  W.  J.  Dlbdin.  New  York,  D.  Van  Nostrand 
Co.     Cloth,  6x9  ins.,  400  pages,  $6.50. 

This  work  is  devoted  chiefly  to  a  description 
of  various  methods  of  sewage  disposal  and  the 
chemical  and  bacteriological  principles  in- 
volved, but  it  contains  a  few  scattered  chapters 
on  such  related  subjects  as  the  ventilation  of 
sewers,  screening  sewage,  discharge  of  sewage 
into  sea  water,  pollution  of  shell-fish  by  sewage, 
etc.  About  seventy-five  pages  are  given  to  the 
subject  of  water  purification  and  to  a  descrip- 
tion of  the  quality  of  the  London  water  supply. 
This  third  edition  differs  from  preceding  edi- 
tions by  giving  a  more  complete  account  of  the 
anaerobic  processes  of  sewage  treatment  and  by 
containing  summaries  of  the  more  recent  exper- 
iments on  sewage  disposal  made  at  Manchester 
and  Leeds.  In  the  last  chapter  abstracts  are 
given  of  the  Interim  Reports  of  the  Royal  Com- 
mission on  Sewage  Disposal  issued  on  July  12, 
1901;   July  7,  1902,  and  Mar.  2,  1903. 

The  book  contains  much  Information  that  is 
valuable  and  interesting,  but  as  a  general  treat- 
ise upon  the  subjects  named  in  the  title  it  must 
be  viewed  with  disappointment.  It  is  frag- 
mentary and  incomplete.  While  describing  many 
of  the  modem  views  upon  sewage  disposal,  no 
mention  is  made  of  recent  developments  in  Am- 
erica. The  tone  of  the  book  is  argumentative, 
and  undue  emphasis  appears  to  be  given  to  the 
so-called  "bacterial,  or  contact  beds,"  of  which 
the  author  is  the  chief  exponent.  The  aerobic 
processes  are  exalted  far  above  the  anaerobic 
methods  of  treatment.  As  a  check  to  the  septic- 
lank  craze  which  has  of  late  monopolized  the  at- 
tention of  sanitary  engineers  this  may  be  not 
without  value,  but  the  preface  to  the  book  leads 
one  to  expect  a  complete  exposition  of  the  chem- 
ical and  biological  principles  involved,  and  in 
this  respect  it  falls  short  of  other  and  less  ex- 
pensive treatises.  That  portion  of  the  work 
devoted  to  water  purification  is  particularly 
superficial. 

In  emphasizing  the  Importance  of  frequent 
systematic  biological  examinations  of  water 
and  sewage  in  connection  with  purification  pro- 
cesses the  author  is  quite   right,   and   the   use 
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of  his  micio-fllter  is  an  ingenious,  though  un- 
practical, method  of  determining  the  amount 
and  character  of  the  suspended  matter.  It  is 
in  strilving  contrast  with  the  more  elaborate 
methods  in  use  in  this  country. 

The  most  valuable  chapters  are  those  which 
describe  the  experiments  conducted  by  the 
author  while  chemist  of  the  London  County 
Council,  and  the  accounts  of  the  Investigations 
made  at  Leeds  and  Manchester.  These  and  the 
conclusions  reached  by  the  Royal  Commission 
on  Sewage  Disposal  will  be  found  of  much  in- 
terest to  those  who  have  not  had  access  to  the 
original  reports. 


much  Importance;  this  part  of  the  book  is  per- 
haps not  to  be  found  In  any  other  work  of  a 
similar  nature.  The  student  and  the  young  en- 
gineer will  both  find  the  book  one  of  interest 
and  service,  and  the  experienced  engineer  can 
certainly  afford  to  have  the  book  on  his  shelves 
even  though  it  is  prepared  on  the  lines  of  a  text 
book  rather  than  a  scientific  treatise. 


An  Efficient  Bridge  Shop  Yard  Traveling 
Derrick. 


The  Design  of  Steel  Mill  Buildings,  and  the 
Calculation  of  Stresses  in  Framed  Structures. 
By  M.  S.  Ketchum.  New  York,  Engineering 
News  Pub.  Co.    Cloth,  9x6  Ins.,  380  pages,  ?4. 

Inasmuch  as  the  author  states  in  his  preface 
that  his  Intention  in  writing  this  book  was  to 
give  data  not  ordinarily  available,  such  tables 
.  as  are  not  given  in  the  standard  handbooks,  In- 
cluding a  short  course  in  the  calculation  of 
stresses  In  framed  structures  and  a  discussion 
of   mill   building   construction,   it   follows   that 


Steam  Boilers;  Their  Theory  a.nd  Desiun. 
By  H.  de  B.  Parsons.  New  York,  Longmans, 
Green  &  Co.    Cloth,  9x6  Ins.,  387  pages,  |4. 

Not  many  years  ago,  when  Mr.  Barr's  excel- 
lent work  on  steam  boilers  appeared,  one  was 
justified  in  concluding  that  the  subject  was 
exhaustively  and  at  the  same  time  well  covered. 
The  new  book  on  the  same  subject  by  Mr.  H.  de 
B.  Parsons,  resembles  the  earlier  one  somewhat, 
yet  In  many  respects  it  is  an  Improvement  on 
it  and  other  previous  works  treating  of  boiler 
design.  The  first  chapters  of  Mr.  Pai*sons'  book 
deal  with  combustion,  fuels,  furnace  temper- 
ature, boiler  efficiencies  and  different  types  of 
boilers.  Marine  boilers,  with  which  Mr.  Par- 
sons has  had  considerable  experience,  are  quite 
.fully  described.    The  chapters  on  materials  for 


Derrick  for  Loading  and  Erecting  in  the  Dominion  Bridge  Company's  Shipping  Yard. 


we  should  expect  at  least  this  much  of  the  work. 
As  a  matter  of  fact,  while  there  are  some  tables 
and  data  not  ordinarily  to  be  found  in  the 
standard  handbooks,  these  are  not  of  enough 
importance  to  recommend  the  work  from  that 
standpoint  alone.  The  meager  treatment  of  the 
subject  of  bracing  and  shop  details  and  the 
omission  of  a  treatment  of  stresses  due  to 
travel  of  cranes  and  trolleys  Is  a  serious  detect. 
As  a  theoretical  work,  it  is  supplemental  to 
such  works  as  "Roofs  and  Bridges"  by  Merriman 
&  Jacoby,  and  "Theory  and  Practice  of  Modern 
Framed  Structures,"  by  Johnson,  Bryan  & 
Turneaure.  While  the  omissions  stated  are 
serious,  there  is  enough  good  matter  in  the 
course  on  framed  structures,  especially  In  the 
chapters  covering  stresses  in  transvei'se  bents, 
to  make  the  work  a  valuable  addition  to  an  en- 
gineering library;  particularly  is  this  true  be- 
cause of  the  clear  and  concise  way  in  which  the 
subjects  have  been  trea'.ed.  The  portion  of  the 
work  on  mill  building  construction  details  has 
been  fairly  well  covered,  with  the  exception  of 
going  too  much  into  the  various  manufacturers' 
specialties  and  the  omission  of  any  mention  of 
mill  and  shop  inspection,  both  of  which  are  of 


boilers  and  rules  for  proportioning  them  are  ex- 
cellent. Mechanical  stokers,  artificial  draft, 
chimney  design,  smoke  prevention,  boiler  test- 
ing and  the  use  of  superheated  gteam  are  dis- 
cussed briefly  yet  with  sufllcient  thoroughness 
to  afford  a  good  general  knowledge  of  the  sub- 
jects mentioned,  which  are  closely  connected  to 
boiler  design  and  operation.  It  is  to  be  ex- 
pected that  no  man  will  ever  write  a  book  on 
this  subject  without  expressing  opinions  at  var- 
iance with  those  of  other  engineers,  yet  the 
author's  comments  are  unusually  sound,  sen- 
sible and  cleverly  stated.  The  book  is  well  ar- 
ranged and  contains  a  large  number  of  well  ex- 
ecuted cuts.  Trade  catalogue  illustrations  are 
omitted  entirely,  a  practice  that  many  others 
could  follow  to  advantage. 

The  value  of  this  book  to  students  In  engi- 
neering schools  is  emphasized  by  the  clearness 
of  the  author's  explanations  of  theoretical 
topics  as  well  as  details  of  construction.  One 
explanation  of  this  merit  may  be  found  In  his 
experience  as  a  lecturer  on  power  plant  sub- 
jects before  the  students  of  the'  Rensselaer 
Polytechnic  Institute.  Such  experience  is  an 
admirable  training  for  scientific  writing. 


There  has  recently  been  installed  In  the  stor- 
age and  shipping  yards  of  the  Dominion  Bridge 
Company,  at  Lachine  near  Montreal,  Canada, 
a  special  yard  traveler  which  serves  a  large 
area  for  loading,  unloading,  shipment  and  for 
the  yard  erection  of  heavy  structures.  It  con- 
sists essentially  of  a  steel  tower  about  27  feet 
high,  with  four  vertical  posts  thoroughly  braced 
both  ways  which  support  transverse  plate-gird- 
ers carrying  sixteen-sided  plate-girder  frame- 
Work  on  which  there  is  a  circular  track  about 
45  feet  in  diameter.  On  this  track  a  platform 
is  mounted  on  four  pairs  of  wheels,  so  as  to 
revolve  360  degrees,  and  carries  an  A-shaped 
mast  and  boom,  as  shown. 

The  hoisting  and  topping-Uft  tackles  are  op- 
erated by  a  three-drum  Beatty  hoisting  engine 
in  the  platform  house,  which  also  revolves  the 
platform  on  the  turntable  and  drives  the  loco- 
motive gear  by  which  the  traveler  Is  propelled 
on  the  45-foot-gauge  surface  track.  The  main 
fall  has  a  capacity  of  25  tons  and  a  radius  of 
81  feet;  the  auxiliary  fall  has  a  radius  of  85 
feet,  and  a  capacity  of  5  tons.  Additional 
tackles  can,  of  course,  be  suspended  from  other 
points  on  the  boom,  if  necessary,  for  handling 
light  pieces.  Each  of  the  tower  posts  is  pro- 
vided with  two  double-flanged  wheels  running 
on  a  single  rail,  and  the  tower  has  sufidcient 
clearance  through  the  longitudinal  and  trans- 
verse sides  to  prevent  Interference  with  ordi- 
nary yard  operations  and  to  allow  trains  to  pass 
through  It. 

The  base  of  the  derrick  is  a  20x47-foot  hori- 
zontal platform  made  up  of  longitudinal  and 
transverse  I-beams  and  girders  and  is  mounted 
on  a  two-wheel  truck  set  diagonally  across 
each  corner.  The  turntable  Is  a  circular  plate 
girder  braced  by  sixteen  radial  struts.  A  verti- 
cal shaft  through  the  center  of  the  turntable  Is 
driven  at  the  upper  end  and  operates  two  sets 
of  miter  gears,  one  In  the  middle  and  one  at  tne 
lower  end.  The  middle  gears  drive  a  pair  of 
horizontal  longitudinal  shafts  which  operate 
the  turntable  wheels.  The  lower  gear  drives  a 
pair  of  transverse  shafts  which,  at  the  outer 
ends,  have  miter  gears  driving  longitudinal 
shafts  that  are  again  geared  at  their  extremi- 
ties to  vertical  shafts  on  the  front  posts  of  the 
tower.  These  shafts  have  miter  gears  at  the 
bottom  which  drive  the  wheels  in  the  forward 
trucks.  The  boom  tackle  is  proportioned  for  a 
maximum  load  of  100,000  pounds  and  the  back- 
stay for  113,000  pounds.  The  maximum  com- 
pressive stresses  in  the  boom  and  mast  respec- 
tively are  96,000  pounds  and  97,000  pound?.  The 
maximum  load  on  each  of  the  derrick  trucks  Is 
80,450  pounds.  The  estimated  weight  of  the 
lower  turntable  is  103,000  pounds  and  the  max- 
imum loads  on  the  forward  tower  trucks  are 
128,250  pounds.  The  plate  girders  in  the  tops 
of  the  tower  are  5  feet  deep  and  the  tower  col- 
umns have  H-shaped  cross-sections  made  with 
two  channels,  a  center  I-beam  and  cover-plates 
on  the  outer  flanges  of  the  channels. 

The  construction  is  very  simple;  and 
the  operation  is  considered  efljcient  and  satis- 
factory. This  crane  was  designed  and  built  by 
the  Dominion  Bridge  Company. 


The  Wa.ste  of  Ti.me  that  occurs  in  a  large 
manufacturing  establishment  through  trivial 
causes  is  sometimes  aEtonishing.  A  few  years 
ago  the  superintendent  of  an  establishment 
made  some  careful  observations,  by  means  of 
his  foreman,  of  the  time  lost  by  men  looking 
out  of  the  windows  at  steamboats  passing 
along  the  river  on  which  the  works  are  located. 
As  a  result  opaque  glass  was  at  once  inserted 
In  the  lower  part  of  each  window. 
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Gas 


The  prevalence  of  foreign,  designs  tor  large 
gka  engines  will  be  a  pronounced  feature  of 
the  eshibit  of  such  motors  at  the  Louisiana 
Purchase  Exposition,  for  with  the  exception  of 
the  Westinghouse  Machine  Company  and  the 
Snow  Steam  Pump  Works,  there  are  no  Amer- 
ican builders  of  gas  engines  of  one  thousand 
horse-power  or  more  which  have  not  gone 
abroad  for  their  general  designs,  either  wholly 
or  in  part.  The  reason  for  this  is  not  difficult 
to  find.  It  was  recognized  many  years  ago  that, 
tlieoretically  speaking,  the  fuel  consumption  in 
gas  engines  was  marked  by  remarkable  econ- 
omy, but  it  was  also  held  that  practical  difficul- 
ties made  the  steady  operation  of  an  engine  of 
even  150  horse-power  a  questionable  feat.  In- 
dustrial conditions  in  Ehirope  h^ve  long  made 
it  necessary  to  utilize  all  by-products  to  the  ut- 
most extent,  even  at  a  considerable  first  cost 
for  plant.  Large  engines  were  accordingly 
built  to  run  on  blast-furnace  gas,  and  after  the 
initial  difficulties  were  overcome  they  proved 
satisfactory.  It  was  accordingly  an  entirety 
natural  business  step  for  American  builders 
who  had  not  already  undertaken  designs  for 
large  gas  engines  to  arrange  With  foreign  com- 
panies for  the  rights  to  those  European  en- 
gines which  had  proved  their  worth  by  running 
satisfactorily  under  service  conditions.  The 
fact  that  the  first  of  these 
large  engines  ran  on  blast- 
fnmace  gas  is  of  course 
merely  an  incident,  for  the 
character  of  the  fuel  sup- 
ply has  little  influence  on 
the  general  design. 

Among  the  German 
builders  who  investigated 
large  gas  engines  very 
thoroughly  was  the  Unit 
ed  Augsburg  &  Nurem- 
berg Machine  Works  '^: 
Company  of  Nurem- 
berg, of  which  Dr.  A. 
Rieppel  is  the  director. 
The  type  this  company  de- 
veloped is  a  four-cycle, 
double-acting  engine  which 
runs  under  such  careful 
regulation  that  the  operation  of  alternating-cur^ 
rent  generators  in  parallel  has  been  carried  on 
successfully  for  some  time.  It  is  this  engine 
which  the  Allis-Cbalmers  Company  is  now 
building  at  iu  Edward  P.  Allis  Works,  In  sizes 
ranging  from  130  to  6,000  horse-power,  and  for 
all  kinds  of  gas. 

The  illustration  shows  the  heavy  character  of 
the  engine  as  a  whole.  By  reason  of  its  being 
double-acting,  its  cylinder  capacity  is  only 
alMjut  half  of  that  of  a  single-acting  engine  of 
the  same  power.  The  pietons  are  supported  by 
outside  cross-heads  running  on  cool  slides  so 
that  the  walls  of  the  cylinder  are  not  called 
on  to  bear  any  weight;  this  precaution  is  in- 
tended to  ensure  efficient  lubrication  and  per- 
manent tightness,  conditions  which  are  partic- 
ularly difficult  of  attainment  in  these  cylinuers 
on  account  of  their  high  temperatures.  The 
crank  shaft  has  bearings  of  special  shape  and 
great  care  has  lieen  exercised  in  the  general  de- 
sign to  prevent  any  disturbance  of  alignment 
by  the  expansion  which  occurs  during  operation. 

The  Inlet  and  regulating  valves  and  their 
operating  gearing  are  in  plain  flight  and  readily 
accessible,  while  the  exhaust  valves  are  placed 
at  the  lowest  point  of  the  cylinder  so  that  any 
solid  particles  resulting  from  the  carbonization 
of  the  lubricant  or  other  cause,  will  be  surely 
expelled.  The  regulation  is  accomplished  by  a 
fly-ball  governor  and  a  special  construction  for 


combining  close  governing  with  high  efficiency 
under  light  loads.  The  design  has  been  pre- 
pared with  an  evident  intention  of  making  in- 
spection and  repairs  as  easy  as  possible.  All 
parts  of  one  cylinder  are  interchangeable  with 
the  corresponding  parts  of  the  other  cylinder. 
The  cylinder  heads  can  be  removed  and  re- 
placed without  deranging  any  of  the  valve  gear, 
and  the  pistons  can  be  withdrawn  and  fitted 
with  new  rings  without  disturbing  the  valve 
mechanism  or  the  metallic  packing  of  the  pis- 
ton rods. 

This  type  of  engine  is  in  no  sense  an  experi- 
ment, for  it  was  developed  and  tested  by  its 
German  originators  before  the  AUis-Chalmers 
Company  took  it  up.  Its  introduction  in  this 
country  by  these  engine  builders  assures  that 
it  will  be  constructed  with  the  same  care  in  de- 
sign and  skill  in  workmanship  that  char- 
acterizes the  steam  engines  from  the  Allis 
works. 


The  Erection  of  the  Girna  Bridge,  India. 


The  bridge  across  the  Girna  River,  about  260 
miles  from  Bombay,  India,  is  in  the  line  of  com- 
munication between  Sural  and  Central  India. 
It  has  nine  175-foot  through  spans  and  ten 
piers  each  consisting  of  two  unbraced  cast-iron 
cylinders  filled  with  concrete.  The  lower  parts 
of  the  cylinders  are  11  feet  in  diameter  and  a 


4  feet.  Above  this  the  concrete  cylinders  wera 
filled  for  a  height  of  21  inches,  to  the  top,  with 
equal  parts  of  sand  and  cement  mixed  and 
placed  dry  and  afterwards  wet  and  mixed  in 
place.'  This  formed  a  cap  hard  enough  to  be 
dressed  with  a  chisel  after  48  hours. 

The  superstructure  was  erected  on  a  false- 
work built  chiefly  of  68-pound  double-headed 
old  rails  spliced  together  with  scrap  plate  from 
locomotive  boilers,  braced  with  discarded  pot- 
sleeper  tie-bars  and  riveted  and  bolted  to- 
gether. The  falsework  for  each  span  consisted 
of  four  short  deck  truss  spans  supported  on 
three  trestle  bents.  Each  trestle  bent  had  two 
double  vertical  posts,  and  was  braced  trans- 
versely, but  not  longitudinally.  They  were  60 
feet  high,  and  weighed  about  20  tons  each.  The 
falsework  was  erected  by  a  pair  of  75-foot  riv- 
eted steel  gin  poles.  These  had  a  rectangular 
cross-section  3  feet  square,  and  were  made  with 
four  vertical  angles  latticed  together  on  alt 
sides  and  stiffened  by  horizontal  diaphragms. 
The  base  had  a  cast-iron  ball  and  socket  joint, 
and  was  seated  on  a  framework  of  cross  girders 
resting  on  a  3i/_'-foot  drum  made  of  a  bent  rail. 
At  the  top  of  the  gin  pole  there  was  a  double 
cantilever  bent  arm  receiving  the  hoisting 
tackle  at  the  horizontal  end  and  anchorage  con- 
nection at  the  inclined  end.  The  center  of  the 
arm  was  pin-connected  to  the  gudgeon,  which 
received  the  spider  for  the  guy  ropes.  The 
permanent  spans  were  erected  on    the   false- 


Allis-Chalmers  Gas  Engine. 


conical  section  at  the  surface  of  the  ground  re- 
duces them  to  a  diameter  of  9  feet  for  the  upper 
four  sections.  The  cylinders  were  sunk  from 
about  38  to  63  feet  deep  to  foundations  on  rock, 
shingle  and  clay.  Wide  platforms  were  built 
across  the  tops  of  the  cylinders  overhanging 
them  on  opposite  sides  and  loaded  with  as  much 
as  350  tons  of  old  rails.  Two-thirds  of  the  core 
was  excavated  by  dry  excavation  and  by  a  sub- 
merged grab,  and  an  aggregate  length  of  992 
feet  of  cylinders  was  sunk  in  697  days.  Obser- 
vations made  on  the  total  weight  of  a  cylinder 
and  its  frlctional  area  gave  a  skin  friction  of 
about  640  pounds  per  square  foot. 

The  last  third  of  the  excavation,  about  350 
feet  in  all,  was  accomplished  by  divers  wto 
roughly  leveled  the  bottom.  Afterwards  600 
cubic  feet  of  small  stones  and  140  cubic  feel  of 
cement  were  lowered  in  flap-bottom  buckets, 
apparently  In  separate  quantities,  and  the  mass 
was  rammfed  and  leveled  by  divers.  After  the 
cement  had  set,  this  concrete  sufficed  to  seal 
the  bottoms  of  the  cylinders  to  a  height  of 
about  10  feet,  and  the  water  was  dipped  out 
with  primitive  bags  made  of  the  entire  skins  of 
oxen.  The  cylinders  were  filled  nearly  to  the 
top  with  concrete  made  with  100  cubic  feet  of 
stone,  66  feet  of  sand  and  37 '/j  feet  of  cement, 
all  mixed  together  dry  and  then  wet  and 
dumped  into  the  cylinders  from  heights  of  40 
feet  to  5  feet  and  rammed  only  for  the  upper 


work  by  traveling  gantries,  which  cleared  both 
trusses  and  carried  hand  windlasses.  The  work 
is  illustrated  in  a  recent  issue  of  "The  Engi- 
neer," London. 


The  Aib-Cleansing  Apparatus  at  the  Royal 
Victoria  Hospital  at  Belfast,  Ireland,  is  con- 
structed as  follows,  according  to  Mr.  Henry  Lea, 
of  Birm4nKham,  designer  of*  the  ventilating 
plant.  In  a  timber  framing,  reinforced  with 
te-"  bars,  are  removable  panels,  each  having  two 
strong  wooden  rollers,  one  at  the  top  and  the 
other  at  the  bottom.  Cocoanut  fiber  in  the 
form  of  a  yarn  is  wound  from  one  roller  to  the 
other,  over  and  under;  the  fibers  are  stitched 
together  close  to  each  roller  to  prevent  them 
from  moving  and  the  rollers  are  held  apart  to 
keep  the  screens  in  tension.  The  subdivision 
in  panels  is  partly  due  to  the  fact  that  one  por- 
tion of  su<h  a  filter,  as  the  upper,  will  rot  quick- 
er than  another  and  panels  can  be  kept  in 
stock.  The  screens  are  kept  wet  by  means  of 
horizontal  perforated  sprinkler  pipes.  These 
are  fixed  near  the  top  of  the  screens,  about  12 
inches  away  in  a  horizontal  direction.  They 
are  supplied  with  water  from  a  series  of  auto- 
matic flushing  tanks,  set  to  discharge  the  re- 
quisite quantity  of  water  about  once  every  ten 
minutes.  The  water  strikes  the  tops  of  the 
screens  and  runs  down- the  yarns  to  the  bot- 
tom. 
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The  Baltimore  Fire.  necessary  to  raze  them. 

The  burned  district,  embracing  most  of  the 

Many  valuable  lessons  will,  doubtless,  be  wholesale,  financial  and  offlce-bulldlng  sec- 
learned  from  the  results  of  the  great  conflagra-  tions  of  the  citv.  Included  a  large  number  of 
tion  which  so  thoroughly  devastated  a  large  old  dwellings  converted  to  business  uses,  which 
area  of  the  wholesale,  commercial  and  financial  were  in  no  sense  of  flre-resistine  construction, 
districts  of  the  city  of  Baltimore,  the  first  of  Probably  it  mav  be  safely  stated  that  approxl- 
the  week.  Not  only  will  fire  department  men  mately  half  the  buildings  in  this  tract  were 
and  insurance  people  study  with  deep  interest  not  over  four  stories  In  height  pnd  had  brick 
the  various  phases  ef  this  fire,  which  is  with-  walls,  with  wooden  Interior  construction.  Many 
out  question  one  of  the  greatest  of  modern  of  the  more  modern  buildings  are  said  to  have 
times,  but  architects  and  engineers  will  be  es-  had  cast-iron  columns  and  steel  beams  with 
pecially  concerned  because  on  the  area  burned  out  fireproof  coverings.  The  character  of  the 
over  stood  many  buildings  of  modern  construe-  buildings,  therefore,  and  the  prevailing  high 
tion,  including  a  number  of  tall  office  buildings  winds  were  lareely  the  cause  of  the  extensive 
of  the  type  popularly  called  fireproof.  At  this  spread  of  the  flames.  The  wind  carried  the  fire 
writing,  of  course,  it  is  impossible  to  present  rspldlv  In  its  path,  and  In  a  great  manv  cases 
the  fruits  of  a  careful  expert  examination  of  the  bulldlnes  were  observed  to  burn  from  the 
the  ruins,  but  this  Journal  expects  to  give  its  upper  stories  downwards.  Earlv  In  the  prog- 
readers  promptly  such  detailed  facts  and  de-  ress  of  the  fire  the  water  supplv,  it  is  stated, 
ductions  as  can  be  of  service  to  those  engaged  becamp  Inadequate  to  the  great  demands  made 
in  the  design  of  buildings  which  may  be  ex-  „non  It,  and  but  for  the  circumstance  that  the 
posed  to  fire  and  to  those  others  who  are  re-  burning  area  was  bordered  by  Jones  Falls,  a 


small  stream  flowing  through  the  city,  and  the 
Basin,  the  fire  engines  would  have  been  almost 
useless.    The  city  did  not  own  any  Are  boats. 

Two  adjoining  power  plants  of  the  street 
railway  company  were  exposed  to  a  severe  test. 
The  older  plant  was  destroyed,  but  the  newer 
plant,  situated  at  the  edge  of  the  fire  area,  on 
the  water  front,  escaped  In  comparatively  good 
condition.  Although  subjected  to  such  fierce 
heat  that  the  steel  work  of  the  coal  hoists  and 
similar  attachments  on  the  exterior  of  the 
building  were  red  hot,  It  is  reported  that  the 
interior  was  not  seriously  damaged.  The  new 
boiler  house  was  described  In  this  Journal  No- 
vember 2,  1901,  and  the  engine  house  was  yet 
unfinished,  only  a  part  of  the  power  units  hav- 
ing been  installed.  These  newer  buildings  were 
of  a  good  type  of  flre-reslsting  construction, 
and  In  contrast  with  the  older  plant  make  ap- 
parent the  advantages  of  designing  and  con- 
structing buildings  so  as  to  resist  fire. 

Ornamental  cast-iron  columns  and  other  ar- 
chitectural features  of  this  metal  once  forming 
parts  of  the  fronts  of  fine  buildings  are  now  to 
be  seen  among  the  ruins  In  numerous  cases 
cracked  and  broken  as  If  made  of  glass,  while 
In  many  places  that  were  In  the  midst  of  the 
fire,  wooden  telegraph  poles  are  still  standing, 
some  of  them  having  their  cross-arms  in  place, 
and  numbers  of  tubular  iron  trolley  poles  es- 
caped without  distortion.  Valuable  lessons  will 
doubtless  be  drawn  from  this  costly  experience 
of  the  Monumental  City.  Among  others,  this 
one  seems  particularly  patent  now.  namely: 
that  buildings  with  walls  and  fioors  of  fire-re- 
slstlng  construction  If  filled  with  Inflammable 
finish  and  furnishings  may  not  protect  their 
contents  If  the  windows  are  left  unguarded. 
That  fireproof,  or  rather,  fire-reslsting,  con- 
struction Is  not  a  failure,  but  of  great  advan- 
tage when  Intelligently  used,  seems  also  plain, 
and  this  fact  will  probably  be  more  strongly 
emphasized  by  detailed  examination  of  the  flre- 
swept  area.  The  contents  of  the  vaults  of  safe 
deposit  companies,  banks  and  business  houses 
are  generally  reported  to  have  been  found  In 
good  condition,  apparently  demonstrating  that 
the  construction  of  such  vaults  has  attained  a 
high  degree  of  excellence.  Baltimore  has  been 
severely  afflicted,  but  engineers  and  architects 
will  fall  short  of  the  discharge  of  their  duty  to 
the  public  If  they  neglect  to  profit  by  the  re- 
sults of  this  great  test  of  structural  work. 


Municipal  Water  Softening  Plants. 

We  are  told  that  France  has  held  her  su- 
premacy In  the  silk  Industry  against  English 
competition  largely  because  of  her  more  snnnv 
climate,  and  that  the  spring  water  of  Munich 
is  an  Important  element  In  the  superiority  of 
her  beer.  It  may  be  that  a  part  of  the  hold 
which  New  England  has  alwavs  had  upon  cer- 
tain industries  and  Southern  and  Western 
competition  seems  unable  to  disturb.  Is  due  to 
the  softness  and  clearness  of  the  waters  avail- 
able for  Industrial  nses.  It  Is  certain  that  for 
many  purposes  the  softness  of  the  water  is 
of  controlling  Importance,  and  where  competi- 
tion Is  close  the  character  of  the  water  may 
determine  the  success  or  failure  of  an  enter- 
prise. There  are  some  Industries  requiring 
large  volumes  of  water  of  a  certain  quality 
which  will  probably  always  be  limited  to 
those  localities  where  such  water  can  be  read- 
ily obtained,  but  In  other  cases  artificial  treat- 
ment of  such  waters  as  are  available  In  places 
otherwise  better  adapted  for  the  pursuit  of  the 
industry  will  be  resorted-  to. 

In  the  last  decade  the  progress  In  the  art 
of  purifying  water  has  been  rapid  beyond  pre- 
cedent. The  advance  has  been  most  striking 
in   the  removal   of  disease-producing  qualities 
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and  turbidity.  The  removal  of  coloring  matter 
from  peaty  waters  and  of  iron  from  ground 
waters  has  also  received  attention.  The  soft- 
ening of  hard  waters  has  not  advanced  In  a 
corresponding  measure;  but  it  is  bound  to  be 
taken  up  more  actively,  for  it  Is  a  practical 
process  and  there  are  large  sections  of  our 
country  where  no  naturally  soft  water,  except 
rain  water,  can  be  obtained. 

In  England  a  number  of  municipalities  soften 
their  water  supplies,  Southampton  being  a 
well-known  representative  of  these.  The  need 
of  the  process  is  quite  as  great  in  America  as 
in  England,  but  there  has  been  a  practical 
difficulty  in  the  large  volumes  of  water  which 
our  cities  insist  upon  wasting.  Under  these 
conditions  of  waste,  all  the  water  used  or 
wasted  by  a  city  would  have  to  be  softened, 
while  the  part  from  which  a  benefit  from  soft- 
ening could  be  realized  would  be  limited  to  a 
fraction  of  the  water  -  actually  used,  which 
would  be  a  much  smaller  part  of  the  whole 
amount  requiring  treatment.  The  advantage 
Is  limited  to  a  small  part  of  the  water  used, 
because  for  many  purposes  the  hardness  of  the 
water  is  of  no  practical  importance. 

The  railroads  have  done  most  with  soften- 
ing In  this  country,  because  with  them  the 
hardness  affects  practically  all  the  water  that 
they  use.  While  there  Is  occasionally  a  choice 
of  waters,  in  general  they  must  use  the  local 
water,  whatever  its  quality  may  be,  and  rail- 
roads pass  through  many  regions  where  the 
waters  are  so  hard  as  to  be  most  destructive 
to  the  boilers  of  their  locomotives.  It  thus 
happens  that  the  railroads  have  been  the  pio- 
neers in  this  field,  while  a  few  industrial  es- 
tablishments have  followed. 

The  old  and  often  cited  computation  of  the 
amount  of  soap  required  by  a  city  with  hard 
water  In  excess  of  that  which  would  be  re- 
quired with  soft  water  does  not  accurately 
represent  the  facts,  because  In  the  city  with 
hard  water  the  computed  additional  amount  of 
soap  Is  never  used.  Some  additional  soap  Is 
used,  and  as  much  Is  done  with  It  as  possible; 
but  a  stronger  argument  Is  based  upon  the 
superiority  of  the  results  accomplished  with 
the  soft  water. 

The  softening  of  water  as  carried  out  by 
the  railroads  Is  a  relatively  expensive  process, 
because  It  Is  done  on  a  small  scale  at  scat- 
tered stations  along  the  line.  Municipal  soft- 
ening on  a  large  scale  oan  be  done  at  a  lower 
cost  per  million  gallons,  and  this  would  be 
particularly  true  where  the  processes  were 
carried  out  In  connection  with  works  to  re- 
move bacteria  or  turbidity  or  color  or  Iron, 
and  the  cost  of  the  combined  treatment  would 
be  less  than  the  costs  of  the  treatments  applied 
separately. 

Softening  pays  with  the  railroads  because 
all  the  water  treated  Is  used  for  purposes  for 
which  soft  water  Is  Important.  The  question 
remains  as  to  how  hard  a  water  must  be  so 
that  It  will  pay  a  city  to  soften  80  or  100,  or 
even  200  gallons  per  capita  dally  In  order  to 
give  the  advantage  of  soft  water  for  the  few 
gallons  per  capita  used  for  purposes  where  It 
Is  advantageous.  The  answer  to  this  question 
obviously  depends  upon  the  amount  of  water 
wasted  and  upon  the  facilities  for  carrying  out 
the  softening;  but  there  can  be  no  doubt  that 
there  are  many  cities  where  softening  plants 
would  yield  a  large  return  upon  their  cost, 
and  extensive  developments  In  this  direction 
may  be  looked  for  more  confidently  In  the  near 
future. 

TTie  process  of  softening  water  was  Invented 
and  patented  about  the  year  1844  by  Thomas 
Clarke,  professor  of  chemistry  In  the  Univer- 
sity of  Aberdeen.  The  process  Is  the  only 
successful  one  now  used  and   the  patent  has 


long  since  expired.  There  are  patents  In  force 
upon  certain  details  and  auxiliary  appliances, 
but  not  upon  any  essential  part  of  the  process. 
The  process  is  remarkable  in  that  lime  Is  ad- 
ded to  the  water  to  take  out  the  lime  already 
In  solution.  Lime  is  held  in  solution  in  water 
by  carbonic  acid.  One  part  of  lime  combined 
with  two  parts  of  carbonic  acid  is  soluble  in 
water,  while  combined  with  only  one  part  It 
is  Insoluble  or  nearly  so.  Lime  water,  which 
is  lime  without  any  carbonic  acid,  is  added  to 
the  water  and  takes  away  the  extra  carbonic 
acid  from  the  lime  In  solution,  and  the  lime 
added  and  that  originally  present  in  the  water 
are  precipitated  together.  This  precipitate  is 
easily  removed  by  sedimentation  and  filtration. 
The  magnesia  usually  present,  which  contrib- 
utes to  the  hardness,  acts  In  some  measure  as 
the  lime,  and  Is  removed  In  the  same  way,  but 
In  less  degree.  This  treatment  does  not  re- 
move the  lime  or  magnesia  present  as  sulphate 
or  chlorides,  and  when  these  substances  are 
present  a  solution  of  soda-ash  must  be  added 
to  the  water  In  advance  of  the  lime  treatment 
to  change  them  Into  carbonates,  which  are 
then  removed  in  the  final  precipitation. 

One  of  the  greatest  practical  obstacles  to 
carrying  out  the  softening  process  has  been 
the  difllculty  of  getting  the  necessary  trained 
supervision,  for  Inferior  results  are  obtained 
with  either  too  small  or  too  large  doses  of 
the  reagents,  and,  badly  operated,  the  treat- 
ment may  be  worse  than  useless.  Such  su- 
pervision has  been  almost  Impossible  in  the 
smaller  American  water  works,  but  with  the 
increased  use  of  filtration,  laboratories  are 
being  established.  These  laboratories  are  nec- 
essary to  hold  the  work  of  filtration  up  to  the 
best  attainable  standards,  and  the  number  of 
such  laboratories  is  Increasing  rapidly.  These 
laboratories  can  furnish  the  necessary  control 
of  softening  operations,  and  the  fact  of  their 
existence  removes  one  of  the  most  serious  ob- 
stacles to  Its  use. 


Municipal  Testing  Bureaus. 


The  growth  of  large  cities  necessitating  ex- 
tended and  complicated  municipal  organlza' 
tlon  creates  many  problems  closely  parallel  to 
tliose  arising  In  connection  with  great  business 
corporations.  Obviously  this  view  of  the  matter 
Is  wholly  divorced  from  all  political  considera- 
tions. It  Is  probably  the  conclusion  of  a  great 
majority  If  not  practically  all  fair  and  Intel- 
ligent students  of  municipal  corporations  that 
politics,  at  least,  so  far  as  they  are  connected 
with  the  great  national  parties,  should  not  Infiu- 
ence  to  any  extentmunlclpal  administration.  Any 
such  Ideal  condition,  however,  as  the  elimina- 
tion of  national  party  questions  from  the  admin- 
istration of  municipal  affairs  Is  probably  Im- 
practicable at  this  time.  Even  If  that  be  ad- 
mitted there  Is  a  great  mass  of  municipal  ma- 
chinery whose  administration  deals  with  the 
actual  working  of  various  branches  of  the  mu- 
nicipal organization  and  which  operates  along 
practically  the  same  lines  whatever  may  be  the 
result  of  any  election.  This  observation  is  par- 
ticularly true  of  those  branches  of  a  city  gov- 
ernment which  deal  with  public  works.  Water 
works  must  be  constructed,  maintained  and  op- 
erated; great  water  front  developments  must 
be  made  Involving  the  construction  of  such 
works  as  docks,  piers  and  bulkhead  walls; 
streets  and  parks  must  be  laid  out,  paved  or 
surfaced  and  maintained  with  the  highest  pos- 
sible degree  of  efficiency;  elevated  railroads, 
subways  and  bridges.  Involving  the  construc- 
tion of  some  of  the  greatest  modern  public 
works,  must  be  designed,  built  and  maintained, 
and  the  entire  mnnlclpality  must  be  effectively 
Illuminated,  requiring  the  construction  of  gas 


and  electric  light  systems  with  their  cori'e- 
spondlng  power  or  manufacturing  plants,  in 
large  modern  cities  these  works  require  the 
consumption  of  vast  quantities  of  all  kinds  of 
materials  used  in  engineering  construction  and 
maintenance.  It  is  of  the  utmost  importance 
not  only  that  the  best  practicable  grade  of  ma- 
terials should  be  found  in  every  public  struc- 
ture and  machinery  plant,  but  that  in  their  op- 
eration and  maintenance  the  lubricating  and 
other  maintaining  materials,  so  to  speak,  should 
also  be  of  the  best  quality  available.  The  same 
observation  applies  with  no  less  force  to  the 
fuel  consumed,  whether  it  be  gaseous,  liquid  or 
solid.  It  is  of  equal  importance,  as  Is  shown 
by  the  great  number  of  complaints  made  at  the 
present  time  in  the  city  of  New  York,  that  the 
quality  of  public  illumlnants  should  be  under 
constant  inspection. 

It  matters  little  whether  in  some  cases  the 
operation  of  these  public  works  be  maintained 
under  private  ownership  or  not.  The  majority 
of  them,  and  in  some  municipalities  all,  are 
under  municipal  ownership,  and  public  econ- 
omy and  convenience  require  that  their  admin- 
istration shall  be  of  the  highest  order.  Prob- 
ably no  fair  minded  and  intelligent  student  or 
observer  of  these  matters  will  contend  that  they 
should  be  administered  in  such  a  way  as  to  be 
affected  by  constantly  changing  administrations, 
and  even  now  in  well  governed  cities  the  influ- 
ence of  politics  Is  felt  less  in  the  service  of  pub- 
lic works  than  in  any  other  portion  of  munici- 
pal government.  They  are  conducted  chiefly  by 
engineers  and  that  fact  is  a  fortunate  one  for 
municipal  efficiency. 

In  private  business,  as  in  railroad  corpora- 
tions, such  a  large  consumption  of  materials  of 
all  kinds  is  invariably  guarded  by  most  careful 
tests  and  inspection.  The  steel  used  in  public 
structures  is  generally  carefully  tested,  as  is 
also  the  cement  to  some  extent,  and  the  same 
observation  may  occasionally  be  made  concern- 
ing some  other  materials;  but  this  Inspection 
and  testing  with  the  single  exception  of  steel 
is  seldom  or  never  as  thorough  or  comprehen- 
sive as  it  should  be,  and  it  is  usually  conducted 
under  conditions  which  militate  against  such 
thoroughness  and  care  as  should  characterize 
that  class  of  work.  It  Is  scarcely  probable,  in- 
deed, It  Is  practically  certain,  that  not  a  city 
In  the  country  has  a  well  equipped  and  admin- 
istered testing  laboratory  with  which  to  control 
the  purchase  and  use  of  all  classes  of  material 
required  by  its  various  departments.  The  re- 
rent  investigations  of  the  Commission  on  Ad- 
ditional Water  Supply  In  the  single  branch  of 
pumping  for  New  York  City  showed  that  effi- 
ciency of  the  machinery,  to  say  nothing  of 
money  wasted  In  the  purchase  of  Indifferent 
material,  is  so  low  as  to  produce  an  annual  loss 
measured  In  many  thousands  of  dollars.  While 
this  Is  not  altogether  consequent  upon  the  lack 
of  proper  testing  of  materials  consumed,  that 
lack  is  one  of  the  large  elements  of  the  prob- 
lem, If,  indeed.  It  Is  not  a  controlling  element  of 
the  situation. 

The  value  of  continuous  and  careful  cement 
testing  for  the  large  quantities  of  cement  an- 
nually used  by  every  large  city  Is  shown  by 
what  has  been  accomplished  In  the  City  of  Now 
York  in  the  office  of  the  Chief  Engineer  of  the 
Rapid  Transit  Commission.  The  quality  of  the 
material  delivered  has  been  controlled  by  test- 
ing so  as  to  secure  both  uniformity  and  ma- 
terial Improvement,  which  has  resulted  not 
only  In  advantage  to  the  city  but  to  the  manu- 
facturers also.  Equally  forceful  observations 
can  be  made  In  regard  to  the  use  of  asphalt  and 
other  materials  for  pavements.  There  are 
probably  no  pl-oducts  consumed  by  a  great  city 
which  need  more  careful  or  more  nearly  contin- 
uous examination  and  'Inspection  than  the  mas- 
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tics  and  other  material  used  for  pavements. 
The  manufacturers  are  in  reality  equally  inter- 
ested with  the  city.  It  is  to  their  interest  to 
have  the  best  quality  of  product  and  probably 
no  party  interested  would  welcome  the  inspec- 
tion and  examination  afforded  by  a  properly 
conducted  testing  bureau  more  than  the  con- 
tractors for  such  works. 

One  of  the  most  elaborately  equipped  and  per- 
haps the  most  effectively  administered  of  test- 
ing laboratories  in  the  United  States  Is  that 
maintained  and  operated  by  the  Pennsylvania 
Railroad,  at  Altoona,  Pa.,  where  all  classes  of 
materials  consumed  by  the  road  have  been  sub- 
jected to  careful  examination  and  test  in  con- 
nection with  the  purchasing  department  of  the 
company  for  many  years.  The  results  have 
been  no  less  satisfactory  to  the  railroad  com- 
pany than  to  the  producers.  The  actual  works 
carried  on  by  a  great  city  are  not  different  in 
character  from  those  conducted  by  the  Pennsyl- 
vania Railroad  or  any  similar  corporation.  The 
Altoona  laboratory  has  been  a  source  of  great 
saving  to  that  company  in  probably  every  line 
of  purchase  made  by  it,  and  an  efficiently  con- 
ducted testing  bureau  would  be  a  source  of  great 
saving  to  any  modern  city,  besides  conducing  to 
a  higher  degree  of  efficiency  and  public  conven- 
ience in  a  multitude  ol  ways.  Such  laborator- 
ies are  already  maintained  in  some  depart- 
ments, but  always  in  an  isolated  and  more  or 
less  incomplete  manner.  A  well  equipped 
and  efficiently  maintained  laboratory  tor  all  de- 
partments of  a  city  conducted  in  a  thoroughly 
businesslike  and  progressive  manner  so  as  to 
afford  tests  and  examinations  of  all  classes  of 
materials  used  by  the  city  would  be  one  of  the 
most  effective  agencies  for  improving  and  main- 
taining the  quality  of  public  works  that  can 
possibly  be  devised. 

The  mere  existence  of  an  efficient  testing 
bureau  would  have  an  excellent  moral  effect  and 
would  tend  to  the  offering  of  a  higher  grade  of 
material  by  those  who  undertook  to  do  public 
work.  It  would  simplify  the  duties  of,  and  re- 
lieve many  heads  of  departments  to  be  assurred 
that  what  they  were  purchasing  and  paying  tor 
would  be  the  best  adapted  for  public  use.  The 
United  States  government  maintains  such  a 
bureau  at  the  present  time,  and  it  is  a  matter 
of  satisfaction  to  observe  that  some  cities,  like 
Baltimore,  have  already  begun  the  serious  con- 
sideration of  establishing  testing  bureaus.  It 
is  a  move  in  the  right  direction.  It  brings  into 
municipal  administration  a  business-like  sys- 
tem of  conducting  business  and  it  is  a  long  step 
toward  securing  for  the  conduct  of  great  pub- 
lic works  an  efficiency  and  excellence  which  en- 
gineers always  endeavor  to  secure  for  the  best 
administered  private  or  semi-public  corpora- 
tions. 


The  College  Graduate  as  an  Engineer. 

Most  engineers  who  have  achieved  positions 
of  any  responsibility  have  heard  technical  ed- 
ucation criticised  by  men  of  standing  as  being 
without  any  cultural  value.  Its  importance  as 
a  sort  of  glorified  trade  education  is  acknowl- 
edged but  the  possibility  that  it  Is  anything 
more  is  often  denied  by  those  unacquainted 
with  the  courses  of  instructions  in  some  of 
the  leading  engineering  schools  of  to-day.  Pres- 
ident Humphreys,  of  Stevens  Institute,  has  ac- 
cordingly rendered  no  small  service  to  educa- 
tion and  to  the  engineering  profession  as  a 
whole  by  making  a  detailed  protest  against 
such  views  in  an  address  before  the  College 
of  the  City  of  New  York.  He  did  not  claim 
that  a  well-considered  technical  course  would 
turn  out  every  student  a  trained  engineer  and 
cultivated  gentleman,  but  he  insisted  that  with 
the  right  class  of  students  such  a  result  may 


reasonably  be  expected.  This  is  not  saying 
that  a  college  course  will  not  be  useful  to  the 
young  engineer,  but  only  that  the  college  is  not 
the  only  school  where  the  elements  of  true  cul- 
ture can  be  secured.  This  opinion  rests  in 
some  degree  on  what  culture  means,  but  the 
majority  of  people  will  probably  agree  with 
President  Humphreys  that  the  statement  of  the 
honored  head  of  Harvard  University  is  most  in 
sympathy  with  modern  ideas.  In  his  opinion, 
"the  elements  and  means  of  cultivation  are 
much  more  numerous  than  they  used  to  be;  so 
that  it  is  not  wise  to  say  of  any  one  acquisition 
or  faculty — with  It  cultivation  becomes  possi- 
ble, without  it  Impossible."  A  good  character, 
the  ability  to  express  himself  by  tongue  and 
pen  with  some  accuracy  and  elegance,  some  • 
acquaintance  with  the  store  of  knowledge 
which  humanity  In  Its  progress  from  barbarism 
has  acquired  and  laid  up,  and  a  constructive  im- 
agination are  the,  attributes  of  a  cultured  man 
according  to  this  eminent  scholar.  President 
Humphreys  claims  that  all  these  are  taught  in 
a  true  school  of  engineering,  and  it  is  well 
worth  the  time  to  look  into  his  statements  on 
the  subject. 

The  study  of  engineering  is  the  study  of  sci- 
entific truths,  accurate  and  unchanging,  and 
the  application  of  this  knowledge  to  useful 
ends.  If  instructors  are  fully  Imbued  with  a 
sense  of  the  high  rank  of  engineering  and  the 
proper  place  it  is  playiag  in  the  life  of  to-day, 
there  can  be  no  question  that  the  technical 
school  will  exercise  a  powerful  influence  on  the 
moulding  of  character.  P.ioreover  the  engineer- 
student  should  be  instructed  in  the  relative 
rights  of  labor  and  capital,  a  subject  of  vital 
importance  now  and  growing  more  serious 
every  year,  and  this  subject,  when  thoughtfully 
considered,  will  leave  a  deep  Impression  on  the 
character  of  any  one. 

As  for  language  studies,  President  Hum- 
phreys' words  are  most  important  as  an  expres- 
sion of  opinion  from  a  man  of  the  highest  posi- 
tion in  engineering  circles  and  in  the  business 
world.  He  distinctly  urges  the  study  of  one 
or  two  modern  languages  and  as  much  as  pos- 
sible of  the  mother  tongue  and  literature.  The 
study  of  English  should  be  kept  in  mind  in  each 
of  the  other  departments  in  such  a  school,  and 
a  student  should  not  be  graduated  until  he  has 
given  proof  in  his  thesis  of  the  thoroughness 
and  breadth  of  his  training  and  of  his  ability, 
to  express  himself  clearly  and  explicitly. 

Engineering  implies  a  knowledge  of  the  sci- 
ences and  the  time  spent  in  acquiring  this 
knowledge  may  certainly  be  ranked  as  equiv- 
alent to  that  spent  in  studying  general  history 
or  philosophy.  In  Germany,  where  "bildung" 
is  respected  as  it  is  nowhere  else,  the  degree 
of  doctor  of  philosophy,  the  universities'  indi- 
cation that  the  man  carrying  it  has  enough  In- 
formation to  be  considered  cultured  if  his  char- 
acter will  support  the  Intellectual  polish,  is 
given  without  much  regard  to  what  branches  of 
the  wide  field  of  human  interests  are  studied. 
In  this  connection,  President  Humphreys 
points  out  that  the  contest  is  not  yet  ended 
between  those  who  contend  that  to  be  practical 
one  must  not  be  theoretical  and  those  who  hold 
that  to  be  scientific  one  must  not  be  practical. 
Both  these  views  are  wrong,  of  course,  for  the 
engineer  must  be  capable  of  practically  apply- 
ing scientific  knowledge.  Discredit  has  been 
brought  on  the  engineering  profession  because 
some  of  its  members  have  not  been  sure  of  their 
theories  before  they  commenced  to  apply  them; 
because  others  have  been  credited  with  a  sci- 
entific training  while  they  were  weak  in  the 
very  fundamentals  of  science;  because  others 
with  a  fairly  complete  scientific  knowledge 
have  been  deficient  in  practical  ability  and  ex- 
perience; and  because  others  have  been  unable 


or  unwilling  to  appreciate  that  engineering 
practice  must  conform  to  commercial  condi- 
tions and  requirements. 

The  fourth  great  requirement  of  a  cultured 
man,  a  'trained  constructive  imagination,  is 
surely  formed  as  well  in  an  engineering  school 
as  a  college.  Imagination  does  not  Imply  mere- 
ly the  ability  to  evolve  the  plot  of  a  novel  or  the 
conception  of  a  picture.  President  Eliot  him- 
self has  expressed  in  striking  words  this  idea: 
"Contrast  this  kind  of  constructive  imagination 
(that  of  a  realistic  novelist)  with  the  kind 
which  conceived  the  great  wells  sunk  in  solid 
rock  below  Niagara  that  contain  the  turbines 
that  drive  the  dynamos  that  generate  the  elec- 
tric force  that  turns  thousands  of  wheels  and 
lights  thousands  of  lamps  over  hundreds  of 
square  miles  of  adjoining  territory;  or  with 
the  kind  that  conceives  the  sending  of  human 
thoughts  across  three  thousand  miles  of  stormy 
sea  Instantaneously  on  nothing  more  substan- 
tial than  etheral  waves.  There  is  no  crime, 
cruelty  or  lust  about  these  last  two  sorts  of 
imagining.  No  lurid  fire  of  hell  or  human 
passion  illumines  their  scene.  They  are  calm, 
accurate,  just  and  responsible,  and  nothing  but 
beneficlence  and  Increased  human  well-being 
results  from  them." 

While,  therefore,  the  technical  school  has 
sound  claims  to  be  something  more  elevating 
than  a  mere  training  school  for  a  calling.  It 
does  not  follow  that  it  is  relieved  from  the  re- 
sponsibility of  turning  out  young  men  with  a 
knowledge  of  business  conditions  which  will 
make  them  of  Immediate  value  to  their  em- 
ployers. President  Humphreys  contends  that 
even  the  man  who  is  to  stick  closely  to  the 
technical  side  of  his  profession  must  know  the 
limitations  and  conditions  under  which  his 
technical  knowledge  is  to  be  made  available  for 
those  who  wish  to  buy  this  knowledge.  He 
must  know  how  to  prepare  correct  estimates, 
and  must  be  able  to  guide  investors  safely 
through  the  pitfalls  set  by  the  promoter.  He 
must  become  thoroughly  impressed  with  the 
knowledge  that  it  is  dishonest  to  accept  and 
quote  any  statement  of  opinion  unless  it  is  as 
carefully  conditioned  and  safeguarded  by  the 
context  as  in  the  original  expression.  Finally, 
while  such  an  engineering  course  of  study  Is 
of  a  high  character,  every  student  taking  it 
should  be  given  full  opportunity  to  learn  that 
for  true  success  In  his  profession  he  must  after 
graduation  take  up  a  post-graduate  course  of 
study,  and  that  probably  the  best  course  of  this 
sort  will  be  followed  In  connection  with  his 
work  as  a  wage  earner  in  some  one  part  of 
the  field  of  civil  engineerisg.  There  are  cer- 
tain necessary  things  only  to  be  learned  by 
contact  with  the  working  world. 


Drafting  Room  Apprentices  will  be  received 
hereafter  at  the  Schenectady  works  of  the  Gen- 
eral Electric  Company.  Candidates  must  pass 
a  satisfactory  examination  concerning  which 
Mr.  J.  W.  Upp,  engineer  In  charge  of  the  draft- 
ing office,  will  furnish  information  on  appli- 
cation. The  Engineering  Record  believes  that 
this  move  will  result  in  considerable  gain  to 
the  company  and  will  afford  just  the  training 
some  young  men  will  find  useful.  Every  me- 
chanical engineer  or  mill  architect  has  noticed 
that  there  Is  a  certain  class  of  excellent  young 
men  who  apparently  amount  to  little  except  in 
actual  design,  but  in  such  work  display  a  nat- 
ural aptitude  which  often  enables  them  to  do 
more  and  better  work  than  their  associates 
with  more  theoretical  information.  The  course 
of  instruction  which  the  General  Electric  Com- 
pany can  afford  such  young  men  is  just  what 
they  need,  and  this  paper  is  glad  to  know  that 
it  has  been  established. 
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Power   Development  of  the   Toronto  & 
Niagara  Power  Company. 

An  official  progress  report  of  the  power  de- 
velopment on  the  Niagara  River  by  the  Toronto 
t  Niagara  Power  Company,  near  Niagara  Falls. 
Ontario,  has  just  Ijeen  made  to  the  holders  of 
securities,  and  through  it,  the  opportunity  is 
afforded  of  describing  with  authority  the  gen- 
er»l'  features  and  construction  methods  of  this 
interesting  engineering  work.  It  will  be  re- 
membered that  in  January  of  last  year,  Messrs. 
William  Mackenxie.  Henry  M.  Pellatt  and  Fred- 
eric Nicholls,  of  Toronto,  as  the  Toronto  and 
Niagara  Power  Company,  secured  rights  to  take 
water  from  the  river  at  Tempest  Point  on  the 
Canadian  side  for  the  purpose  of  generating 
electricity  to  the  extent  of  125,000  electrical 
horse-power.  In  March  the  rights  were  trans- 
ferred to  the  Electrical  Development  Company, 
of  OnUrio,  Ltd.,  with  Mr.  Pellatt,  president; 
Mr.  Nicholls.  vice-president  and  general  man- 
ager; and  Mr.  Mackenzie,  second  vice-president. 
Dr.  F.  S.  Pearson  was  at  that  time  appointed 
chief  consulting  engineer,  Mr.  Hugh  L.  Cooper, 
chief  hydrauUc  engineer  and  Mr.  Beverly  R. 
Value,  resident  engineer. 

The  character  of  the  development  is  similar 
in  general  lines  to  that  of  the  Niagara  Falls 
power  plant  recently  described  in  these  col- 
umns, in  that  the  water  is  diverted  into  pen- 
stocks located  in  a  rock-excavated  wheelpit  and 
discharged  through  turbines  in  the  bottom  of 
the  wheelpit  into  a  tail-race  tunnel  leading  to 
the  river  below  the  falls.  There  are,  however, 
several  distinct  departures,  some  requiring 
daring  methods  of  construction.  In  the  first 
place,  the  Uil-race  at  the  whe,lpit  consists  of 
two  lateral  tunnels,  one  on  each  side  of  the  pit, 
so  that  all  the  wheel  pit  machinery  can  be  sup 
ported  on  solid  rock  foundations,  with  draft 
tubes  from  the  turbines  into  the  one  or  the 
other  of  the  lateral  tunnels.  Another  depart- 
ure lies  in  the  provision  of  concrete  interme- 
diate supports  for  the  bearings  of  the  vertical 
shafts  from  the  turbines  in  the  bottom  of  the 
wheelpit  to  the  generators  in  the  power-house 
above  the  pit,  this  arrangement,  together  with 
the  solid  support  for  the  turbines,  as  explained, 
being  adopted  to  minimize  any  .vibration  in  the 
heavy  revolving  machinery. 

The  wheelpit  is  located  at  the  shore  line, 
about  parallel  with  the  direction  of  the  flow 
of  the  river  and  the  tall-race  tunnel  is  planned 
to  run  in  a  straight  line  to  a  point  back  of  the 
Horseshoe  Falls.  For  diverting  the  water  to 
the  forebay  and  equalizing  the  water  level 
across  the  forebay,  which  will  be  constructed  on 
the  river  side  of  the  wheelpit,  a  gathering  dam 
standing  out  in  the  river  and  pointing  up- 
stream is  to  be  built.  This  dam  will  change  the 
original  rapids  in  front  of  the  site  into  a  pond 
condition  and  raise  the  old  water  level  approxi- 
mately 18  feet  under  normal  conditions.  Con- 
necting to  this  dam  will  be  a  system  of  ma- 
sonry diverting  booms,  the  office  of  which  will 
be  to  divert  approaching  ice  and  debris  to  suc- 
tion weirs.  To  present  the  least  obstruction 
possible  to  ice,  the  gathering  dams  and  divert- 
ing booms  will  be  nearly  parallel  with  the  di- 
rection of  river  flow.  Having  designed  the 
gathering  dam  to  separate  from  the  main  cur- 
rent several  times  the  amount  of  water  required 
for  the  ultimate  development  of  power,  the  use 
of  the  weirs  provides  for  the  disposal  of  the 
extra  amount,  creating  surface  currents  by 
which  Ice  and  debris  can  be  carried  beyond  the 
intakes. 

It  was  originally  assumed  that  the  depth  of 
water  in  the  rapids  where  the  gathering  dam 
is  to  be  located  would  be  alKiut  8  feet  as  a  maxi- 
mum. As  a  matter  of  fact  the  cx>frer  dam 
by  which  the  river  site  was  uncovered  shows 


that  there  was  2ti  feet  of  water.  It  is  calcu- 
lated that  the  water  as  naturally  flowing  was 
at  least  150  per  cent,  greater  in  depth  over  the 
territory  that  will  be  occupied,  than  was  first 
estimated,  and  now  it  is  the  opinion  of  Mr. 
Cooi)er,  in  the  report,  that  the  dam  under  the 
most  adverse  conditions  will  seize  at  least  1.- 
800,000  cubic  feet  per  minute,  instead  of  the 
700,000  cubic  feet  which  will  be  needed  for  the 
125,000  horse-power,  on  the  basis  of  75  per  cent, 
efficiency  in  the  turbines.  He  estimates, 
further,  that  the  amount  of  flow  on  the  Can- 
adian side  of  the  river  is  probably  65  per  cent, 
of  the  total  flow,  and  gives  9,000,000  cubic  feet 
per  minute  as  the  low-water  discharge  of  the 
river,  as  indicated  by  U.  S.  Government 
.  gaugings. 

The  differences  of  level  provided  by  the  de- 
sign are  such  that,  after  deducting  losses  from 
friction  and  the  velocity  pt  approach  and  dis- 
charge, there  will  remain  an  operating  head  of 
143  feet  to  be  utilized  by  the  turbines.  There 
are  to  be  eleven  generators,  of  12,500  horse- 
power each,  and  the  connection  between  the  gen- 
erators and  the  turbines  will  be  made  by  the 
use  of  a  hollow  vertical  shaft,  having  a  total 
length  of  approximately  115  feet  supported  at 


beginnings  of  trouble  may  be  discovered  before 
serious  expense  results.  A  chamber  is  to  be 
excavated  at  the  level  of  the  turbine  deck  for 
oil  pumps  and  other  auxiliary  machinery. 

Tbfi  tail-race  tunnel  from  the  branch  tunnels 
to  the  discharge  portal  will  be  about  1,935  feet 
long.  It  will  have  a  grade  of  5>4  feet  in  a 
thousand  and  is  straight  to  avoid  any  erosion 
to  its  lining  due  to  a  change  in  direction  of 
the  rapidly  moving  water.  The  cross-sections 
of  the  tunnel  are  shown  in  accompanying  illus- 
trations, that  at  the  left  being  the  cross-sec- 
tion for  the  major  part  of  its  length  and  that 
at  the  right  for  the  last  300  feet  from  the  face 
of  the  cliff.  Here  the  tunnel  will  have  a  per- 
manent lining  of  concrete,  divided  by  vertical 
joints  into  rings  G  feet  in  length,  in  order  that, 
as  the  falls  recede,  these  rings  will  break  away 
as  a  whole,  leaving  a  finished  surface  at  the 
new  end  of  the  tunnel.  For  the  rest  of  the  dis- 
tance, the  permanent  lining  will  consist  of  two 
rings  of  hydraulic  pressed  brick,  backed  solid 
to  the  rock  with  concrete. 

For  the  utilization  of  the  power  the  company 
has  purchased  some  530  acres  of  land  fronting 
on  the  Chippewa  River  about  2  miles  from  the 
town  of  Niagara  Falls,  3  miles  from  the  confiu- 


Main  Coffer  Dam  for  Toronto  &  Niagara  Power  Company,  Showing  Arched  Form  of  Construction. 


three  intermediate  points  by  concrete  bearings, 
as  already  explained.  The  branching  of  the 
tail-race  tunnel  takes  place  at  a  point  165  feet 
from  the  lower  end  of  the  wheelpit  and  the  in- 
tervening rock  between  either  lateral  tun- 
nel and  the  adjacent  side  of  the  wheelpit  is 
pierced  by  the  draft  tubes,  which  enter  the  lat- 
eral tunnels  through  an  invert.  A  water  seal  is 
thus  preserved  at  all  stages  of  operation.  Sin- 
gle draft  tubes  are  used,  each  alternate  wheel 
discharging  into  the  same  tunnel,  six  draft- 
tubes  entering  the  north  tunnel  and  five  the 
south.  Gate  chambers  are  provided  for  each 
side  tunnel,  so  that  by  closing  the  gate  in  either 
tunnel  and  shutting  down  the  wheels  discharg- 
ing into  this  side,  an  inspection  can  be  made 
while  the  other  half  of  the  station  is  in  opera- 
tion. The  branched  tunnels  are  connected  by 
a  passageway  leading  from  the  wheelpit,  and 
by  means  of  a  steel  gallery  suspended  from 
the  top  of  the  tall-race  tunnel,  and  lighted  by 
electricity.  It  will  be  possible  for  one  entering 
at  the  wheelpit  to  traverse  the  length  of  the 
tunnel  to  the  portal  under  the  falls.  The  sep- 
aration of  the  machinery  In  practically  two  sta- 
tions is  important  as  allowing  for  frequent  ex- 
aminations of  the  machinery  in  order  that  the 


ence  of  Chippewa  and  Niagara  rivers  and  about 
3%  miles  from  the  point  at  which  the  Chip- 
pewa River  has  entrance  into  the  Wellanil 
Canal,  this  to  provide  for  manufacturing  sites 
for  those  who  may  become  purchasers  from 
the  company  of  power  for  industrial  or  electro- 
chemical uses.  In  addition  to  this,  a  right  of 
way  having  a  minimum  width  of  80  feet  has 
been  nearly  all  purchased  between  Toronto  and 
Niagara  Falls,  75%  miles  in  length,  on  which 
the  pole  line  for  the  transmission  of  30,000 
horse-power  is  to  be  constructed.  The  right  of 
way  has  been  located  in  such  manner  that  a 
double-track  railway  may  be  run,  should  future 
development  warrant  its  use  for  such  an  enter- 
prise. This  work  has  l)een  conducted  under  the 
direction  of  Mr.  W.  T.  Jennings,  M.  Inst.  C.  E. 
The  beginning  of  the  actual  construction  on 
the  power  development  may  be  said  to  date 
from  April  2,  when  the  first  timbers  for  the  crib 
coffer  dam  were  laid  down  in  the  Niagara  River 
by  Messrs.  Barry  &  McMordie,  of  Niagara  Falls, 
Ont.  The  crib  work  was  started  from  the  orig- 
inal shore  line  415  feet  above  the  upper  end  of 
the  wheel  pit.  For  the  first  416  feet  the  con- 
ptruction  was  comparatively  simple,  the  cribs 
being  built  In  place.    The  flow  had  been  largely 
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diverted  from  this  portion  of  the  river  bed,  by 
the  coffer  dam  of  the  Ontario  Power  Company, 
next  above  the  Toronto  and  Niagara  develop- 
ment, and  the  small  amount  of  water  intercept- 
ed on  this  stretch  was  allowed  to  flow  through 
culverts  left  in  the  crib  work  near  the  shore 
end.  Between  the  second  and  third  angles  of  the 
crib  a  heavy  flow  was  intercepted,  the  water  be- 
coming deeper  and  the  flow  more  rapid.  The 
cribs  were  then  built  in  the  river,  upstream 
from  the  coffer  dam,  and  by  means  of  cables 
from  the  shore  were  floated  into  place  with  the 
current. 

It  was  found  that  the  extension  of  the  crib 
into  the  river,  beyond  the  second  angle,  was 
causing  a  backing  up  of  the  water  and  to  pre- 
vent a  flooding  of  a  portion  of  the  forebay  un- 
watered  by  the  Ontario  Power  Company,  a  spur 
crib  was  constructed  from  this  angle,  leading 
upstream  along  the  edge  of  the  heavy  flow. 

At  a  point  576  feet  from  the  shore,  measured 
along  the  face  of  the  crib,  a  decided  fall  in  the 
elevation  of  the  river  bed  was  encountered.  In 
three  crib  lengths,  48  feet,  the  river  bed  drop- 
ped from  elevation  522  to  elevation  515,  giving 
a  depth  of  water  of  24  feet.    This  deep  channel 


tached,  parted  and  the  fender  was  carried  away, 
passing  out  over  the  cascade  and  grounding 
about  150  feet  oft  shore. 

A  new  fender  of  heavier  design  was  con- 
structed, which  served  its  purpose  until  the  cas- 
cade was  reached.  In  attempting  to  move  the 
fender  over  the  cascade,  it  was  broken  to  pieces 
by  the  force  of  the  water  and  ultimately  carried 
away.  At  this  point,  however,  the  crib-work 
was  running  nearly  parallel  to  the  heavy  flow 
and  no  great  difficulty  was  experienced  from 
there  on  in  placing  the  cribs  without  its  as- 
sistance. The  depth  of  the  water  actually  found 
has  averaged  over  13  feet. 

While  the  building  of  the  coffer  dam  has  been 
a  work  of  considerable  hazard,  it  has  been  sin- 
gularly free  from  serious  accidents.  On  Octo- 
ber 5,  one  of  the  timbermen,  employed  on  the 
advance  work,  lost  his  footing  and  fell  into  the 
river,  on  the  instream  side  of  the  coffer  dam. 
The  river  currents  at  that  point  were  not 
strong,  but  being  unable  to  swim  he  was  carried 
out  before  assistance  could  be  given  and  his 
body  washed  over  the  falls.  On  November  11, 
one  of  the  divers  employed  in  closing  openings 
in  the  sheeting  of  the  clay  space,  was  drawn 


River  Bed  at  the  Cascade  Rapids,  Indicating  Di£ScuUy  in  Securing  Foundation  for  CofFer  Dam. 

On  farther  side  of  coffer  ilam  1b  the  most  turbulent  rapid  In  the  Upper  Niagara  River.     Depth   of  water  at 

this  part  of  coffer  dam  was  14  to  15  feet. 


continued  for  about  50  feet  and  then  gradually 
shoaled  to  a  depth  of  19  feet.  Because  of  this 
depth  of  water,  the  width  of  the  crib  work  was 
increased  to  24  feet.  The  puddle  space  was  also 
increased  in  width  and  re-inforced  by  addition- 
al crib  work,  as  shown. 

The  placing  of  the  cribs  in  this  deep  water, 
flowing  at  right  angles  to  the  end  of  the  crib 
and  at  a  high  velocity,  was  an  operation  of  very 
great  difficulty.  In  order  to  break  the  force  of 
the  current,  a  fender  was  constructed  of  heavy 
timber,  which  rested  against  the  upstream  side 
of  the  crib-work  and  was  projected  beyond  the 
last  crib  in  place.  The  fender  was  held  in  posi- 
tion by  three  steel  cables  passing  along  the  up- 
stream face  to  the  spur,  where  a  winch  was  es- 
tablished to  control  the  lines  used  in  paying  it 
out.  The  cribs  were  framed  in  the  slack  water 
below  the  coffer  dam  and  brought  into  position 
in  the  lee  of  the  fender  by  means  of  stout  tackle, 
operated  from  a  traveling  derrick  at  the  end  of 
the  crib-work.  On  June  9,  at  a  distance  of  690 
feet  from  the  shore,  the  strain  on  the  fender 
was  so  great,  from  the  impact  of  water,  that 
the  cross-bracing,  to  which  the  cables  were  at- 


by  the  suction  of  the  water  against  an  opening, 
in  which  his  foot  and  leg  were  caught  and  held 
by  the  force  of  the  water.  He  remained  in  this 
position  for  over  three  hours  before  he  was 
liberated. 

The  contract  of  the  tail-race  tunnel  was 
awarded  to  Mr.  Anthony  C.  Douglass,  of  Niagara 
Falls,  N.  Y.  As  the.  tail-race  tunnel  lies  under 
the  river  bed  for  its  entire  length,  provision 
was  made  in  the  contract  for  a  construction 
shaft  to  be  sunk  on  the  west  shore  of  the  river 
above  the  falls,  and  a  small  working  tunnel  or 
drift  to  be  driven  under  the  river  out  to  the 
tail-race  tunnel,  the  excavated  material  to  be 
disposed  of  either  by  hoisting  vertically  through 
the  shaft,  and  wasting  over  the  bluff,  or  by 
dumping  under  the  falls  through  openings  from 
the  drift  to  the  cliff  back  of  the  curtain  of 
water.  The  excavation  of  the  tail-race  tunnel 
will  proceed  from  the  falls  up  grade  to  the 
wheel  pit,  in  the  most  favorable  manner  for 
drainage,  should  water  be  encountered.  Provis- 
ion was  also  made  for  a  shaft  at  the  upper  end, 
should  It  be  required  for  the  purpose  of  expe- 
diting the  work  of  construction. 


The  drift  was  planned  to  intersect  the  tail- 
race  tunnel  at  a  point  about  100  feet  from  the 
portal,  and  will  have  a  length  of  670.9  feet,, 
measured  from  the  shaft.  Work  on  the  con- 
struction shaft  was  begun  on  May  18,  1903.  For 
a  depth  of  16%  feet  the  shaft  penetrated  loose 
material,  which  admitted  water  from  the  river 
very  freely.  A  pit,  approximately  46  by  39  feet, 
was  excavated  in  the  loose  material  and  carried 
to  a  depth  of  2  feet  below  the  level  of  the  water 
in  the  river.  In  this  excavation  a  coffer  dam 
was  constructed,  surrounding  the  mouth  of  the 
shaft.  The  seamy  surface  rock  was  removed 
for  a  depth  of  4  feet  to  an  impervious  stratum 
of  limestone,  and  the  final  shaft  timbering 
placed  and  surrounded  by  a  wall  of  Portland  ce- 
ment beton,  which  effectually  cut  off  the  water 
entering  the  shaft. 

Prom  this  point  to  sub-grade  rapid  progress 
was  made.  During  August  the  shaft  was  sunk 
through  a  depth  of  101.5  feet,  and  in  addition 
15  feet  of  the  drift  was  excavated.  The  dimen- 
sions of  the  shaft  are  15  by  7  feet,  in  clear  of 
all  timbering. 

The  dimensions  of  the  drift  are,  approxi- 
mately, 14  feet  in  width  by  7  feet  hi^h,  an  area 
sufficient  for  two  construction  tracks.  The  drift 
leaves  the  shaft  at  elevation  366  and,  with  a 
slight  fall  in  grade,  will  intersect  the  tail-race 
tunnel  at  about  spring  line  or  23  feet  above  nor- 
mal high  water  in  the  gorge. 

On  October  7,  at  a  distance  of  385  feet  from 
the  shaft,  the  cross-drift,  leading  out  to  the 
cliff  under  the  falls,  was  begun.  Up  to  this 
time  the  drift  had  been  very  dry,  and  the  small 
amount  of  water  entering  the  shaft  was  easily 
controlled  by  a  No.  5  Cameron  mining  pump, 
working  only  at  intervals.  On  October  9,  when 
within  an  estimated  distance  of  14  feet  from  the 
cliff,  a  fissure  was  developed  in  the  roof  by  a 
round  of -holes  fired  in  the  cross-drift,  through 
which  water  came  in  considerable  volume, 
flooding  the  drift  and  causing  a  suspension  of 
work.  Pumps,  of  a  capacity  sufficient  to  handle 
the  flow,  were  at  once  installed  and  the  water 
lowered  so  that  a  resumption  of  work  was  pos- 
sible. Preparations  for  drilling  were  under  way 
when  a  fall  of  rock  occurred  near  the  face  of 
the  cross-drift,  and  a  large  increase  in  the  flow 
took  place,  again  flooding  the  drift. 

It  was  found  that  the  water  rose  in  the  shaft 
to  a  height  of  16  feet  above  the  grade  of  the 
drift,  before  finding  its  level,  thus  indicating 
that  the  water  came  from  the  heavy  spray  under 
the  falls,  striking  the  cliff,  and  finding  its  way 
through  fissures,  whose  openings  were,  approxi- 
mately, at  this  elevation.  This  inference  was 
completely  borne  out  by  subsequent  events. 

A  heavier  pumping  plant  was  installed,  and 
the  water  was  lowered  and  work  resumed  in  the 
cross-drift.    Holes  were  drilled  in  the  face,  vary- 
ing in  length  from  18  to  22  feet,  indicating  a 
l)arrier  of  solid  rock  of  about  12  feet  in  thick- 
ness, and  beyond  this  a  softer  rock  somewhat 
disintegrated,  but  of  unknown  thickness,  none 
of  the  holes  penetrating  to  the  face  of  the  cliff. 
In  all,  eighteen  holes  were  drilled,  and  as  the 
flow  into  the  drift  was  Increasing  in  volume  and 
gaining  on  the  pumps,  it  was  decided  to  load 
the  holes  and  blast  away  the  barrier.    In  addi- 
tion  to   the   dynamite   used    in   the  holes,   ten 
cases  of  60  per  cent,  dynamite  were  placed  at 
the  face  of  the  cross-drift,  and  the  drift  was  al- 
lowed to  flood  before  flring.     The  blast  broke 
down  the  solid  rock  barrier  and  opened  a  thor- 
ough cut  through  the  disintegrated  rock  and 
talus,  out  to  the  sheet  of  water,  and  down  to  an 
elevation  about  12  inches  below  the  drift  roof. 
The  water  in  the  drift  fell  to  this  level,  and 
several  efforts  were  made  to  reach  the  opening, 
by  means  of  a  boat  through  the  drift,  in  order 
to  blast  away  the  remaining  barrier  and  allow 
the  water  to  flow  out.     Palling  in  this  attempt. 
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two  of  the  foremen  successfully  made  the  trip 
around  behind  the  falls,  to  the  mouth  of  the 
drift,  Tbese  men,  roped  together,  crept  along 
Hi*  top  of  the  talus  to  the  mouth  of  the  drift, 
450  feet  from  the  Canadian  side  of  the  falls, 
end  demonstrated  the  feasibility,  though  not 
unattended  with  danger,  of  a  passage  orer  the 
talus. 

A  number  of  trips  were  made  in  this  way  and 
a  large  amount  of  dynamite  was  carried  out 
hack  of  the  falls  and  used  in  open  blasts,  to 
scatter  the  talus  and  loose  rock  obstructing  the 
mouth  of  the  drift.  By  this  means  a  trench  was 
mad?  down  to  grade,  through  which  the  water 
flowed  out,  and  complete  dralna^  was  estab- 
lished and  the  pumps  removed.  A  timber  shield 
was  constructed  out  from  the  opening  to  with- 
in about  12  feet  of  the  curtain  of  water,  to  pro- 
tect the  men  from  the  heavy  spray.  In  cou- 
stmcting  this  shield,  which  was  built  of  12x12- 
Inch  yellow  pine  timbers,  the  men  working 
under  the  heavy  fall  of  spray,  which  came  in 
gasts  of  snch  flerceness  and  strength  as  to  sweep 


them  frequently  from  their  feet,  were  roped  to 
the  heavy  timbers,  which  in  several  instances 
saved  them  from  being  swept  under  the  falls. 
Prom  the  end  of  this  shield  a  chute  was  con- 
structed, for  the  disposal  of  the  excavated  rock. 
The  contract  for  the  wheel  pit  and  trail-race 
branch  tunnels  was  awarded  to  Mr.  M.  Davis, 


of  Ottawa,  and  work  was  begun  August  10.  As 
the  site  had  not  been  unwatered  by  the  crib 
coffer  dam,  under  construction  by  Messrs. 
Barry  &  McMordie,  provision  was  made  for  the 
construction  of  an  inner  coffer  dam  within  a 
minimum  clearance  of  35  feet  from  the  head 
gates,     it  consists  of  a  double  line  of  crib-work 
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with  a  clay  space  between.  The  outer  crib 
varies  in  thickness  from  7  to  12  feet,  depending 
on  the  depth  of  water  encountered.  At  the  lower 
end  a  maximum  depth  of  15  feet  of  water  was 
recorded.  The  inner  crib  has  a  uniform  width 
of  7  feet  and  was  carried  to  the  level  of  the 
water  in  the  river,  and  above  this  stout  timber 
bracing  was  used  to  hold  the  sheeting  for  the 
clay  space.  The  clay  space  was  sheeted  with 
two  thicknesses  of  one  inch  plank,  breaking 
Joint  and  carefully  scribed  so  as  to  fit  accurate- 
ly the  river  bed.  The  foundation  for.  the  cribs 
was  found  to  be  very  irregular,  larg^  boulders 
and  detached  masses  of  ledge  covering  the  rock 
surface,  which  was  also  badly  Assured. 

In  accordance  with  the  efforts  to  preserve  as 
much  as  possible  the  natural  attractions  of  the 
Queen  Victoria  Niagara  Falls  park,  on  the  com- 
pletion of  the  work,  considerable  attention  is 
to  be  paid  to  the  power-house  structure.  The 
building  will  be  about  500  feet  long,  70  feet 
wide  and  40  feet  high.  According  to  Mr.  E.  J. 
Lennox,  the  architect,  who  has  prepared  a  de- 
sign, the  front  elevation  will  have  a  center  and 
two  end  bays,  and  the  portions  between  center 
and  end  bays  of  the  facades  will  be  set  back 


Some  Recent  Small  Sewage  Purification 
Plants. 

Extracts  from  a  paper  entitled  Kilters  Versus  Con- 
tact Beds  In  Sewage  I'uriacatlon,  read  by  Mr.  W.  S. 
Shields,  of  Chicago,  before  the  Indiana  Engineering 
Society. 


My  own  experience  and  observation  with  con- 
tact beds,  though  limited,  is  far  from  satisfac- 
tory, and  I  have  given  most  attention  to  filters, 
principally  sand  filters,  operated  intermittently 
and  automatically.  Some  six  of  these  plants 
are  now  in  successful  operation,  the  largest  be- 
ing at  the  county  institutions  of  Milwaukee 
County,  located  at  Wauwatosa,  Wis.,  within  a 
half  hour's  ride  on  an  electric  car  from /.he  city 
of  Milwaukee.  This  plant  is  designed  to  take 
care  of  the  sewage  from  a  number  of  separate 
institutions  with  a  total  population  of  2,500, 
including  inmates  and  attendants.  They  are 
old  and  long  established  Institutions  from 
which  there  is  from  300,000  to  450,000  gallons 
of  .very  strong  sewage  discharged  every  day. 

Prior  to  the  building  of  the  present  plant,  a 
committee  of  county  supervisors  made  a  pil- 
grimage to  Champaign,  III.,  and  there  were 
convinced  that  it  was  only  necessary  for  them 


Launching  a  Crib  at  the  Cascade  during  Construction  of  Coffer  Dam,  Toronto   &   Niagara   Power  Co. 


about  6  feet  with  large  windows.  liT  front  of 
the  loggia  formed  will  be  a  colonnade  through 
which  the  public  can  pass  to  view  the  machinery 
in  the  machinery  room.  It  is  the  intention  to 
form  a  wide  terrace  around  the  building  that 
will  lift  it  above  roadway  level,  and  to  form  as- 
cending steps  on  all  sides. 


i 


A  Wateb-Poweb  PtXNT  operating  under  a 
head  of  715  feet  has  been  developed  near 
Klamath  Hot  Springs  in  northern  California. 
There  is  at  present  installed  a  1,000-horse-power 
Pelton  water  wheel  under  the  control  of  a  Lom- 
bard governor.  The  pipe  line  to  It  is  of  double 
riveted  30-inch  steel  pipe,  2,837  feet  long,  30 
inches  in  diameter  except  the  first  37  feet  where 
it  tapers  from  40  to  30  inches,  and  ranging  in 
thickness  from  No.  10  gauge  to  %  inch.  It  ter- 
minates Into  a  receiver  fiO  feet  long  and  30 
in(-he8  in  diameter,  built  of  7/16-lnch  steel, 
from  which  three  12-lnch  taps  are  to  be  made  to 
three  water  wheels. 


to  build  a  similar  tank.  They  purchased  a  set 
of  their  plans  and  built  it.  The  result  was 
that  inside  of  three  months  it  was  overflowing 
with  sludge  and  was  abandoned.  The  present 
plant  consists  of  this  tank,  which  is  8x17x54 
feet  and  a  new  tank  8x20x85  feet.  These  tanks 
stand  side  by  side  and  are  covered  with  low 
brick  buildings.  They  have  a  combined  fluid 
capacity  of  160,000  gallons,  and  each  Is  divided 
by  a  long  central  concrete  partition  into  two 
compartments  with  all  inlets  controlled  by 
valves.  The  outlet  In  both  tanks  is  over  a  wide 
weir  Into  a  trough.  Both  troughs  are  built  of 
concrete,  and  the  water  surfaces  of  the  tanks 
are  protected  by  deep  trap  walls.  There  are  no 
grit  chambers  to  either  of  these  tanks,  but  both 
have  iron  sludge  pipes  provided  with,  valves, 
through  which  the  sludge  may  be  drawn  off  and 
discharged  by  gravity  into  the  river  during 
high  water. 

The  plant  is  located  in  the  valley  of  the  Men- 
ominee River,  and  the  most  available  site  for 
the  filter  beds  was  on  the  opposite  side  of  the 


river  from  the  septic  tanks;  consequently  the 
sewage  must  be  carried  through  an  inverted 
siphon  beneath  the  river,  which  at  this  point 
is  some  4  feet  deep  and  100  feet  wide.  This 
siphon  is  extended  on  a  uniform  grade  through 
the  filter  plant  and  into  the  river  some  600  feet 
below  the  crossing.  This  pipe  with  the  excep- 
tion of  where  it  crosses  beneath  the  river, 
where  iron  was  used,  is  of  vitrified  sewer  pipe, 
double  strength  and  deep  sockets,  carefully  ce- 
mented; it  passes  directly  under  the  dosing 
tank,  where  a  shaft  opens  up  Into  the  bottom 
of  the  tank.  In  this  shaft  is  a  sluice  valve  with 
a  long  stem  arranged  to  be  operated  from  the 
outside  of  the  tank.  With  the  closing  of  this 
valve  the  sewer  is  closed  and  the  tank  effluent 
is  forced  to  rise  Into  the  tank  where  at  the 
flow  or  discharge  line  it  is  some  9  feet  above 
the  main  pipe  below.  By  the  opening  of  this 
valve,  the  discharge  can  be  turned  directly  into 
the   river. 

The  filter  plant  consists  of  eight  sand  filter 
beds,  each  having  an  area  of  %  acre, 
arranged  in  two  rows  of  four  beds. 
The  rows  are  25  feet  apart  and  the  beds 
10  feet  apart.'  The  four  corner  beds  are  each 
50x110  feet  in  dimensions,  while  the  fdur  inner 
beds  are  57.3x95  feet;  the  latter  being  shortened 
in  order  to  provide  more  room  for  the  controll- 
ing chamber  and  distributing  pipes,  which  are 
located  in  the  center  of  the  Altering  area.  The 
lontroUlng  chamber  is  a  concrete  basin  12  feet 
wide  and  26  feet  long,  Inside  measurements,  at 
the  center  of  which  is  a  brick  building  12  feet 
xl2  feet  x  11  feet  high  covered  with  a  tile  roof. 
In  the  dosing  tank  are  eight  15-inch  siphons, 
one  connected  with  ea:ch  filter  bed,  where  the 
water  is  distributed  Ijy  two  wooden  troughs  ex- 
tending the  entire  length  of  the  beds.  The 
troughs  have  perforations  on  each  side  at  the 
bottom  at  intervals  of  3  feet  to  allow  the  water 
to  pass  freely  and  quietly  upon  the  surface  of 
the  filter.  In  the  chamber  .above  the  tank  is  a 
ball  device,  for  automatically  putting  the  si- 
phons into  operation  at  the  desired  depth  of 
water  within  the  tank. 

The  Alter  beds  are  composed  of  gravel  and 
sand;  the  lower  12  inches  being  built  of  very 
coarse  gravel,  ranging  from  small  cobble  stones 
down  to  the  size  of  an  English  walnut,  while 
the  next  12  inches  is  composed  of  fine  gravel 
similar  to  roofing  gravel.  On  the  top  of  this 
is  placed  12  inches  of  coarse  clean  sand.  The 
partition  banks  between  the  beds  are  of  nat- 
ural soil  with  sodded  slopes  leaving  a  4-foot 
walk.  The  beds  are  drained  with  four  lines  of 
4-inch  vitrified  sewer  pipe  laid  with  open  joints 
discharging  into  12-lnch  main  drains  which  lead 
to  a  central  inspection  chamber;  four  beds 
draining  into  one  of  these  chambers.  Each  bed 
is  provided  w^ith  an  overflow  built  of  concrete, 
through  which  water,  if  for  any  reason  it  should 
not  pass  down  through  the  filter,  finds  en- 
trance through  the  main  outlet  drain  of  each 
bed  Into  the  inspection  chamber,  which  is  con- 
nected with  the  main  sewer,  and  Is  discharged 
Into  the  river  through  the  common  outlet.  The 
automatic  device  is  so  arranged  that  one  or 
more  of  the  beds  may  be  cut  out  of  service  and 
the  others  operated. 

The  plant  has  been  operating  since  the  first 
of  December  in  a  very  satisfactory  manner. 
The  final  effluent  is  bright  and  clear,  and  the 
plant  has  required  very  little  attention,  al- 
though it  has  passed  through  several  periods  of 
very  cold  weather,  the  temperature  being  as 
low  as  15  degrees  below  zero.  During  this  cold 
weather  the  temperature  of  the  sewage  was  re- 
duced only  a  few  degrees  in  passing  the  plant. 

Similar  plants  where  sand  filters  are  in  use, 
have  been  operating  very  successfully  for  the 
past  two  years  and  this  form  of  construction, 
where  sufficient  fall  and  areas  can  be  obtained, 
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promlPOB  to  be  popular  as  it  has  no  patented 
pioeeiM  connected  with  it.  It  is  very  simple 
in  construction  and  operation,  and  where  good 
filtering  material  can  be  bad  at  reasonable  cost, 
is  not  expensive  to  construct  as  there  is  very 
little  concrete  or  masonry  required  in  the 
filters.  The  automatic  device  used  in  these 
plants  has  been  very  satisfactory  indeed.  Ex- 
perience has  shown  the  necessity  of  using  large 
siphons  which  will  not  only  discharge  the  con- 
tents of  the  dosing  tank  quickly,  but  will  oper- 
ate more  promptly  under  an  excess  flow,  which 
is  liable  to  occur  during  storms.  The  only 
trouble  that  we  have  had  with  these  devices. 
has  been  that  at  such  times  when  there  is  un- 
usually heavy  flow,  the  siphons  in  some  cases 
could  not  take  the  water  out  fast  enough  to 
break  their  seal  when  the  tank  was  nearly 
empty.  In  the  plant  above  described,  the  15- 
inch  siphons  were  built  of  vitrified  sewer  pipe 
witli  galvanized  iron  domes  and  are  not  intend- 
ed 10  operate  automatically  without  the  aid  of 
the  controlling  device. 

Another  interesting  plant  was  built  for  the 
Allis-Chalmers  Company  at  their  new  works  in 
West  Allls.  Early  in  1902,  the  company  adver- 
tised for  propositions  for  constructing  a  sew- 
age purification  plant  with  a  capacity  sufhcient 
to  purify  the  sewage  from  factories  where  3.- 
500  men  were  to  be  employed.  The  require- 
ments so  far  as  purification  was  concerned, 
stipulated  that  "The  effluent  from  the  plant 
shall  be  without  odor  and  in  such  condition  that 
no  further  putrefaction  shall  oeciir.  In  particu- 
lar, the  effluent  water  shall  be  at  all  times  un- 
objectionable in  flowing  through  the  course  of 


other  of  2  feet  of  3-inch  material;  then  follow 
2  feet  of  %-inch  cinders  while  on"  top  of  this 
are  6  inches  of  a  still  finer  grade  of  the  same 
material,  leaving  a  6-inch  depth  of  water  over 
the  entire  surface  when  it  is  flooded.  A  by- 
pass is  provided  through  which  the  effluent 
from  the  septic  tank  can  be  carried  around  this 
anaerobic  filter  into  the  distributing  chambers. 
'  The  aerobic  filter  is  an  open  filter  constructed 
on  a  concrete  floor  or  foundation;  this  floor  is 
40x00  feet  in  dimensions  and  has  a  slope  of  6 
inches  from  the  center  to  the  outside.  Along 
the  outside  are  concrete  gutters  which  collect 
the  effluent  and  discharge  it  through  tile  pipes 
into  an  open  ditch  below  the  works.  On  top 
of  the  floor  are  placed  parallel  lines  of  4-inch 
conduit  pipe  sloping  from  the  center  to  the 
sides,  for  the  purpose  of  admitting  air  to  the 
Interior  of  the  filter.  These  tiles  are  laid  a 
few  inches  apart  over  the  entire  surface  and 
on  top  of  them  is  placed  the  Altering  material, 
which  in  this  case  is  composed  of  coal  cinders 
and  clinkers  varying  in  size  from  %  inch  to  % 
inch  in  diameter.  The  outside  was  built  of 
large  clinkers  laid  carefully  with  a  slight  bat- 
ter. The  filter  has  a  height  of  8  feet  at  the 
sides  and  7^  feet  in  the  center,  and  a  top 
area  of  30x34  feet. 

Across  the  top  of  this  filter  is  placed  the  dis- 
tributing system  composed  of  three  parallel 
lines  of  plank  troughs  12  inches  wide  by  10 
inches  high,  constructed  of  2-inch  pine  planks. 
Into  each  of  these  troughs  an  8-inch  iron  pipe 
leading  from  the  siphons  is  connected  in  such  a 
manner  that  each  siphon  feeds  one-third  of  the 
bed.  Across  and  at  right  angles  to  these  troughs 


is  bright,  clear  and  without  odor.  The  opera- 
tion of  this  plant  has  developed  the  following 
facts:  First,  that  our  estimate  of  80,000  gallons 
per  day  was  far  too  small  as  the  actual  flow 
ranges  during  at  least  12  hours  of  the  24  from 
a  rate  of  250,000  to  400,000  gallons  per  day,  a 
fair  average  probably  being  320,000  (gallons  and 
contains  a  large  amount  of  oil  and  hot  water 
from  engines  and  machinery.  Second,  that  or- 
dinary coal  cinders  when  carefully  screened, 
will  disintegrate  under  conditions  here  found, 
indicating  that  a  harder  material  should  be 
used  for  constructing  filters.  Third,  that  the 
outside  of  such  filters  should  be  constructed  of 
square  open  tile  laid  in  mortar  or  dry  rubble 
masonry  instead  of  the  large  clinkers  which 
disintegrate  under  action  of  the  water  and  al- 
low slides  to  take  place.  Fourth,  that  there  is 
not  so  much  danger  from  freezing  in  extreme 
cold  weather  as  might  naturally  be  expected; 
consequently  the  covering  might  be  omitted  en- 
tirely except  in  northern  latitudes,  and  then 
ample  provision  should  be  made  for  opening 
up  doors  in  the  covering  whenever  the  condi- 
tions of  the  weather  will  allow.  Fifth,  that 
with  ordinary  sewage  and  a  good  septic  tank 
effluent  a  filter  of  this  kind  may  be  depended 
upon  for  a  capacity  of  from  750  to  1,000  gallons 
of  effluent  per  square  yard  of  surface. 

This  filter  has  during  the  past  six  months 
been  operated  continuously  at  a  rate  of  at  least 
1,000  gallons  per  square  yard  during  12  hours 
of  each  day,  and  as  at  least  part  of  the  plant  is 
operated  during  the  night,  it  gets  but  little  rest 
during  that  period.  I  have  no  knowledge  of  the 
night  flow.    Since  the  plant  has  been  operating, 


Aerobic  Filter  Showing  Material  and  Drains. 

natural  drainage  into  which  it  is  discharged  be- 
yond the  limits  of  the  property  of  the  com- 
pany." 

The  writer  submitted  a  proposition  on  plans 
similar  to  the  one  later  constructed  for  the 
County  of  Milwaukee  In  which  sand  filters  were 
to  be  used  for  final  treatment.  At  the  sugges- 
tion of  the  consulting  engineer,  Mr.  W.  S.  Mac- 
Harg,  of  Chicago,  the  sand  filters  were  discard- 
ed. The  plant  was  designed  for  a  capacity  of 
80,000  gallons  of  sewage  per  day,  and  consists 
of  a  septic  tank  provided  with  a  grit  chamber 
and  an  anaerobic  filter  connected  with  the  tank, 
with  final  treatment  through  an  open  percolat- 
ing filter.  [It  was  brlefiy  described  and  Illus- 
trated in  The  Engineering  Record  August  29, 
1903-1  The  anaerobic  filter  is  composed  of  lines 
of  4-incb  tile  conduit  pipe,  laid  upon  a  con- 
crete floor,  and  spaced  4  Inches  apart  with 
openings  at  each  section  of  several  Inches  be- 
tween pieces.  The  entire  floor  Is  covered  in  this 
way,  the  ends  of  the  tiles  projecting  through  be- 
neath the  trap  wall.  On  top  of  this  tile  are 
placed  large  pieces  of  coal  clinkers  so  laid  by 
hand  that  the  finer  material  cannot  get  down  to 
clog  the  drains;  on  top  of  these  large  pieces 
there  are  30  inches  of  coarse  hard  clinkers,  6 
Inches  In  diameter;  on  top  of  this  course  Is  an- 
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and  spaced  3  feet  centers,  are  feed  troughs. 
These  are  of  lumber  and  are  9  feet  long,  pro- 
jecting 4  feet  on  each  side  of  the  main  trough. 
They  are  built  on  12-inch  boards  9  feet  long 
testing  upon  a  wall  of  clinkers  and  elevated 
some  12  inches  above  the  top  of  the  bed.  These 
walls  were  built  of  selected  pieces,  are  wide  at 
the  bottom  and  narrowed  to  16  inches  at  the 
top.  The  troughs  are  4  inches  wide  and  3 
inches  high,  constructed,  by  nailing  to  a  4x1- 
inch  strip  of  dressed  lumber  two  side  pieces  8 
inches  wide;  then  at  intervals  of  8  Inches, 
notches  %  Inch  wide  were  cut  through  the  low- 
er 2  inches  of  the  sides  and  half  way  through 
the  bottom.  These  boxes  were  nailed  to  the 
12-inch  board  and  the  ends  closed;  they  were 
then  fastened  with  cleats  to  the  sides  of  the 
main  trough,  in  each  Bide  of  which  is  a  2x2- 
Inch  opening  through  which  the  water  dis- 
cbarges Into  the  feed  troughs.  These  open- 
ings are  provided  with  hand  slides  so  that  the 
amount  of  water  can  be  regulated  in  order  to 
get  a  uniform  distribution  over  the  entire  area 
fed  by  one  main  trough. 

The  plant  was  put  into  operation  about  Feb- 
ruary 1,  1903,  and  has  operated  continuously 
up  to  the  present  time,  and  during  this  time  it 
has  given  entire  satisfaction.    The  final  effluent 


Aerobic  Filter  at  Allis-Chalmers  Plant. 

several  changes  have  been  made.  The  aerobic 
filter  has  been  surrounded  with  a  brick  wall 
laid  dry,  and  the  distributing  system  has  been 
suspended  from  trusses  resting  upon  brick 
piers  and  is  now  supported  independent  of  the 
filtering  medium  and  some  15  inches  above  it. 
The  system,  however,  proves  very  satisfactory 
and  the  distribution  is  even  throughout  the 
whole  surface.  The  notches  in  the  bottom  of 
the  troughs  fill  up  with  fine  cinder  washed 
from  the  anae'robic  bed  and  a  fungus  growth 
which  requires  that  the  slots  be  raked  open  once 
each  week. 

Temperature  readings  taken  at  different 
points  through  this  plant  during  cold  weather 
indicate  very  slight  changes  in  the  water.  A 
typical  set  of  readings  follow:  Outside  atmos- 
phere, 13;  atmosphere  Inside  septic  tank  with 
door  open,  24;  atmosphere  over  filter  bed  with 
winter  shutters  in  place,  44;  sewage  entering 
in  plant,  60;  water  leaving  septic  tank,  GO; 
water  in  siphon  chambers,  54;  final  effluent  be- 
low the  plant,  52.  With  outside  atmosphere  22, 
readings  show  a  loss  of  but  2  degrees  In  pass- 
ing the  entire  plant,  and  in  this  as  well  as  a 
number  of  other  readings  the  water  in  leaving 
the  septic  tank  is  1  degree  higher  than  when 
It  entered. 


Feb.  13,  1904. 
Fourth  Street  Bridge,  Waterloo,  Iowa. 

An  address  dellTered  by  Mr.  M.  L.  Newton  before  the 
Iowa  Engineering  Society.     Slightly  abridged. 


Waterloo,  in  Black  Hawk  County,  Iowa,  is  a 
city  of  17,000  population,  situated  on  the  banks 
of  the  Cedar  River.  An  early  timber  bridge 
across  the  river  at  this  place  was  superseded 
by  a  five-span  Bow  truss,  with  substantial  stone 
piers  and  abutments,  having  an  18-foot  road- 
way and  two  6-foot  sidewalks  outside  the 
trusses  which,  after  more  than  twenty-five 
years'  constant  use  in  turn  became  inadequate 
for  the  increasing  traffic.  The  old  bridge  could 
not  be  made  to  serve  much  longer  In  its  exist- 
ing condition,  and  although  in  later  years  an- 
other highway  bridge  was  in  use  only  one 
block  below,  the  public  demand  for  better 
bridge  accommodations  became  such  that  in 
the  fall  of  1901  the  matter  of  a  new  and  more 
commodious  bridge  was  pretty  thoroughly  agi- 
tated. 

Steel  plate  girder  bridges  having  been  re- 
cently built  at  Waverly  and  Cedar  Falls,  many 
Waterloo  people  favored  the  plate  girder  type 
for  the  new  bridge  to  be  built  on  Fourth  Street. 
At  that  time  the  mefits  of  concrete-steel  con- 
struction for  bridges  were  beginning  to  be 
more  or  less  advertised  in  the  West;   and   as 
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8-foot  walks  on  the  sides,  or  54  feet  wide  over 
all.  ) 

Accordingly  in  February,  1902,  bids  were  re- 
ceived on  both  styles  of  bridge.  Both  plans 
provided  the  same  roadway  and  sidewalk 
privileges,  consequently  a  comparison  of  the 
bids  would  furnish  a  fair  estimate  of  their 
relative  cost,  except  that  the  steel  girder 
bridge  would  require  a  new  floor  every  three 
years,  painting  every  five  years,  and  an  entire 
new  system  of  sidewalk  and  roadway  joists 
once  every  ten  or  twelve  years. 

To  the  surprise  of  the  Board  the  lowest  bid 
for  the  plate  girder  was  $55,994,  by  the  Chicago 
Bridge  &  Iron  Company,  and  the  lowest  bid 
for  the  Melan  bridge  was  only  $49,474,  by  the 
Marsh  Bridge  Company;  but  in  the  face  of  even 
so  great  a  difference  in  the  original  cost  of 
construction  of  the  two  styles  of  bridge,  as 
shown  by  the  bids,  and  the  fact  that  in  con- 
structing a  plate  girder,  two-thirds  of  the  cost 
would  go  out  of  .town  for  materials  and  freight, 
but  for  the  construction  of  the  concrete-steel 
bridge  only  one-third  of  the  cost  would  leave 
the  city  and  two-thirds  would  be  spent  at  home 
for  labor  and  domestic  materials,  the  Board  of 
Supervisors  were  not  willing  to  consider  the 
bid  for  the  new  style  of  bridge,  and  it  was  only 
after     considerable     deliberation,     the     rerora- 
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bridge  as_  already  contracted  for  by  the  county, 
thus  the  bridge  would  provide  a  clear  roadway 
of  40  feet  instead  of  but  36  feet  as  in  the 
plans. 

In  the  spring  of  1902  the  construction  of  the 
foundation  for  the  new  bridge  was  begun. 
Fortunately  the  old  piers  were  not  In  the  way 
of  the  new  ones,  and,  as  the  bridge  was  to 
be  somewhat  shorter  than  the  old  one  the 
abutments  also  could  be  built  without  disturb- 
ing the  old  ones.  Thus  the  old  bridge  was  al- 
lowed to  stand  until  the  new  foundation  was 
entirely  finished,  the  walks  on  the  bridge  serv- 
ing as  a  foot-bridge  and  the  street  railway 
tracks  being  used  by  the  contractor  to  transport 
materials  to  place. 

The  year  1902,  in  this  section  of  the  county, 
will  be  remembered,  by  contractors  especially, 
as  remarkable  for  its  frequent  rains  and  high 
water,  and  in  Waterloo  there  were  still  living 
many  of  the  early  residents  of  the  town  who 
ever  and  anon  spoke  of  the  season  of  1858  as 
one  of  excessive  high  water,  when  most  of 
the  business  men  went  barefooted,  and  gener- 
ally with  their  trousers  legs  rolled  up  above 
their  knees,  the  town  being  simply  a  group  of 
islands,  and  boats  sailed  about  in  the  streets, 
hoots  and  shoes  and  stockings  being  at  a  dis- 
count.    Soon  after  the  commencement  of  work 


General  View  of  the  Concrete-Steel  Arch  Bridge  across  the  Cedar  River,  at  fourth  Street,  Waterloo,  Iowa. 


Ihe  result  of  an  investigation  along  that  line, 
plans  of  both  types  of  bridges  were  ordered 
made.  The  writer  made  a  plan  for  a  steel 
girder  bridge  of  36  feet  clear  roadway,  with 
8-foot  walks  on  each  side,  the  bridge  to  carry 
125  pounds  live  load  to  the  square  foot  on  the 
roadway  and  80  pounds  to  the  square  foot  on 
the  sidewalks.  The  bridge  was  to  consist  of 
7  spans  of  79  feet  each,  or  a  total  clear  span 
length  of  546  feet,  the  girders  to  be  9  feet  deep. 
Although  the  plans  and  bids  were  for  a  double 
oak  plank  floor  with  Oregon  flr  joists,  yet  the 
design  of  the  girders  and  floorbeams  was  such 
that  at  any  time  in  the  future,  if  desired,  steel 
joists,  a  buckle-plate  floor  and  an  ordinary 
pavement  could  be  put  in  place  of  the  timber 
floor  system. 

In  competition  with  this  was  the  plan  for 
a  concrete-steel  arch,  sometimes  called  the 
Melan  arch  bridge,  from  the  Concrete-Steel 
Bridge  Company,  of  New  York,  presented  by 
the  Marsh  Bridge  Company,  of  Des  Moines. 
The  Melan  arch  bridge  was  to  be  made  up  of 
7  spans,  each  72  feet  in  dear,  piers  7  feet  wide, 
making  a  total  length  inside  of  abutments  of 
546  feet.  The  abutments  were  each  20  feet 
wide,  giving  a  total  length  of  586  feet  over  all. 
The  roadway  was  to  be  36  feet  In  clear,  with 


mendation  of  their  engineer  and  the  earnest 
solicitation  of  some  of  the  business  men  of  the 
city  that  the  Marsh  Bridge  Company  secured  the 
contract  for  the  construction  of  the  concrete- 
steel  bridge. 

According  to  the  interpretation  given  of  the 
State  law,  the  county  could  not  pay  nor  contract 
for  an  expenditure  of  more  than  $25,000  for 
ahy  one  particular  bridge  without  a  vote  of 
the  people.  To  obtain  a  favorable  vote  for  a 
bridge'  with  which  the  voters  were  unacquaint- 
ed would  perhaps  jeopardize  the  scheme  for 
a  concrete  bridge.  The  city  of  Waterloo,  hav- 
ing a  greater ' interest  in  the  bridge  than  the 
county  at  large,  came  to  the  rescue,  and  by 
action  of  the  Council  pledged  the  city  to  pay 
all  above  the  sum  of  $25,000  necessary  for  the 
construction  of  the  Fourth  Street  concrete-steel 
arch  bridge.  This  action  on  the  part  of  the 
city  was  satisfactory,  and  the  Board  of  Super- 
visors thereupon  entered  into  a  contract  with 
the  Marsh  Bridge  Company  for  the  new  bridge,, 
after  which  the  city,  having  confidence  in  the 
enterprise  and  believing  the  new  bridge  should 
be  wider  than  called  for  by  the  plans  and 
specifications,  entered  into  a  special  and  pri- 
vate contract  with  the  Marsh  Bridge  Company 
to  add  an  extra  4  feet  In  width  to  the  new 


the  rains  fell  and  the  waters  rose  as  they  had 
not  done  for  many  a  year  before,  and  the  men 
who  had  such  vivid  recollections  of  those  early 
days  seemed  suddenly  to  multiply  and  with 
one  accord  they  each  expressed  their  fears  that 
the  construction  of  a  concrete-steel  arch  bridge 
on  Fourth  Street  would  so  restrict  the  water- 
way of  the  river  that  in  case  of  even  an  or- 
dinary high  water,  the  awful  times  of  1858 
would  surely  be  repeated  and  dire  calamity 
result.  Such  talk  caused  more  or  less  fear  and 
apprehension  on  the  part  of  some  of  the  best 
men  of  the  city,  and  accordingly  a  meeting  of 
the  bridge  committee  and  the  engineer  was 
held,  which  resulted  in  an  elevation  of  the  grade 
of  the  bridge.  This  had  the  effect  of  allaying 
the  fears  of  the  people. 

Work  was  pushed  forward  as  fast  as  possible 
under  the  peculiarly  adverse  circumstances  at- 
tending wet  weather,  operations  being  entirely 
suspended  four  different  times  during  the  sum- 
mer by  the  complete  submergence  of  the  entire 
work,  cofferdams  and  all.  Finally,  before  freez- 
ing weather  came,  the  foundations  were  all 
completed  and  work  postponed  till  the  next 
season,  an  extension  of  time  for  completion  of 
contract  being  granted  till  the  following  year. 
In  the  spring  of  1903  work  was  resumed.    The 
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piers  and  abutments  which  had  been  built  the 
season  before  were  found  to  be  in'  excellent 
condition.  The  old  bridge  was  removed,  a  new 
foot-bridge  made,  and  the  work  of  constructing 
the  arches  was  speedily  carried  forward.  The 
weather  being  more  favorable,  there  were  no 
serious  hindrances,  and  the  entire  structure  was 
completed  according  to  plans  and  specifications 
in  the  early  fall  of  1903.  since  which  time  the 
bridge  has  been  in  use,  giving  excellent  satis- 
faction to  all. 

The  bridge  is  made  up  of  seven  arches,  each 
72  feet  in  clear  between  faces  of  the  piers,  with 
a  rise  of  one-tenth  of  the  span  or  7.2  feet  above 
the  springing  line.  The  height  of  the  springing 
line  at  the  abutments  is  about  14  feet  above  the 
bottom  of  the  foundation,  or  about  11  feet  above 
the  surface  of  the  bed  of  the  river.  At  ordinary 
low  water  the  average  depth  of  the  water  is 
about  2'4  feet.  The  bed  of  the  river  is  loose 
limestone  rock  with  an  occasional  clay  pocket. 
In  building  the  piers  one  of  these  clay  pockets 
about  7  feet  square  and  4  feet  deep  was  encoun- 
tered. To  secure  a  good  and  safe  foundation  it 
was  necessary  to  excavate  from  2  to  3  feet 
below  the  surface  of  the  bed  of  the  river,  owing 
to  the  fact  that  the  rock  above  the  solid  ledge 
was  loose  and  flat  and  quite  irregular  in  form, 
and  that  the  Interstices  were  filled  with  sand 
and  gravel.  It  became  a  serious  problem  at 
times  to  keep  the  water  out  of  the  excavation 


was  used  on  each  side,  passing  through  the 
studding  and  screwing  into  the  nut  held  by  the 
clamp.  If  the  thread  on  the  bolt  was  not  suf- 
ficient to  draw  the  studding  to  proper  place,  the 
wire  strands  were  twisted  to  secure  the  result. 
Inside  the  studding  2-inch  surfaced  plank  was 
used  to  complete  the  form,  and  to  remove  the 
forms  the  bolts  were  screwed  out,  and  upon 
removal  of  the  bolt  the  small  bolt  hole  was 
filled  with  cement  mortar.  Small  quarter-round 
fillets  of  about  IVi-inch  radius,  made  of  gal- 
vanized iron,  were  used  in  the  vertical  corners 
to  give  a  finished  rounded  corner  to  the  pier. 
A  depression  of  about  10  Inches  in  depth  was 
left  on  top  of  each  pier  to  secure  a  better  foun- 
dation for  the  arch  proper  and  to  allow  the  ends 
of  the  lower  line  of  steel  ribs  to  pass  a  little 
below  the  springing  line. 

The  general  upper  surface  of  the  finished 
bridge  is  a  vertical  curve,  being  two  feet  higher 
in  the  center  than  at  the  ends,  and  the  arches 
being  all  alike  necessitated  raising  the  first  pier 
12  Inches  above  the  abutments,  the  second  pier 
S  inches  above  the  first  and  the  third  or  mid- 
dle piers  iVz  inches  above  the  second,  which 
gave  a  uniform  depth  of  spandrel  wall  of  3  feet, 
4  inches  above  the  crown  of  the  respective 
arches.  The  arches  were  so  built  that  the  thick- 
ness of  the  concrete  at  the  skewback  was  32 
inches,  and  14  inches  at  the  crown,  with  two 
lines  of  steel  bars,  the  one  2  inches  clear  above 


The  steel  ribs  were  2Vix%  Inches  with  %• 
Inch  rivets,  cone  heads  on  each  side,  spaced 
8  inches  apart  and  each  line  was  firmly  riveted 
together,  giving  a  continuous  rib  from  one  end 
of  the  bridge  to  the  other.  The  upper  line  of 
ribs  was  secured  to  the  lower  by  bolts  with 
double  nuts,  spaced  32  inches  apart.  These 
double  lines  of  ribs  were  spaced  24  inches  apart 
transversely  to  the  line  of  the  bridge.  The 
steel  ribs  are  supposed  to  take  care  of  the  ten- 
sile strains  of  the  bridge  under  a  moving  load, 
and  the  better  to  do  so,  they  are  placed  as  far 
apart  vertically  as  possible  and  have  sufficient 
concrete  covering  tor  the  metal.  From  the  ex- 
perience had  in  other  bridges  of  this  kind,  2 
inches  from  the  outside  should  be  the  mini- 
mum. Two-inch  blocks  were  laid  between  the 
ribs  and  the  lagging  at  spaces  of  about  4  feet. 
As  the  concrete  was  laid  and  tamped  under  the 
ribs  these  blocks  were  removed.  The  ribs  ex- 
tended into  the  abutments  about  6  feet. 

The  concrete  of  the  arches  was  laid  in  sec- 
tions about  15  feet  in  width,  and  It  was  so 
arranged  that  each  section  extending  from 
abutment  to  pier  or  from  pier  to  pier  consti- 
tuted one  day's  work.  First,  however,  the  con- 
crete was  placed  at  an  abutment  and  finished 
in  the  rough  from  the  springing  line  on  a 
slope  about  normal  to  the  arch,  a  depression 
having  been  left  in  the  top  of  the  abutment  to 
receive  the  ribs.    Then  at  each  successive  pier 


Piers  and  Falsework  for  the  Concrete-Steel  Arch  Bridge  at  Waterloo,  Iowa. 


by  means  of  the  ordinary  cofferdams.  The 
best  success  was  had  with  a  cofferdam  frame 
made  of  8x8-inch  timbers  4  feet  wider  and 
longer  than  the  pier,  with  two  rows  of  sheet 
piling  from  6  to  10  feet  apart  outside  of  the 
space  for  the  pier.  The  space  between  the  sheet 
piling  was  filled  with  straw,  clay  and  dirt  well 
rammed,  and  even  then  it  frequently  became 
necessary  to  use  sacks  of  sand  around  the  out- 
side to  prevent  the  Inrush  of  the  water  under 
and  through  the  loose  surface  rock  of  the 
river's  bed. 

The  frequent  and  great  fluctuations  of  the 
river  added  very  much  to  the  difficulties  of  that 
part  of  the  work.  The  removal  of  the  water 
was  effected  by  a  large  rotary  pump,  with  6- 
Inch  suction,  run  by  an  ordinary  thrashing  ma- 
chine traction  engine.  The  excavation  being 
completed  and  thoroughly  cleaned,  the  concrete 
foundation  of  the  pier  was  built  as  high  as  the 
surface  of  the  bed  of  the  river  without  the  use 
of  forms,  thus  securing  a  foundation  as  wide 
as  the  excavation,  no  matter  how  Irregular  In 
outline.  TJpon  this  foundation  forms  were  built 
of  the  exact  size  of  the  required  pier,  using 
6x8-lnch  timbers  for  upright  studding,  held  to- 
gether by  four  strands  of  No.  9  wire,  to  the 
ends  of  which  were  secured  a  %-lnch  machine 
bolt  nut  by  means  of  a  small  U-shaped  Iron 
clamp.    A  bolt  with  square  head  and  a  washer 


the  soffit  of  the  arch  and  the  other  2  inches  in 
clear  below  the  top  surface,  so  that  all  steel 
was  thoroughly  embedded  In  concrete,  to  pre- 
vent rust  or  a  scaling  off  of  the  concrete  below 
the  ribs. 

The  proper  forms  for  the  arches  were  secured 
by  laying  out,  on  a  large  flat  space,  to  full  size 
the  three-centered  arch  of  the  plan,  having  a 
radius  of  29.5  feet  at  the  ends  and  120.5  feet  for 
the  central  portion.  Using  the  templates  thus 
obtained  all  the  3xl2-inch  flr  timber  ribs  for 
the  arch  were  made,  and  upon  them  transverse- 
ly to  the  center  line  of  the  bridge,  were  laid  the 
2x6-inch  surfaced  lagging.  The  arches  being  all 
alike  only  timber  enough  for  three  arches  was 
cut,  and  the  timber  moved  forward  as  the  work 
progn'essed,  leaving  each  form  In  place  long 
enough  for  the  concrete  to  become  fully  set  be- 
fore removal  to  the  next.  Thus  the  form  for 
the  first  arch  was  used  for  the  fourth,  the  sec- 
ond for  the  fifth,  and  so  on.  To  support  the 
forms  for  the  arches  piling  of  native  timber 
was  used,  a  steel  pile  being  first  driven  to  make 
a  hole  in  the  loose  rock,  into  which,  after  the 
withdrawal  of  the  steel  pile,  the  timber  piles 
were  solidly  driven  to  place  so  as  to  guard 
against  any  settling  of  the  form  during  con- 
struction. Caps  of  8xl0-lnch  timber  were  used 
on  the  piles,  and  oak  wedges  on  the  caps  to 
bring  the  curved  Joists  to  exact  grade. 


the  concrete  was  placed  over  the  piers  for  the 
double  purpose  of  holding  the  ribs  steadily  in 
place,  and  providing  suitable  skewbacks  for  the 
newly  constructed  arches.  On  the  face  of  the 
forms,  used  to  divide  the  arches  into  longitud- 
inal sections,  pieces  of  2x4-lnch  scantling  were 
nailed  parallel  with  the  steel  ribs,  to  provide 
for  a  better  joining  of  the  fresh  work  to  that  of 
the  day  before  and  to  guard  against  any  future 
sliding  of  one  part  by  the  other.  In  the  con- 
crete near  the  sides  of  the  bridge  and  inside 
of  the  place  for  the  spandrel  walls  pieces  of 
iron  rods  were  set  to  give  place  for  securing 
the  inside  forms  of  the  spandrel  wall,  the  con- 
struction of  which  Immediately  followed  the 
completion  of  the  arches.  The  Inside  face  of 
the  spandrel  wall  slopes  about  3  inches  to  the 
foot,  being  18  inches  thick  at  the  top.  The 
thickness  at  the  bottom  varies  from  2  to  5  feet 
in  proportion  to  its  height.  To  provide  for  ex- 
pansion and  contraction  due  to  changes  of  tem- 
perature, the  spandrel  walls  were  built  in  sec- 
tions of  about  12  feet  each,  divided  by  vertical 
lines  over  the  faces  of  each  pier  and  the  abut- 
ments. 

During  the  cold  days  of  the  present  winter 
when  the  temperature  was  near  the  zero  point, 
the  expansion -Joints  over  the  piers  were  open 
about  an  eighth  of  an  Inch,  with  an  apparent 
lowering  of  the  crown  of  each  arch  of  about 
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%  or  %  inch.  At  the  time  of  construction  of 
the  spandrel  walls  pieces  of  %-inch  rods  about 
3  feet  long  were  inserted  about  half  their  length 
in  the  wall  along  the  center  line  of  the  cement 
hand  rail,  and  when  the  hand  rail  was  completed 
they  served  the  purpose  of  securing  it  safely  in 
position.  Owing  to  the  impossibility  of  pre- 
venting contraction  cracks  in  concrete  struc- 
tures of  considerable  length,  the  hand  rail  was 
built  in  separate  sections  about  6  feet  long 
and  3  feet  high,  with  a  large  and  more  elaborate 
section  over  each  abutment  and  pier. 

The  spandrel  filling  is  a  sand  loam,  being 
probably  two-thirds  pure  sand.  Upon  the  filling 
for  a  temporary  roadbed  the  city  placed  6 
inches  of  finely  crushed  rock,  and  common 
plank  for  the  sidewalk,  it  being  thought  best  to 
allow  the  filling  to  settle  for  a  year  or  two  be- 
fore attempting  to  put  on  the  permanent  pave- 
ment, which  will  doubtless  be  asphalt,  with  the 
sidewalks  of  cement,  the  upper  surface  of  the 
walk  coinciding  with  the  top  of  the  spandrel 
wall.  The  pavement  and  walks  were  not  in- 
cluded in  the  contract  for  the  bridge.     On  the 


550  pounds  in  28  days;  briquettes  of  one  part 
cement  and  three  parts  sand  to  develop  at  least. 
150  pounds  in  seven  days  or  220  pounds  in  28 
days. 

The  concrete  was  used  in  the  proportion  of 
1:4:8  in  the  abutments,  1:3M>:7  in  the  piers, 
1:2%: 5  in  the  arches,  and  1:3  in  the  hand  rail. 
A  Smith  mixer,  propelled  by  a  gasoline  engine, 
was  used  for  all  concrete.  No  soap  or  other 
lubricant  was  used  on  the  inside  of  the  forms; 
some  experiments  in  using  paper  proved  a  fail- 
ure. The  facing  of  all  exposed  surfaces  was 
made  of  mortar,  without  the  crushed  rock,  and 
was  put  in  place  by  using  a  form  made  of  heavy 
plate  iron  about  10  inches  wide  and  6  feet  long, 
upon  which  were  riveted  1  Vi-'nch  angles  placed 
vertically  about  2  feet  apart,  while  upon  the 
other  side  and  level  with  the  top  edge  was 
riveted  an  angle  iron  the  whole  length  and  to 
which  two  handles  were  fastened. 

The  amount  of  materials  used  by  the  con- 
tractor in  the  performance  of  his  contract  is 
about  as  follows:  250,000  feet  of  pine  and  fir 
lumber  for  the  forms,  not  including  the  special 


Steel   Reinforcement   in   Concrete-Steel   Arch   Bridge   at   Waterloo,   Iowa. 


bridge  is  a  double  track  electric  street  railway 
with  tracks  5^2  feet  each  side  of  the  center 
line. 

The  materials  used  in  construction  were  good 
sharp  sand  of  excellent  quality  containing  some 
fine  gravel;  crushed  limestone  from  Waterloo 
quarries,  that  in  the  abutments  and  piers  not 
greater  than  2  inches  in  greatest  dimension, 
that  in  the  arches  being  a  much  harder  rock 
and  not  exceeding  1%  inches  in  size,  averaging 
probably  about  %  inch;  crushed  in  a  Gates 
crusher,  with  all  the  finest  dust  screened  out. 
The  cement  used  was  the  Northampton  Atlas, 
except  to  avoid  delay  on  some  obscure  parts  of 
the  work,  when  a  few  sacks  of  the  Hannibal 
Atlas  were  allowed.  All  the  cement  was  sub- 
jected to  tensile,  fineness,  pat  and  color  tests. 
Fairbanks  apparatus  was  used  for  the  purpose 
The  specifications  required  at  least  99  per  cent, 
to  pass  a  50-raesh  sieve,  90  per  cent,  a  lOO-raesh 
and  70  per  cent,  a  200-mesh;  brtquettes  of  neat 
cement  to  develop  a  tensile  strength  of  at  least 
450  pounds  per  square  inch  In  seven  days,  and 


forms  and  mill  work  for  the  hand  railing;  7,200 
barrels  of  Atlas  cement;  5,000  cubic  yards 
crushed  rock;  3,000  cubic  yards  sand;  110  tons 
of  the  steel  ribs,  and  6,000  cubic  yards  of  span- 
drel filling.  The  entire  cost  of  the  bridge,  as 
left  by  the  contractor,  including  the  contract 
price  on  the  original  plan,  the  special  contract 
by  the  city  for  4  feet  additional  width,  the  in- 
crease of  material  and  cost  of  raising  the  grade 
and  the  change  of  style  of  hand  rail  from  the 
common  highway  bridge  steel  railing  to  con- 
crete, amounted  to  $54,100. 


The  Water  Used  by  a  Water  Wheel  of  340 
horse-power,  operating  under  1,470  feet  head  in 
a  plant  on  the  Isere  River  in  France,  is  meas- 
ured as  follows:  The  discharge  is  passed  Into  a 
large  funnel-shape  vessel  the  upper  part  of 
which  is  cylindrical  and  pierced  with  80  rec- 
tangular openings  disposed  around  the  peri- 
phery. The  water  flows  out  of  the  openings,  80 
in  all,  and  one  of  these  streams  is  passed  through 
a  water  meter  as  a  measure  of  the  total  volume. 


A   New   Water   Power   Development  at 
New  Milford,  Connecticut. — I. 

By  Walter  Scott   Morton. 

Rising  in  the  western  part  of  Massachusetts, 
in  the  romantic  region  of  the  Berkshire  Hills, 
the  Housatonic  wends  its  way  past  Pittsfield, 
Lenox,  Great  Barrington  and  other  well  known 
summer  resorts,  enters  Connecticut  In  Its 
northwestern  corner,  flows  substantially  paral- 
lel with  its  western  border  for  some  distance, 
and,  with  an  eastern  divergence,  reaches  Long 
Island  Sound  between  the  cities  of  New  Haven 
and  Bridgeport.  The  Housatonic  is  the  second 
largest  river  in  the  State,  with  but  one  impor- 
tant water  power  developed,  that  of  the  Ousa- 
tonic  Water  Company  at  its  confluence  with 
tide  water. 

Late  in  the  fall  of  1900  the  writer  paid  his 
first  visit  to  its  valley  in  company  with  Mr. 
Nicholas  Staub,  of  New  Milford,  who  had  ac- 
quired the  rights  of  the  feasible  powers  on  the 
River,  and  had  secured  a  charter  from  the 
State  under  the  name  of  the  New  Milford 
Power  Company,  authorizing  their  develop- 
ment. The  writer  had  the  good  fortune  finally 
to  interest  Mr.  Robert  N.  King,  of  Dayton, 
Ohio,  whose  long  connection  with  the  Stilwell- 
Bierce  &  Smith-Vaile  Company  as  its  presi- 
dent, and  his  other  independent  operations  has 
made  him  one  of  the  foremost  water-power 
men  in  the  country.  Through  Mr.  King's  efforts 
the  rights  of  Mr.  Staub  in  the  New  Milford 
Power  Company  were  purchased,  and  in  the 
fall  of  1902  the  construction  of  the  Bull's 
Bridge  plant — the  subject  of  this  article — was 
inaugurated. 

The  development  at  Bull's  Bridge  was  a  mat- 
ter requiring  much  investigation  and  careful 
study.  Four  miles  below  Kent  the  river  enters 
a  narrow  gorge  less  than  100  feet  in  width,  and 
has  a  drop  of  some  45  feet  in  a  little  over  one- 
quarter  mile,  which,  with  a  15-foot  dam,  gives 
a  head  of  60  feet.  This  head  was  insufliclent 
for  commercial  development,  and  it  devolved 
upon  the  writer  to  devise  some  plan  which 
would  embrace  the  rapid  descent  of  the  river 
in  the  next  two  miles.  The  banks,  though 
high,  were  many  feet  below  the  established 
flowage  line  at  the  head  of  the  gorge.  The 
Housatonic,  below  the  gorge,  makes  a  decided 
western  turning  to  its  junction  with  the  Ten 
Mile  River,  where  it  is  but  one-half  mile  from 
the  New  York  State  line.  Again  it  abruptly 
changes  to  the  east  for  another  mile,  where  it 
assumes  its  normal  course.  Finally  a  canal 
was  traced  out  along  the  eastern  side  hills, 
cutting  off  the  river  bend.  A  suitable  place 
for  a  forebay  was  found  on  a  plateau  just  above 
the  river  and  a  fine  power-house  location  at  its 
foot  on  the  river  bank,  with  deep  water  at  the 
point  of  tail-race  discharge.  A  total  head  of 
110  feet  is  here  obtainable,  and  the  removal 
of  some  river  bars  below  the  power-house  fur- 
ther increases  this  to  a  total  of  115  feet.  The 
river  for  four  miles  above  the  dam  being  com- 
paratively fiat,  a  fine  storage  basin  is  created, 
materially  enhancing  the  horse-power  output. 

The  development,  in  general,  consists  of  a 
concrete  dam  at  the  head  of  Bull's  Bridge 
gorge,  thence  a  canal  in  a  thorough  rock  cut 
from  18  to  40  feet  deep  for  550  feet,  where 
waste  gates  are  constructed,  discharging  into 
the  river  at  this  point.  Here  also  the  entrance 
chamber  for  the  entrance  gates  to  the  canal 
proper  is  blasted  out  of  solid  rock.  Thence  for 
1.200  feet  the  canal  runs  partly  in  rock,  partly 
in  earth,  to  a  valley  now  converted  into  a  res- 
ervoir of  some  eight  acres  by  two  large  dykes, 
one  an  earth  with  rock-fill  backing,  the  other, 
at  the  inlet  to  the  canal  continuation,  a  rock- 
fill  dam  with  concrete  water  tight  backing. 

From  here  the  canal  extends  along  the  side 
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hlU,  Urg«ly  through  rock  cutting,  for  some 
4.000  feet  (the  dowu-hUl  side  being  an  earth 
embankment  with  a  rock-flll  backing)  to  an- 
other valley,  dyked  off  at  its  lower  end,  creat- 
ing a  second  reservoir  of  some  four  acres.  The 
next  thousand  feet  of  the  canal  is  carved  out 
of  a  very  steep  hill-side,  largely  rock,  a  high 
embankment  of  loose  rock  with  a  heavy  earth 
lining  forming  the  down-hlU  side,  this  being 
the  most  difficult  part  of  the  entire  canal  con- 
struction. Thence  for  2,000  feet  more  the  canal 
Is  carried  along  the  side  hill  and  through  a 
deep  cutting,  all  in  earth,  to  the  forebay. 

The  forebay,  with  a  superficial  area  of  about 
one  acre,  is  created  by  heavy  earth  banks  on 
top  of  a  level  plateau.  At  its  lower  end  a  large 
entrance  basin  with  heavy  concrete  walls  has 
been  constructed  to  contain  the  racks,  gates 
and  pipe  entrance.  A  13-foot,  steel  riveted 
pipe,  400  feet  long,  goes  down  the  steep  side 
hill  to  the  power-house,  turns  at  an  angle  of 
30  degrees  and  parallels  the  river  side  of  the 
power-house,  from  whence  feeder  pipes  con- 
nect with  six  water-wheel  units  and  two  ex- 
citer wheels.  The  pipe,  at  its  extreme  end, 
corres  upward  into  a  standpipe  of  5  feet  diam- 
eter with  its  top  level  with  the  crest  of  the 
dam.  The  power-house  is  located  some  50  feet 
back  from  the  river  to  insure  a  solid  rock 
foundation,  a  large  tail-race  being  excavated  to 
a  connection  with  the  river,  where  the  latter 
is  from  12  to  15  feet  deep,  the  bottom  of  the 
tail-race  being  124  feet  below  the  dam's  crest. 

The  Dam. — A  most  favorable  location  was 
found  for  the  dam  with  rock  bottom  and  end 
anchorages.  The  dam  forms  a  perfect  arc  from 
the  rock  bluff  on  the  east  side  to  that  on  the 
west,  closing  the  river  channel  at  the  extreme 
end  of  the  rocky  gorge  where  the  river  breaks 
through  high  bluffs  of  a  very  hard  micaceous 
schist  dyke.  A  very  short  radius  was  given 
the  dam,  being  but  109.6  feet  at  the  upstream 
back.  Its  crest  forms  a  spillway  from  shore  to 
shore,  no  opening  being  left  in  the  dam  at  any 
point,  the  river  being  taken  care  of  during  con- 
struction by  the  waste  gates  in  t!)e  canal.    The 


concrete  was  flared  at  each  end  to  give  a  strong- 
er anchorage  and  a  better  resistance  in  its  arch 
action. 
The  section  of  dam  consists  of  a  flat  top  with 
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an  incline  of  l^j  feet  in  5  from  the  upstream 
edge  to  the  crest.  The  crest  is  rounded,  the 
face  of  the  dam  at  the  top  being  a  parabola,  cal- 
culated on  a  head  of  one  foot  over  tlie  crest,  an 
assumed  mean  head  in  ordinary  floods.  The 
lower -part  is  a  cycloidal  curve  to  its  junction 
with  the  toe  where  it  runs  tangential  to  the 
river  bottom.  From  the  toe  proper  a  concrete 
apron  is  laid  from  30  to  40  feet  wide,  inclined 
from  the  toe  and  flattened  to  a  horizontal  in 
its  lower  ten  feet.  Still  below  this  concrete 
apron,  rock  and  boulders  are  filled  in  for  a 
short  distance  downstream.  In  addition  a 
small,  loose  rock  dam  at  the  head  of  Bull's 
Falls  impounds  a  water  cushion  over  the  apron, 
the  river  between  being  flat.  The  above  con- 
struction entirely  eliminates  any  undermining 
action.  The  same  section,  16  feet  in  height, 
was  carried  across,  resting  on  an  enlarged  foun- 
dation, thereby  giving  a  much  stronger  section. 
It  has  a  total  length  on  its  crest  of  203  feet. 
The  dam  Is  of  concrete  construction.  Inter- 
spersed with  rocks  and  boulders  ranging  In 
weight  from  100  to  5,000  pounds.  In  all  cases 
a  spacing  of  at  least  6  Inches  was  maintained, 
a  clear  mass  of  concrete  of  at  least  2  feet  thick 
being  left  between  the  embedded  rock  and  the 
outer  surfaces  except  at  the  top,  where  the  con- 
crete Is  G  feet  thick.  A  mixture  of  one  part 
Portland  cement,  three  parts  sharp  sand  and 
five  parts  broken  stone  was  used  throughout. 
The  top  foot  and  the  crest  of  the  dam  were 
made  of  granolithic,  being  a  mixture  of  one 
part  Portland  cement,  1%  sharp  sand  and  l',-l. 
small,  carefully  screened  pebbles,  to  make  a 
better  wearing  surface  to  resist  the  erosion  of 
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ice  and  debris.  The  crest  was  brought  to  align- 
ment by  intersections  (a  transit  at  each  end  be- 
ing used),  from  calculated  angles,  and  check- 
ed by  measured  distances  between.  Iron  pins, 
6  inches  long,  were  set  in  the  granolithic  at 
regular  intervals,  their  tops  carefully  leveled, 
and  by  this  means  the  crest  was  brought  to  an 
exact  elevation  from  end  to  end.  The  last  con- 
crete was  placed  in  the  dam  just  eight  days 
before  the  advent  of  a  flood  that  carried  the 
water  to  within  one  foot  of  the  crest,  giving  a 
hard  test  of  the  construction,  and  at  this  date 
not  a  single  crack  or  seam  shows  in  any  part. 
The  back  face  of  the  dam  was  plastered  with 
%  inch  of  one  part  Portland  cement  and  two 
parts  sand,  for  additional  watertlghtness  and 
wearing  surface. 

The  coffer  dam  was  run  across  the  river  above 
the  dam,  the  waste  gates  discharging  into  the 
river  at  a  point  below  Bull's  Falls  at  an  eleva- 
tion considerably  lower  than  the  base  of  the 
dam.  It  was  formed  of  brush  faclnes  made 
into  mats  when  sunk  below  the  water  surface, 
loaded  heavily  with  stone  and  in  alternate  lay- 
ers of  brush  and  stone.  For  water-tightening, 
a  filling  of  earth  was  placjed  on  the  upstream 
side.  The  coffer  dam  withstood  the  destruc- 
tive action  of  several  floods  without  appreciable 


about  three  feet  lower  than  the  crest  of  the 
dam.  By  a  gradual  descent  It  encompasses  the 
dam  site  and  enters  the  river  again  below  Bull's 
Bridge  through  a  narrow,  deep  gorge.  This 
topographical  condition  is  utilized  as  an  over- 
flow outlet  for  flood  water.  At  the  head  of  the 
gorge  before  mentioned  where  the  rock  lies  2 
to  3  feet  below  the  surface  of  the  ground  a 
rock  fill  weir  dam  was  constructed,  its  crest  be- 
ing 2  feet  below  the  crest  of  the  main  dam. 

All  earth  and  loose  and  decomposed  rock  was 
carefully  removed  from  the  base  of  the  dam. 
The  dam  has  a  backing  of  a  masonry  wall  3 
feet  in  thickness,  augmented  by  a  concrete  wall 
2  feet  thick.  The  surface  of  the  rock  fill  was 
carefully  shaped  to  the  subgrade  for  each  sec- 
tion and  paved  with  stone.  Over  all  this  was 
laid  a  concrete  envelope  at  the  crest  of  the  dam 
and  augmented  at  the  toe  where  the  dam  joined 
the  rock  ledge.  A  section  of  the  dam  showing 
the  method  of  construction  is  herewith  given, 
also  a  plan  showing  the  Run  Around  in  connec- 
tion with  the  dam,  entrance  gates,  waste  gates 
and  upper  part  of  the  canal.  Movable  flash- 
boards  are  placed  on  the  crest  of  the  dam  with 
their  top  at  the  elevation  of  the  main  dam 
which  can  be  quickly  lowered  at  the  time  of 
floods  to  increase  the  flood  discharge. 


the  discharge  of  the  waste  gates,  3,880  second- 
feet,  and  the  ordinary  discharge  of  the  canal 
1,000  second-feet,  making  a  total  of  8,807  cubic 
feet  per  second,  which  represents  a  little  more 
than  the  general  spring  freshets. 
(To  be  continued.) 


Concrete  Foundation  and  Cement  Filler 
for  Brick  Pavement. 

A  paper  read  before  tbe  iUlnols  Society  of  Civil  Engi- 
neers and  Surveyors,  by  Mr.  O.  L.  Uearbeart. 


In  this  paper  it  is  proposed  to  discuss  the 
economic  relations  betweep  concrete  founda- 
tions of  different  compositions  and  cement 
filler. 

The  Concrete. — About  a  year  ago  the  writer 
made  a  series  of  experiments  to  determine  the 
variation  in  the  strength  and  cost  of  concrete 
due  to  a  variation  in  the  kind  of  cement  and 
in  the  proportions  of  the  ingredients.  The  for- 
mer practice  was  to  use  a  natural  cement  con- 
crete for  the  pavement  foundation,  but  on  one 
occasion  a  Portland  cement  concrete,  consisting 
of  1  part  Portland  cement  and  9  parts  fine 
gravel,  was  used  with  excellent  results.  This 
led  the  writer  to  give  the  matter  of  Portland 
cement  concrete  further  study.    The  number  of 


New  Itilford  Power  Development:   Fascine  Coffer  Dam;   Concrete  Main  Dam. 


damage.  A  temporary  connection  of  earth  be- 
tween the  coffer  dam  and  the  east  anchorage  of 
the  concrete  dam  and  around  the  west  end, 
which  was  necessarily  butted  against  a  sandy 
shore,  washed  out  in  an  extreme  flood  and 
caused  the  only  delay.  The  coffer  dam,  though 
built  on  a  gravel  and  boulder  river  bottom, 
showed  but  slight  leakage,  a  4-inch  centrifugal 
pump  being  necessary  only  when  the  last  gap 
in  the  foundation  was  put  in. 

A  culvert,  3  feet  wide  and  5  feet  high  with 
an  arched  top  and  zigzag  sides,  was  left  in  the 
dam  to  carry  the  final  water.  This  had  a  slid- 
ing gate  at  its  upper  end.  When  the  dam  was 
completed  to  the  top  and  higher  than  the  water 
in  the  pond  above  the  coffer  dam,  the  gate  was 
closed  and  the  culvert  entirely  filled  with  con- 
crete. 

Storage  Basin  and  Spillways. — The  water  is 
impounded  for  a  distance  of  23,000  feet  above 
the  dam  with  an  average  width  of  250  feet  and 
a  superficial  area  of  5,750,000  square  feet.  This 
gives  a  storage  capacity  at  3  feet  depth  of  17,- 
250,000  cubic  feet,  or  in  round  numbers  500 
cubic  feet  per  second  for  ten  hours  in  addition 
to  the  regular  flow  of  the  stream.  This  repre- 
sents a  fine  storage  of  water  and  is  of  great 
value  to  the  plant. 

The  Spooner  Run  Around,  so-called.  Is 
through  a  valley,  the  upper  part  of  which  lies 


Wherever  possible,  spillways  were  put  in  the 
canal  and  reservoirs  as  safeguards.  These" 
represent  a  total  distance,  including  the 
Spooner  Run  Around  dam  and  the  flush  gate, 
of  886  linear  feet.  Of  this  200  feet  is  in  the 
canal  above  the  waste  gates,  16  feet  in  the  flush 
gate,  132  feet  in  the  Run  Around  dam  and  300 
feet  in  the  canal  immediately  below  the  en- 
trance gates,  240  feet  in  the  first  reservoir,  the 
latter  including  the  spillway  over  a  rock  fill 
dyke,  an  additional  spillway  of  some  60  feet 
built  of  masonry  being  located  near  the  south- 
western corner  of  the  reservoir.  These  amply 
safeguard  the  canal  against  an  excessive  water 
elevation  as  well  as  relieve  the  river  during 
fioods. 

The  flood  relief  afforded  by  the  Run  Around 
weir  dam,  flush  gate,  waste  gates,  spillway 
above  the  waste  gates  and  the  dam  itself  is  sub- 
stantial and  directly  affecis  the  height  of  flood 
water  over  the  dam.  In  computing  the  dis- 
charge Bazln's  formula,  Q  =  (C 1  h)  '/^  was  used. 
In  this  C,  the  coeflicient,  was  taken  at  4,  1  be- 
ing the  length  of  the  weir  and  h  the  head.  By 
this  formula,  assuming  the  water  to  be  one 
foot  over  the  crest  of  the  dam,  the  Spooner 
Run  Around  shows  a  discharge  of  2,702  sec- 
ond-feet, the  main  dam  812,  the  spillway  above 
the  waste  gates  229,  the  flush  gate  179,  a  total 
of  3,927  second-feet.     Added  to  this  should  be 


specimens  made  were  about  as  follows:  Twenty- 
five  8-inch  cubes,  twenty-five  6-inch  cubes  and 
twenty-five  6x6x21%-inch  beams.  Eleven  dif- 
ferent proportions  with  Portland  cement  and 
one  proportion  with  natural  cement  were  used. 
One  each  of  the  two  cubes  and  one  beam  were 
tested  at  30  days  and  90  days.  Owing  to  other 
matters  that  were  occupying  the  writer's  at- 
tention at  that  time,  the  age  of  breaking  for 
specimens  intended  for  the  90-day  tests  vary 
somewhat,  but  the  difference  is  not  enough  to 
materially  change  the  results.  The  different 
specimens  were  made  by  the  writer  at  the 
Champaign  city  laboratory,  and  through  the 
kindness  of  Professor  A-  N.  Talbot,  tested  on 
the  machines  belonging  to  the  Department  of 
Applied  Mechanics  at  the  University  of  Illinois. 
Only  details  essential  to  the  understanding  of 
the  results  will  be  mentioned  here. 

The  materials  used  were  Atlas  Portland 
cement,  Clark's  Utica  cement,  gravel  from  a  pit 
north-east  of  Urbana,  Illinois,  sand  from  a  bank 
In  the  same  locality  and  broken  stone  from  a 
quarry  at  Kankakee,  Illinois.  The  sand  was  a 
fair  quality  of  building  sand,  containing  some 
clay  and  having  about  35  per  cent,  of  voids. 
Of  the  gravel,  23  per  cent,  was  retained  on  a 
number  4  sieve,  53  per  cent,  on  a  number  10 
sieve,  71  per  cent,  on  a  number  20  sieve,  and 
29  per  cent,  passed  a  number  20  sieve.    This 
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material  contained  21  per  cent,  of  voids.    It  wiU  Ing  plate  was  used  to  distribute  the  ■pressure  of  broken  stone  In  amount  equal  to  tlie  gravel, 
be  aeen  that  the  gravel  contained    but    little  over  the  entire  surface  of  the  cube.    .  without  increasing  the  quantity  of  cement,  ma- 
coarse  material.    The  broken  stone  was  a  good  In  arriving  at  the  cost  of  the  concrete,  gravel  teriall.v  increases  the  strength  and   decreases 
quality  of  stratified  limestone,  crushed  so  that  ,j,^„^  i.-8th«noth  and  Cost  Jr  Conobkt«  of  D.ffkbrnt  Compositions. 
all  the  particles  would  pass  a  screen  of  2-inch  Yield  lu 

mesh.     This  material  contained    47    per    cent.  votSme/Jf  .                                       , «-'xe"xi8" ,    per' 

voids.     The  stone  is  bought  by  weight,  and  as  gravel  and  Average  beams.  sg.  yd. 

.1.      #-  I    1...   I           .»             i>         >>   .     .         J    »      t  /-Proportions  to  1-^  broken  cnisblng  Modulus  of   tor 

tne  freight   Is   quite   an   item   It  is  found   to   be  part  ot  ceiuenl.         stone.  I.oaU  on  oubcs,  strength,  Load  at    rupture,    depth 

rb<>>n<>r   in    Phamiutien    in   hnv    acroAnori    atnnn  Broken     Per.          Age,  lbs.  per  sq.  In.  lbs.  per      center,      lbs.  per     of  6", 

cneaper  m   i.,nampaign   to   Duy   screenea   stone  j,^                              g^^^    Gravel,  stone,    cent.         days.  8-ln.  6-ln.  sq.  In.          lbs.         sq.  In.      cents. 

and  fill  the  voids  with  a  larger  amount  of  gravel  .\uiurat  cement. 

than  would  othprwisA  hn  ne<<(>s<nrv                                     * ••            •*            ^             -                ^0  610  640  575           1,280           160 

man  wouia  omerwise  oe  necessary.                             .j 3          3        ^^            g^  ^^q  ^.jq  q^q         ^270         159         49 

The  cement  was  taken  from  bags  shipped  to  j'ui-tland  aement. 

tho   citv   for   the   retail    market     and    was   not    a          3 ^'                       ^0.4            30  1,750  1,565  1,657           2,700           338           77..'i 

ine  cuy  lor  me  retail  marKei,  ana  was  not  a        ^ ,                                   9q  ^^^^  ^  Qgy  ^  gg^         3  0^^       .352 

special  cement  for  testing  purposes.    It  will  be        5 4         4        74            30  1,500  1,365  1,432         2,440        303         74.6 

,     .  u.  ».  ,    .,.  .  .^  T,.,         X.     « 4     4    ..      90  2,210  1,780  1,995     5,360     670 

seen  from  table  below  that  the  Utica  cement  is        7 o         4        70.7          30  1,180  1,170  1,175         i,800         225        68.6 

a  hleh   erade  of   natural   cement    and   that   thp         * "           ■*                           ^^  1-260  1.430  1,345          1,620          203 

a  nign  graae  01   natural  cement,  ana  tnai  tne        y 5          5        744          30  9,250  1,545  1,897         2,800         350         66.1 

Atlas  cement  is  a  good  quality  of  Portland:            10 5         5        ..             90  i,850  2,050  1,950         3,280         410 

11 8     4    72.8     30  890  840  865     1,650     206    67 

KJ^'SSJUiyiflJ/'^o^ibiy      B       SI  11:::::::::::::      ::      i      il     t«      "^  r^  ^«  iS     f^     Ul     hi 

?SSMSl^--3bls-  iS?"  -:::::::::::::      ::      t     i     ^i       ^>  'i^.  §?S  ^'fi?     ?:?fg     i!i     56.8 

rtme  from  mixing  to  anal  set...  3  h.  20  m.     6  h.  18  m.        le 8           «          ..             na  1,425  860  1.142          1.700          213 

'I'enslle  Strength :                                          17 7           7         74               30  1,240  1,365  1,302          2,100          263          56.6 

Percent.    .                                          30          18 7           7          ..               no  1,190  1,425  1,307          2.820          353 

Cement.                  of  water.       24  hrs.     7  days.       days.        19 8           8         73               30  1,010  090  1,000          1,600          200          51.4 

DUea    31                 80              181              230        20 8            8          ..              103  1,050  1,030  1,040           1.930           241 

Atl«»    17              265              710                 . .        21 10          10          71.5            30  530  600  565           1,010           126           50.3 

.22 10          10          ..  118  585  ..  ..            1,220           153 

The    cement    and    gravel    were     thoroughly      23 10        10                     102  610 

,   ,  ,    ^.       .^  .    ^   .   J  .  ,    \,L       24 6    ..     6    ..      30  1,230  t780  1,230     1,780     223 

mixed  dry,  then  wetted  and  mixed  into  a  stiff      25 6        ..          6                     107  1,720  1,535  1,627         2,410         301 

morur,  after  which  the  dampened  stone  was  -^befiotiveani  omitt^  fro,^  aver^V  'tAssumed. ^^ 
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added  and  the  whole  was  turned  several  times. 
The  mixture  was  then  tamped  into  the  molds 
by  means  of  an  eleven-pound  tamper,  having  a 
face  area  of  9  square  inches.  About  2  or  3 
inches  ot  loose  material  were  placed  in  the 
molds  at  a  time  and  tamped.  During  the  opera- 
tion a  square-ended  trowel  was  worked  up  and 
down  between  the  concrete  and  the  form,  thus 
bringing  the  mortar  to  the  sides  and  corners 
of  the  specimen  and  making  it  homogenous 
throughout.  In  every  case  only  enough  water 
was  used  to  cause  a  film  of  water  to  come  to 
the  surface  after  considerable  tamping.  The 
cubes  were  left  In  the  molds  for  24  hours  with 
a  damp  cloth  over  them,  after  which  time  the 
molds  were  carefully  removed  and  the  speci- 
mens were  stored  under  cloths  which  were 
dampened  from  time  to  time  until  the  cubes 
were  tested.  The  concrete  beams  were  made 
and  stored  in  the  same  manner  as  the  cubes. 
In  crushing  the  cubes  and  breaking  the  beams, 
the  direction  of  the  force  applied  was  perpen- 
dicular to  the  tamped  surface.  Immediately  be- 
fore crushing  the  cubes  the  twt)  faces  to  which 
the  force  was  applied  were  plastered  with  a 
thin  coat  of  plaster  of  Paris,  and  a  self-adjust- 


and  sand  were  taken  at  9U  cents  per  cubic 
yard,  broken  stone  at  11.40,  Utica  cement  at 
65  cents  per  barrel,  Portland  cement  at  $2.00, 
and  labor  for  measuring,  mixing,  placing,  grad- 
ing and  tamping  a  6-inch  layer  of  concrete  was 
taken  at  6  cents  per  square  yard. 

Table  1  shows  the  strength  of  the  cubes  and 
beams  and  also  gives  the  yield  of  rammed  con- 
crete in  terms  of  the  sum .  of  the  volumes  of 
the  gravel  and  broken  stone.  This  table  also 
shows  the  cost  per  square  yard  of  a  6-inch 
layer  of  concrete  of  the  different  compositions. 

From  the  tests  given  in  Table  1  it  is  be- 
lieved that  the  following  conclusions  may  be 
drawn:  (1).  From  numbers  2  and  20  we  see 
that'  the  cost  of  Portland  cement  concrete  is 
about  4  per  cent,  more  than  natural  cement 
concrete,  while  the  former  is  50  per  cent, 
stronger.  (2).  By  comparing  numbers  2  with 
23  and  24  it  is  seen  that  the  strength  of  con- 
crete composed  of  1  part  natural  cement,  3  parts 
gravel,  and  3  parts  broken  stone,  and  concrete 
composed  of  1  part  Portland  cement,  10  parts 
gravel,  and  10  parts  broken  stone,  are  nearly 
equal.  (3).  By  comparing  experiment  number 
4  with  number  10  it  is  seen  that  the  addition 


the  cost  of  the  concrete.  (4).  Numbers  12,  16 
and  20  show  that  the  increase  of  the  broken 
stone  from  4  parts  to  8  parts  does  not  materially 
change  the  strength  of  the  concrete,  but  re- 
duces the  cost.  (5).  By  comparing  number  18 
with  number  26,  it  is  seen  that  the  increase  of 
the  broken  stone  from  8  parts  to  16  parts  does 
not  materially  change  the  cost  of  the  concrete. 
(6).  About  half  a  mile  of  pavement  having  a 
very  lean  Portland  concrete  was  laid  during 
the  past  season  under  the  writer's  direction. 
It  was  found,  much  to  the  surprise  of  the  writer 
and  also  of  the  contractor,  not  only  that  the 
very  lean  concrete  was  more  easily  mixed,  but 
that  it  was  more  uniform  than  the  very  rich 
natural  cement  concrete  heretofore  used.  In 
all  respects  the  Portland  cement  concrete  is 
superior  to  the  natural  cement  concrete. 

Brick  Beams. — The  writer  made  a  number  of 
brick  beams  by  taking  paving  brick  and  cement- 
ing them  together  with  a  cement  filler.  The 
beams  were  3  bricks  long,  3  bricks  wide  and 
4  inches  deep.  They  were  formed  by  laying 
the  brick  side  by  side  as  in  the  pavement,  and 
the  interstices  were  filled  with  grout  consisting 
of   1    part   Portland    cement  and    1    part  sand. 
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The  filler  cost  8  to  12  cents  per  square  yard. 
Table  2  shows  the  results  obtained  by  support- 
ing the  beams  on  linife  edges  24  inches  apart 
and  applying  the  load  at  the  center: 

II. — Modulus  of  Rupture  of  Brick  Beams  with 
Cement  Filler. 

Beam, 
6"x4"x 
Modnlus     18" 
of        span, 
Breadth  rupture,  load 

of      Load  at      lbs.        at 
Name  of  Age,     beam,    center,      per     center, 

No.        brick.  days.      Ins.         lbs.       sq.  In.      lbs. 

1.  Clinton    30       10  Vj        l,tJ40       351        1,248 

2.  ••  30       10%        2,100       452       1,607 

3.  "  90       10%        2,060       557       1,981 

4.  Culver 30       11  2,570       526       1,870 

5.  Poston     122       11  2,210       452       1,607 

By  comparing  number  2  and  number  20  in 
Table  I  with  number  3  in  Table  II  it  will  be 
seen  that  a  brick  beam  4  inches  in  depth  is 
50  per  cent,  stronger  than  a  concrete  beam 
consisting  of  1  part  natural  cement,  3  parts 
gravel  and  3  parts  broken  stone,  and  is  also  a 
little  stronger  than  a  beam  consisting  of  1  part 
Portland  cement,  8  parts  gravel  and  8  parts 
broken  stone.  This  fact  suggests  the  question 
whether  it  may  not  be  more  economical  to  em- 
ploy the  cement  as  a  filler  between  the  bricks 
rather  than  to  use  it  in  the  concrete  foundation. 
The  cost  of  the  cement  and  labor  for  a  6- 
inch  layer  of  concrete  composed  of  1  part  Port- 
land cement,  8  parts  gravel  and  8  parts  broken 
stone  is  about  24  cents  per  square  yard  more 
than  that   of  a  compacted   layer  of   gravel   or 


view  of  what  has  been  said  concerning  the 
merits  of  the  cheapness  and  strength  of  the 
cement  filler,  to  use  it  in  pavement  construc- 
tion is  clearly  an  economical  advantage.  For 
several  valuable  suggestions  the  writer  grate- 
fully acknowledges  his  indebtedness  to  Pro- 
fessors A.  N.  Talbot  and  I.  O.  Baker. 


The  Philadelphia  Filtration  System. 

Part  VI. — Tobbesdau:  Filters,  Concluded. 

The  pipe  and  conduit  systems  required  for 
the  Torresdale  filters  are  on  a  scale  commen- 
surate with  the  magnitude  of  the  plant.  Be- 
cause the  quantities  of  water  to  be  dealt  with 
will  be  very  large,  neither  cast-iron  or  steel 
pipes  could  be  used  so  economically  for  the 
main  conduits  as  reinforced  concrete  construc- 
tion, especially  as  it  was  imperative  to  keep  the 
losses  of  head  near  a  minimum.  However,  for 
receiving  water  from  the  main  collectors  of 
the  filters  and  conveying  it  to  the  conduits,  and 
for  distributing  the  raw-water  cast-iron  pipes 
were  used.  The  raw-water  pipe  system  was 
briefly  described  in  the  preceding  article,  ac- 
companying which  was  a  partial  plan  of  the 
piping  and  conduit  system.  The  collector  pipes 
increase  in  diameter  from  24  inches  at  the  re- 
motest filter  of  each  row  to  60  inches  at  the 
filtered-water  conduit.  One  of  these  compound 
mains  is  located  on  each  side  of  each  court,  and 


cember  5  and  12.  1903.  Some  of  the  forms  and 
centers  used  are  clearly  shown  In  accompany- 
ing drawings  and  photographs,  and,  except  in 
special  places,  were  so  made  that  any  piece 
could  be  passed  through  a  complete  form  set 
in  place.  They  were  covered  with  sheet  irou 
and  were  cleaned  and  oiled  each  time  before 
being  used.  Two  of  the  most  diflicult  and  un- 
usual forms,  at  junctions  of  conduits,  are  so 
clearly  shown  by  accompanying  views  as  to- 
require  no  detailed  description.  One  is  for 
the  dome  of  the  overfiow  chamber  on  the  dis- 
charge conduit,  with  its  manhole  and  the  con- 
nection to  the  sewer,  the  location  of  which  was 
shown  on  the  general  plan  printed  last  week, 
and  the  other  is  for  the  junction  chamber  where 
the  8-foot  circular  by-pass  conduit  meets  the 
10-foot  discharge  conduit  from  the  filtered- 
water  basin.  As  shown  in  a  detailed  drawing, 
this  portion  of  the  by-pass  is  on  a  steep  grade, 
since  it  has  to  overcome  a  difference  of  eleva- 
tion of  11  feet  in  a  distance  of  about  66  feet. 

The  straight  portions  of  the  conduits  were 
built  in  monolithic  sections  12  to  13  feet  long, 
with  a  bonding  groove  in  the  end  of  each  sec- 
tion and  with  the  expanded  metal  extending 
from  one  section  to  the  next.  All  conduits  have 
a  1-inch  granolithic  finish  on  the  interior  sur- 
faces. The  mortar  for  the  finish  was  deposited 
in  the  forms  with  the  concrete  and  the  surfaces 
are    remarkably    smooth.      The    centers    were 
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broken  stone;  and  the  cost. of  cement  filler  is 
about  6  to  10  cents  per  square  yard  more  than 
sand  filler.  Therefore  a  brick  pavement  with 
cement  filler  on  a  foundation  of  broken  stone 
or  gravel  without  any  cement  in  it  is  from  14 
to  18  cents  per  square  yard  cheaper  than  brick 
pavement  with  sand  filler  and  with  a  concrete 
foundation;  and  further,  the  two  forms  of  con- 
struction are  of  equal  strength.  For  a  pave- 
ment on  a  street  which  has  been  cut  up  with 
trenches  and  where  the  traffic  is  heavy,  the 
use  of  the  cement  filler  adds  very  much  to  the 
strength  and  to  the  life  of  the  pavement,  and 
the  added  expenditure  for  the  filler  is  money 
well  invested.  In  residence  districts,  where  the 
trafllc  is  not  so  heavy  or  constant,  a  brick  pave- 
ment with  cement  filler  and  a  gravel  founda- 
tion may  be  constructed  with  advantage,  and 
the  cost  of  the  improvement  be  considerably 
less  than  if  a  concrete  foundation  and  sand 
filler  were  used. 

As  far  as  the  writer  knows,  attention  has  not 
before  been  called  to  the  strength  produced  by 
the  cement  filler,  nor  to  the  fact  that  the  brick 
thus  filled  makes  the  beam  50  per  cent,  stronger 
than   the  use  of  concrete  foundation;   and  In 


collects  the  effluent  of  eleven  filters.  All  cast- 
iron  pipes  and  the  necessary  special  castings 
for  the  pipe  lines  and  for  connections  with  the 
regulating  houses  and  other  purposes  were  fur- 
nished by  Messrs.  R.  D.  Wood  &  Company  and 
the  United  States  Cast  Iron  Pipe  &  Foundry 
Company,  through  Messrs.  Davies  &  Thomas, 
of  Philadelphia.  The  valves  of  various  sizes  in 
the  regulating  chambers  and  gatehouses,  as  well 
as  in  the  outside  pipe  lines,  were  furnished  by 
the  Eddy  Valve  Company,  of  Waterford,  N.  Y. 
Reinforced  Concrete  Conduits. — The  efiluent 
conduit,  2,200  feet  long,  has  the  form  of  cross- 
section  shown  in  the  drawings,  and  in  succes- 
sive portions  is  7%,  9  and  10  feet  in  height.  The 
discharge  conduit,  850  feet  long,  which  carries 
the  water  from  the  filtered-water  basin  to  shaft 
^Jo.  1  of  the  tunnel  leading  to  Lardner's  Point 
pumping  station,  is  10  feet  high.  These  con- 
duits will  be  under  a  pressure  head  of  about  20 
feet,  and  are  believed  to  be  the  first  of  such 
size  built  of  concrete  and  expanded  metal  to  be 
used  under  internal  pressure.  Other  examples 
of  this  type  of  construction  are  the  5-foot  con- 
duits at  the  Cedar  Grove  reservoir  of  the  New- 
ark water  works,  described  in  this  journal  De- 


usually  left  in  place  about  60  hours.  Sufficient 
expanded  metal  was  used  to  resist  the  com- 
puted tensile  stresses  which  will  be  caused  by 
the  water  pressure.  In  the  discharge  conduit 
6-inch  mesh  No.  4  metal  cut  double  width  was 
employed,  but,  as  this  heavy  metal  could  not 
be  obtained  rapidly  enough,  the  fiUered-water 
conduit  was  reinforced  with  two  layers  of  6- 
inch  mesh  No.  4  expanded  metal,  wired  together 
as  one.  The  position  of  the  metal  is  shown  in 
the  cross-section;  adjacent  sheets  are  lapped 
not  less  than  6  inches. 

The  trench  for  the  discharge  conduit  was 
about  34  feet  deep  and  that  for  the  effluent  con- 
duit 22  feet;  they  were  dug  with  the  aid  of  a 
2-ton  300-foot  span  Carson  Lidgerwood  trench 
machine,  and  the  placing  of  the  concrete  fol- 
lowed the  excavating  as  closely  as  possible. 
The  concrete  for  the  discharge  conduit  was 
mixed  in  a  i/^-eubic-yard  Municipal  portable 
mixer  mounted  with  its  engine  on  a  platform 
beside  the  trench,  and  chuted  to  a  shoveling 
board  in  the  trench.  The  concrete  for  the 
effluent  conduit  was  mixed  by  hand.  The  pro- 
portions for  the  concrete  were  1  part  Portland 
cement,    3    parts    sand,    and    5    parts    -^-inch 
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broken  stone,  mixed  wet  The  granolithic  fac- 
ing composed  of  1  part  Portland  cement,  1  parf 
sand  and  1  part  grit,  was  mixed  to  the  consis- 
tency of  stiff  grout  and  poured,  just  in  advance 
of  the  placing  of  each  layer  of  concrete,  into  a 
I-inch  space  between  the  Inside  forms  and 
sheets  of  iron  with  lugs,  which  were  withdrawn 
gradually  during  the  placing  of  the  concrete. 

Setcers. — The  main  drainage  system  of  the 
filtration  plant,  for  the  removal  of  wash  water 
and  other  sewage,  is  arranged  as  shown  on 
the  general  plan  printed  last  week  and  com- 
prises 4,600  feet  of  24-inch  and  850  feet  of  30- 
Inch  vitrified  pipe  made  by  the  Blackmer  & 
Post  Pipe  Company  and  the  Evens  &  Howard 
Fire  Brick  Company,  both  of  SL  Louis;  1,000 
feet  of  Si^a-foot,  700  feet  of  4-foot  and  650  feet 
of  4>«-foot  circular  brick  sewer,  and  1,800  feet 
of  6-foot  and  300  feet  of  8  ^i-foot  concrete  sewer. 
The  concrete  sewer  of  both  sizes  is  8  inches 
thick  at  the  -crown  and  9.  inches  at  the  invert. 
The  8Vi-foot  sewer  is  reinforced  with  expanded 
metal,  and  in  it  two  layers  of  3-inch  mesh  No. 
10  metal  were  used,  one  2>2  inches  for  the  in- 
terior surface  and  the  other  2V2  inches  from  the 
outside.  The  sewerage  system  is  designed  to 
take  care  of  the  drainage  from  a  considerable 
tribuUry  area  in  addition  to  the  overflow  and 
waste  from  the  filters  and  sand  washers  and 
the  sewage  collected  from  the  filter  plant.  The 
outfall  is  in  Pennypack  Creek,  which  discharges 
into  the  Delaware  River  at  the  southerly  line  of 
the  city's  property.  In  the  early  studies  It  was 
considered  probable  that  a  sewage-disposal 
plant  capable  of  treating  the  sewage  from  a 
semi-urban  population  of  45,000  would  be  neces- 
sary when  the  territory  draining  into  Pennypack 
Creek  becomes  populous,  in  order  to  guard 
against  the  discharge  of  fresh  sewage  too  near 
the  intake  for  the  filters.  No  definite  plans  lor 
such  a  plant  have  yet  been  made,  and  it  is  be- 
lieved that  it  will  not  be  required  for  a  number 
of  years.  The  sewers  and  conduits  were  con- 
nnicted  very  early  in  t;ie  course  of  the  work. 

Economy  of  Reinforced  Concrete  Construc- 
tion.— Besides  the  trench  machine  mentioned 
above,  two  traveling  stiff-leg  derricks  with  O- 
foot  booms  were  used  for  handling  the  exca- 
vated materials  from  the  large  trenches  for  the 
sewers,  conduits  and  pipes.  On  all  this  work 
except  carpenters  and  foremen,  only  ordinary 
labor  was  employed.  The  Inside  surfaces  wera 
so  smooth  that  no  finishers  were  needed.  The 
costs,  exclusive  of  excavation  and  engineering 
supervision,  per  linear  foot  of  the  different  sizes 
of  conduits  and  sewers  were  as  follows: 

Cost  per 
Slie.                                                             linear  font 
«       re«t  diameter  (no  expanded  metal) $7.24 

7  It     ••     bigb 19.8.") 

8  ••     diameter 22.5'.! 

Su     ••  ••        21.59 

9  ••     hlctt 23.94 

,0  ••       "       26.87 


Draining  Excavations. — As  was  natural  in 
low  ground  so  close  to  the  river,  Intersected  by 
brooks,  considerable  water  came  into  some  of 
the  excavations  and  necessitated  the  installa- 
tion of  a  large  number  of  pumps  for  drainage 
purposes.  In  all  eighteen.  To  remove  the  large 
quantities  of  water  encountered  in  the  excava- 
tion for  the  filtered-water  basin  two  8x10x12- 
inch.Snow  duplex  pumps  were  placed  in  a  house 
at  the  location  shown  on  the  general  plan 
printed  last  week.  Besides  these,  twelve  Snow, 
Blake  and  Burnham  steam  pumps  of  various 
sizes,    two   Emerson    pumps    with    4-inch    dis- 


charge, and  one  6-lnch  and  one  8-inch  Morris- 
ville  centrifugal  pump  each  driven  by  a  vertical 
engine,  were  set  up  and  moved  from  place  to 
place  along  the  trenches  and  filter  excava- 
tions as  needed  from  time  to  time.  This  drain- 
age water  was  pumped  mostly  to  Pennypack 
Creek,  making  use  of  the  main  sewers  after 
these  were  completed.  For  running  these 
pumps  and  for  miscellaneous  work  six-50-horse- 
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power  portable  boilers  and  one  55-horse-power 
Nagle  portable  engine  were  used. 

Water  Supply. — For  mixing  concrete  and  pud- 
dle, for  steam  making,  for  sprinkling  and  for 
practically  all  other  purposes,  except  drinking, 
water  is  drawn  from  the  river  by  an  8x10x12- 
inch  Snow  duplex  pump  installed  in  a  house  on 
the  wharf  and  pumped  to  various  elevated 
tanks.  A  tank  for  locomotive  supply  is  situated 
beside  the  tracks  in  Pennypack  Street,  near  Del- 
aware Avenue,  and  a  group  of  three  tanks  hav- 
ing a  combined  capacity  of  30,000  gallons  is  sup- 
ported by  a  trestle  tower  close  to  the  central 
concrete  mixing  plant.  From  these  tanks  water 
was  piped  to  various  points  of  use,  but  for  sup- 
plying a  number  of  boards  used  for  mixing 
small  quantities  of  concrete  by  hand  and  some 
of  the  isolated  portable  boilers  eight  400-gallon 
and  six  600-gallon  Austin  water-tank  wagons 
were  found  more  economical  than  piping. 
Potable  water  for  offices,  camps,  shops  and 
stables  was  obtained  from  two  wells  and  from 
springs,  and  was  pumped  by  three  Rider-Erics- 
son hot-air  engines  to  elevated  tanks,  from 
which  it  was  piped  about  the  grounds. 

Work  of  Resident  Engineer's  Staff. — The  res- 
ident engineer  and  his  staff  developed  methods 
of  handling  the  details  of  their  work  which  have 
several  interesting  features,  some  of  which  are 


distance,  and  vice  versa,  for  temperatures  below 
the  standard. 

Before  the  field  was  obstructed  in  any  way 
by  construction  operations,  a  gridiron  of  base 
lines  was  very  carefully  laid  out  and  checked, 
all  its  angles  being  right  angles.  At  all  inter- 
sections and  at  many  other  convenient  and  use- 
ful places  4x4-inch  hubs  were  driven,  in  which 
the  exact  points  were  marked  by  prick  punch 
holes  in  the  heads  of  copper  nails  or  transit 
tacks.  Lines  were  established  in  State  Road 
and  Delaware  Avenue,  and  cross  lines  were  run 
through  Pennypack  Street  and  each  of  the 
courts;  from  Pennypack  Street  a  line  was  run 
along  the  location  of  the  main  sewer,  and  two 
lines  were  staked  to  control  the  remaining  two 
sides  of  the  filtered-water  basin.  The  hubs  were 
designated  by  letters  and  their  exact  positions 
were  given  by  X  and  Y  co-ordinates. 

Accurate  record  was  kept  of  each  cast-iron 
pipe,  special  casting  and  valve,  by  a  designating 
niimber,  as  it  was-laid  and  this  information  has 
been  plotted,  during  spare  time,  on  the  record 
drawings  of  the  plant.  During  the  severest  part 
of  each  winter,  all  concrete  work  was  stopped, 
but  for  a  short  time  in  November  and  December 
concrete  was  placed  between  8  A.  M.  and  3:30 
P.  M.  Parts  of  the  filters  or  other  concrete 
structures  which  were  not  covered  with  earth 


The      New      Henry      R.     Worthington 
Hydraulic  Works  at  Harrison,  N.  J. 

Part  II. — Foundries. 
Main  Foundry.— The  141x600-foot  main  foun- 
dry has  four  longitudinal  rows  of  columns  di- 
viding it  into  a  60-foot  center  aisle  and  two  40- 
foot  side  aisles,  and  its  framework  corresponds 
with  that  of  the  machine  shop,  except  that  the 
roof  is  lower,  that  there  are  no  gallery  Soars 
in  the  side  aisles  and  that  the  center  columns 
are  arranged  for  traveling  gib  wall  cranes  un- 
der the  traveling  girder  cranes.  The  second 
and  fourth  panels  between  roof  trusses  at  each 
end  and  every  third  succeeding  panel  has  %- 
inch  lateral  brace  rods  with  clevis  ends  between 
the  eight  lines  of  longitudinal  struts.  These 
diagonal  rods  are  also  provided  in  every  panel 
at  each  end  of  the  trusses.  The  panels  between 
wall  columns  are  X-braced  with  li^-inch  clevis 
rods.  The  columns  have  offset  seats  for  the 
main  crane  girders,  which  are  field-riveted 
through  their  end  vertical  stiffeners  to  trans- 
verse diaphragm  plates  connected  to  the  column 
flanges  and  projecting  beyond  the  girders  to 
form  cantilever  brackets  supporting  upper  reac- 
tion girders  for  the  traveling  wall  jib-cranes. 
These  runway  girders  for  the  traveling  wall 
cranes    are     of    simple    and     rigid     construc- 
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commendable,  although,  perhaps,  not  essentially 
novel.  Especially  valuable  was  the  practice  of 
reducing  all  detailed  instructions  and  sketches 
for  laying  out  parts  of  the  work,  tables  of  ele- 
vations of  bench  marks,  the  base  line  reticu- 
lation, corrections  for  tapes  and  similar  infor- 
mation to  be  used  by  a  number  of  persons  to 
small  sheets  of  convenient  size,  which  could  be 
checked  carefully  once  for  all  and  traced,  so 
that  blue-prints  could  be  Issued  to  each  person 
who  had  occasion  to  use  the  data,  with  the  as- 
surance that  all  parties  would  be  working  from 
exactly  the  same  figures.  To  be  sure,  this  sys- 
tem is  not  absolutely  infallible,  but  it  is  a  great 
improvement  over  copying  data  into  note-books 
or  slips  of  paper  as  needed  from  day  to  day.  Be- 
fore any  work  was  laid  out  a  steel  tape  was  sent 
to  the  Bureau  of  Weights  and  Measures  of  the 
Coast  and  Geodetic  Survey  to  be  standardized, 
and  after  this  was  returned,  all  other  tapes 
used  on  the  work  were  carefully  compared  with 
it.  A  diagram  showing  the  tensions  to  be  ap- 
plied to  the  tapes  when  supported  at  two 
points  various  distances  apart,  was  prepared. 
and  another  diagram  gave  the  corrections  for 
temperature,  with  the  plain  reminder  lettered 
on  It  that  for  temperatures  above  the  standard, 
corrections  are  plus  when  measuring  between 
fixed  points  and  minus  when  laying  off  a  given 


were  usually  protected  with  hay  during  the  cold 
weather. 

Mr.  John  W.  Hill,  chief  engineer  of  the 
Bureau  of  Filtration,  has  general  supervision  of 
the  Torresdale  filters,  as  of  all  the  other  filtra- 
tion plants.  Mr.  Frederick  C.  Dunlap  is  resi- 
dent engineer  in  charge  of  construction,  and 
his  party  is  composed  of  Mr.  J.  A.  Vogleson, 
first  assistant  engineer,  and  Messrs.  John  S.  Ely, 
Thomas  C.  Atwood  and  Andrew  S.  Hackett,  sec- 
ond assistant  engineers.  All  these  works  fall 
under  the  executive  direction  of  Mr.  Peter  E. 
Costello,  commissioner  of  public  works. 
(To  be  continued.) 


Water  Supply  foe  Suburbs  of  Cape  Town  is 
being  increased  by  building  a  reservoir  on  the 
slope  of  Table  Mountain  370  feet  above  sea 
level.  The  reservoir  has  a  capacity  of  30,000,000 
imperial  gallons  and  will  be  filled  from  several 
streams.  According  to  "Engineering,"  of  Lon- 
don, the  reservoir  has  been  formed  by  excavat- 
ing a  solid  ledge  960  feet  long  and  200  feet  wide 
and  building  a  great  concrete  wall  25  feet  high 
containing  23,000  cubic  yards.  An  earth  bank 
is  being  formed  against  the  wall  40  feet  wide  at 
top  and  150  feet  at  the  base,  while  180,000  cubic 
yards  of  earth  will  be  packed  around  the  Inner 
rim. 


tion,  composed  of  two  deep  I-beams  riveted  to- 
gether at  right  angles  so  as  to  give  both  vertical 
and  horizontal  stiffness.  The  upper  runway 
girder  does  not  carry  vertical  loads  and  is 
stiffened  by  an  18-inch  I-beam  designed  to  pre- 
vent undue  flexure.  The  lower  girder  receives 
both  horizontal  and  vertical  loads.  The  run- 
ways for  the  30-ton  overhead  cranes  in  the  cen- 
ter aisle,  are  plate  girders  seated  on  the  tops  of 
the  flanges  of  the  lower  sections  of  the  main 
columns.  These  girders  are  riveted  together 
through  the  end  web  stiffener  angles  and  are 
braced  to  the  upper  sections  of  the  columns  by 
transverse  vertical  diaphragm  plates.  Their 
lower  flanges  have  gusset  plate  projections  in 
the  plane  of  the  web,  which  receive  the  diag- 
onal members  of  longitudinal  lattice  girders 
bracing  the  columns  just  below  the  runways. 
The  runway  girder  lower  flanges  thus  serve  as 
top  flanges  for  the  longitudinal  girders. 

The  side  aisle  roof  trusses  were  shipped  com- 
plete; they  are  seated  at  one  end  on  the  inner 
flanges  of  the  wall  columns  and  are  field-rivet- 
ed to  their  projecting  web-plates.  At  the  other 
end  they  are  flange-riveted  to  the  main  columns. 
The  center  aisle  roof  trusses  were  shipped  In 
two  pieces  with  field-riveted  splices  at  the  cen- 
ter. The  bottom  chords  and  end  diagonals  are 
field-riveted  to  projecting  web  plates  shop-rivet- 
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ed  to  the  tops  of  the  columns.  Both  side  and 
center  aisle  trusses  are  braced  by  two  lines  61 
lODKitudinal  struts  consisting  of  pairs  of  4x4- 
inch  angles  with  their  flanges  turned  in  oppo- 
site directions  and  fleld-riveted  to  the  horizon- 
tal connection  plates  shop-riveted  to  the  lower 
chords  to  receive  the  clevis  pins  for  the  diag- 
onal rods. 

The  60x40-foot  charging  platform  for  the 
cupolas  is  at  the  center  of  one  long  side  of  the 
building.  21  feet  above  the  main  floor.  It  is  pro- 
portioned for  a  live  load  of  800  pounds  per 
square  foot  and  has  a  floor  of  solid  steel  plates 
H  Inch  thick  covering  the  top  flanges  of  10- 
Inch  I-l>eams  2  feet  apart,  which  are  carried 
by  24-Inch  I-beam  girders  of  20-foot  span. 
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frames.  The  sand  falls  through  the  spaces  into 
the  basement  where  it  is  collected,  tempered, 
mixed  with  fresh  sand  and  delivered  to  the  ele- 
vator, which  returns  it  to  the  moulding  floor. 

Small  Foundry. — The  66x408-foot  machine 
moulding  foundry  has  only  two  rows  of  main 
longitudinal  columns  which  carry  the  wall 
framing  and  masonry  and  the  full  span  roof- 
trusses  65  feet  long.  The  transverse  bents  of 
the  framework  are  12  feet  apart  and  are  braced 
longitudinally  by  Ave  lines  of  struts  in  the 
planes  of  the  top  chords  and  nine  lines  in  the 
planes  of  the  bottom  chords.  The  center  two 
panels  and  the  two  panels  at  each  end  and  every 
third  panel  between  the  ends  and  the  center  are 
X-braced  with  %-Inch  clevis  rods  in  the  planes 


panel.  To  provide  longitudinal  stiffness,  the 
upper  ends  of  the  track  suspenders  are  braced 
by  continuous  struts  composed  of  pairs  of  chan- 
nels, shown  in  the  cross-section.  The  moulding 
room  floor  has  a  capacity  of  400  pounds  per 
square  foot  and  is  made  with  concrete  arches 
supported  on  12-inch  longitudinal  I-beams  and 
15-inch  transverse  I-beams  carried  by  one-story 
cast-iron  columns,  except  in  the  center  panel  of 
the  core-room,  where  there  are  two  rows  of 
riveted  columns  13  feet  apart  carrying  20-inch 
transverse  I-beams  that  support  double  lines  of 
15-inch  I-beam  stringers,  under  the  rails  of  a 
standard-gauge  track  which  runs  into  the  core- 
room  on  this  floor.  A  third  rail  is  added  to 
form  a  3-foot  gauge  track  running  the  length  of 


-  30"  Vznfilafor. 
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Holes  for  I"  Bolts. 
Moulding    Machine  Foundry  Column 


The  two  50-ton  cupolas  will  be  made  by 
Messrs.  J.  W.  Paxton  t  Company,  Philadelphia, 
and  will  have  9x9-foot  concrete  foundations,  6 
feet  deep,  carried  down  to  a  satisfactory  foot- 
ing on  hard  cAarse  gravel  and  boulders.  A 
COxl  40-foot  space  at  the  west  end  of  the  building 
is  reserved  for  a  cleaning  floor  and  is  specially 
designed  to  avoid  the  accumulation  of  sand 
which  in  other  foundries  usually  forms  an  In- 
convenient obstruction  by  building  up  trouble- 
some piles  on  which  the  men  are  obliged  to 
work  while  emptying  flasks  until  operations  are 
stopped  altogether  to  remove  it  Here,  as  In  the 
moulding  machine  foundry,  the  floor  Is  made 
with  open  gratings  of  steel  bars  set  edgeways  In 


of  the  top  and  bottom  chords  and  in  the  planes 
of  the  wall  columns  at  the  ends  and  center  of 
the  building.  There  are  no  purlins,  but  the 
longitudinal  sheathing  planks  are  laid  directly 
on  nailing  strips  screwed  to  the  flanges  of  the 
top  chords.  From  every  panel  point  of  the 
lower  chords  of  the  roof  trusses,  over  the  mould- 
ing room,  there  is  a  vertical  suspender  carrying 
a  short  longitudinal  double  cantilever  beam 
which  supports  runways  for  light  bridge 
cranes  IO14  feet  long  traveling  from  wall  to 
wall,  and  carrying  pneumatic  trolley  hoists  of 
2  tons  capacity  to  serve  the  Pridmore  &  Atlas 
moulding  machines  on  the  main  floor,  one  of 
which  Is  located  on    the    center    line    of   each 


the  building,  and  the  space  adjacent  to  the  rails 
is  floored  with  a  strip  of  double  planking  12  feet 
3  inches  wide. 

Under  the  center  of  each  roof  panel  in  the 
moulding  room  floor  there  is  a  3x20-foot  grating 
of  longitudinal  steel  bars  through  which  the 
burnt  sand  falls  to  the  basement  when  the  flasks 
are  emptied.  It  is  periodically  coUecteO, 
screened,  mixed  and  delivered  to  elevators  in 
alternate  panels,  which  convey  it  into  hoppers 
above  the  moulding  machines,  where  It  Is  used 
again  by  the  moulders.  The  elevators  are  oper- 
ated by  independent  electric  motors.  The  core 
ovens  will  be  heated  by  gas,  although  built  with 
regular  furnaces  so  that  coke  can  be  used.    The 
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foundry  is  lighted  by  two  tiers  of  win- 
dows on  eacli  side  and  by  windows  in 
the  clere-story  of  a  monitor  16%  feet  wide  with 
double  pitched  skylight  roof,  extending  from 
end  to  end  of  the  building.  The  sills  of  the 
lower  tier  of  windows  are  6  feet  above  the  floor, 
so  as  to  avoid  danger  of  breaking  the  glass. 
The  basement  is  lighted  from  a  paved  area 
through  swinging  windows  with  horizontal 
pivots  at  the  upper  edge.  The  main  floor  is 
calculated  for  a  live  load  of  400  pounds  per 
square  foot.  There  are  two  40-ton  J.  W.  Pax- 
ton  &  Company's  cupolas  with  a  charging  plat- 
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rooms,  where  women  and  girls  are  employed. 
The  standard  and  narrow-gauge  tracks  extend 
through  this  room  and  between  them  there  are 
trap  doors  in  the  floor  through  which  the  sand 
bins  in  the  basement  are  filled.  At  the  end  of 
the  core  room  are  four  large  ovens  for  baking 
the  cores,  and  on  one  side  there  will  be  twelve 
Millet  core  ovens  for  small  cores.  The  columns 
in  this  building  correspond  to  those  In  the 
other  buildings,  except  that  they  do  not  carry 
the  walls  or  any  crane  girders.  They  have  I- 
shaped  cross-sections  with  solid  webs  in  the 
planes  of  the  roof  trusses.     The  upper  ends  of 


Cross-   Seo+ion     through    Moulding    Machine    Foundry. 
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Cross-Sections  of  the  Henry  R.  Woithington  Moulding  Machine  Foundry  and  Cleaning  Shed. 


form  40  feet  long  and  26  feet  wide  in  the  center 
of  one  side  of  the  moulding  room.  It  is  20  feet 
above  the  main  floor  and  is  served  by  a  hydrau- 
lic elevator  in  a  -shaft  outside  the  main  wall. 
The  floor  has  a  capacity  of  800  pounds  per 
square  foot,  is  covered  with  steel  plates  and  is 
carried  by  12-inch  transverse  beams  15  feet  long 
and  3V2  feet  apart,  supported  on  three  lines  of 
20-inch  longitudinal  beams  carried  by  the  wall 
columns  and  two  lines  of  interior  riveted  steel 
columns. 

Adjacent  to  the  cupola  room  is  the  men's 
toilet  room,  and  the  blower  room  is  on  the  op- 
posite side  underneath  the  charging  floor.  One 
end  of  the  shop  is  partitioned  oft  for  the  core 


the  webs  project  beyond  the  column  to  form  gus- 
set-plates for  the  roof  truss  connections. 

The  main  foundry  and  the  moulding  machine 
foundry  are  connected  at  one  end  by  the  trans- 
verse 60x201-foot  cleaning  shed  with  a  20-foot 
and  a  40-foot  aisle,  each  of  which  is  commanded 
by  traveling  cranes.  The  roof  trusses  are  con- 
tinuous over  the  interior  columns  and  are 
braced  together  by  X-bracing  in  the  planes  of 
the  interior  columns  and  by  two  lines  of  longi- 
tudinal struts  in  the  plane  of  the  lower  chords. 
This  building  will  contain  the  rumblers  and 
sand  blast  machines  for  cleaning  castings  In  the 
20-foot  aisle,  and  the  40-foot  aisle  will  be  used 
as  a  chipping  room. 


Throughout  the  plant  the  clere-story  windows 
are  opened  and  closed  in  sections  by  an  attach- 
ment devised  by  Mr.  Baldwin.  The  sashes  are 
swung  on  horizontal  center  pivots  and  at  the 
top  of  each  sash  there  is  pivoted  a  gas  pipe  link 
which  engages  a  crank  shaft.  This  shaft  is  pro- 
vided with  grooved  pulleys  suspended  from  the 
purlins  and  receiving  two  turns  of  the  operat- 
ing cord,  both  parts  of  which  are  led  over 
snatch  blocks  in  the  wall  and  suspended  within 
reach  of  the  floor  so  that  the  windows  can  be 
conveniently  operated. 

(To   be   continued.) 


The    Kelly    &    Jones    Company's     Con- 
crete-Steel Factory  Building. 

Pabt      II. — Methods      and      Piant      fok 

CONSTBUCTION. 

All  concrete  was  mixed  very  wet,  with  Vul- 
canite Portland  cement,  sand  and  %-inch 
broken  stone,  1:2:4,  in  a  No.  13  Ransome  stan- 
dard drum  mixer  driven  by  a  35-horse-power 
vertical  engine.  The  mixer  was  set  in  a  pit 
about  6  feet  deep  just  outside  the  building  near 
the  middle  of  one  long  side.  The  cement  and 
aggregate  were  fllled  by  hand  into  a  valved 
hopper,  which  discharged  to  the  mixer  as  soon 
as  the  latter  dumped  its  contents  into  the  steel 
bucket  in  which  it  was  hoisted  to  the  upper 
floors.  This  bucket  held  as  much  concrete  as 
could  be  conveniently  mixed  at  once  in  the 
machine,  and  was  hoisted  by  an  ordinary  drum 
engine.  It  was  suspended  below  its  center  of 
gravity  and  was  maintained  in  a  vertical  posi- 
tion by  the  three  guides  of  the  elevator  frame. 
A  section  of  the  front  guide  could  be  removed 
so  as  to  allow  the  bucket  to  overturn  and 
discharge  its  contents  at  any  required  point, 
as  illustrated  in  the  descriptions  of  the  con- 
crete plants  for  the  St.  James  church,  Brook- 
lyn, and  the  flfteen-story  Ingalls  building. 
Cincinnati,  which  were  published  in  The  En- 
gineering Record  May  5,  1900,  and  July  18, 
1903,  respectively.  The  bucket  discharged  to 
a  hopper  platform  elevated  about  6  feet  from 
the  floor,  from  which  the  conerete  was  raked, 
whenever  convenient,  into  the  hand-barrows 
by  which  it  was  distributed  on  an  outside 
scaffold  and  on  planks  laid  across  the 
moulds  and  finished  floor  slabs.  These  bar- 
rows were  of  special  construction  and  consist- 
ed of  a  semi-cylindrical  steel  bucket  with  its 
axis  coincident  with  the  axle  of  a  pair  of 
wheels  about  4  feet  in  diameter.  The  bucket 
was  rigidly  secured  to  the  axle  and  the  latter 
was  furnished  with  a  6-foot  U-shaped  horizon- 
tal handle  bar.  Each  barrow  had  a  capacity  of 
7%  cubic  feet  and  could  be  handled  by  one  man. 
The  advantages  were  that  it  could  be  easily 
dumped  by  revolving  it  on  the  axle  of  the 
wheels,  and  the  concrete  fell  gently  to  the  floor 
without  causing  any  Injurious  shocks  to  the 
falsework. 

Immediately  after  being  placed,  the  floor 
concrete  was  rolled  for  several  hours,  first  by 
a  250-pound  wooden  roller  3  feet  in  diameter 
and  3  feet  long,  then  by  a  500-pound  iron  roller 
2%  feet  in  diameter  and  2%  feet  long  and  final- 
ly by  a  700-pound  iron  roller  of  the  same  di- 
mensions. One  man  could  operate  each  roller 
and"  a  force  was  kept  busy  rolling  all  the  time 
that  the  floor  concrete  was  being  laid.  This  sys- 
tem was  found  much  better  than  ramming  or 
using  heavy  rollers  at  flrst.  The  light  roller 
flushed  the  water  to  the  top  and  compacted  the 
concrete,  making  it  flrm  enough  to  use  the  sec- 
ond roller,  which  could  not  have  been  applied 
at  first  without  displacing  the  concrete.  Sim- 
ilarly the  second  roller  prepared  the  concrete 
for  the  heavy  third  roller,  which  produced  an 
excellent  finish.  In  the  beams  and  girders  the 
concrete  was  cut  rather  than  rammed  by  steel 
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spades  each  having  a  blade  6  inches  wide,  18 
inches  long  and  %  inch  thiclc  attached  to  a  %- 
inch  gas-pipe  handle  5  feet  long.  The  concrete 
in  the  column  moulds  was  rammed  by  a  tool 
somewhat  resembling  an  elongated  plumb-bob. 
The  lower  end  of  it  was  a  cone  18  inches  long, 
1  inch  in  diameter  at  the  point  and  3  inches 
in  diameter  at  the  top  with  a  5-foot  handle.  In 
both  cases  the  blades  of  the  tools  were  long 
enough  never  to  sink  entirely  below  the  surface 
of  the  concrete.  The  concrete  mixer  had  an 
hourly  capacity  of  40  batches  of  15  cubic  feet 
each,  and  the  greatest  day's  product  was  about 
160  cubic  yards  in  10  hours.  The  plant  was  so 
arranged  that  the  conveying  hopper,  mixing  ma- 
chine and  hoisting  bucltet  were  constantly 
filled,  so  that  no  time  was  lost  in  waiting,  and 
three  different  batches  were  simultaneously  in 
progress. 

Samples  from  every  carload  of  cement  were 
tested  for  fineness,  and  were  made  into 
briquettes  which  were  subjected  to  flexure  tests 
when  seven  days  old,  thus  giving  close  indica- 
tions of  the  character  of  the  cement  with  lit- 
tle trouble  or  expense.  From  each  day's  run 
of  concrete  6-inch  cubes  were  made,  and  when 
tested  in  compression,  after  from  7  to  10  days, 
developed  from  80  to  120  pounds  ultimate 
strength  per  square,  inch.  At  the  commence- 
ment of  operations  permanent  bench  marks  for 


tightly  together,  but  can  be  quickly  slipped  out 
of  the  ends  of  the  cleats  when  their  nuts  are 
loosened  but  not  removed.  The  upper  cleats 
project  about  2  feet  beyond  the  sides  of  the 
mould  and  are  made  heavy  to  serve  as  beams 
supporting  the  beam  and  floor  moulds.  Their 
loads  are  carried  from  the  floor  below  by  full- 
length  pairs  of  vertical  strips  spiked  to  both 
sides  at  both  ends  and  having  square  bearings 
on  pairs  of  wooden  wedges  on  the  finished 
floor  surface,  thus  serving  as  false-work  posts. 
The  column  moulds  made  for  the  lower  stories 
were  also  used  in  the  higher  upper  stories  and 
were  lengthened  as  required  by  splicing  ex- 
tensions on  the  lower  ends  of  the  vertical 
cleats  and  posts  and  adding  the  necessary  side 
pieces.  The  moulds  for  the  columns  below  the 
first  floor  were  similar  to  those  above  described 
except  that  they  had  no  inside  corner  pieces  and 
no  outside  falsework  posts,  but  were  supported 
by  the  upper  horizontal  cleats  which  took  bear- 
ing on  horizontal  sills  laid  on  the  ground  on 
opposite  sides  of  the  foundation  pits. 

The  moulds  for  the  outside  columns,  or  wall 
piers,  were  made  with  vertical  boards  on  all 
sides  and  were  offset  to  form  the  window  cas- 
ings. The  clamp  bolts  passed  through  round 
holes  instead  of  slots  in  the  ends  of  the  hori- 
zontal cleats  and  they  also  passed  through  the 
vertical  falsework  posts.    The  upper  horizontal 
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alignment  and  level  were  established  on  four 
12xl2-inch  concrete  monuments  set  at  the  cor- 
ners of  a  rectangle  concentric  with  the  building 
and  having  its  length  sufiicient  to  give  a  clear- 
ance of  12  Inches  between  the  ends  of  the  build- 
ing and  the  faces  of  the  monuments.  Marks 
were  thus  established  by  which  the  location  of 
the  columns  and  heights  of  the  floors  could  be 
verified  at  any  time  without  danger  of  their 
being  disturbed  by  the  workmen.  The  quan- 
tities of  material  used  were  about  60,000  cubic 
feet  of  concrete  and  85  tons  of  steel,  which  was 
all  twisted  by  a  machine  set  up  near  the  con- 
crete mixer  and  belt-driven  together  with  the 
bucket  elevator,  a  buzz-saw  and  a  boring  ma- 
chine by  a  35-hor8e-power  steam  engine. 

The  Inside  column  moulds  were  built  as 
shown  In  the  detail,  with  four  separate  side 
pieces  made  of  5i4x%-inch  planed  wood  strips 
having  beveled  edges  to  allow  for  swelling  from 
moisture.  On  two  opposite  sides  the  strips  are 
vertical  and  are  nailed  to  the  edges  of  horizon- 
tal cleats  20  inches  apart,  breaking  Joints  on 
the  centers  of  alternate  cleats.  The  other  two 
sides  are  made  with  horizontal  strips  nailed  to 
a  pair  of  outside  vertical  cleats.  The  hori- 
zontal cleats  project  beyond  the  edges  of  the 
mould  and  their  ends  are  slotted  to  receive  tie 
bolts,  which  clamp  the  four  sides  of  the  mould 


cleats  extended  about  5  feet  beyond  the  moulds 
on  the  outside  to  form  cantilever  brackets  for 
the  working  platform.  The  moulds  for  the  in- 
termediate piers  were  similar  to  those  for  the 
corner  piers  except  that  they  were  smaller  and 
rectangular  in  cross-section.  The  hollows  In  all 
piers  were  made  with  collapsible  cores  having 
the  beveled  vertical  edges  of  the  narrow  sides 
movable  Inwards  on  horizontal  bearing  wedges, 
from  12  to  30  inches  apart,  on  the  inner  faces  of 
the  wide  sides.  The  movable  sides  were  set 
and  held  in  place  by  horizontal  bolts,  shown 
in  the  detail,  which  engaged  transverse  horizon- 
tal strips  fitted  to  vertical  slots  in  the  adjacent 
sides  of  the  mould.  The  moulds  were  keyed 
up  and  adjusted  by  the  nuts  on  the  inner  ends 
of  the  bolts  and  to  collapse  them  it  was  only 
necessary  to  strike  successive  vertical  blows  on 
the  ends  of  the  transverse  pieces,  which  re- 
volved on  their  axes  like  buttons  and,  becoming 
disengaged  from  the  slots,  allowed  the  side  piece 
of  the  mould  to  move  Inwards,  free  of  the  con- 
crete. 

No  moulds  were  required  for  the  beams  and 
girders  as  they  were  made  by  ramming  the  con- 
crete in  the  spaces  left  between  the  floor  moulds, 
which  were  arranged  and  supported  as  shown 
in  the  diagrams.  The  floor  moulds  were  really 
cores  between  the  beams  and  girders  and  were 


made  with  a  horizontal  top  and  four  vertical 
sides  with  rounded  and  beveled  upper  corners. 
The  side  pieces  were  nailed  to  vertical  cleats 
and  had  stiffening  strips  on  the  lower  edges. 
The  moulds  were  made  in  two  equal  parts  with 
a  hinged  joint  through  the  longitudinal  center 
line  of  the  upper  surface.  When  in  position  the 
upper  surfaces  were  in  the  same  horizontal 
plane  and  the  mould  was  locked  open  by  trans- 
verse struts  separating  the  lower  edges. 

The  lateral  distance  between  the  moulds  was 
fixed  by  loose  horizontal  boards  planed  on  the 
edges  to  the  exact  width  of  the  beams  and  sup- 
ported on  the  fiange-like  projections  of  the 
strips  which  stiffened  the  lower  edges  of  the 
moulds.  The  transverse  wooden  beams  were 
carried  by  the  ends  of  the  moulds  which  rested 
on  the  projecting  ends  of  the  top  cleats  of  the 
column  moulds  and  by  intermediate  false- 
work posts  made  up  of  pairs  of  light  vertical 
timbers  latticed  together.  The  falsework  beams 
were  in  pairs,  about  iVi  feet  apart,  each  made 
with  a  wide  and  a  narrow  plank  spiked  together 
flush  on  the  lower  edge.  The  upper  edges  of 
the  narrow  planks  formed  ledges  on  which  cross 
pieces  were  set  to  carry  the  girder  cores  in  the 
centers  of  the  spaces  between  the  ends  of  the 
overhanging  floor  moulds  and  independent  of 
them.  The  spaces  between  the  cores  and  the 
moulds  were  floored  by  boards  which  supported 
the  soffits  of  the  girders  and  could  be  blocked 
up  to  give  the  girders  any  required  depth.  Con- 
crete was  rammed  solid  over  the  tops  of  the 
columns,  and  at  each  two  4-inch  holes  were 
cored  in  it  through  which  thin  concrete  was 
poured  afterwards  into  the  plaster  moulds  for 
the  ornamental  capitals. 

The  faces  of  the  moulds  for  the  projecting 
belt  courses  of  the  outer  walls  were  made  sep- 
arate from  the  other  sides  and  built  up  on  tri- 
angular vertiral  transverse  frames  bolted  to 
sills  firmly  clamped  in  position  by  screws  en- 
gaging their  outer  ends,  and  the  inner  faces  of 
brackets  on  cantilever  beams  projecting  from 
the  pier  moulds.  The  face  was  quickly  ad- 
justable to  the  rest  of  the  mould  to  which  it 
was  firmly  locked.  The  plane  surfaces  were 
made  with  dressed  boards  and  the  curved  sur- 
faces with  plaster  Paris  mouldings  secured  to 
the  inner  face  of  the  mould.  The  faces  of  the 
piers  were  coursed  to  represent  stone  masonry 
by  the  use  of  wooden  moulding  strips  secured  to 
the  insides  of  the  moulds  to  leave  joints,  as 
shown  In  cross-section  by  the  enlarged  detail. 
Above  the  first  story  the  wall  piers  and  the 
walls  between  the  window  sills  and  the  floors 
are  dressed  in  panels  to  imitate  cut  stone.  The 
panels  were  defined  by  lx%-inch  strips  nailed 
to  the  Insides  of  the  moulds,  and  after  the  con- 
crete had  set  about  7  days  the  surface  was 
dressed  by  workmen  with  pneumatic  chisels, 
who  could  do  about  500  square  feet  in  10  hours. 

The  removal  of  the  floor  and  column  moulds 
after  the  concrete  has  set  is  often  difficult,  slow 
and  costly,  in  structural  concrete  work,  and 
sometimes  results  in  such  injury  to  the  moulds 
that  they  cannot  be  used  again.  To  avoid  this 
the  moulds  used  in  this  work  were  made  to  col- 
lapse easily  and  to  draw  away  from  the  con- 
crete as  already  described,  and  an  Interesting 
special  method  was  devised  which  was  very 
successful  for  removing  the  fioor  moulds  with 
great  rapidity.  A  four-post  wooden  tower  about 
6  feet  square  and  high  enough  to  Just  clear  the 
moulds  of  the  ceiling  above  the  floor  on  which 
it  stood,  was  easily  pushed  by  two  men  to  place 
under  the  mould  to  be  removed.  It  had  a 
working  platform  about  6  feet  below  the 
column  tops  on  which  the  men  mounted  and  ar- 
ranged the  slack  of  a  double  rope  tied  to  the 
ends  of  one  upper  cross  piece  parallel  with  the 
long  side  of  the  mould  and  close  to  it.  The 
ends  of  the  rope  passed  over  the  opposite  round- 


198 


THE     ENGINEERING     RECORD 


Vol.  49,  No.  7. 


ed  cross  piece  and  through  the  tower  to  a  slid- 
ing weight  on  the  floor,  which  held  them 
taut  with  moderate  frlcUonal  resistance.  The 
croBS  bars  were  knocked  loose  in  the  bottom 
of  the  mould  and  a  few  taps  caused  it  to  close 
enough  on  its  center  hinges  to  collapse,  when, 
freeing  itself  from  the  concrete,  it  fell  and  was 
caught  on  the  stretched  horizontal  ropes.  Un- 
der its  weight  they  slowly  overhauled  and 
sagged  in  the  middle  as  they  dragged  the  weight 
along  on  the  concrete  floor,  and  so  gently  and 
quickly  lowered  the  mould  to  the  tower  platform 
whence  it  was  quickly  slid  to  the  floor  and 
carried  off  to  be  cleaned  and  greased  ready  for 
use  again.  The  writer  watched  the  removal  of 
several  floor  moulds,  which  were  carried  off 
and  the  tower  set  ready  for  the  next  one,  in  one 
minute  each,  without  any  injury  to  the  moulds. 
Moulds  enough  were  made  for  one  complete 
story  and  they  were  usually  left  in  position  un- 
til the  floor  slabs  were  7  days  old.  They  were 
all  numbered  and  marked  to  designate  their 
position  in  each  panel  of  the  building  and  each 
mould  occupied  exactly  the  same  relative  po- 
sition in  every  successive  story.  The  falsework 
and  bracing  was  similarly  marked  so  that  as 
the  stories  were  essentially  duplicates  every- 
thing fitted  and  no  time  was  lost  in  arranging 
or  altering,  as  the  materials  were  kept  in  order 
as  taken  down  and  set  up  again  in  reverse  se- 
quence    without    extra     handling.      The     pier 


Izontal  tongue  in  the  middle.  A  clamp  like  a 
pair  of  ice  tongs  was  suspended  from  the  axle 
and,  lifting  the  mould  near  the  center,  could 
be  locked  by  a  spring  catch  on  one  side  so 
as  to  hold  It  firmly  just  clear  of  the  floor.  The 
moulds  for  the  flrst  and  second  floors  were  low- 
ered by  a  telescopic  tower  on  castors.  It  had 
a  working  platform  on  one  side,  about  3%  feet 
above  the  floor  and  a  movable  4x6i(>-foot  upper 
platform  on  spiral  springs.  The  upper  platform 
was  guided  between  the  main  vertical  posts  of 
the  tower  and  was  counterbalanced  by  weighted 
levers  attached  to  ropes  led  around  sheaves  so 
as  to  tend  always  to  raise  the  platform.  When 
it  was  released  the  mould  dropped  a  few  inches 
to  the  platform  and  the  impact  was  taken  up  by 
the  spiral  springs  and  by  the  inertia  of  the 
counterweights  which  allowed  the  platform  to 
descend  easily  to  the  floor,  where  the  mould  was 
rolled  off,  after  which  the  platform  automatic- 
ally rose  to  the  original  position. 

The  regular  force  employed  consisted  of  5 
men  attending  the  mixer  and  hoisting  appara- 
tus, 4  men  wheeling  concrete,  10  men  filling 
moulds,  8  men  surfacing  the  floor  with  1:2  ce- 
ment and  stone  dust  mortar,  %-inch  thick,  12 
men  (at  night)  setting  and  greasing  moulds 
ready  for  the  next  day's  work,  captain  and  8 
men  and  derrick  taking  down  falsework,  3  men 
taking  down  floor  moulds,  4  carpenters  making 
and  repairing  floor  moulds,  5  carpenters  assem- 


A    Peculiar    Explosion     of    Water-Tube 
Boilers. 

lly  Jubu  C.  UlKdon,  M.  K.,  Assoc.  Am.  Soc.  M.  E. 

There  occurred  in  St.  Louis,  on  December  21, 
1903,  a  most  singular  and  destructive  explosion 
of  water-tube  boilers.  That  a  genuine  explosion 
took  place,  Is  evidenced  by  the  photographs 
taken  by  the  writer  on  the  morning  after  the 
explosion,  which  occurred  about  5  P.  M.  The 
views  show  the  enormous  force  exerted  by  the 
explosion,  which  spread  apart  the  waterlegs 
and  pulled  out  the  ends  of  nearly  all  the  tubes, 
the  latter  being  thrown  like  tooth-picks  all  over 
the  place.  The  first  view  shows  the  location  of 
the  boiler-room,  swept  completely  clean.  The 
fourth  view  shows  several  shells  leaning 
against  cars,  where  they  were  thrown  and 
lodged  fully  100  feet  from  their  places,  the 
water-legs  being  torn  off  at  one  or  both  ends  of 
the  shells.  In  one  instance  a  water-leg  weigh- 
ing over  a  ton  was  thrown  and  lodged  on  top  of 
a  car  standing  In  the  car-sheds  over  100  feet 
away,  as  shown  in  the  fifth  view.  The  second 
view  shows  the  rear  end  of  one  shell  with  its 
water-leg  attached.  The  small  pipe  is  the  blow- 
off  pipe,  not  the  feed-water  pipe,  the  latter  hav- 
ing been  attached  to  the  front  of  the  shell.  The 
third  view  exhibits  the  back  ends  of  a  pair  of 
the  shells,  the  force  having  been  so  enormous 
as  to  have  sheared  and  torn  out  the  rivets. 
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moulds  were  taken  apart  in  sections  and  laid 
horizontally  on  the  upper  floors  until  ready  to 
be  used  again  in  the  next  story.  They  were 
bandied  by  special  derricks  mounted  on  castors 
and  running  on  the  highest  completed  floor. 
These  derricks  had  light  triangular  towers  with 
the  flxed  booms  projecting  from  the  top  and 
rigged  with  a  light  tackle  operated  by  a  wlnd- 
lasa  on  the  tower  frame.  The  boom  had  a  short 
overhang  and  was  continued  to  the  gill  to  form 
a  stitf-leg  with  its  foot  counterbalanced  by  con- 
crete disks  strung  on  a  vertical  spindle.  The 
floor  moulds  were  handled  by  two  3-ton  atiff-leg 
derricks  mounted  on  castors  and  having  18  and 
22-foot  booms.  They  were  rigged  with  four-part 
tackles  operated  by  band  and  secured  by  wind- 
ing the  fall  line  on  a  cleat.  Two  men  could 
easily  more  them  all  over  the  building,  and  they 
lifted  each  other  from  floor  to  floor  as  the  work 
progreased.  When  In  service  the  weight  could 
be  taken  off  the  castors  and  slipping  prevented 
by  setting  up  on  vertical  screws  through  the 
ends  of  the  sills,  thus  raising  the  derrick  cas- 
tors free  of  bearing. 

The  floor  moulds  weighed  about  400  pounds 
each  when  thoroughly  wet  and  were  moved 
acroM  the  floor  from  end  to  end  of  the  build- 
ing by  a  special  light  truck.  This  had  two 
wheels  with  a  U-akaped  axle,  loop  up,  and  a  hor- 


bling  column  moulds,  5  men  erecting  falsework, 
3  men  lining  up  belt  course  moulds,  5  men  in 
shop  making  new  moulds,  doing  repair  work, 
etc.,  and  2  or  3  men  twisting  steel  and  doing 
miscellaneous  work.  Altogether  about  85  men, 
including  the  night  force,  were  employed  for 
about  three  months  and  laid  an  average  of 
about  100  cubic  yards  of  concrete  In  ten 
hours.  Considerable  delay  was  occasioned  by 
an  unusual  freshet  which  flooded  the  site  and 
destroyed  several  hundred  bags  of  cement  and 
damaged  the  falsework  so  much  that  a  large 
quantity  had  to  be  rebuilt,  but  in  spite  of  this 
the  work  progressed  rapidly  and  was  substan- 
tially completed  In  about  three  months.  Mr. 
E.  L.  Ransome,  M.  Am.  Soc.  C.  E.,  New  York, 
was  the  architect  and  engineer  of  the  build- 
ing, and  the  Ransome  &  Smith  Company,  New 
York,  was  the  general  contractor. 


Thk  Electric  Wiring  of  the  Tooting  Bee 
asylum  for  aged  Imbeciles  in  London,  England, 
Is  carried  through  brass  conduits  which  are 
made  to  act  as  the  return  conductor  as  well  as 
a  protecting  channel.  One  Insulated  conductor 
Is  run  within  each  tube  (oc  two  where  the 
three-wire  system  Is  employed)  and  the  tubes 
are  5/16  to  7/16  inch  In  diameter.  The  con- 
duits are,  of  course,  grrounded  to  prevent  shocks. 


The  exploded  boilers  had  been  subjected  to 
over  twelve  years'  continuous  use  in  the  plant 
of  the  St.  Louis  Transit  Company,  having  been 
erected  in  1891  by  the  Heine  Safety  Boiler  Com- 
pany. Seven  boilers  exploded,  located  at  one 
end  of  a  battery  of  twenty-three,  all  connected 
to  a  single  steam-header.  Seven  men  were 
killed,  most  of  whom  were  colored  firemen. 
Property  to  the  amount  of  $50,000  was  destroy- 
ed. There  were,  fortunately,  very  few  persons 
employed  at  the  plant,  or  the  loss  of  life  would 
have  been  much  greater,  and  especially  if  the 
boilers  had  been  located  In  the  basement  of 
one  of  our  city  "sky-scrapers." 

The  coroners  Jury  held  as  follows:  "Either 
the  boilers  and  apparatus  connected  therewith 
were  not  In  good  condition,  or  there  was  incom- 
petency or  negligence  In  running  the  plant." 
No  inspection  had  been  made  by  the  St.  Louis 
Boiler  Inspector  since  February,  1903,  almost  a 
year  ago,  and  so  no  blame  could  be  laid  at  his 
door,  as  the  law  requires  Inspection  but  once  a 
year.  But  it  seems  there  had  been  a  recent 
inspection  by  one  of  the  casualty  companies, 
and  the  Transit  Company's  chief  engineer,  who 
was  on  duty  at  the  time  the  explosion  occurred, 
testified,  when  asked  what  kind  of  an  inspection 
had  been  made  a  short  time  before,  that  he  and 
the  Inspector  "walked  up'  and  down  the  boiler- 
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room,  and  he  looked  at  the  water  column  which 
shows  the  level  of  water  in  the  boilers/'  Need- 
less to  say,  that  if  such  action  constituted  an 
"inspection."  there  might  as  well  not  be  any 
made  In  the  future,  because  all  real,  live  engl- 
iieers  know  that  the  water-column  connections 
frequently  become  stopped  with  mud  and  scale 
and  render  the  glass-gauge  and  try-cocks  unre- 
liable, even  though  plenty  of  water  be  shown 
there.  Undoubtedly  there  is  much  room  for  re- 
form in  boiler  inspections,  and  as  the  teed- 
water  pipes  on  the  exploded  boilers  were  found 
to  be  plugged  with  scale,  we  suggest  that 
inspection,  hereafter,  particularly  on  water-tube 
boilers,  include  taking  down  the  feed-pipes. 

Herewith  is  a  sketch  of  the  two  feed-water  nip- 
ples of  one  of  the  boilers.  One  was  found  en- 
tirely plugged  up  with  hard  scale,  so  that  not  a 
drop  of  water  could  enter,  and  the  other  had 
but  an  %-inch  passage,  utterly  inadequate  to 
supply  so  large  a  boiler,  it  being  rated  at  250 
horse-power.  There  were  no  fusible  plugs  in 
the  boilers.  This  would  seem  to  have  been  a 
clear  case  of  low  water,  in  at  least  one  of  the 
boilers,  as  the  feed-pipes  were  badly  pluggeA 
with  scale,  and  the  engineer  testifled  that  he  de- 
pended entirely  upon  the  glass  water-gauge  to 
indicate  the  amount  of  water  in  the  boiler.  He 
also  testified  that  just  before  the  explosion,  one 
of  the  boilers  had  been  cleaned  and  supposedly 
filled  with  water,  and  fired  up.     The  probability 


water,  with  the  safety-valve  out  of  order  and 
the  h,eader-valve  closed,  as  this  would  be,  suffi- 
cient to  break  the  header,  and  thereby  release 
the  steam  contained  in  the  remaining  six  boil- 
ers, which  would  have  the  effect  of  causing  the 
superheated  water  contained  in  them,  to  at  once 
flash  into  a  great  volume  of  steam,  which  no 
boiler  could  possibly  withstand.  It  was  stated 
by  some  of  the  witnesses  that  the  boilers  ex- 
ploded one  at  a  time,  and  that  seven  consec- 
utive explosions  were  heard. 

The  sixth  shows  one  of  the  tubes  which  had 
evidently  been  badly  over-heated,  which  could 
only  have  beeii  caused  by  low  water. 

The  above  described  explosion  should  not  at 
all  detract  from  the  popularity  of  water-tube 
boilers,  as  it  has  been  clearly  shown  that  the 
explosion  occurred  through  no  defect  in  con- 
struction. It  would  have  required  something 
like  1,000  pounds  per  square  inch  to  have  torn 
the  shells  of  these  boilers  in  the  manner  indi- 
cated. The  writer,  therefore,  has  no  hesitancy 
in  stating  that,  in  his  opinion,  the  Babcock  & 
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Luff  Nipple,  fully  stopped       Ri^hf  Nipph,  almost  sfopped. 


The  Power  Equipment  for  the  Sackett 
&  Wilhelms  Lithographing  &  Print- 
ing Company. — II. 

Current  is  generated  at  sufficiently  abov« 
230  volts  to  give  that  pressure  at  the  powei'  and 
lighting  outlets.  From  the  generators  the  leads. 
and  field  wires  are  carried  to  the  switchboard  in 
separate  pipe  conduits  under  the  floor.  The 
dynamo  leads  are  of  stranded  copper  with  rub- 
ber and  braid  covering  and  protected  by  a  lead 
sheathing  3/32  inch  thick.  They  are  propor- 
tioned for  a  current-carrying  capacity  allowing; 
a  drop  of  not  more  than  1  volt  between  the  gen- 
erators and  the  dynamo  switch  lugs  when  run- 
ning at  full  load.  Two  extra  sets  of  conduit  are 
in  place  to  connect  the  future  generators  to  the 
panels  which  will  eventually  be  added  to  the 
switchboard.  1  ne  current  for  power  is  distrib- 
uted on  a  two-wire  system  and  that  ror  lighting 
on  a  three-wire  system,  a  TV.kilowatt  balancing 
transformer  being  used  to  equalize  the  load  in 
the  two  sides.  A  115-volt  pressure  is  also  used 
for  charging  the  storage  batteries  on  the  elec- 
tric automobile  delivery  wagons,  a  separate  11- 
kilowatt  balancer  being  used  for  that  purpose. 

The  provision  for  the  charging  of  the  automo- 
biles is  a  unique  and  interesting  one.  It  is  so 
arranged  that  from  one  to  four  automobiles  may 
be  charged  at  one  time,  any  or  an  of  which  may 
be  either  in  the  stable  or  the  court-yard.     This 


Fragments  of  Boilers  Thrown  into  Car  Shed  Adjoining  Power  House,  and.  an  Overheated  Tube. 


is  that  the  tubes  were  only  partially  filled  with 
water,  owing  to  the  plugged  feed-pipes,  and 
when  fire  was  applied  the  steam  accumulated  to 
an  enormous  pressure,  as  the  header-valve  was 
also  perhaps  closed;  and  there  is  good  evidence 
that  a  number  of  the  safety-valves  were  so 
badly  "stuck"  with  scale  and  corrosion  that 
they  could  not  possibly  have  opened  at  any- 
thing under  500  pounds  to  the  sq\iare  inch. 
There  was  also  evidence  that  a  new'  header  had 
just  been  finished  and  connected  to  the  boilers, 
so  that  it  is  very  likely  that  the  main  steam 
valve  was  closed,  cutting  off  the  seven  exploded 
boilers  from  the  balance  of  the  battery. 

Even  supposing  that  boiler  to  have  contained 
only  a  barrel  of  water,  the  same  would  have 
generated  sufficient  energy  to  tear  any  boiler 
to  iiieces  when  subjected  to  over-pressure  and 
low  water.  Many  have  wondered  why  the  tubes 
alone  did  not  burst,  as  usually  occurs  in  ex- 
plosions in  water-tube  boilers.  In  the  present 
case,  the  tubes  did  not  burst,  but  the  water- 
legs  were  stripped  off  of  the  ends  of  the  tubes, 
leaving  the  latter  free.  The  evidence  points 
to  the  probability  that  but  a  single  boiler  caused 
the  explosion  of  all  the  others.  It  having  been 
suddenly  relieved  of  pressure  by  a  broken 
steam-header,  or  perhaps  by  the  giving  way  of 
a   number   of    over-heated     tubes    during     low 


Wilcox,  the  Sterling  or  any  other  water-tube 
boiler  would  have  gone  to  pieces  under  like  cir- 
cumstances. 

Since  the  above  was  written,  the  St.  Louis 
Board  of  Engineers  has  made  its  report,  as  re- 
quired by  law,  and  they  substantially  affirm 
every  statement,  and  even  go  further  in  their 
condemnation  of  the  Street  Railway  Company's 
Superintendent  of  Motive-Power,  Mr.  Cook,  who 
is  not  a  licensed  engineer,  and  yet  is  allowed 
under  the  present  law,  to  give  orders  to  many 
licensed  men  under  him.  The  Board  has  re- 
voked the  licence  of  the  engineer  who  was  on 
duty  at  the  time  of  the  explosion,  on  the  ground 
of  negligence  or  incompetency.  Right  here  is 
seen  a  fatal  defect  in  the  present  law,  and  no 
time  should  be  lost  in  remedying  it.  No 
unlicensed  man  should  be  permitted  to  give  or- 
ders to  licensed  engineers,  even  if  the  former 
be  the  employer. 

The  Board  report  is  in  part  as  follows:  "A 
test  of  the  safety-valves  showed  they  required 
from  142  to  170  pounds  to  the  square  inch  to 
force  them  open,  when  the  law  allowed  them 
but  125  pounds.  There  has  never  been  a  boiler 
devised  which  cannot  be  exploded  by  an  incom- 
petent or  careless  engineer.  A  water-tube  boil- 
er in  the  hands  of  such  an  engineer  is  no  safer 
than  a  fire-tube  boiler." 


is  made  possible  by  tne  provision  of  four  charg- 
ing circuits  each  having  two  terminals,  one  in 
the  barn  and  one  in  the  court-yard,  but  as  con- 
nection is  made  by  a  double-throw  switch,  only 
one  is  active  at  a  time.  The  charging  switch- 
board is  located  near  the  fire-proof  vault  in  the 
basement  of  section  B.  It  is  of  marbleized 
slate  \\^z  inches  thick  and  has  two  panels  each 
30  inches  wide  by  72  inches  high.  The  equip- 
ments on  the  two  panels  are  similar  and  sym- 
metrically arranged  with  respect  to  each  other, 
the  only  difference  between  the  two  being  that 
one  has  a  voltmeter  with  a  six-circuit  switch 
and  the  other  has  an  ammeter  with  a  four-cir- 
cuit switch.  By  means  of  meter  switches  the 
pressure  and  current  in  any  of  the  four  charg- 
ing circuits  may  be  measured,  or  the  volt- 
meter may  be  placed  across  either  leg  of  the 
three-wire  system  to  test  its  balance.  Two  pole 
switches  at  the  top  of  the  panels  control  the 
two  sides  of  the  system,  and  the  remainder  of 
the  equipment  is  in  quadruplicate,  one  set  serv- 
ing each  of  the  four  charging  circuits  and  in- 
cluding a  100-ampere  fused  double-throw  switch, 
a  single  pole  circuit-breaker  arranged  to  trip  at 
underload  as  well  as  overload  to  automatically 
open  the  circuit  when  charging  at  too  hign  a 
rate,  a  Cutler-Hammer  charging  rheostat  to 
regulate  the  amount  of  current  as  the  charging 
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proceeds.  »nd  a  signal  lamp  ta  indicate  to  an 
attendant  that  there  is  an  automobile  being 
charged. 

The  main  switchboard  is  of  gray  Knoxvllle 
marble  21  feet  4  Inches  long  by  7  feet  high.  At 
present  there  are  eight  panels  as  follows:  One 
for  each  of  the  2-kllowatt  generators,  one  for 
the  75-kilowatt  and  one  for  the  25-kilowatt  gen- 
erators; a  panel  for  the  two  balancers;  a  dis- 
tributing panel  for  the  lighting  system,  and  two 
power  distributing  panels.  Separate  bus  bars 
are  provided  on  the  back  of  the  generator  panels 
for  power  and  lighting,  each  consisting  of  a 
positive,  negative  and  an  eqiuUizer  bar.  These 
may  be  connected  by  a  "throw-over"  switch  or 
either  set  may  be  connected  to  any  one  or  more 
of  the  generators.     To  allow  for  the  latter  a 


a  single-pole  neutral  switch  for  each  balancer, 
an  equalizer  switch  for  the  two  balancers,  a 
three-pole  bus-switch  for  the  11-kilowatt  charg- 
ing balancer,  and  a  two-pole  switch  controlling 
the  lighting  distribution  from  the  TVj-kllowatt 
balancer. 

The  lighting  service  panel  contains  thirty 
three-pole  single-throw  feeder  switches  arranged 
in  siv  horizontal  rows  of  five  each.  The  general 
scheme  assigns  the  vertical  rows  from  left  to 
right  to  the  basement,  first,  second,  third  and 
fourth  floors,  and  the  horizontal  rows  from  the 
bottom  to  the  top,  to  sections  B,  C,  D,  E.  F  and 
G.  Since  sections  E,  F  and  G  are  but  two 
stories  high,  the  two  right-hand  switches  on  the 
three  top  rows  are  extras.  Two  of  these  are 
now  used  for  the  lights  in  section  A,  the  boiler 


of  the  switch  clips  and  blades  are  proportioned 
for  a  current  density  not  exceeding  80  amperes 
per  square  inch.  All  fuses  are  of  the  D.  &  W. 
enclosed  pattern  with  tell-tales  to  indicate  when 
they  Are  burned  out.  Those  for  the  dynamo  and 
transformer  panels  are  mounted  on  the  rear  of 
their  respective  panels.  The  fuses  for  the 
feeder  switches  are  mounted  on  a  special  i*^- 
inch  terminal  board  on  the  wall  at  the  rear  of 
the  switch-board,  following  an  arrangement  cor- 
responding with  that  of  the  switches. 

The  feeders  from  the  board  are  taken  in  con- 
duits under  the  floor  to  the  terminal  panel, 
thence  in  conduits  along  the  walls,  ceilings  and 
pillars  to  the  various  power  and  lighting  out- 
lets. The  mass  of  conduits  crowded  together 
where  they  start  from  the  terminal  board  are 


A  Two-Rerolution  Press  and  an  Underfeed  Aluminum  Press  Driven  by  Semi-Enclosed  Motors,  in  the  Sackett  &  Wilhelms  Establishia|p||f' 


Four  Aluminum  Presses  with  Fly  Delivery  and  Six  Color  Presses  Driven  by  Electric  Motors. 


double-throw,  three-pole  dynamo  and  equalizer 
•witch  Is  Installed  on  each  generator  panel,  the 
rest  of  the  equipment  consisting  of  a  circuit- 
breaker  in  each  lead  (both  connected  together 
so  that  one  will  trip  the  other),  a  field  rheostat, 
a  volt-meter,  an  ammeter,  and  a  radial  volt- 
meter switch  to  connect  the  meter  with  any  ma- 
chine at  will.  By  means  of  this  switch  the  at- 
tendant starting  up  a  generator  may  compare 
its  voltage  with  that  of  the  other  machines  be- 
fore throwing  it  In  and  may  do  so  without  mov- 
ing away  from  the  panel.  The  balancer  panel 
has  two  ammeters,  one  In  each  side  of  the  light- 
ing system;  two  starting  boxes,  one  for  each  bal- 
ancer;  a  double-pole,  single-throw  switch  and 


house,  and  the  others  are  spare  switches.  The 
switches  on  the  power  panels  are  all  double- 
pole  single-throw,  and  have  a  similar  arrange- 
ment to  that  on  the  lighting  panel,  but  extended 
over  two  boards.  The  first  has  five  switches 
for  each  of  the  sections  B,  C  and  D  with  the 
top  row  of  five  for  extras,  and  the  second  four 
rows  of  four  switches  each  for  the  sections  E. 
P  and  G,  with  the  right  hand  switches  and  the 
top  row  for  spares.  It  was  not  found  feasible 
to  adhere  to  this  scheme  strictly,  a  few  special 
switches  being  necessarily  out  of  place;  how- 
ever. It  assists  the  attendant  in  locating  a 
switch  quickly,  and  as  all  are  labeled  there  Is 
no  chance  for  a  mistake.    The  areas  of  contact 


concealed  by  a  light  removable  sheet-iron  casing, 
to  avoid  an  otherwise  disfiguring  background 
for  the  switch-board.  Twenty-five  of  the  con- 
duits contain  three-wire  feeders  leading  from 
the  switchboard  to  the  switch  distributing  cen- 
ters of  the  lighting  system,  where  three-wire 
panel  boards  are  installed.  Each  panel  board 
has  a  separate  feeder,  both  being  identified  by 
the  same  number  and  serving  one  section  of 
one  floor.  The  capacities  of  the  feeders  vary  ac- 
cording to  the  number  of  lights  they  supply, 
the  smallest  having  a  capacity  of  10  amperes, 
the  largest  100,  and  the  average  8  amperes. 

There  are  twenty-one  two-wire  240-volt  feed- 
ers for  power  service,  which  are  run  from  the 
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switchboard  to  the  several  points  where  the  two- 
wire,  power,  panel  boards  are  installed.  Here 
again  a  single  feeder  serves  a  single  section,  and 
is  numbered  to  correspond  with  the  panel  it 
leads  to.  The  variation  In  the  capacity  of  the 
feeders  ranges  from  100  to  320  amperes,  the 
average  being  190  amperes.  The  feeder  conduc- 
tors are  stranded  and  have  an  extra  heavy 
braided  insulation  for  use  in  unlined  conduits. 
They  are  proportioned  to  allow  a  drop  in  poten- 
tial not  to  exceed  5  volts,  when  carrying  full 
load  current. 
The  distributing  boards    are    of    marbleized 


Crocker- Wheeler  make;  five,  of  General  Electric, 
and  one,  of  Milwaukee.  Thirty  are  of  71,4  horse- 
power and  the  remainder  range  In  size  from 
5  to  %  horse-power.  These  are  variously  em- 
ployed in  the  driving  of  grinding  machines  and 
bench  saws;  bronzing,  embossing  and  cutting 
machines  and  stitchers;  type,  job,  litho  and 
transfer  presses;  plate-graining  machines,  ink 
grinders,  etc.  The  job  presses  are  of  Colt 
Armory  and  other  makes.  In  type  presses,  R. 
Hoe  &  Company,  The  Huber  Printing  Press 
Company,  Walter  Scott  &  Company,  and  the 
Campbell  Printing  Press  &  Manufacturing  Com- 


for  the  reason  that  slipping  is  often  of  advan- 
tage in  saving  both  the  machines  and  their 
motors  from  shock  in  ordinary  running  and 
more  serious  injury  if  anything  goes  wrong. 
In  all  cases  the  saving  of  floor  space  has  been 
made  of  second  consideration  to  the  placing  of 
the  motors  in  easily  accessible  situations.  Fair 
■  lengths  between  belt  centers  have  been  main- 
tained, and  large  pulley  diameters  have  been 
avoided  by  employing  slow  speed  motors.  This 
arrangement  facilitates  the  handling  of  large 
quantities  of  work  in  a  short  time. 

The  structural  details  of  the  building  are  due 
to  the  architect,  Mr.  C.  H.  P.  Gilbert,  of  New 
York  City,  and  the  consulting  engineer,  Mr. 
Walter  S.  Timmis,  of  Brooklyn,  who  also  acted 
as  engineer  for  the  mechanical  and  electrical 
features  and  remains  on  the  grounds  as  the 
firm's  expert  on  printing  press  machinery.  Mr. 
Arthur  G.  Stone,  of  Brooklyn,  was  the  supervis- 
ing builder,  directing  the  construction  work, 
and  the  following  contractors,  all  of  New  York, 
installed  the  work  indicated:  Messrs.  Hatzel 
&  Buehler,  the  dynamo  feeders  and  switch- 
board; Messrs.  Weiderman  &  Conklin,  the  power 
and  lighting  circuits,  and  Messrs.  Btackall  & 
Baldwin,  the  motors. 


Baltimore  Fire  Scenes. 


Baltimore  Fire  Ruins  South  of  the  City  Hall. 


The  two  pictures  presented  herewith  will  con- 
vey to  the  readers  who  have  not  seen  the 
burned  district  in  Ealtimore  and  have  not  had 
opportunity  of  examining  photographs,  some 
idea  of  the  devastation  wrought  by  the  flames, 
as  well  as  showing  how  some  inflammable  ob- 
jects have  partially  escaped  destruction.  The 
lower  view  shows  the  remains  of  the  wholesale 
dry  goods  house  of  Messrs.  John  E.  Hurst  & 
Company,  in  which  the  fire  originated  and  from 
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slate,  1-inch  thick  or  over,  according  to  the 
size.  These  are  mounted  in  hardwood  boxes, 
slate  lined,  fitted  with  swinging  doors  which 
are  protacted  on  the  inside  with  sheet-iron  cov- 
erings, and  provided  with  lock  and  key.  Each 
branch  conductor  has  a  double-pole  copper 
knife  switch  with  an  enclosed  fuse  in  each  leg. 
The  feeders  enter  at  the  bottom  of  the  board, 
the  bus  bars  are  vertical  and  the  branch 
switches  open   and   close  horizontally. 

The  number  of  branch  circuits  leading  from 
the  lighting  panels  depends  upon  the  amount  of 
illumination  demanded.  Each  one  has  a  capa- 
city of  25  amperes  and  supplies  not  more  than 
ten  16-candle-power  incandescent  lights  or  two 
5-ampere  arc  lights.  The  branch  switches  on 
the  power  panels  are  of  either  50  or  100  am- 
peres capacity,  and  are  of  a  number  to  allow 
one  for  each  motor  at  present  installed,  with 
several  spares  for  future  additions.  Like  the 
feeders  all  branch  circuits  are  run  in  unlined 
conduits.  Those  carrying  lighting  circuits  are 
run  along  the  ceiling  of  the  sections  in  which 
the  outlets  are  located.  Each  of  the  conduits 
for  the  motor  circuits  is  carried  from  the  power 
panel  down  through  the  floor  and  along  the  ceil- 
ing below  to  a  point  near  the  motor  where  it 
is  brought  up  through  the  floor  and  ends  in  a 
terminal  box.  The  terminal  boxes  for  plug  re- 
ceptacles and  motor  outlets  are  of  hardwood, 
slate  lined  and  provided  with  swinging  doors 
hung  on  spring  hinges.  Lighting  system  ter- 
minal boxes  are  equipped  with  one  50-ampere 
double-pole,  knife  switch  and  one  25-ampere  re- 
ceptacle, .  and  motor  outlet  boxes  with  one 
double-pole  knife  switch  of  a  rating  suited  to 
the  nominal  full-load  current  capacity  of  the 
motor. 

As  previously  stated,  the  total  number  of  In- 
candescent lights  supplied  is  auout  900,  and  arc 
lights,  150.  There  are  also  60  motors,  aggregat- 
ing 350  horse-power.      Of    these,    sixty    are    of 


John  E.  Hurst  &  Company's  Store  In  Which  Baltimore  Fire  Originated. 


pany  are  represented;  and  in  litlio  presses,  the 
Aluminum  Press  Company,  R.  Hoe  &  Company, 
and  the  Huber  Company.  The  job  and  transfer 
presses  and  some  of  the  machines  are  group- 
driven,  but  the  type  and  litho  presses  and  the 
greater  part  of  the  machinery  are  driven 
individually. 

Among  the  illustrations  will  be  found  a  num- 
ber of  individual  machines  which  show  excel- 
lent applications  of  motor  drive  for'  their  class 
of  machinery.     Connections  are  mostly  by  belt 


which  it  spread  eastward.  The  other  photo- 
graph was  taken  looking  northeasterly  toward 
the  City  Hall,  beyond  which  the  fire  did  not 
spread  in  a  northerly  direction.  The  complete 
demolition  of  the  brick  buildings  is  clearly  in- 
dicated, while  the  more  or  less  complete  preser- 
vation of  many  of  the  wood  and  tubular  iron 
telegraph  and  trolley  poles  is  worth  noting. 
An  example  of  the  tangles  of  wires  which  en- 
cumbered some  of  the  streets  is  given  inci- 
dentally in  this  picture. 
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Col.  William  P.  Anderson,  President  Can. 
Soc.  C.  E. 


The  new  president  of  the  Canadian  Society 
of  Cini  Engineers  has  long  been  eminent  in 
one  of  the  most  restricted  specialties  in  en- 
gineering, that  of  lighthouse  design  and  con- 
struction. Until  the  work  of  a  lighthouse  en- 
gineer has  been  investigated  few  people  rec- 
ognise its  difficulties,  although  in  a  hazy  sort 
of  way  it  is  understood  to  be  a  sort  of  lonesome 
calling,  in  which  success  is  largely  a  matter  of 
luck  and  the  favor  of  the  elements.  But  good 
engineers  do  not  need  luck  for  their  work  to 
be  successful,  for  they  foresee  all  the  adverse 
conditions  and  provide  for  them.  This  sort  of 
planning  for  lighthouse  design  is  particularly 
difficult  in  many  cases,  on  account  of  the  nature 
of  the  site  where  construction  must  be  carried 
on.  its  distance  from  a  base  of  supplies,  and 
the  storms  and  seas  which  make  the  plant  nec- 
essary for  the  work  almost  as  difficult  to  de- 
sign as  the  structure  itself.  Moreover,  when 
the  work  must  be  done  with  a  mini- 
mum of  expense,  as  is  the  case  with 
Canada,  the  problem  becomes  one  of 
much  complexity,  even  in  the  case  of 
lights  presenting  no  particular  difficul- 
ties in  construction. 

Colonel  Anderson  was  born  near 
Quebec  53  years  ago.  His  father  was 
in  the  timber  business  and  later  in 
the  Dominion  service  in  connection 
with  the  crown  timber  lands.  The 
son  was  educated  at  Bishop's  College 
In  Lenoxville,  and  then  became  a  clerk 
in  the  Quebec  legislative  assembly  and 
also  in  the  office  of  a  lumber  bouse. 
The  knowledge  of  business  methods 
thus  gained  has  proved  of  much  value 
In  later  work  as  an  administrative 
officer. 

In  1872  he  went  to  the  Canadian 
Northwest  as  an  apprentice  to  a  land- 
surveyor,  but  the  small  future  such  a 
calling  offers  led  him  to  abandon  it 
for  engineering.  He  accordingly  took 
a  preparatory  course  at  Manitoba  Col- 
lege, and  then,  in  1874,  became  a 
draftsman  in  the  Department  of 
Marine  and  Fisheries  at  Ottawa.  He 
rose  rapidly  through  the  successive 
grades  of  assistant  engineer  and  engi- 
neer, and  finally  became  chief  engi- 
neer about  24  years  ago.  In  this  posi- 
tion his  duties  have  been  manifold, 
embracing  the  construction  of  light- 
houses, lightships,  fog  alarms,  buoys 
and  beacons;  supervision  of  con- 
struction and  repairs  to  govern- 
ment steamers  and  the  construction  and 
equipment  of  lifeboats;  the  administration  of 
the  vote  for  the  removal  of  wrecks  and  ob- 
structions in  navigable  waters;  tidal  and  cur- 
rent surveys;  hydrographic  surveys,  and  the 
publication,  examination  and  correction  of 
hydrographic  charts;  construction  of  and  re- 
pair to  fish  hatcheries  and  refrigerators;  en- 
gineering points  in  connection  with  the  con- 
struction and  maintenance  of  fish  passes; 
supervision  of  surveys  of  oyster  beds;  exam- 
inations for  applications  for  foreshore,  wharf 
and  water  lots  as  they  affect  the  Interests  of 
navigation;  preparation  and  publication  of 
notices  to  mariners  and  hydrographic  notes." 

The  manifold  duties  of  this  office  are  in  strong 
contrast  with  the  division  of  similar  work 
among  several  bureaus  in  the  United  States. 
When  the  variety  of  the  duties  is  coupled  with 
very  limited  appropriations  for  carrying  them 
out,  it  is  evident  that  the  utmost  diligence  as 
well  as  strict  economy  must  be  practiced  by 
the  department.    Colonel  Anderson  accordingly 


made  it  a  practice  for  many  years  in  his  light- 
house design  to  use  inexpensive  wooden  struc- 
tures, the  lights  themselves  being  of  good 
quality.  In  this  manner  the  essential  features 
of  the  works  were  efficient  while  the  remainder 
were  in  keeping  with  the  resources  of  a  country 
whose  income  was  restricted.  With  the  larger 
appropriations  which  have  been  possible  of  late, 
the  structures  have  been  made  more  durable, 
but  the  works  built  with  the  scanty  sums  avail- 
able in  the  early  days  afford  good  examples  of 
particularly  great  value  of  sound  engineering 
advice  when  money  is  not  readily  obtained  for 
public  works. 

While  Colonel  Anderson  has  been  chief  en- 
gineer of  the  Department,  about  360  lighthouses 
and  50  mechanical  fog  signals  have  been  con- 
structed. Among  the  latter  is  a  unique  installa- 
tion at  Belle  Isle,  Labrador,  where  a  small 
hydraulic  power  plant  with  a  Pelton  wheel  has 
been  built  to  furnish  compressed  air  for  a  iirst- 
class  siren.  He  is  now  having  built  at  the 
Poison  works  in  Toronto  two  steel  lightships 


Col.  William  P.  Anderson. 

for  the  Gulf  of  St.  Lawrence  and  the  Bay  of 
Fundy.  These  are  steam  propelled  vessels  with 
electric  lights  and  compressed  air  sirens. 

Among  the  lighthouses  which  deserve  partic- 
ular mention  are  two  in .  the  Traverse  of  St. 
Roch  in  the  St.  Lawrence  River  below  Quebec. 
That  at  the  upper  end  of  the  Traverse  stands 
on  a  pier  built  in  42  feet  of  water  in  a  current 
of  about  7  knots.  While  this  current  made  the 
construction  difficult  the  design  received  par- 
ticular care  on  account  of  the  tremendous  ice 
pressure  which  must  be  withstood  in  the 
spring.  The  lighthouse  at  the  lower  end  of 
the  Traverse,  finished  last  year  at  a  place 
where  the  river  has  a  current  of  9  knots,  has 
a  pier  consisting  of  a  steel  shell  filled  with 
concrete  and  a  superstructure  mainly  of  con- 
crete. Its  equipment  comprises  a  quick-flashing 
light  and  a  first-class  siren  having  oil  motors 
to  run  It. 

Another  lighthouse  built  in  h&ke  Brie  is  in- 
teresting from  the  fact  that  its  brick  tower  Is 
protected  with  sheet  steel.     Readers    of    The 


Engineering  Record  may  recall  an  article  some 
years  ago  on  the  deterioration  of  .American 
brick  lighthouse  towers  on  the  Great  I^akes  and 
the  method  of  protecting  them  by  means  of  a 
steel  casing.  The  fog  alarm  at  this  lighthouse 
is  riin  by  a  steam  plant.  Still  another  structure 
which  deserves  special  mention  is  the  light  on 
Colchester  reef  in  Lake  Erie.  This  has  a  ma- 
sonry pier  built  in  a  steel  caisson  and  sunk  in 
13  feet  of  water,  a  rather  unusual  procedure 
in  1885  when  the  work  was  carried  on.  It 
should  be  added  that  until  a  few  months  ago 
he  was  also  charged  with  the  management  of 
the  lighthouses.  He  has  been  relieved  of  these 
duties,  however,  and  is  now  able  to  devote  all 
his  attention  to  strictly  engineering  duties. 

The  hydrographic  branch  of  Colonel  Ander- 
son's work  is  one  in  which  he  takes  much  in- 
terest, and  some  years  ago  he  personally  di- 
rected surveys  of  the  Bay  of  Quinte.  The  su- 
pervision of  all  the  Dominion  hydrographic 
work  and  the  prompt  publication  of  the  results 
is  rendered  possible  by  a  thoroughly  organized 
system,  which  alone  enables  one  man 
to  direct  such  an  undertaking  satisfac- 
torily. 

The  Canadian  Society  of  Civil  Engi- 
neers has  very  properly  elected 
Colonel  Anderson  as  president,  for  he 
was  one  of  its  founders  and  served  on 
the  committee  which  drew  up  its  con- 
stitution. He  has  already  held  office 
in  the  organization  as  a  member  of  the 
Council  for  several  terms  and  as  vice- 
president.  He  is  a  member  of  the  In- 
stitution of  Civil  Engineers  and  a 
member  of  the  Geographic  Board  of 
Canada,  being  also  one  of  its  executive 
committee.  This  last  office  he  consid- 
ers particularly  important,  as  much 
work  has  to  be  done  to  improve  geo- 
graphical nomenclature  in  the  Domin- 
ion. Outside  of  annual  reports  Colonel 
Anderson  has  done  very  little  writing 
on  technical  subjects,  for  reasons  very 
well  put  in  a  recent  letter  from  him, 
which  reads:  "My  contributions  to 
professional  literature  are  conspicu- 
ous by  their  absence.  When  you  con- 
sider that  all  the  aids  to  navigation  in 
the  Dominion,  covering  a  coast  line 
greater  than  yours,  have  been  in  my 
sole  charge,  while  in  the  United  States 
there  are  some  fourteen  districts  with 
an  engineer  in  charge  of  each,  you  will 
understand  the  reason." 

While  official  duties  have  thus  pre- 
vented his  contributing  to  technical 
literature  they  have  not  kept  him  from 
taking  an  active  part  in  public  affairs, 
now  on  the  Ottawa  Public  School 
and  chairman  of  one  of  its  com- 
mittees, and  has  long  taken  a  deep  interest  in 
educational  matters.  He  has  been  connected 
with  the  Canadian  volunteers  for  many  years. 
He  gave  up  the  command  of  the  43d  Battalion  of 
Rifles  in  1891,  but  he  is  still  carried  on  the 
active  list,  without  duty,  in  recognition  of  his 
long  and  valuable  service.  He  is  an  excep- 
tionally good  rifleman,  and  has  been  on  a 
number  of  Canadian  teams  in  International 
meetings. 


He     is 
Board 


Thk  Condenser  Plant  for  the  power  station 
near  Elyrla,  of  the  Cleveland  &  Southwestern 
traction  system.  Includes  a  Worthlngton  surface 
condenser  for  each  of  two  1,000-kilowatt  West- 
inghouse  steam  turbines.  Each  condenser  is  lo- 
cated underneath  the  turbine  and  contains  3,400 
square  feet  of  cooling  surface,  in  1-lnch  brass 
tubes.  Each  outfit  is  designed  to  condense  22,- 
500  pounds  of  steam  per  hour  under  27%  Inches 
vacuum  and  70  degrefes  F.  circulating  water. 
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Meteorite,  an  Aluminum  Compound. 

Persistent  efforts  have  been  made  for  years 
to  alloy  or  otherwise  treat  aluminum  so  as  to 
produce  a  metal  which  would  possess  the  de- 
sirable qualities  of  aluminum  and  in  which  its 
defects  would  be  corrected.  Hitherto  the  suc- 
cess achieved  has  been  only  partial,  but  about 
two  years  ago  European  and  American  patents 
were  taken  out  for  an  electro-chemical  com- 
bination of  phosphorus  with  aluminum  invent- 
ed by  Mr.  Walter  Ruebel  and  named  meteorite. 
This  is  not  a  mechanical  mixture  or  alloy,  but 
a  chemical  compound;  hence  it  can  be  melted 
and  re-melted  without  change,  and  the  hard- 
ness and  some  other  qualities  can  be  varied 
within  limits  by  varying  the  phosphorus  con- 
tent. Many  claims  are  made  for  meteorite, 
which,  if  substantiated  by  the  hard  tests  of 
commercial  use,  will  make  it  a  most  desirable 
metal  for  scores  of  purposes.  Its  specific 
gravity  is  about  the  same  as  that  of  aluminum, 
2.6  to  2.8;  it  fuses  at  about  600  degrees  Fahren- 
heit, is  dense  and  a  good  conductor  of  electric 
current.  It  is  said  to  be  tough,  highly  ductile 
and  malleable,  and  to  machine  easily  and  at 
high  speeds.  It  is  dense,  takes  a  high  polish, 
and  can  be  rolled  cold  and  forged.  Very  small 
and  very  large  castings  have  been  successfully 
made.  Nitric  aid  org&nic  acids  and  many  so- 
lutions of  salts  have  very  little  or  no  effect 
upon  meteorite,  and  it  is  durable  in  sea  water. 
It  can  be  soldered  and  plated.  Its  hardness 
compares  with  that  of  iron.  Although  the 
metal  has  not  yet  been  made  in  this  country, 
it  has  already  been  put  to  many  practical  uses 
in  Europe,  and  a  number  of  interesting  sam- 
ples of  wires,  tubes,  plates,  castings  and  bush- 
ings were  shown  to  a  representative  of  this 
journal.  The  rights  of  manufacture  for  the 
United  States  and  Canada  have  recently  been 
secured  by  Mr.  Ernest  May,  of  74  Beaver 
Street,  New  York,  and  any  person  interested 
can  obtain   further  information   by  addressing 


Letters  to  the  Editor. 


The  Union  -Engineebing  Building. 

Sir: — I  was  instructed  to  notify  you  that  at 
an  informal  luncheon  in  San  Francisco  on  Jan- 
uary 28,  the  matter  of  a  union  engineering 
building  was  discussed  by  twelve  members  of 
the  Am.  See.  C.  E.  residing  in  or  near  San 
Francisco  and  two  others.  The  vote  was 
unanimous  in  favor  of  co-operation.  The  fol- 
lowing gentlemen  were  present:  Arthur  L. 
Adams,  F.  J.  Amweg,  H.  De  H.  Connick,  C.  E. 
Grunsky,  W.  W.  Harts,  F.  D.  Howell,  Jr.,  M. 
Manson,  C.  D.  Marx,  F.  Riffle,  C.  H.  Snyder,  F. 
P.  Stearns,  J.  H.  Wallace,  P.  S.  Washburn,  C. 
B.  Wing. 

Very  truly  yours,  Chas.  D.  Mabx. 

Stanford  University,  Cal.,  February  2. 


Sir: — When  the  ballots  for  voting  on  the  en- 
gineering building  were  received  by  members 
of  the  Am.  Soo.  C.  E.  in  Washington,  the  local 
committee  at  once  arranged  for  a  meeting  of 
the  local  members.  This  was  held  on  Satur- 
day evening,  February  6,  and  was  presided  over 
by  Brig.-Gen.  Alexander  Mackenzie,  chief  of 
engineers  of  the  army.  There  were  present 
thirty-three  members,  and  letters  were  received 
from  four  others  who  were  unable  to  attend.  A 
collation  was  served  and  during  the  course  of 
the  evening  the  entire  subject  of  the  engineer- 
ing building  was  debated  with  a  view  to  aiding, 
those  present  in  coming  to  a  conclusion  as  to 
the  proper  course  to  pursue  in  the  casting  of 
their  individual  votes. 

As  showing  the  tendency  of  feeling  at  the 
opening  of  this  meeting,  of  the  five  letters  re- 


ceived from  those  unable  to  attend,  the  senti- 
ment of  all  was  adverse  to  the  proposition  of  the 
engineering  building.  Mr.  Robert  Peary,  civil 
engineer  in  the  navy  and  arctic  explorer,  wrote: 
"I  am  strongly  opposed  to  the  Am.  Soc.  C.  E. 
becoming  one  of  the  constituent  societies  in  the 
occupancy  and  control  of  the  proposed  union 
engineering  building."  Mr.  W.  M.  Wallace 
wrote:  "It  is  doubtful  if  segregation  of  allied 
societies  or  even  allied  industries  always  works 
to  the  good  of  the  individuals,  and  situated  as 
we  are  .  .  .  we  do  not  need  the  expressed  aid 
of  any  outside  influence  to  carry  out  the  provis- 
ions of  our  constitution,  .  .  .  and  the  loss  of 
individuality  which  would  be  the  result  of  such 
a  union  would  be  most  harmful  to  our  society." 
Col.  Thomas  Symons,  of  the  engineer  corps; 
Mr.  Kourt  Berle,  constructural  engineer,  and 
Admiral  P.  C.  Asserson,  civil  engineer  in  the 
navy,  wrote  in  similar  strain. 

At  the  opening  of  the  debate,  Mr.  J.  A.  Quin- 
ton,  a  consulting  engineer  of  the  Reclamation 
Service,  from  Los  Angeles,  Cal.,  and  Col.  A.  M. 
Miller,  U.  S.  A.,  in  charge  of  filtration  plant, 
etc..  In  Washington,  and  Mr.  A.  P.  Davis,  super- 
vising engineer  of  the  Reclamation  Service, 
from  Kansas,  made  remarks  in  opposition  to 
the  project.  Mr.  Quinton,  among  other  things, 
said:  "Would  a  man  in  moderate  circum- 
stances, but  yet  able  to  support  his  family  com- 
fortably in  a  small  home  of  his  own,  give  it  up 
to  share  a  better  and  more  commodious  estab- 
lishment offered  him  freely,  to  be  shared  in 
community  with  three  other  families?"  Mr. 
Davis  said  that  In  his  judgment  the  present 
house  is  adequate  during  364  days  in  the  year; 
only  on  one  day,  that  of  the  annual  meeting, 
would  a  larger  and  more  commodious  establish- 
ment be  desirable. 

In  spite  of  the  prevalent  adverse  feeling  in 
the  beginning,  after  the  matter  had  been  care- 
fully discussed  and  information  had  been  fur- 
nished on  the  other  side,  there  was  apparent  a 
strong  undercurrent  of  feeling  favorable  to  the 
proposition.  Several  men,  who  had  come  with 
their  minds  fairly  fixed  on  an  adverse  vote,  left 
the  meeting  saying  that  as  the  proposition  had. 
been  presented  and  in  view  of  the  facts  submit- 
ted during  the  evening,  they  would  vote  favor- 
ably. Mr.  Elwood  Meade,  director  of  the  society, 
explained  to  the  meeting  the  feeling  expressed 
at  the  annual  meeting  in  New  York,  and  said 
that  whereas  he  had,  on  attending  that  meeting 
been  opposed,  he  now  favored  the  engineering  , 
building.  The  most  useful  contribution  in  fa- 
vor of  the  proposition  was  that  submitted  by 
Mr.  William  H.  Wiley,  of  New  Jersey.  Mr. 
Wiley's  point  was  specially  taken  with  a  vie.w 
to  showing  the  financial  side  of  the  proposition, 
and  as  he  is  a  member  of  other  proposed  con- 
stituent societies  and  the  treasurer  of  the  Amer- 
ican Society  of  Mechanical  Engineers,  he  was 
able  to  give  data  which  made  it  quite  apparent 
that  the  possibility  of  any  or  all  of  these  socie- 
ties being  unable  to  meet  their  share  of  the  ex- 
penses and  thus  throwing  the  whole  burden 
back  on  our  society  was  very  remote. 

Mr.  H.  M.  Wilson,  of  the  Geological  Survey, 
spoke  in  favor  of  the  co-operation  and  union  of 
all  members  of  the  profession  of  engineering 
regardless  of  their  specialties  as  mechanical, 
civil,  electrical  or  mining  experts.  He  was  in 
favor  of  casting  his  vote  for  the  co-operation 
providing  the  Board  of  Directors  of  the  society, 
in  whom  he  had  confidence,  found  that  the 
finances  and  the  interests  of  the  society  will  be 
safe-guarded.  The  result  will  be  that  engineers 
visiting  New  York  may  be  able  to  consult  the 
libraries  and  discuss  with  individual  specialists 
the  many  problems  which  they  might  have  be- 
fore them  without  the  necessity,  which  they 
might  neglect,  of  journeying  over  so  great  a 
city  from  the  headQuarters  of  one  to  those  of 


the  other  of  the  now  widely  separated  socie- 
ties. Messrs.  J.  F.  Hayford,  and  finally  the 
chairman,  Gen.  Mackenzie,  indicated  preference 
for  the  union. 

At  the  close  of  the  meeting  Gen.  Mackenzie 
was  elected  permanent  chairman  of  the  local 
organization  for  the  coming  year  and  was  di- 
rected to  appoint  a  committee  of  three,  who,  in 
addition  to  himself,  should  formulate  plans  for 
a  more  permanent  local  sub-organization,  and 
was  directed  to  see  that  at  least  one  other  meet- 
ing of  the  local  members  should  be  held  within 
the  next  twelve  months. 

Youre  truly,  H.  M.  Wilson. 

Washington,  D.  C,  February  8. 


Sir: — ^The  decision  to  be  arrived  at  at  an  early 
date  concerning  the  acceptance  of  Mr.  Andrew 
Carnegie's  generous  offer  to  give  a  spacious 
building  in  New  York  City  for  the  joint  occu- 
pation; first,  of  the  four  main  engineering  so- 
cieties, and  second,  of  such  other  allied  scien- 
tific organizations  as  may  need  and  can  be 
furnished  with  accommodation,  marks  a  period 
of  vital  importance  to  the  engineering  profes- 
sion in  this  country.  That  decision  will  un- 
questionably be  far  wider  reaching  in  its  ef- 
fect than  was  supposed  when  the  subject  was 
first  broached.  It  then  and  now,  so  far  as  the 
actual  transaction  on  its  face  Is  concerned, 
meant  and  means  only  a  joint  ownership  in  and 
occupation  of  a  conveniently  arranged  build- 
ing, requiring  no  closer  union  of  the  different 
societies  making  up  the  holding  corporation, 
than  required  as  stockholders  in  a  corporation. 
The  arguments  for  and  against  such  joint  occu- 
pation of  a  building  are  simply  those  of  details 
of  ownership  and  management,  which  can  sure- 
ly be  satisfactorily  arranged  on  a  suitable  bus- 
iness basis. 

The  acceptance  or  declination  of  Mr.  Carne- 
gie's proposition  by  any  one  of  the  individual 
societies  to  be  named  in  the  deed  of  gift,  is  to 
a  great  extent  also  purely  a  business  considera- 
tion; simply  whether  the  additional  conveni- 
ence to  be  secured  In  occupying  the  proposed 
building  and  securing  such  a  large  addition  to 
its  capital  is  or  is  not  worth  some  slight  sacri- 
fice of  identity.  But  there  is  a  much  more  im- 
portant question  raised;  that  is,  is  not  the  time 
fast  approaching  when  it  will  be  desirable  to 
abandon  much  of  the  narrow  conservatism  of 
the  past,  and,  taking  joint  occupation  of  the 
proposed  building  as  the  start,  look  to  the  ulti- 
mate amalgamation  of  the  different  societies 
and  the  organization  of  one  great  American  En- 
gineering Institution.  Such  a  society  may  well 
have  sections  composed  of  those  members  par- 
ticularly Interested  in  special  lines  of  engineer- 
ing work,  and  branch  headquarters  in  many 
places,  but  one  central  executive  government. 

Though  to-day  it  is  more  the  custom  for  "civil 
engineers"  to  be  called  into  consultation  on  the 
broadest  questions  of  corporate  management 
and  great  constructive  works,  while  engineers 
having  more  specialized  training  are  not  called 
in  until  questions  of  detail  are  to  be  consider- 
ed, it  is  not  at  all  improbable  that  in  years  to 
come  the  training  of  all  engineers  may  be  such 
as  to  primarily  fit  them  for  the  breadth  of  du- 
ties, and  secondarily  for  the  special  fields.  Op- 
position to  such  union  is  largely  on  the  score 
that  some  men  are  admitted  to  membership  In 
some  of  the  societies  who  are  practically  not  en- 
gineers in  the  broad  sense  of  the  term.  Unques- 
tionably this  is  true,  hut  admission  to  the  great 
Institution  can  be  set  at  a  high  standard,  so 
that  new  members  will  be  men  of  proper  at- 
tainments, and  in  course  of  years  those  of  low 
grade  now  on  the  rolls  of  individual  organiza- 
tions would  either  become  worthy,  by  reason  of 
continued  experience,  or  drop  out  because  out 
of  keeping  with  their  surroundings,  or  in  the 
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course  of  tinie.  will  surely  drop  out  by  death. 

The  medical  profession  many  years  ago  was 
face  to  face  with  a  proposed  wide  differentiation 
of  practice,  with  the  probable  establishment  of 
many  different  organizations,  but  fortunately 
wise  heads  controlled,  and  there  is  to-day  but 
one  medical  profession,  though  with  probably 
a  much  wider  line  of  specialists  than  there  is 
ever  likely  to  be  among  engineers.  There  are 
probably  some  who  believe  that  there  is  room  iu 
this  country  for  a  number  of  strong,  separate 
engineering  societies.  About  forty  years  ago 
there  were  many  people  who  thought  there  was 
room  in  this  country  for  many  different  govern- 
ments. The  whole  trend  of  progress  during  the 
last  half  century  has  been  towards  centraliza- 
tion and  consolidation:  and  when  honestly  car- 
ried out.  the  general  wisdom  of  such  a  course 
has  been  proven. 

According  to  the  amended  present  scheme,  it 
would  seem  that  the  decision  of  the  American 
Society  of  Civil  Engineers  (unless  Mr.  Carne- 
gie should  again  modify  his  proposal),  will  de- 
termine the  fate  of  the  joint  engineering  build- 
ing. Therefore,  there  is  a  moral  obligation  on 
the  part  of  that  society,  if  the  joint  building 
promises  to  be  specially  beneficial  to  the  other 
societies,  of  aiding  them  to  secure  such  benefit, 
if  it  would  not  result  in  seriously  handicapping 
its  own  work.  There  would  seem  to  be  only 
one  possible  handicap  in  such  a  course,  and  that 
is  the  slight  loss  of  prestige,  perhaps,  in  not  be- 
ing able  to  point  to  its  own  separate  building 
on  a  fine  wide  street  in  a  central  neighborhood, 
and  to  again  come  in  contact  with  some  men 
not  properly  fitted  for  membership  in  such  a 
society. 

I  hope  personally  that  the  American  Socie- 
ty of  Civil  Engineers  will  waive  petty  matters 
and  some  of  its  conservatism,  and  will  decide 
to  join  in  the  present  plan,  provided  the  details 
can  be  arranged  on  an  equitable  sound  business 
basis;  and  that  the  building  be  located  where 
it  shall  be  deemed  most  desirable,  even  if  on  an- 
other site  than  the  one  at  present  selected,  and 
further,  that  the  American  Society  of  Civil  En- 
gineers shall  lead  the  way  in  the  organization 
of  one  great  American  Institution  of  Engineers. 
Yours  truly,  Louis  L.  Tareus. 
Member  American  Society  Civil  Engineers. 

New  Brighton,  N.  Y.,  February  9. 


ExfxuME.NTS  IN  Tape  Lise  Measureme.nts. 

Sir: — I  note  an  article  in  your  issue  of  No- 
vember 28,  1903,  entitled  Engineering  Experi- 
ments, calling  attention  to  the  neglect  or  fail- 
ure of  engineers  to  give  to  technical  journals 
the  results  of  experiments  in  various  lines  of 
engineering  work.  It  occurs  to  me  that  in 
many  instances  this  seeming  negligence  Is  the 
result  of  a  feeling  on  the  part  of  the  engineer 
that  the  subject  is  of  minor  importance,  or 
that  his  method  or  appliance  has  no  really 
new  features:  or.  If  by  chance  there  should 
be  some  novel  or  original  Ideas,  that  there  are 
many  other  superior  modes  and  appliances. 
This  Idea,  however,  should  not  deter  engineers 
from  giving  the  results  of  personal  experi- 
ments and  acquiring  additional  knowledge  on 
the  subject  by  discussion.  Taking  this  view 
of  the  subject.  I  will  venture  to  describe  some 
experiments  and  results  from  actual  work  In 
Tape  Line  Measurements. 

Several  years  ago  the  writer  had  'occasion 
to  make  a  resurvey  of  a  city  where  errors  In 
the  original  survey  aggregate  in  some  In- 
stances IV/j  feet  in  a  distance  of  5.160  feet. 
A  surveyor's  chain  was  used  in  the  original 
survey,  which  evidently  exceeded  100  feet  In 
length,  as  the  errors  In  all  cases  were  found 
to  be  In  excess  of  the  true  measurement.  In 
the  resurvey  all  excess  was  pro-rated  between 
lots,  the  original  or  recorded  width  of  streeU 


being  maintained.  A  Keuffel  &  Esser  steel 
tape  was  used  of  Stevens  excelsior  pattern, 
tested  to  U.  S.  standard  of  length.  At  the  100 
foot  mark  on  the  tape  a  compensating  scale 
for  temperature  was  etched,  also  the  pounds 
tension  to  be  applied  when  the  tape  was  lying 
on  the  ground  or  suspended.  When  supported, 
that  is  lying  on  level  ground,  a  tension  of  7 
pounds  was  required,  and  when  suspended  its 
entire  length  22  pounds  tension  was  required, 
A  Keuffel  £  Esser  spring  balance  being  used 
to  determine  tension.  The  instrument  used 
on  sloping  ground  in  lieu  of  plumb  bobs,  the 
use  of  which  proved  so  satisfactory  in  the 
work  referred  to  and  in  similar  work  at  pres- 
ent in  progress,  and  which  the  writer  desires 
particularly  to  describe,  was  constructed  as 
follows:  A  rod  of  hard  wood  6  feet  in  length, 
2%  inches  in  width  and  1%  inches  in  thickness, 
had  the  feet  and  tenths  inscribed  on  its  face, 
and  the  edge  was  carefully  dressed  to  a  true 
line.  On  the  bottom  an  Iron  shoe  was  placed 
extending  %  inch  beyond  edge  of  rod,  and  a 
slot  was  cut  in  the  projection  of  the  shoe  of 
sufficient  size  to  admit  one  of  the  three-penny 
finish  nails  which  were  used  in  the  wooden 
plugs  set  at  100-foot  stations  and  at  all  breaks 
of  tape  on  slopes.  A  bubble  was  placed  in  the 
side  of  the  rod  about  2  feet  from  the  top  to 
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insure  the  vertical  position,  and  directly  above 
tlie  bubble  the  side  of  the  rod  was  slightly  re- 
cessed and  a  thermometer  placed  to  record 
temperature.  By  placing  a  wooden  triangle, 
which  was  attached  to  the  rod  by  a  rubber 
band  on  the  side  of  the  rod  and  sighting  over 
the  top  of  the  triangle,  the  difference  in  ground 
elevation  was  quickly  ascertained  and  the  end 
of  tape  raised  to  the  proper  point,  thus  insur- 
ing the  'horizontal  position  of  the  tape.  The 
advantages  of  the  rod  over  the  plumb  bob  on 
sloping  or  undulating  grpund,  where  it  is  nec- 
essary to  establish  points  every  400  feet,  is  in 
accuracy  and  speed,  which  proved  most  satis- 
factory. Base  lines  one  mile  In  length  were 
measured  and  checked  by  remeasurlng  in  the 
opposite  direction,  each  station  being  lined  by 
transit  and  temperature,  tension  and  slope 
being  carefully  considered.  Remeasurements 
of  base  lines  from  1,500  feet  to  one  mile  In 
length,  in  opposite  direction,  checked  almost 
exactly.  The  accompanying  cut  shows  the  rod 
used,  which  is  of  home-made  construction 
throughout.  Hoping  this  article  may  not 
prove  wholly  devoid  of  iiiterest,  I  am 

Respectfully  yours,  C.  W.   Sweabinoe.n. 
Havre,  Montana,  January  31. 


HOSPITABLK    RiXATlONS    UKl'WEEN     DiVKBSE    ENOI- 

KEERiNu  Societies. 

Sir; — So  much  has  been  said  about  the 
worthy  gentlemen  who  formerly  managed  the 
Am.  Soc.  C.  E.,  that  it  may  be  interesting  to  in- 
quire how  they  got  along  with  other  engineer- 
ing organizations.  The  following  is  an  extract 
from  the  report  of  the  Board  of  Direction,  No- 
vember 4,  1876,  which  spoke  of  the  Centennial 
Exposition: 

"In  this  connection,  the  Board  refers  with 
particular  gratification  to  the  most  useful,  har- 
monious and  agreeable  co-operation  of  our  Cen- 
tennial Commission,  with  that  of  the  similar 
commission  of  the  American  Institute  of  Mining 
Engineers,  whose  rooms  in  the  city  of  Philadel- 
phia, with  their  large  collections  of  maps  and 
periodicals,  have  been  open  to  all  engineers,  and 
In  whose  weekly  converiationes  our  members 
have  been  invited  to  take  as  conspicuous  a  part 
as  their  own.  The  joint  action  of  these  two 
commissions  hasbeen  of  greater  service  to  for- 
eign guests  and  to  the  members  of  the  respective 
societies  than  their  independent  action  could 
have  been,  and  it  has  during  the  meetings,  re- 
ceptions and  excursions  of  the  two  societies  in 
June  last  and  on  numerous  occasions  tlirough- 
out  the  period  of  the  exhibition,  promoted  a 
very  large  acquaintance  and  a  most  kindly  feel- 
ing among  their  respective  members.  It  is  rea- 
sonable and  gratifying  to  believe  that  the  value 
of  this  co-operation  will  not  terminate  with 
the  Centennial  year,  but  that  its  results,  while 
In  no  way  Interfering  with  the  independence  of 
either  society,  will  continue  to  be  a  permanent 
benefit  to  both  and  to  the  profession  at  large." 
(See  Proceedings  Am.  Soc.  C.  E.,  vol.  2,  pp.  4, 
19,  69,  147,  149-50.) 

A  joint  meeting  on  Technical  Education  was 
held  June,  1876,  at  Philadelphia.  In  February, 
1877,  also  a  meeting  of  the  American  Institute 
of  Mining  Engineers  was  held  at  the  rooms  of 
the  Am.  Soc.  of  C.  E.,  in  New  York,  and  a  joint 
discussion  took  place  there  in  the  evening.  (See 
Proceedings  Am.  Soc.  C.  E.,  vol.  3,  pp.  8,  18 
and  26.)  A  dozen  years  later  the  Am.  Soc.  C.  E. 
returned  the  visit.  "February  20,  1889:— By  in- 
vitation of  the  American  Institute  of  Mining 
Engineers,  the  society  attended  the  meeting  of 
that  Institute  at  Hardman  Hall,  at  which  oc- 
curred a  discussion  on  Iron  and  Steel."  {Pro- 
ceedings Am.  Soc.  C.  E.,  vol.  15,  p.  38.)  The  Board 
of  Direction  in  its  next  annual  report  said:- — 
"On  February  20,  a  joint  meeting  of  the  society 
and  the  American  Institute  of  Mining  Engineers 
was  held,  at  which  occurred  a  discussion  on 
Iron  and  Steel."  (Proceedings  Am.  Soc.  C.  E., 
vol.  16,  p.  44.)  At  this  time  there  was  also 
an  exchange  of  courtesies  with  the  American  In- 
stitute of  Electrical  Engineers.  At  the  annual 
meeting  of  the  Am.  Soc.  C.  E.,  January  15,  1890, 
the  Secretary  of  the  Am.  Soc.  C.  E.,  said:  "The 
American  Institute  of  Electrical  Engineers  has 
for  some  time  been  meeting  in  our  rooms.  We 
have  been  very  happy  to  aid  that  Institute  by 
offering  them  the  courtesies  of  our  house."  Tlie 
Secretary  of  the  American  Institute  of  Electric- 
al Engineers  addressed  the  meeting,  presenting 
a  set  of  massive  wrought-iron  grate  fixtures,  and 
said  among  other  things:  "Your  society  and 
your  officers  have  afforded  us  every  facility, 
have  given  us  words  of  encouragement  from 
that  day  to  the  present  time,  and,  from  surface 
indications,  it  appears  that  the  same  cordial 
feeling  will  continue  to  exist  hereafter.  .    .    . 

"It  gives  me  pleasure  to  present  to  you  these 
fixtures,  with  the  hope  that  the  warmth  that 
permeates  through  them  may  represent  the  feel- 
ing that  has  grown  up  between  us  as  fellow  en- 
gineers." (See  Proceedings  Am.  Soc.  C.  E.. 
vol.  16,  pp.  14-15.) 

Yours   respectfully,  Pbed.   Bkooks. 

Boston,  February  6,  1904. 


Fi-;ii.  20,  1904. 


THE     ENGINEERING     RECORD 


20q 


THE    ENGINEERING    RECORD 

Published  Weekly  by  the 
McGBAW   PUBLISHING  COMPANY. 

MAIN   OFFICES: 
114  LiBERTV  Street,  New  York. 

BRANCH   OFFICES: 

Philadelphia  :  929  Chestnut  Street. 

Chicago  ;  1140  Monadnock  Block. 

Cleveland  :   Cuyahoga  Building. 

London  Office,  Hastings  House,  Norfolk  St.,  Strand. 


SUBSCRIPTION   BATES: 
United  States,  Canada,  Cuba  and  Mexico. .  $3.00  a  year 

Foreign  subscription 6.00  a  year 

25  shillings.  25  marks.  31  francs. 

Foreign  subscriptions  may  be  sent  to  our  London  office. 


NOTICE  TO  ADVERTISERS. 
Change  In  advertisements  intended  for  a  particular 
issue  should  reach  the  office  of  Tub  Esgineerinq 
Record  by  10  A.  M.  Tuesday  of  the  week  ot  issue. 
New  advertisements  can  be  received  up  to  noon  of 
Wednesday  of  the  week  of  Issue. 


Remittances  should  be  made  by  check.  New  York 
draft  or  money  order  in  favor  of  The  E.vgixebrino 
Record.  No  responsibility  is  assumed  for  payments 
made  otherwise,  except  those  for  subscriptions  to  the 
International  News  Company.  London,  or  our  London 
office. 


Bntered  at  the  New  York  Post  Office  as  Second  Class 

mail  matter. 

Copyright  1904.  by  the  McGraw  Publishing  Co. 


TABLE  OF  LEADING  ARTICLES. 

The  Fire  Risk  in  Lofty  Buildings 205 

Cement    Plant    Promotinu    205 

The  Pavements  of  Chicago   200 

Report  of  the  Aiioys  Research  Committee  of  the 
Institution  of  Mechanical  Engineers 200 

Description  and  History  of  the  Wnter-Works  and 
the  American  System  of  Filtration  at  Trieste. 
Austria.     (Illustrated)   208 

Widening  the  Gauge  of  the  National  Railroad  of 
Mexico    211 

The  Baltimore  Fire.     (Illustrated)    21^ 

An  Account  of  the  Baltimore  Fire,  with  Some 
General  Deductions.      ( Illustrated) 218 

Railway  Tunnel  Ventilation 220 

Manchester  Street  Power  Station  of  the  Rhode 
Island  Company,  Providence. — I.     (Illustrated)   221 

New  Cement  Works  at  Portland,  Colo. — I.  (Illus- 
trated)       223 

The  Vlcksburg  Harbor  and  the  Yazoo  River  Diver- 
sion Canal.     (Illustrated)    .  .' 225 

Types  and  Details  of  Bridge  Construction. — XIX. 
( Illustrated)     228 

A  New  Water-Power  Development  at  New  Mil- 
ford,  Conn. — II.     (Illustrated)   230 

Test  of  a  Large  Steam  Turbine  for  the  New  York 
Subway  Lighting  System 232 

The  New  Henry  R.  Worthlngton  Hydraulic  Works 
at  Harrison,  N.  J.— III.     (Illustrated) 233 

Relative  Growth  of  the  National  Engineering 
Societies.      (Illustrated) 235 

The  Union  Engineering  Building 235 

Estimating  Weights  of  Ralls  and  Connections...   236 


The  Fire  Risk  in  Lofty  Buildings. 


Elsewhere  in  this  issue  are  two  accounts  of 
the  fire  at  Baltimore,  one  by  the  manager  of 
the  Baltimore  Bridge  Company  and  the  other 
a  statement  of  the  observations  made  by  a  rep- 
resentative of  this  journal,  supplemented  by 
information  from  builders,  engineers  and  city 
officials  of  Baltimore,  whose  courtesy  in  giving 
assistance  under  su«h  trying  circumstances  is 
highly  appreciated  by  The  Engineering  Record. 
The  full  story  of  the  conflagration  cannot  be 
told  as  yet,  for  the  facts  must  be  collected  from 
many  witnesses  and  from  a  thorough  inspection 
of  the  ruins.  Technically,  however,  there  are 
certain  self-evident  facts,  which  might  just  as 
well  be  openly  acknowledged  as  partly  con- 
cealed under  specious  statements  of  the  per- 
centage of  damage  done  to  the  various  build- 
ings. While  a  few  of  the  well-built  structures 
of  low  height  can  be  made  serviceable  again 
very  quickly,  the  high  office  buildings  are 
wrecked  from  the  point  of  view  of  the  tenants. 


While  the  condition  of  these  lofty  structures  is 
an  indisputable  proof  that  they  are  more  se- 
cure against  fire  than  tlie  ordinary  commercial 
building  and  that  their  construction  represents 
the  highest  type  ot  fire-resisting  design,  the 
mere  fact  that  thousands  of  tenants  of  such 
buildings  have  been  burned  out  renders  the  les- 
son of  the  conflagration  one  that  cannot  be  es- 
caped. The  condition  of  the  steelwork  and 
floors  in  these  buildings  is  deservedly  receiv- 
ing the  appreciative  comment  of  architect, 
owner  and  builder;  it  is  an  excellent  proof  of 
the  efficacy  of  the  best  systems  of  construction. 
The  tenant's  view  of  the  subject  seems  to  be 
neglected,  although  it  is  the  tenant  who  makes 
such  buildings  profltable.  From  his  point  of 
view,  the  destruction  was  complete,  and  this 
highly  important  fact  should  be  recognized. 
None  of  the  lofty  Baltimore  office  buildings  can 
be  occupied  for  many  weeks,  and  the  tenants 
are  forced  to  find  other  quarters  in  addition  to 
losing  their  books  and  furniture.  Their  mater- 
ial loss  is  trivial,  but  the  interruption  in  their 
business  is  of  the  greatest  importance. 

While  the  partial  demolition  of  these  build- 
ings in  Baltimore  has  proved  that  such  struc- 
tures are  not  indestructible,  the  great  lesson 
they  have  taught  is  one  which  the  chief  of  the 
fire  department  of  any  large  city  could  have 
taught  long  ago  had  any  one  been  willing  to 
listen  to  him.  The  high  building  contains  great 
quantities  of  combustible  materials,  and  while 
the  arrangement  and  construction  of  floors  and 
partitions  in  a  structure  of  the  best  type  will 
prevent  the  spread  of  an  interior  flre,  there  is 
nothing  to  speak  of  to  check  a  serious  external 
flre.  The  insurance  companies  are  generally 
able  to  persuade  owners  to  put  iron-shutters  on 
the  windows  overlooking  back  courts,  but  the 
street  fronts  are  without  such  indispensable 
protection  against  a  severe  external  fire.  It 
has  needed  the  Baltimore  fire  to  prove  this  in- 
disputably. The  flimsy  department-store  build- 
ing of  the  ordinary  type  is  nothing  but  a  fire- 
trap;  all  specialists  in  flre  protection  have 
known  this  for  a  long  time.  The  experience  in 
Baltimore  has  shown  that  the  same  is  true  of 
the  well-built  office  structure  provided  it  is  at- 
tacked by  external  flames  strong  enough  to  beat 
in  the  glazing  at  many  places  practically  sim- 
ultaneously. The  wood  flooring  of  most  such 
buildings  has  not  been  fire-proofed,  and  the  fur- 
niture is  very  inflammable.  If  a  few  floors  are 
once  in  flames,  particularly  when  a  strong  wind 
Is  blowing,  the  fire  will  speedily  pass  from  the 
windows  of  one  floor  to  those  of  another,  and 
the  flre-protection  will  inevitably  fail  to  pro- 
tect the  tenants'  belongings.  The  building  be- 
comes a  kiln  and  none  of  its  contents  can  resist 
the  high  temperatures. 

The  danger  point  of  such  buildings  is  the  un- 
protected glazing  of  the  street  fronts.  These 
lines  are  written  in  a  buildfng  which  has  two- 
thirds  of  its  front  occupied  by  windows.  Across 
the  street  is  a  similar  structure.  Although  one 
of  the  most  important  streets  of  a  great  city 
separate  the  two  buildings,  the  average  office 
boy  would  have  little  trouTale  in  throwing  two 
oranges  out  of  every  three  from  a  window  on 
one  side  of  this  thoroughfare  to  the  correspond- 
ing window  on  the  other  side.  That  interven- 
ing space  is  assumed  to  be  a  sufficient  protec- 
tion against  the  passage  of  flames  across  the 
street.  Fire  chiefs  have  laughed  at  this  as- 
sumption, and  now  everybody  knows  it  is 
ridiculous. 

The  truth  is  that  architects  must  make  the 
street  fronts  of  these  buildings  safe  against 
exterior  fires.  They  must  put  fire-resisting 
shutters  on  these  windows,  for  the  narrow 
streets  between  the  buildings  may  readily  be- 
come great  flues,  aiding  rather  than  checking 
the  leap  of  the  flames  from  building  to  building 


and  floor  to  floor.  Our  streets  are  too  narrow 
for  these  high  structures,. but  street  widths  can- 
not be  doubled  and  trebled  and  lofty  structures 
must  be  erected  to  meet  the  demands  of  busi- 
ness. The  Engineering  Record  feels  confident 
that  when  the  fire-protection  of  the  street  fronts 
and  roofs  receives  the  same  skilful  treatment 
as  the  Interior  and  court  walls  and  the  floors, 
the  solution  of  the  problem  will  be  finally  reach- 
ed. Good  steel  shutters  on  every  window  sup- 
plemented by  a  perforated  pipe  just  under  the 
cornice  of  each  front  and  supplied  with  water 
by  the  fire  pumps  in  the  building,  should  render 
it  as  resistant  to  external  as  internal  fires.  The 
lofty  building  has  come  to  stay,  for  it  is  neces- 
sary; it  is  a  remarkable  piece  of  design  even  in 
its  present  condition,  but  it  is  not  perfect  be- 
cause the  protection  of  every  part  of  it  from 
external  flames  has  not  been  carried  out.  That 
is  the  great  engineering  lesson  of  the  Balti- 
more flre. 


Cement  Plant  Promotion. 


It  is  commonly  understood  that  in  the  past 
considerable  money  has  been  made  in  the  man- 
ufacture and  sale  of  American  Portlapd  cement, 
but  the  present  condition  of  the  business  cer- 
tainly does  not  warrant  any  large  investment 
for  new  works  at  this  time,  except  under  spe- 
cial conditions  which  can  only  be  realized  by 
people  in  the  industry.  Nevertheless,  the  for- 
mer promoter  of  wildcat  mines  and  dry  oil 
wells  is  abroad  in  the  land  with  cement  propo- 
sitions, and  the  glibness  which  has  brought 
trouble  to  many  homes  is  being  exercised  to 
draw  the  dollars  ot  thrifty  people  into  the  most 
extraordinary  undertakings.  The  Engineering 
Record  has  frequently  stated  within  a  year  that 
there  are  plenty  of  cement  mills  in  existence 
to-day  to  satisfy  the  current  needs  for  this  ma- 
terial, and  that  while  many  of  these  mills  need 
extensive  repairs  and  much  new  machinery, 
there  are  but  a  few  places  where  a  new  mill 
has  any  chance  of  succeeding  until  the  demand 
for  cement  is  much  greater  than  at  present. 
The  raw  materials  for  this  product  are  not  par- 
ticularly difficult  to  flnd,  but  the  manufacture 
of  the  cement  and  its  sale  are  problems  requir- 
ing technical  knowledge,  experience  and  a  thor- 
ough acquaintance  with  freight  rates.  The 
mere  introduction  of  a  new  brand  of  cement  on 
the  market  at  the  present  time  would  involve  a 
very  large  expenditure. 

One  of  the  most  interesting  of  the  new  prop- 
ositions which  has  come  to  this  journal's  atten- 
tion has  been  brought  out  In  a  succession  of 
documents.  In  the  flrst  communication  it  is 
announced  that  the  promoters  have  "a  proposi- 
tion that  is  sure  to  be  a  winner,"  for  they  have 
"a  most  excellent  quality  of  Portland  cement 
in  almost  inexhaustible  quantities."  As  a  nat- 
ural deposit  of  excellent  Portland  cement,  pre- 
sumably supplied  by  nature  in  sacks  and  bar- 
rels, is  a  little  out  of  the  ordinary,  attention 
was  at  once  turned  to  the  prospectus  accom- 
panying the  letter.  This  was  not  quite  so  sur- 
prising. Its  author  evidently  felt  that  it  would 
hardly  do  to  claim  possession  of  a  bed  of  ce- 
ment, so  the  statement  was  restricted  to  an  as- 
sertion of  ownership  of  a  tract  on  which  a  large 
number  of  acres  had  been  stripped  and  found  to 
show  "an  excellent  quality  of  Portland  cement 
stone,  which  averages  from  75  to  95  per  cent, 
pure  Portland  cement."  As  a  further  advan- 
tage of  this  remarkable  deposit,  fuel  and  water 
are  to  be  had  close  at  hand,  and  the  site  is 
near  railroads,  street  car  lines  and  other  pub- 
lic improvements.  For  some  reason  this  scheme 
was  soon  consolidated  with  a  smelting  plant 
proposition.  It  seems  the  smelter  produces  a 
large  amount  of  waste  heat  which  has  annoyed 
the  economical  owners  to  such  an  extent  that 
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they  have  determined  to  make  Portland  cement 
with  it.  In  their  two  furnaces  they  "produce 
hot  combustible  gases  equaling  about  200  horse- 
power" which  will  be  "passed  under  pressure 
into  a  larger  calcining  furnace  which  they  al- 
ready hare  in  their  plant,  calcining  without  ad- 
ditional fuel  or  expense  rock  for  about  1,000 
barrels  of  Portland  cement  per  day.  The  smelt- 
ing furnaces  are  also  water-Jacketed,  and  the 
water  from  these  Jackets  at  about  the  boiling 
point,  with  very  slight  additional  heat,  sup- 
plies in  two  boilers  steam  for  their  engines  of 
300  horse-power."  The  details  of  the  manufac- 
turing process  are  so  simple  that  old  hands  in 
the  industry  will  be  disgusted  to  think  they 
never  hit  upon  them.  The  gases  from  the  smelt- 
ing furnaces  are  to  be  passed  in  a  flaming  con- 
dition into  the  calcining  furnace  where  the 
thousand  barrels  of  cement  clinker  a  day  are  to 
be  produced.  Thence  they  will  go  to  cooling 
and  settling  chambers  where  all  heavy  values 
will  settle,  and  Anally  pass  through  filter  bags 
which  will  catch  the  remaining  values  such  as 
white  lead  and  white  zinc.  The  utilization  of 
by-products  thus  brought  about  is  as  interest- 
ing as  the  schemes  that  were  to  make  the  Con- 
solidated Lake  Superior  Company  famous  for 
its  technical  achievements. 

It  might  be  mentioned  that  in  the  evolution 
of  this  project,  the  deposit  of  pure  Portland  ce- 
ment again  changed  its  character.  In  the  lat- 
est form  of  the  pro[>osition  the  land  is  said  to 
have  a  bed  "from  which  numerous  assays  aver- 
age 95  to  97  per  cent  carbonate  of  lime."  On 
another  property  of  the  company  the  remaining 
ingredient  of  cement  "is  found,  'the  very  best 
quality  of  fire  clay,"  although  it  is  to  be  regret- 
ted that  the  assay  of  this  material  is  not  also 
given.  Taken  all  in  all,  it  is  not  surprising  that 
the  promoters  "have  no  hesitation  in  recom- 
mending an  investment  in  the  stock  of  this 
company  as  a  flrst-class  speculation  and  one 
that  is  sure  to  bring  splendid  profits  in  the  near 
future."  There  is  a  trifling  ambiguity,  how- 
ever, in  the  mention  of  who  will  reap  the  splen- 
did profits. 


The  Pavements  of  Chicago. 

One  of  the  most  energetic  and  useful  organ- 
izations of  a  local  character  in  this  country  Is 
the  Commercial  Club  of  Chicago.  Although 
the  membership  is  limited  to  sixty,  it  includes 
the  names  of  most  of  the  leading  professional 
and  business  men  of  the  city,  who  have  formed 
this  club  for  the  purpose  of  discussing  the  great 
civic  problems  which  face  the  people  of  such 
a  new  and  large  community.  The  Chicago 
business  man  has  become  famous  for  ability 
and  shrewdness  largely  through  his  habit  of 
gathering  about  him  experts  able  to  give  advice 
of  value  in  every  field  In  which  he  has  inter- 
ests. The  same  plan  has  been  followed  by  this 
club  In  its  investigations  of  the  various  sub- 
jects It  has  considered.  Its  discussions  are 
based  on  the  evidence  given  by  men  of  experi- 
ence rather  than  the  ideas  evolved  from  the 
casual  observations  of  the  members.  An  ex- 
ample of  this  is  afforded  by  its  method  of  tak- 
ing up  the  subject  of  street  pavements,  a  topic 
which  certainly  merits  the  careful  attention  of 
every  taxpayer  in  Chicago. 

When  the  subject  was  brought  up  last  sum- 
mer. It  was  decided  to  have  a  complete  report 
on  the  conditions  of  the  streets  of  the  city  from 
a  disinterested  engineer.  Mr.  John  W.  Alvord, 
M.  Am.  Soc.  C.  E.,  was  accordingly  retained 
for  the  purpose.  He  visited  a  large  number  of 
cities  in  the  prosecution  of  bis  investigation, 
and  personally  examined  the  character  of  their 
traffic  and  its  effect  on  the  pavements.  All 
this  Information  was  then  used  as  a  basis  of 
comparison  with  the  conditions  in  Chicago,  as 


shown  by  a  careful  census  of  travel  on  its  lead- 
ing streets  and  an  examination  of  the  char- 
acter of  the  pavements.  It  has  rarely  hap- 
pened that  such  a  comprehensive  study  of  pav- 
ing conditions  has  been  undertaken  under 
equally  favorable  conditions,  and  the  results 
are  correspondingly  valuable.  This  Is  particu- 
larly so  because  Mr.  Alvord  has  presented  them 
in  a  manner  free  from  technicalities  yet  with- 
out any  sacrifice  of  accuracy.  Unlike  many 
documents  of  an  engineering  nature,  his  re- 
port does  not  require  an  engineering  education 
to  understand  it,  and  in  many  respects  It  is 
the  most  satisfactory  explanation  of  the  pur- 
.  poses,  cost  and  character  of  pavements  that 
has  been  prepared  for  general  readers.  It  is 
also  a  piece  of  work  characteristic  of  the  broad- 
minded  manner  in  which  this  club  is  striving 
to  serve  the  best  interests  of,  the  great  city 
where  Its  members  live. 

It  is  to  be  hoped  that  the  club  will  see  its 
way  clear  to  publishing  the  report  in  pamphlet 
form  for  distribution  among  those  taxpayers 
who  desire  information  concerning  the  manner 
in  which  public  works  should  be  conducted.  It 
sometimes  appears  as  though  such  unofficial 
missionary  work  had  no  direct  result,  but  an 
analysis  of  facts  rarely  fails  to  reveal  the  im- 
portance of  these  efforts.  The  valuable  work 
of  the  tenement  house  commission  of  New 
York  would  not  now  be  possible  but  for  the 
time  and  money  spent  years  ago  by  private 
citizens  in  calling  into  existence  a  general  in- 
terest in  the  conditions  of  life  in  the  crowded 
parts  of  the  city.  In  the  same  way  the  public 
baths  of  New  York  owe  their  present  prosper- 
ous state  to  private  Incentive.  The  visible  re- 
sults of  to-day  are  due  to  the  almost  forgotten 
pioneer  labors  of  public  spirited  men.  In  the 
same  way,  the  distribution  of  such  a  report  as 
that  prepared  by  Mr.  Alvord  will  awaken  an  in- 
terest in  good  pavements  through  the  knowl- 
edge It  will  afford,  and  It  will  not  be  until  this 
knowledge  Is  possessed  by  the  leading  people 
of  Chicago  that  the  paving  problem  will  be  ma- 
terially improved. 

The  reason  for  this  is  not  far  to  seek.  Al- 
though the  money  spent  in  street  pavements  in 
this  country  Is  probably  second  in  Importance 
and  amount  only  to  that  expended  for  railways, 
there  are  few  works  In  which  the  returns  are 
so  unsatisfactory.  While  the  railway  manager 
can  tell  to  several  decimal  places  the  cost  of 
moving  freight  and  passengers  over  his  lines, 
very  few  public  officials  can  make  even  a  fairly 
good  guess  at  the  cost  of  handling  the  vastly 
greater  traffic  on  city  streets.  The  taxpayer  is 
allowed  too  much  latitude  in  deciding  upon  the 
character  of  pavement  to  be  laid  in  front  of 
his  property,  at  least  In  the  present  state  of  his 
information  on  the  subject.  He  believes  that 
there  is  very  little  technical  knowledge  needed 
for  paving  work  and  that  the  principles  in- 
volved are  so  elementary  that  anyone  can 
evolve  them  from  his  inner  consciousness.  As 
a  result  the  engineering  profession  is  not  al- 
lowed to  decide  the  broader  problems  of  such 
constnictlon  in  the  manner  they  should  be  set- 
tled, and  the  waste  of  money  which  results  is 
prodigious.  Probably  the  main  cause  of  the 
waste  is  the  selection  of  an  unsuitable  type  of 
pavement  In  the  first  place,  which  will  call  for 
large  expenditures  for  repairs  and  in  a  short 
period  for  entire  reconstruction.  Street  pave- 
ments are  not  durable  works  at  the  best,  and  at 
their  worst  they  are  evanescent  adornments  of 
a  neighborhood,  pleasing  for  a  few  days  and 
eyesores  for  the  remainder  of  their  existence. 
All  this  Is  explained  so  clearly  in  Mr.  Alvord's 
report  that  the  people  of  Chicago,  who  have 
been  struggling  for  years  with  the  paving  prob- 
lem, will  find  the  Information  of  direct  value  if 
the  club  win  only  make  it  generally  available. 


Report  of  the  Alloys  Research  Commit- 
tee of  the  Institution  of  Mechanical 
Engineers. 


The  sixth  report  of  the  Alloys  Research  Com- 
mittee of  the  Institution  of  Mechanical  Engi- 
neers, London,  deals  mainly  with  the  effects 
of  annealing  steel  containing  0.13  to  1.3  per 
cent,  of  carbon  and  manganese,  generally  less 
than  0.20  per  cent.  Tests  were  made  on  the 
bars,  first,  as  received;  second,  after  annealing 
for  half  an  hour  at  temperatures  of  620,  720, 
800,  900  and  1,100  degrees  centigrade;  third, 
after  soaking  for  twelve  hours  at  the  tempera- 
tures just  given;  fourth,  quenched  at  720,  800, 
900  and  1,200  degrees  centigrade  in  water,  and 
fifth,  quenched  In  oil  (a)  at  720  degrees,  (b) 
at  720,  870  and  1,000  degrees  and  reheated  to 
350  degrees,  (c)  at  800  and  900  degrees  and 
reheated  to  600  degrees.  The  methods  of  an- 
nealing and  of  recording  the  temperatures  are 
first  dealt  with;  then  the  preparation  of  the 
photomicrographs  is  considered,  whilst  the  ef- 
fects of  annealing  at  the  various  temperatures 
are  discussed  under  distinct  headings. 

The  series  of  steels  consisted  of  eight  mem- 
bers, containing  0.13,  0.18,  0.254,  0.468,  0.722, 
0.871,  0.947  and  1.306  per  cent,  of  carbon,  by 
chemical  analysis.  The  steels  as  received  from 
the  rolls  show  a  rise  in  the  breaking  strain 
from  thirty  tons  per  square  inch  at  0.13  per  cent, 
carbon  to  fifty-eight  tons  at  0.871  per  cent,  car- 
bon, with  a  slight  falling  off  in  the  case  of  the 
two  steels  containing  more  carbon.  The  re- 
duction of  area  falls  from  34.7  per  cent,  at  0.13 
per  cent,  carbon  to  3.4  per  cent,  at  0.722  per  cent, 
carbon,  followed  by  a  uniform  rise  to  8.5  per 
cent,  at  1.306  per  cent,  carbon.  The  elongation  in 
two  inches  shows  a  minimum  at  0.871  per  cent, 
carbon.  The  contraction  of  area  and  the  elon- 
gation are  extremely  low  for  all  the  bars,  due 
to  the  presence  of  some  sorbite  which  must 
have  resulted  from  rapid  cooling  near  the 
critical  point  Ar,.  On  annealing  at  620  de- 
grees centigrade  for  one-half  hour  but  little 
change  is  discovered  in  the  breaking  strain, 
a  maximum  being  found  at  0.871  per  cent,  car- 
bon as  before;  but  the  reduction  of  area  shows 
a  marked  change.  The  curve  indicates  a  fall 
from  62.85  per  cent,  at  0.18  per  cent,  carbon 
to  9  per  cent,  at  0.947  per  cent,  car- 
bon. In  other  words  the  increase  in  re- 
duction of  area  varies  inversely  with 
the  carbon  content,  the  change  having 
occurred  mainly  in  the  ferrite.  Hence  we  may 
judge  that  the  rolled  bars  had  been  worked 
after  some  of  the  ferrite  had  separated  out  and 
slip-planes  had  been  formed  in  them.  The  elon- 
gation shows  a  similar  change.  Annealing  at 
720  degrees  centigrade  for  one-half  hour  pro- 
duces a  lowering  of  the  breaking  strain  with  a 
great  increase  in  the  elongation  and  reduction 
of  area,  the  curve  for  the  latter  showing  a 
fall  from  73.26  per  cent,  at  0.13  per  cent,  car- 
bon to  40.4  per  cent,  at  0.871  per  cent,  carbon, 
whilst  the  elongation  in  two  inches  shows  a 
fall  from  44.5  per  cent,  at  0.13  per  cent,  car- 
bon to  20  per  cent,  at  0.871  per  cent,  carbon. 
The  above  changes  are  due  to  the  production 
of  coarser  pearlite  on  account  of  the  annealing 
above  Ac.  and  slow  cooling  past  Ai,.  The  co- 
herence of  the  cleavage  planes  of  the  ferrite 
has  been  more  complete  than  in  annealing  at 
620  degrees,  and  so  there  is  a  greater  elonga- 
tion and  reduction  of  area. 

Annealing  at  800  degrees  centigrade  for  a 
half  hour  produces  little  change  in  the  break- 
ing strain  up  to  0.468  per  cent,  carbon  from 
that  after  annealing  at  720  degrees,  but  the 
bars  containing  0.722  and  0.871  per  cent,  car- 
bon are  much  stronger.  The  breaking  strain 
reaches  a  maximum  at. 0.871  per  cent,  carbon. 
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■whilst  up  to  this  point  the  elongation  and  re- 
duction of  area  are  lower  than  in  the  bars 
annealed  at  720  degrees.  But  with  increase  in 
<arbon  they  both  increase.  Annealing  at  900 
degrees  for  half  an  hour  shows  that  the  break- 
ing strain,  the  elongation  and  the  reduction 
■of  area  are  practically  the  same  as  in  anneal- 
ing at  800  degrees,  up  to  0.871  per  cent,  car- 
bon. Beyond  this  point  there  is  a  decided  in- 
crease in  the  breaking  strain,  but  a  lowering 
of  the  elongation  and  reduction  of  area,  due 
to  the  partial  decomposition  of  cementite  set- 
ting free  amorphous  carbon  and  producing  a 
-saturated  steel.  Annealing  at  1,100  degrees 
centigrade  for  a  half  hour  produces  but  slight 
falling  off  in  the  breaking  strain  when  com- 
I)ared  with  those  bars  annealed  at  900  degrees. 
The  elongation  is  about  the  same,  whilst  the 
reduction  of  area  shows  a  falling  oft.  The 
photo-micrographs  show  that  the  three  high- 
carbon  steels  have  been  overheated  and  that 
more  or  less  cementite  has  been  decomposed 
•to  iron  and  amorphous  carbon. 

Since  great  stress  has  been  laid  on  the  time 
which  structural  steel  should  be  allowed  to 
soak,  the  series  was  soaked  at  different  tem- 
peratures for  twelve  hours  to  note  the  changes 
in  mechanical  properties  brought  about  by  this 
treatment.  Soaking-  for  twelve  hours  at  620  de- 
grees centigrade  produces  a  considerable  low- 
•ering  in  the  breaking  strain  when  compared 
with  the  original  bars,  and  also  a  lowering  when 
contrasted  with  those  bars  annealed  for  half 
.an  hour.  The  curve  shows  an  increase  from  26.8 
tons  per  square  inch  at  0.18  per  cent,  carbon  to 
45.25  tons  at  0.871  per  cent,  carbon,  and  a  slight 
increase  to  46.96  tons  at  1.306  per  cent,  carbon. 
The  elastic  limit  is  in  all  cases  less  in  the  soak- 
ed than  in  the  annealed  bars  and  the  elonga- 
tion and  reduction  of  area  are  also  less.  Soak- 
ing at  720  degrees  gives  the  same  breaking 
stresses  as  annealing  for  half  an  hour  up  to 
■0.722  per  cent,  carbon,  but  above  this  there  is 
■a,  falling  off  amounting  to  over  seventeen  tons 
in  the  case  of  the  steel  containing  1.306  per 
-cent,  carbon,  showing  that  prolonged  heating 
only  a  few  degrees  above  Ac,  causes  a  marked 
•decrease  in  strength.  The  reduction  of  area  is 
much  less  than  that  after  a  half  hour's  heat- 
ing, and  also  less  than  that  of  the  bars  soaked 
at  620  degrees,  except  in  the  two  high-carbon 
steels,  containing  1.306  per  cent,  carbon,  giving 
18  per  cent,  increase.  The  elongation  is  very 
similar. 

Soaking  at  900  degrees  for  twelve  hours  gives 
but  slightly  less  breaking  strain  than  annealing 
for  a  half  hour.  The  reduction  and  elongation 
are  about  the  same,  excepting  the  bars  that  con- 
tain 0.947  and  1.300  per  cent,  carbon.  The  lat- 
ter shows  a  marked  increase.  Soaking  at  1,200 
degrees  for  twelve  hours,  when  compared  with 
that  at  900  degrees,  shows  a  slightly  less  maxi- 
mum load  up  to  0.722  per  cent,  carbon,  but 
above  this  percentage  of  carbon,  there  is  a  great 
falling  off,  the  bar  containing  0.947  per  cent, 
■carbon  having  a  breaking  strain  of  only  twenty- 
four  tons.  Again  the  reduction  of  area  is 
slightly  less  up  to  0.722  per  cent,  carbon,  but 
shows  a  great  increase  above  this  point,  the 
0.947  per  cent,  carbon  bar  giving  a  reduction  of 
over  40  per  cent,  as  compared  with  the  900  de- 
gree soaked  bar  with  11  per  cent.  The  elonga- 
tion is  also  less  up  to  0.722  per  cent,  carbon,  but 
■very  much  greater  above  this  point,  due  to  the 
■decomposition  of  the  cementite  in  high-carbon 
■steels. 

The  report  next  deals  with  hardening,  and 
describes'  various  methods  used.  The  results 
obtained  by  quenchitg  in  water,  by  quenching 
In  oil.  by  quenching  in  oil  and  then  annealing 
are  given.  A  number  of  stress-strain  curves 
were  taken  autographically.  and  these  are  de- 
scribed, and  the  'yield  points"  discussed.     Fin- 


ally a  number  of  photo-micrographs  of  ther- 
mally and  mechanically  treated  steel  are  de- 
scribed. The  report  is  illustrated  by  thirty- 
nine  plates,  half  of  which  are  photo-micro- 
graphs which  are  so  arranged  that  the  effects 
of  each  kind  of  treatment  on  the  series  can  be 
seen  on  one  page,  there  being  eight  photographs 
to  a  page.  The  amount  of  work  covered  is  very 
great  and  can  only  be  appreciated  by  those  who 
know  the  percentage  of  experiments  in  re- 
search which  give  negative  results.  The  whole 
is  a  splendid  contribution  to  the  technical 
knowledge  of  steel  and  the  effects  of  heat  treat- 
ment. 


Notes  and  Comments. 


The  Lack  or  Perfect  Symmetry  in  many  of 
the  famous  cathedrals  and  temples  of  Europe 
has  been  a  subject  of  many  investigations  by 
Mr.  William  H.  Goodyear,  of  Brooklyn,  N.  Y. 
Ruskin  pointed  out'  the  aesthetic  meaning  of 
this  asymmetry  and  a  few  others  have  noticed 
it,  but  no  careful  study  was  made  until  Mr. 
Goodyear  undertook  the  work.  Some  years  ago 
he  pointed  out  the  presence  of  curvature  in 
the  horizontal  lines  of  famous  buildings,  and 
more  recently  he  has  established  the  divergence 
of  columns  and  the  presence  of  vertical  curva- 
ture. The  most  important  result  of  the  meas- 
urements seems  to  be  a  proof  that  from  the 
time  of  the  Greeks,  and  possibly  the  Egyptians, 
until  the  Renaissance  gradually  drove  out 
Gothic  architecture,  the  master  builders  of  the 
greatest  skill  were  accustomed  to  modify  the 
straight  lines  of  their  structures  by  various  de- 
vices to  improve  their  appearance  to  the  ob- 
server. It  is  the  failure  to  do  this  which  has 
produced  In  modern  building  a  sense  of  some- 
thing lacking,  according  to  Mr.  Goodyear. 


Municipal  Electric  Lighting  has  been  in- 
vestigated for  the  City  of  Minneapolis  by  Mr. 
P.  W.  Cappelen  and  his  results  are  not  encour- 
aging to  those  who  would  have  that  city  em- 
bark on  such  an  enterprise.  He  has  made  an 
analysis  of  the  cost  of  building  and  running 
a  lighting  plant,  in  which  allowances  arc  made 
for  interest  on  the  investment,  the  depreciation 
of  plant,  the  loss  of  taxes  paid  by  a  private 
company  engaged  in  similar  service,  Insurance 
and  the  like.  Assuming  that  there  Is  the  same 
standard  of  efficiency  in  management  as  marks 
similar  plants  under  private  control,  it  appears 
from  Mr.  Cappelen's  figures  that  the  service 
from  a  municipal  station  will  cost  just  six  per 
cent,  less  than  it  does  from  a  private  plant. 
This  result  is  in  pretty  fair  accord  with  what 
may  be  considered  the  facts  of  the  case  in  most 
large  cities.  Of  course  the  six  per  cent,  differ- 
ence can  be  readily  made  to  vanish  if  the  man- 
agement is  allowed  to  deteriorate,  which  it  too 
often  does  when  political  influence  as  well  as 
ability  is  needed  to  gain  a  position  on  the  force. 


■Water  Purification  at  'Vicksburg  is  the  sub- 
ject of  some  interesting  reports  to  the  'Vicks- 
burg 'Water  'Works  Co.,  by  Mr.  R.  E.  Milligan 
and  Dr.  R.  'W.  Jones.  The  water  is  pumped 
from  the  Mississippi  into  a  100xl5x8-foot  basin 
from  which  it  passes  Into  a  120xl00xl0-foot 
basin  and  then  into  another  50x100x12  feet. 
These  are  provided  with  baffles  and  in  them 
about  35  per  cent,  of  the  suspended  matter  Is 
removed.  Prom  the  third  basin  it  passes  to  the 
fourth  through  a  galvanized  iron  flume  in  which 
it  receives  first  a  dose  of  sulphate  of  iron  and 
then  one  of  lime,  about  1.12  grains  of  the  for- 
mer and  0.36  grains  of  the  latter  to  the  gal- 
lon. The  fourth  and  fifth  basins,  the  latter  45x 
100x14  feet  in  size,  serve  as  coagulating  basins 
from  which  the  water  passes  to  £t  series  of  New 
York  Continental  Jewell   Altera.     According  to 


the  reports,  the  filtered  water  has  no  trace  of 
Iron  sulphate  and  the  number  of  bacteria  is 
about  98.7  per  cent,  less  than  In  the  river  water. 
Mr.  Milligan  reported  that  the  number  of  bac- 
teria in  the  filtered  water  was  so  small  as  to 
classify  it  as  very  pure,  while  it  contained  leas 
iron  than  the  raw  water  and  turbidity  was  en- 
tirely removed. 


A  Ridiculous  Sewage  Disposal  Resolution 
has  recently  been  passed  by  the  State  Board  of 
Health  of  Minnesota.  It  prohibits  the  dis- 
charge of  sewage  from  any  city,  village  or 
other  municipality  into  any  well,  pond,  lake 
stream  or  river  unless  it  Is  "first  passed 
through  a  septic  tank  or  filter  bed  or  both 
tank  and  filter  bed,"  after  the  close  of  the  cur- 
rent year.  Any  violation  of  this  resolution  Is 
to  be  punished  by  a  fine  of  not  less  than  $50 
or  more  than  |100  for  each  day  the  sewage  is 
permitted  to  enter  a  water-course  in  an  un- 
treated condition.  The  resolution  is  so  com- 
pletely at  variance  with  sanitary  science  and 
engineering  principles  as  to  seem  like  the  work 
of  some  practical  joker,  bent  on  making  the 
Board  a  laughing  stock  in  the  eyes  of  all  people 
informed  on  the  subject.  Not  only  is  it  often- 
times wholly  unnecessary  to  purify  sewage  in 
any  way  before  turning  it  into  a  body  of  water, 
particularly  a  large  river,  but  when  it  requires 
purification  it  may  not  be  desirable  to  employ 
the  septic  tank  for  the  piirpose.  Intermittent 
filtration  has  advantages  that  the  Board  has  ap- 
parently never  heard  about;  in  fact,  the  Massa- 
chusetts State  Board  of  Health,  tke  organiza- 
tion which  all  others  acknowledge  to  be  the 
model  body  of  the  sort  in  the  country,  has  al- 
ways shown  a  strong  belief  in  the  eflicacy  of  in- 
termittent filtration,  even  for  conditions  where 
some  engineers  would  not  hesitate  to  adopt  the 
septic  tank.  The  resolution  of  the  Minnesota 
Board  is  so  manifestly  unjust  and  impractica- 
ble that  it  cannot  be  upheld  in  the  courts. 


The  Housatonic  River  Development  de- 
scribed in  this  and  the  preceding  issue  is  pre- 
sented under  the  authorship  of  Mr.  Walter 
Scott  Morton,  the  chief  engineer  of  the  work, 
through  whom  it  has  been  possible  to  give  a 
comprehensive  account  of  construction  methods 
as  well  as  a  discussion  of  design.  There  are, 
however,  a  number  of  points  not  referred  to  at 
length  by  him.  The  main  dam  has  a  decided 
bow  upstream  but  any  arch  action  which  may 
be  attributed  to  concrete  structures  of  this  for- 
mation was  ignored  and  instead  the  strength 
figured  as  though  the  dam  were  straight,  there- 
by Increasing  the  factor  of  safety  against  over- 
turning. For  the  cross-section  of  the  dam  the 
design  was  based  on  the  theories  laid  down 
by  Mr.  Edward  Wegmann,  with  the  apex  of 
the  formation  triangle  8  feet  above  the  crest 
of  the  dam  and  not  10  feet,  as  shown  in  the 
cross-section  cut  on  page  188,  last  week.  The 
weir  dam,  shown  also  on  that  page,  is  of  un- 
usual construction,  having  an  upstream  face  of 
rubble  masonry  backed  by  concrete  and  a  rock- 
fill  down-stream  part  with  an  ogee  face  protect- 
ed by  a  concrete  envelope.  According  to  Mr. 
Morton  its  cost  was  less  than  one-half  that  of  a 
concrete  or  masonry  dam.  As  regards  the 
canal,  the  sectional  area,  375  square  feet  for  the 
rock  cuts  and  450  square  feet  for  the  earth  sec- 
tions, was  computed  for  an  elevation  2  feet  be- 
low the  crest  of  the  dam,  allowing  the  pond  to 
be  lowered  2  feet  without  reducing  the  area 
below  the  established  figures.  The  flared  open- 
ings at  points  of  canal  entrance  and  discharge 
are  1.4  times  as  wide  as  the  standard  canal 
width,  the  distance  from  the  opening  to  the 
standard  canal  section  is  seven-tenths  of  the 
canal  width,  while  the  sides  are  arcs  of  circles 
with  a  radius  1  1/3  times  the  canal  width. 
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Description   and   History    of   the   Water 

Works  and  the  American  System  of 

Filtration  at  Trieste,  Austria. 

By  K.  A.  Gieseler,  C.  E. 


OeoffrapHical  and  Gfojogiatl. — The  middle  of 
tbe  three  terraces  forming  the  Karst  mountains, 
the  Triestine  Karst,  extends  from  the  valley 
of  the  River  Isonzo  in  the  northwest  to  the 
Gulf  of  Fiume  in  the  southwest,  including  an 
area  of  probably  600  or  700  square  miles,  with 
an  average  annual  rainfall  of  about  4S  inches. 
The  formation  consists  principally  of  limestone, 
and  underground  grottos,  caves  and  water-runs 
are  frequent.  Through  fissures  and  seams  and 
through  the  great  funnel-shaped  holes  (dollnes) 
peculiar  to  the  Karst,  the  precipitation  falling 
on  the  table-land  above  passes  into  the  interior 
and  gathers  into  smaller  and  larger  water 
courses,  which  constantly  continue  the  worlc  of 
erosion  and  destruction  of  the  yielding  materi- 
al, and  of  further  honeycombing  the  mountains. 
The  only  river  existing  on  the  table-land  of  the 
Triestine  Karst,  the  Reca,  malces  its  appear- 
ance at  the  foot  of  Mount  Lissac  and,  after  a 
course  of  21  miles,  vanishes  in  the  depths  of 
the  wonderful  cave  of  St.  Canzian.  It  is  by 
some  supposed  to  continue  thence  on  an  unex- 
plored underground  course  until  it  reappears 
not  far  from  Monfalcone  under  the  name  of 
Tlmavo  and,  after  a  short  run,  empties  into  the 
sea.  At  a  number  of  points  on  this  supposed 
underground  course,  which  is  marked  In  a  brok- 
en line  on  the  accompanying  map,  the  rush  of 
great  masses  of  subterranean  water  can  indeed 
be  beard,  but  all  attempts  to  demonstrate  by 
experiment  the  connection  between  the  Reca 
and  classical  Tlmavo  have  so  far  failed. 

From  the  City  of  Trieste  the  seashore  runs  in 
a  northwesterly  direction  for  about  12  miles, 
and  is  formed  by  the  rocky  slope  of  the  table- 
land of  the  Karst,  which  drops  down  to  the  sea 
from  a  height  varying  between  GOO  and  800  feet. 


sinks  below  the  sea  level  and  below  the  sup- 
posed underground  course  of  the  Reca.  The  con- 
ditions existing  here  are  illustrated  by  an  ideal 
section  on  the  line  BB.  From  the  higher  bed 
of  the  Reca,  the  surface  of  the  subsoil  water 
slopes  towards  the  sea,  its  motion  being,  of 
course,  in  the  same  direction,  and  as  the  con- 
fining sandstone  barrier  at  the  shore  does  not 
exist  at  this  point,  the  subsoil  flow  passes  out 
through  the  fissures  and  seams  of  the  limestone 
and    forms   the    Aurlsina"  springs. 

Such  is  probably  the  course  of  events  if  the 
above  mentioned  supposition  of  an  underground 
route  of  the  Reca  In  a  single  undivided  bed  is 


Historical. — In  1851  the  Austrian  Government 
commenced  the  construction  of  the  Karst  Rail- 
road, then  the  only  missing  link  in  the  rail- 
road connection  between  Trieste  and  Vienna. 
This  road,  on  leaving  Trieste,  ascends  to  thfr 
height  of  the  Karst  table-land,  along  the  above 
described  seashore  slope  of  the  mountains,  and 
therefore  passes  (at  a  considerable  altitude)  the 
site  of  the  Aurlsina  springs  below.  It  was  nat- 
ural that  these  springs  should  be  considered  in 
connection  with  the  water  supply  required  for 
the  railroad,  and  as  natural  that,  the  water- 
question  once  having  been  raised,  the  needs  of 
the  growing  city  in  this  respect  were  also  dis- 
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The  direction  of  the  stratification  here  is  from 
southeast  to  northwest  and  the  dip  Is  towards 
the  southwest  at  a  varying  angle,  sometimes  ap- 
proaching the  vertical.  At  the  foot  of  the  slope, 
the  limestone  is  separated  from  the  sea  by  a 
formation  of  impervious  sandstone,  which  pre- 
vents the'  fresh  water  moving  In  the  hollows  of 
the  Karst  from  passing  out  into  the  sea.  These 
conditions  are  illustrated  by  the  accompanying 
ideal  section  on  the  line  AA  near  the  city.  The 
surface  of  the  subsoil  water  slopes  from  the  im- 
passable sandstone  barrier  at  the  shore  down  to 
the  supposed  underground  bed  of  the  Reca,  and 
tbe  flow  Is,  of  course,  in  the  same  direction. 

At  one  point,  about  T'^  miles  from  the  city, 
the  sandstone  formation  for  a  short  distance 


the  correct  one.  But  in  view  of  the  absence  of 
any  proof  of  this,  the  possibility  exists  that  her 
waters,  after  having  entered  at  St.  Canzian  the 
honeycombed  interior  of  the  mountain,  divide 
themselves  into  a  number  of  minor  branches, 
and  if  this  is  the  ease,  then  one  of  these 
branches  probably  is  the  origin  of  the  Aurlsina 
springs.  In  these  springs,  we  see  the  unique 
spectacle  of  fresh  water  In  great  quantities 
flowing  from  the  foot  of  a  rocky  slope,  where 
it  dips  Into  the  sea,  many  of  the  springs  being 
actually  submarine.  On  account  of  the  natural 
flitratlon  it  undergoes,  the  water  is  of  an  excel- 
lent quality  during  the  greater  part  of  the  year, 
and  becomes  turbid  only  during  prolonged 
periods  of  heavy  rain. 


cussed.  The  outcome  of  the  deliberations  was  ' 
the  organization  at  Trieste  of  a  private  com- 
pany under  the  name  of  Aurlsina,  and  for  the 
purpose  of  utilizing  the  Aurlsina  springs  to  sup- 
ply water  to  the  railroad  and  to  the  city.  Ex- 
cellent water,  in  sufflelent  quantity  for  the  an- 
ticipated demand,  was  easily  obtained  by  sink- 
ing a  shaft  into  the  rock  at  the  shore,  a  pump- 
ing plant  was  erected  over  the  spring,  and  a  res- 
ervoir of  8,000  U.  S.  gallons  capacity  was  con- 
structed 450  feet  above  It,  on  the  hillside,  close 
to  the  railroad.  Into  this  reservoir  the  spring 
water  was  pumped,  and  thence  it  was  conducted 
to  the  city  by  gravity  through  a  12-inch  main 
laid  between  the  tracks  In  the  road-bed. 

In   1858  the  entire  railroad  from  Trieste  to 
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"Vienna  was  soi^  by  the  Government  to  the 
:Southern  Railroad  Company,  which  latter  also 
purchased  from  the  Aurisina  Company  the 
pumping  plant,  the  high  level  reservoir  and  the 
12-inch  main  leading  down  to  the  city,  thus 
leaving  the  water  company  in  possession  only  of 
its  system  of  pipes  in  Trieste.  The  railroad 
company  at  the  same  time  agreed  to  sell  to  the 
Aurisina,  at  a  stipulated  price,  all  water  over 
and  above  their  own  needs,  for  distribution  in 
the  city.  In  this  way  the  needs  of  the  latter 
"became  a  secondary  consideration,  dependent  on 
the  convenience  of  the  railroad  company,  whose 
Increasing  consumption  soon  caused  the  occur- 
rence of  instances  when  the  city  had  to  go  with- 
out water  for  days.     This  wretched  state  of  af- 


from  the  rock.  It  was  estimated  that  in  this 
way  a  minimum  daily  supply  of  about  5,000,000 
U.  S.  gallons  could  be  secured,  which  was  con- 
sidered sufficient  for  a  long  time  to  come.  It 
was  further  resolved  to  increase  the  entire  plant 
correspondingly,  by  the  erection  of  a  new  pump- 
ing station,  the  laying  of  a  new  20-inch  main  to 
the  city,  and  the  construction  of  a  reservoir  of 
800,000  U.  S.  gallons  capacity  at  an  elevation  of 
400  feet,  so  as  to  supply  the  higher  portions  of 
the  city's  suburbs. 

These  various  works  were  commenced  about 
1899,  and  some  of  the  accompanying  illustra- 
tions give  an  excellent  idea  of  the  progress  of  a 
very  interesting  part  of  them,  viz.:  the  con- 
struction of  the  collecting  basin  for  the  springs. 


templated  the  introduction  of  a  slow  sand  filter 
system,  were  about  to  be  carried  out,  when  the 
writer,  as  the  representative  of  the  Jewell  Ex- 
port Filter  Company,  approached  the  city  au- 
thorities and  the  water  company  with  a  view  of 
Inducing  them  to  adopt  the  American  rapid  sys- 
tem of  filtration  in  the  place  of  the  contemplat- 
ed slow  sand  system.  He  finally  succeeded  in 
convincing  the  authorities  of  the  desirability  of 
the  American  system,  and  in  negotiating  with 
them  a  contract  for  the  construction  of  a  new 
filter  plant  of  that  type.  The  leading  features 
of  this  filter  plant  were  embodied  in  the  writ- 
er's preliminary  sketches.  The  final  plans  for 
the  filter  plant  were  drawn  under  the  direction 
of  Mr.  Edmund  B.  Weston,  M.  Am.  Soc.  C.  E.. 


Trieste  Water  Supply:     Lower  Slope  of  Karst  Mountain  at  Aurisina  Spring;  Foot  of  Cliff,  before  Construction  of  Works,  in  Storm. 


fairs  lasted  for  twenty-three  years,  until  at  last, 
in  1881,  relief  was  procured  by  constructing  a 
collecting  basin  for  some  of  the  springs  running 
to  waste  into  the"sea,  and  thus  securing  a  steady 
daily  capacity  of  about  1,500,000  U.  S.  gallons. 
Very  soon  after  this,  in  1884,  the  city  supply 
was  further  secured  against  accident  by  the  con- 
struction of  a  distributing  reservoir  of  900,000 
U.  S.  gallons  capacity,  at  an  altitude  of  250  feet 
above  the  sea,  which  was  a  few  years  later  en- 
larged to  twice  its  original  size. 

The  Constant  growth  of  the  city  necessitating 
further  improvement,  it  was  finally  determined 
to  enclose  the  entire  stretch  of  shore  (about  900 
feet)  where  the  Impervious  sandstone  sinks 
cdeep  enough  to  allow  the  fresh  water  to  spring 


Roughly  described,  this  basin  simply  consists 
of  a  wall  about  900  feet  long,,  built  in  the  sea 
at  a  very  short  distance  from  the  shore  and 
parallel  to  it.  At  the  two  ends,  short  flank 
walls  were  built  to  the  shore,  so  that  a  long  rec- 
tangular basin  was  formed,  which  was  arched 
over  to  prevent  the  waves  from  beating  in.  The 
interior  space  is  thus  sealed  water-tight  against 
the  sea  and  affords  access  only  to  the  fresh 
water  springing  from  the  mountain  side,  which 
is  conducted  from  it  to  the  pump  wells  in  the 
engine  house. 

While  these  works  were  In  course  of  construc- 
tion, plans  were  worked  out  for  a  new  filter 
plant  to  take  the  place  of  the  existing  old  and 
obsolete  sponge  filters.    These  plans,  which  con- 


M.   Inst.   C.   E.,   consulting  engineer,  of  Provi- 
dence, R.  I. 

Description  of  the  Filter  Plant. — The  filter 
plant  is  located  about  7  miles  from  Trieste  on 
the  previously  described  seaward  mountain 
slope,  where  the  required  space  had  to  be  ob- 
tained by  blasting.  It  is  at  an  altitude  of  about 
460  feet  above  the  sea  and  principally  consists 
of  the  following  parts:  Three  settling  basins 
of  an  aggregate  capacity  of  475,000  U.  S.  gal- 
lons; the  filter  house  containing  six  low-type 
steel  gravity  filters  of  the  Jewell  design,  each 
having  a  filter-bed  17  feet  in  diameter;  the  clear 
water  reservoir  under  the  filter  house,  of  370,- 
000  U.  S.  gallons  capacity;  the  motor  and  pump 
room,    and    the    gravity    coagulant    apparatus 
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(sulphate    of    alumina).      The     rate    of     flow 
through  each  filter  is  kept  constant  by  a  Weston  . 
automatic  effluent  controller. 

The  raw  water  is  pumped  up  from  the  pump- 
ing station  into  the  settling  basins,  the  coagu- 
lant being  applied  by  grravity  immediately  be- 
fore these  basins  are  reached.  From  the  set- 
tling basins  the  raw 
water  enters  the  30-inch 
supply  pipe  in  the  ad- 
Joining  filter  house,  and 
thence  the  filters  them- 
aelTes.  After  having 
passed  through  these,  it 
is  discharged  into  the 
clear  water  reservoir 
underneath,  from  which 
it  flows  by  gravity 
through  a  20-inch  main 
to  the  two  distributing 
reservoirs  previously 
described. 

The  capacity  of  the 
plant  is  aboul^  4,000.000 
U.  S.  gallons  per  24 
hours,  at  a  rate  of  fil- 
tration of  about  127,- 
000,000  U.  S.  gallons  per 
acre  per  24  hours.  The 
filter  tanks  are  of  the 
Jewell  low  gravity  type 
and  are  made  of  steel; 
each  fllter-bed  contains 
about  40  tons  of  sand. 


the  effective  size  of  which  is  about  0.50  mm.,  and 
which  was  imported  from  the  United  States.  A 
10-inch  centrifugal  pump  delivering  about  2,000 
U.  S.  gallons  per  minute  is  used  forwashing;  this 
pump  and  the  agitator  used  for  stirring  the  fll- 
ter-bed during  the  process  of  washing  are  driven 
by  two  Otto  benzine  motors  of  30  horse-power 


Trieste  Water  Supply:     General  View  of  Works. 


each.  A  third  motor  and  a  second  pump  have- 
been  installed  as  a  reserve  in  case  of  accident. 
A  small  Otto  motor  of  6  horse-power  serves  for 
the  electric  plant  by  means  of  which  the  va- 
rious structures  are  illuminated.  The  height 
of  water  in  the  settling  tanks  and  in  the  clear 
water  reservoir  is  registered  by  floats  acting  on 
electric  connections. 
The  sulphate  of  alu- 
mina coagulant  is  stir- 
red by  an  air  com  pressor 
The  pumping  plant 
which  lifts  the  water 
collected  in  the  pre- 
viously described  col- 
lecting basin  up  to 
the  fllter  plant,  is 
shown  in  the  accom- 
panying illustrations. 
There  are  now  four 
horizontal  double  act- 
ing pumps,  each  cap- 
able of  lifting  about 
2,400,000  U.  S.  gallons 
per  day  to  the  required 
height  of  about  475 
feet.  The  accompany- 
ing general  view  indi- 
cates the  relative  posi- 
tions of  the  pumping 
station  and  collecting 
basin,  at  the  foot  of  the 
clifC  and  the  fllter  house 
and  the  railroad  above. 


Trieste  Water  Supply:     Construction  of  Collecting  Basin  at  Foot  of  Clifi;  Part  of  the  Aurisina  Pumping  Station. 
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Widening    the    Gauge    of    the    National 
Railroad  of  Mexico. 

By  J.  L.  Bothwell. 

The  standardizing  of  a  narrow-gauge  road 
is  always  full  of  certain  features  of  more  or 
less  Interest  to  engineers  and  tlie  public  at 
large,  and  while  the  work  recently  completed 
by  the  National  Railroad  Company  of  Mexico 
did  not  require  any  particular  features  in  con- 
struction,   still    it   possesses   some   points    that 


cules  Canyon.  A  new  tunnel  was  drilled 
through  the  mountain  here,  which  is  an  excel- 
lent piece  of  work,  notwithstanding  the  diifi- 
cult  work  required  to  complete  it.  The  line  here 
runs  through  a  magnificent  agricultural  coun- 
try and  the  advent  of  a  new  line  was  hailed 
with  delight  by  the  ranchmen  in  the  vicinity. 

Following  on  down  the  line,  we  come  to  the 
"Big  Pill,"  a  fill  built  on  a  curve  and  containing 
400,000  cubic  yards  of  earth,  which  is  one  of  the 
large   fills  of  the  continent.     The   Chone   Bar- 


Trieste  Water  Supply:     Filter  Bouse,  Subsidence  Basin  and  Clear  Water  Reservoir. 

ought  to  be  of  interest.  As  is  well  known,  this 
road  has  been  operated  as  a  narrow-gauge  road 
from  Laredo  to  the  City  of  Mexico,  and  has 
been  doing  an  enormous  business,  notwith- 
standing its  gauge;  but  it  was  decided  to 
change  the  gauge  so  as  to  allow  a  better  ex- 
change of  cars  at  the  border,  and  also  to  put 
it  on  a  par  with  Its  main  competitor.  After 
many  surveys  and  discussions,  and  after  other 
features  had  been  adopted,  work  was  ordered 
begun,  materials  purchased  and  everything 
done  to  facilitate  the  work,  no  attempt  being 
made,  however,  towards  breaking  a  record  for 
rapid  work. 

The  line  practically  followed  the  old  line  to 
San  Miguel  Canyon,  where  a  change  from  the 
original  line  was  made.  In  following  the  old 
narrow-guage  line,  there  were  cuts  and  embank- 
ments to  be  widened,  bridges  to  be  replaced  or 
strenghtened,  culverts  to  be  enlarged,  new  cul- 
verts to  be  put  in,  and  a  general  overhauling 
of  the  whole  way.  When  the  San  Miguel  Can- 
yon was  reached.  It  was  decided  to  straighten 
the  line  as  much  as  possible,  and  at  one  point. 
El  Codo,  or  the  Elbow,  it  was  decided  to  pierce 
the  mountain  with  a  tunnel  nearly  1,300  feet  in 
length,  making  it  the  longest  railroad  tunnel 
in  Mexico.  It  was  through  this  canyon  that  the 
line  was  considerably  shortened  and  several 
curves  eliminated. 

From  Gonzales,  a  station  on  the  old  line,  a 
new  line  was  surveyed  to  the  east  for  a  shorter 
and  better  line,  all  the  work  on  which  was 
entirely  new  and  contained  quite  a  number  of 
Interesting  features.  It  was  on  this  last  named 
line  that  the  principal  reduction  of  curves  and 
grades  took  place,  and  when  it  is  said  that  on  the 
old  line  the  maximum  grade  was  4  per  cent,  while 
on  the  new  line  It  is  1.50  per  cent.,  the  gain  will 
be  appreciated.  The  new  line  runs  parallel  to 
the  Mexican  Central  Railroad  through  the  Her- 


roads  go  through  the  Barrlentos  Hill  with  a 
double  tunnel.  This  tunnel  is  about  720  feet 
long  and  of  sufficient  height  and  width  for  two 
tracks.  The  walls  and  the  arch  to  a  height  of 
3  feet  above  the  spring  line  are  of  mass  con- 
crete, while  above  this  height  the  arch  is  of 
concrete  blocks  laid  in  cement  mortar.  Work 
was  prosecuted  day  and  night  on  this  tunnel, 
and  the  work  was  completed  five  days  before 
the  expiration  of  the  contract  time.  This  tun- 
nel is  a  fine  piece  of  work  and  reflects  great 
credit  upon  its  designer  and  builder. 

As  was  expected,  new  round-houses,  turn- 
tables, stations,  ware-houses,  coal-chutes  and 
several  interlocking  plants  where  the  road 
crosses  foreign  roads,  were  required.  The  pro- 
ject was  carried  out  successfully  and  with  little 
interference  with  the  traffic.  The  whole  work, 
requiring  the  boring  of  three  tunnels  and  the 
building  of  several  new  bridges  and  culverts 
was  executed  with  military  precision.  Con- 
necting yards  were  laid  with  three-rail  tracks, 
switches  etc.,  and  the  main  line  was  laid  with 
seventy-pound  rails  the  entire  distance.  This 
standardizing  of  the  National  Railroad,  to- 
gether with  the  shortening  of  its  distance,  has 
done  a  great  service  for  the  traveling  public, 
and  it  is  already  beginning  to  mak6  its  advan- 
tage felt.  This  new  line  was  completed  and  put 
into  operation  almost  before  the  public  were 
aware  of  it. 

The  standardizing  of  this  road  required  the 
purchasing  of  new  rolling  stock,  and  in  a  great 
many  instances  the  newer  rolling  stock  of  the 
narrow-gauge  system  was  converted  to  stan- 
dard-gauge system  and  is  doing  good  service. 
The  entire  work  is  now  being  gradually  brought 
up  to  the  standard  requirements,  and  when  it 
will  have  been  completed  this  road  will  have  no 
superior  in  the  Republic  as  to  road-bed,  rolling 
stock  and  general  efficiency. 


Trieste  Water  Supply:   Interior  of  Filter  Bouse. 


ranca  is  crossed  on  a  modern  steel  bridge  of 
220-foot  span,  177  feet  above  the  bottom  of  the 
barranca.  The  view  from  this  bridge  Is  grand. 
To  the  east  of  the  bridge  stands  a  high  wall 
of  rock  forming  a  dividing  point  of  two  streams 
of  water.  These  walls  are  nearly  160  feet  nigh 
and  are  of  a  pink  sandstone  of  various  shades. 
Leaving  the  Hercules  Canyon  and  coming  on 
down  the  line,  we  soon  meet  the  Central  Rail- 
road  again,   which    runs    parallel    until     both 


A  Si'ECi.4^L  Telephone  System  has  been  in- 
stalled between  the  Lansing  and  Detroit  plants 
of  the  Olds  Motor  Works,  as  the  ordinary  tele- 
phone service  proved  inadequate.  The  new  line 
renders  communication  between  the  plants, 
about  a  hundred  miles  apart,  as  easy  as  be- 
tween the  buildings  of  each  local  plant.  Spe- 
cial telegraph  lines  between  distant  plants  are- 
not  uncommon,  but  such  a  long-distance  tele- 
phone line  for  one  company  deserves  mention. 
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The  Baltimore  Fire. 


Shortly  before  11  o'clock  in  the  morning  of 
February  7,  a  fire  started  in  the  heart  of  Balll- 
inore,  which  raged  about  thirty  hours  and  con- 
sumed a  large  portion  of  the  banliing,  whole- 
sale and  warehouse  district  of  the  city,  in- 
volving a  direct  loss  of  property  estimated  at 
over  1100,000,000.  The  burned  district  was  com- 
paratively level  ground.  It  comprised  two  por- 
tions, one  about  a  quarter  of  a  mile  wide  from 
north  to  south  and  three-quarters  of  a  mile  long 
from  east  to  west,  embracing  the  banking  and 
office  buildings,  the  other  portion  a  triangle  of 
about  40  acres  south  of  this,  which  extended 
to  the  water  front  and  included  the  wharf  and 
warehouse  districts.  The  banlc  district  was 
built  in  solid  blocks  averaging  about  300x350 
feet,  separated  by  narrow  and  moderately  wide 
streets  at  right  angles  to  each  other. 

Very  few  of  the  buildings  were  more  than 
Ave  or  six  stories  high  and  nearly  all  had  brick 
walls.  Probably  80  per  cent,  had  wooden  floors 
and  roofs  and  perhaps  75  buildings  had  steel 
floor-beams  and  girders,  some  of  which  were 
supported  on  steel  or  cast-iron  columns,  and 
others  on  brick  walls  and  partitions.  Most  of 
the  exterior  walls  supported  the  outer  ends  of 
the  floor-beams  and  all  of  them  were  self-sus- 
taining. Very  few  of  these  buildings  made  any 
pretension  to  fireproof  protection  for  the  steel 
work.  In  only  a  very  small  percentage  of  the 
buildings  were  there  iron  shutters  to  protect 
some  of  the  windows,  but  they  were  rarely  pro- 
vided for  the  street  windows.  In  most  cases 
they  were  made  of  very  thin  sheet  metal,  which 
proved  inadequate  to  withstand  the  flames. 

There  were  scarcely  a  dozen  tall  buildings  of 
skeleton  steel  construction  with  flreproofed 
frames  in  the  district  One  of  them  was  sixteen 
stories  high  and  several  were  twelve  stories 
or  less.  In  many  cases  the  framework,  walls 
and  floors  of  these  buildings  have  endured  the 
Are  without  very  serious  Injury,  so  that  many 
of  them  can  be  repaired  or  need  be  only  partly 
torn  down.  The  other  buildings,  with  a  very 
few  remarkable  exceptions,  were  entirely  de- 
stroyed by  the  Are.  From  the  testimony  of  wit- 
nesses and  from  the  effects  observed,  it  seems 
that  the  intense  heat  of  the  Are  in  most  cases 
broke  the  windows  of  buildings  in  advance  of 
the  Aames  and  ignited  all  the  woodwork  and 
combustible  contents,  or  else  the  buildings  were 
set  on  Are  through  their  roofs  and  by  the  large 
blazing  embers  which  were  carried  to  great  dis- 
tances by  the  high  wind.  If  the  roofs  and  win- 
dows of  even  the  non-Areproof  buildings  had 
been  properly  protected  it  Is  believed  that  the 
Are  would  not  have  attained  unusual  propor- 
tions. These,  however,  are  the  very  points 
where  protection  was  lacking.  A  few  buildings 
were  saved  by  their  thick  iron  shutters  and  one, 
which  is  elsewhere  mentioned,  was  doubtless 
saved  by  water  curtains  over  the  windows.  In 
all  it  is  estimated  that  about  seventy  blocks,  in- 
cluding 1,500  buildings,  were  burned. 

A  high  wind  was  prevailing  auring  the  Are 
and  an  intense  heat  was  soon  developed  which 
produced  a  remarkably  complete  destruction  of 
all  combustible  portions  of  the  buildings  and 
their  contents,  so  that  surprisingly  little  char- 
red debris  is  seen  in  the  ruins,  which  consist 
principally  of  heaps  of  bricks,  broken  masonry 
and  cast-iron  fronts  and  columns  and  twisted 
steel  shapes.  The  Are  was  driven  by  the  wind 
for  eight  or  ten  hours  in  a  northeasterly  direc- 
tion to  the  northern  limits  of  the  burned  dis- 
trict, where  the  last  buildings  attacked  were 
the  tall  steel-cage  Equitable  and  Calvert  build- 
ings. Their  contents  were  entirely  consumed, 
but  they  suffered  comparatively  little  serious 
structural  injury  and  interposed  a  considerable 
barrier  to  the  spread  of  the  Aames.     Just  be- 


yond stood  the  massive  masonry  walls  of  the 
new  court-house,  the  post-office  and  the  city 
hall,  the  last  two  being  separated  from  them 
by  wide  streets.  This  circumstance  enabled  the 
Aremen  to  make  a  determined  stand  at  this 
point.  The  massive  public  buildings  resisted 
the  Are  and  escaped  with  practically  no  other 
injury  than  some  surface  damage  to  the  front 
of  the  court-house. 

About  the  time  that  the  Are  reached  this  point 
the  direction  of  the  wind  changed  from  south- 
west to  northwest.  This  together  with  the  con- 
ditions above  described,  prevented  the  further 
spread  of  the  Are  to  the  north,  but  swept  it  un- 
impeded to  the  water's  edge,  on  the  southeast- 
ern boundary  of  the  bank  district,  and  through 
the  wharf  district  as  far  as  the  little  stream 
called  Jones  Falls,  where  a  stubborn  tight  was 
made  with  a  large  number  of  engines.  The  Are 
was  kept  out  of  the  lumber-yard  district  except 
in  one  spot 

The  Are  early  gained  such  headway  that  the 
efforts  to  check  it  in  the  bank  district  were  al- 
most wholly  unsuccessful.  In  many  instances 
the  horses'  harnesses  and  the  firemen's  clothing 
caught  fire  and  drove  them  away  before  they 
could  get  the  engines  in  operation,  and  in  one 
case  the  engine  had  to  be  abandoned  entirely. 
Along  the  north  side  of  the  burned  district  ef- 
forts were  made  to  stop  the  conflagration  by 
destroying  unburned  buildings  by  dynamite. 
Holes  were  drilled  in  the  foundation  walls  and 
several  cartridges  were  fired  in  them  by  elec- 
tricity. In  some  cases  this  resulted  in  the  en- 
tire destruction  of  the  buildings,  and  in  others 
it  only  partially  demolished  them.  Most  of  these 
buildings  were  close  to  the  fire  when  dynamited 
and  at  best  their  destruction  cleared  only  nar- 
row spaces,  across  which  the  flames  swept  with- 
out any  apparent  hindrance.  It  was  generally 
considered  that  the  dynamite  as  employed  pro- 
duced no  good  effect  and  its  use  was  soon  dis- 
continued. 

A  large  number  of  fire  engines  from  Wash- 
ington, Philadelphia,  New  York,  Wilmington 
and  other  places  assisted  the  Baltimore  engines. 
The  police  force  was  reinforced  from  other 
cities  and  a  considerable  number  of  regular  sol- 
diers were  detailed  for  service  during  the  Are 
and  to  patrol  the  district  afterward.  Tempor- 
ary offices  for  many  of  the  companies  burned 
out  were  established  in  the  vicinity  of  the  de- 
stroyed buildings  and  business  was  resumed  to 
some  extent  as  soon  as  the  Are  was  extinguished. 

Water  Supply. — For  about  twenty  hours  all 
the  Baltimore  Are  engines,  which  together  used 
some  12,000  gallons  of  water  per  minute,  and 
an  equal  number  of  foreign  engines,  of  larger 
average  capacity,  played  streams  of  water  hav- 
ing an  aggregate  estimated  at  about  30,000  gal- 
lons per  minute.  During  this  time  Mr.  A.  M. 
Quick,  president  of  the  water  board  and  water 
engineer,  visited  every  engine  and  found  it 
abundantly  supplied  with  water  at  a  good  pres- 
sure. The  Baltimore  water  system  Is  divided 
into  high  service,  middle  service  and  low-ser- 
vice districts.  The  middle  service  district,  in 
which  the  Are  originated,  is  supplied  from  ele- 
vated reservoirs.  About  two  hours  after  the  fire 
commenced,  the  Mount  Royal  pump,  with  a  ca- 
pacity of  17,500,000  gallons  a  day,  was  connect- 
ed to  the  mains  of  the  system  and  supplemented 
the  reservoir  service.  When  the  fire  reached 
the  low-level  district,  the  by-pass  between  It  and 
the  middle  district  was  opened  and  the  pressure 
was  maintained  at  80  pounds  maximum.  Of  the 
water  not  furnished  from  the  pumping  station, 
the  supply  was  drawn  at  Arst  from  the  Druid 
Lake  reservoir  of  430,000,000  gallons  capacity. 
The  level  of  the  reservoir  did  not  begin  to  fall 
until  Monday,  when  it  dropped  0.4  foot,  equiva- 
lent to  6,000,000  gallons.  A  larger  amount  of 
water  was  drawn  from  the  low-service,  from  the 


265,000,000-gallon  Clifton  reservoir  and  the 
500,000,000-gallon  Montebello  reservoir,  about 
20,000,000  and  34,000,000  gallons  respectively,  as 
indicated  by  their  gauge  readings.  It  was  con- 
sidered fortunate  that  within  a  year  about  thir- 
ty of  the  old  single-nozzle  hydrants  had  been  re- 
placed by  improved  two-nozzle  hydrants,  which 
were  found  to  give  abundant  flow  during  the 
fire.  Within  two  years  all  mains  less  than  ti 
inches  in  diameter  had  been  removed  from  the 
burned  district,  and  all  the  larger  mains  were 
cross-connected  so  as  to  provide  excellent  dis- 
tribution and  complete  circulation  in  this  part 
of  the  city.  Other  very  decided  Improvements 
in  the  water  service  had  been  effected  since 
1896,  as  indicated  by  the  following  items  of  In- 
creased installation,  namely:  Mains  from  10  to 
48  inches  in  diameter,  increased  from  100  to  1G2 
miles;  storage  capacity  of  mains,  from  9,380,000 
to  14,544,000  gallons;  reservoir  capacity,  increas- 
ed by  271,000,000  gallons;  fire  hydrants,  from  1,- 
757  to  2,350;  area  in  which  pressure  was  less 
than  40  pounds  decreased  from  53.4  per  cent,  to 
13.8  per  cent.;  minimum  pressure  20.  It;  is  es- 
timated that  the  water'-department  will  sustain 
a  loss  of  about  $70,000  this  year  in  its  collec- 
tions from  the  burned  district.  This  is  the  only 
loss  or  injury   sustained  by  this  department. 

Ruins  and  Debris. — The  water  front  and  the 
other  boundaries  of  the  burned  district  are 
closely  patrolled  by  a  large  number  of  soldiers 
under  the  command  of  Adjutant-General  Clif- 
ford L.  Riggs,  and  very  few  passes  are  issued 
to  enter  the  district  except  for  the  contractors 
and  officials  at  work  on  the  ruins  and  debris. 
The  soldiers  are  divided  into  three  relays,  each 
being  on  duty  for  eight  hours  at  a  time;  part  of 
them  have  quarters  in  the  armories  and  part  of 
them  have  cooks  who  provide  their  meals  at 
open  camp-fires.  Most  of  the  few  buildings 
which  partly  escaped  destruction  are  closed  and 
strongly  guarded  by  private  watchmen  and 
police.  Orders  have  been  issued  that  no  safes 
shall  be  opened  in  the  burned  district,  but  own- 
ers are  permitted  to  remove  them  beyond  the 
limits.  Stringent  rules  were  necessary  to  guard 
the  millions  of  dollars  worth  of  valuables  in 
the  ruins  and  to  prevent  loss  of  life  from  falling 
ruins  and  from  explosions.  Many  buildings 
were  in  a  very  unstable  condition,  and  bricks, 
stones  and  even  safes  were  constantly  falling. 
It  was  impossible  in  many  cases  to  tell  whether 
a  building  could  be  entered  with  safety. 

Wrecking  parties  were  Immediately  organized 
to  systematically  raze  unstable  walls  and  pull 
down  iron-work  and  other  portions  of  the  build- 
ings. These  parties  included  ninety  U.  S.  engi- 
neer troops  equipped  with  ten  days'  rations  and 
having  a  ton  of  gun  cotton  and  other  explosives. 
The  dynamiters  were  in  charge  of  Mr.  R.  E. 
I.afCerty,  and  were  equipped  with  a  steel  maga- 
zine on  wheels,  which  contained  450  pounds  of 
dynamite  in  half-pound  cartridges.  This  was 
thawed  when  necessary  in  pails  of  water  heated 
at  a  bonfire,  and  the  cartridges  were  inserted 
under  the  foundations,  tamped  with  clay  and 
discharged  by  an  electric  battery. 

Immediately  after  the  fire  an  examination 
was  made  by  Mr.  Edward  B.  Preston,  building 
inspector,  who  marked  all  dangerous  walls  and 
buildings  and  was  followed  by  the  wreckers,  who 
overthrew  them.  In  some  cases  lines  were  shot 
over  walls  which  were  too  dangerous  to  be  ap- 
proached, and  several  steam  hoisting  engines 
were  used  to  pull  down  the  heavy  masonry  by 
the  means  of  steel  cables.  The  second,  third 
and  fourth  story  vaults  of  the  Consolidated  Gas 
Company  were  built  into  a  steel  shaft,  which 
alone  remained  standing  above  the  ruins  of  the 
building;  false-work  was  built  around  the  shaft 
to  give  access  to  the  vaults  so  that  their  con- 
tents could  be  removed,  which  was  done  in 
safety. 
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The  aggregate  length  of  the  streets  in  the 
burned  district  is  about  20  miles,  and  fully  two- 
thirds  of  their  area  was  filled  with  bricks  and 
other  debris,  frequently  reaching  a  depth  of  10 
feet.  It  was  not  at  first  attempted  to  remove 
this  material,  but  large  forces  of  men  were  em- 
ployed to  clear  it  out  of  the  streets  and  throw 
it  back  on  to  the  sites  of  the  buildings.  By 
this  method  about  7  miles  of  the  principal 
streets  were  cleared  by  the  evening  of  Febru- 
ary 13.  Preparations  were  then  being  made  to 
extend  the  tracks  of  the  Pennsylvania  and  of 
the  Baltimore  &  Ohio  railroads  through  the 
burned  districts  in  three  main  east  and  west 
lines,  as  shown  on  the  accompanying  map. 
From  these  main  lines  spurs  will  be  run 
as  needed  in  the  north  and  south  streets.  Along- 
side them  inclined  platforms  will  be  built.  The 
debris  will  be  excavated  with  pick  and  shovel 
and  removed  by  one-horse  dump  carts  of  45  cu- 
bic feet  capacity.  These  will  be  driven  on  to  the 
elevated  platforms  and  thence  deposited  on  plat- 
form and  gondola  cars.    The  debris  will  be  used 


the  railway  feeders,  street-lighting  mains  and 
telegraph  and  telephone  lines  were  in  the  sub- 
ways. Both  the  subways  and  the  wires  they 
contained  were  entirely  unharmed  and  have  not 
been  out  of  service  at  all.  The  fire-alarm  sys- 
tem had  its  mains  carried  through  the  sub- 
ways and  continued  in  operation  throughout  the 
fiercest  of  the  fire.  The  street  lights  were  also 
in  operation  until  their  poles  were  destroyed. 
The  distribution  branches  of  the  electric-light 
system  were  carried  on  poles  and  were  complete- 
ly destroyed.  The  wires  of  the  Maryland  Tele- 
phone Company  were  burned  off  at  the  build- 
ings, but  the  ends  of  the  mains  were  sealed  up 
as  soon  as  possible  at  the  conduits  and  the  cir- 
cuit remains  unbroken.  The  Chesapeake  &  Po- 
tomac Telephone  Company  used  a  block  system 
on  the  walls  of  buildings,  which  was,  of  course, 
burned  out.  The  offices  of  the  Western  Union 
and  the  Postal  Telegraph  companies  in  the  burn- 
ed district  had  separate  mains  leading  to  and 
from  each  outlet'.  These  two  mains  were  by- 
passed outside  the  oifices  so  as  to  cut  out  the  lat- 
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Map  of  thg  Burned  District  in  Baltimore. 


for  reclaiming  land  and  filling  along  the  water 
front,  or  will  be  dumped  on  barges  and  carried 
out  to  deep  water. 

The  work  is  entirely  done  by  white  laborers 
who  are  paid  fl.50  a  day  by  the  city,  or  by 
trained  gangs  of  trackmen  furnished  by  the 
railroad  companies,  who  are  paid  for  their  ser- 
vices by  the  city.  The  city  has  150  carts  and 
expects  to  secure  3?J0  or  400  more  and  employ 
a  total  forte  of  about  3,000  men,  who  will  be 
worked  in  three  successive  eight-hour  shifts. 

Electric  Service  and  Gas  Mains. — The  results 
of  this  fire  demonstrate  in  an  impressive  man- 
ner the  advantage  of  having  the  electric  wires 
underground.  In  the  business  section  of  Balti- 
more it 'was  required  by  law  that  all  electric 
poles  should  be  abolished  and  the  wires  laid  In 
the  subways,  recently  constructed  in  the  burned 
district.  Considerable  opposition  to  this  re- 
quirement had  been  manifested  by  some  par- 
ties, and  some  of  the  branch  wires  were  still 
carried  on  poles;  but  in  the  burned  district  all 


ter,  and  new  connections  were  maije  between  the 
main  thus  carried  past  the  old  office  and  those 
outside  the  burned  district,  so  that  opera- 
tions were  resumed  before  the  fire  was 
under  control. 

Power  for  the  different  street  car  lines  had 
originally  been  furnished  from  several  stations 
scattered  over  the  city.  Most  of  these  had  been 
shut  down  so  that  all  current  was  furnished 
from  the  old  and  new  power-houses  of  the 
United  Railways  &  Electric  Company.  This 
plant  included  a  total  installation  of  24,000 
horse-power,  but  machinery  of  about  12,000 
horse-power  was  disabled  by  the  burning  of  the 
old  part  of  the  station.  The  remaining  supply 
was  interrupted  by  the  destruction  of  the  ex- 
citer for  the  generators  in  the  new  power-house, 
where  none  of  the  machinery  was  In  any  de- 
gree injured,  the  exciter  itself  being  outside  of 
this  building.  A  250-horse-power  Westinghouse 
engine  and  dynamo  was  hastily  removed  from 
one  of  the  sub-stations    and    installed    in    the 


power-house  by  Mr.  Wallace  Stebblns,  and 
enough  power  was  then  furnished  from  the  un- 
injured plant  to  operate  most  of  the  electric 
cars  in  the  city  with  the  aid  of  some  additional 
power  from  such  of  the  old  stations  as  could 
be  again  put  into  service. 

Some  diflSculty  and  danger  were  experienced 
from  the  gas  mains,  which  were  broken  at  near- 
ly every  burned  building  and  thus  leaked  great 
quantities  of  gas.  This  collected  in  numerous 
places  and  caused  a  number  of  explosions,  none 
of  which,  however,  was  serious.  The  supply 
was  shut  off  as  rapidly  as  possible,  and  as  a 
further  precaution  all  of  the  pipes  and  man- 
holes in  the  burned  district  were  filled  with 
water. 

Proposed  Improvements. — The  officials  and 
citizens  have  not  been  slow  to  realize  that  the 
reconstruction  of  so  large  a  part  of  the  city 
affords  splendid  opportunity  for  making  radi- 
cal improvements  that  could  not  otherwise  have 
been  secured.  The  mayor  has  appointed  a  com- 
mittee of  citizens  to  take  preliminary  action  of 
an  advisory  nature  concerning  the  reconstruc- 
tion work.  The  functions  of  this  committee 
will  be: 

1.  To  collect  and  supply  authoritative  infor- 
mation concerning  the  financial  condition  and 
resources  of  Baltimore,  so  as  to  allay  needless 
anxiety  at  home  and  abroad. 

2.  To  suggest  such  public  measures  as  will 
enable  the  municipal  authorities  to  take  advan- 
tage of  present  conditions  in  the  improvement 
of  the  burned  district. 

3.  To  give  advice  to  property  owners  concern- 
ing the  reconstruction  of  their  destroyed  prop- 
erty. 

4.  To  offer  to  the  municipal  authorities  such 
suggestions  as  business  men  and  experts  may 
formulate  regarding  the  best  methods  of  han- 
dling the  many  questions  which  must  arise  in 
dealing  with  the  burned  district. 

5.  To  suggest  such  legislation  as  may  be  re- 
quired with  a  view  to  present  or  future  needs. 

6.  To  suggest  the  best  means  of  dealing  with 
the  problems  of  reduced  taxable  basis  and  In- 
creased municipal  expenditure  with  which  the 
city  is  now  confronted. 

At  this  writing  no  improvements  have  been 
decided  upon  in  regard  to  the  betterment  of  the 
streets,  although  it  has  been  considered  desir- 
able to  straighten  and  widen  a  number  of  the 
principal  thoroughfares  in  the  burnt  district 
and  extend  others  there  as  indicated  by  the  dot- 
ted lines  and  shaded  places  on  the  map.  These 
improvements  will  interfere  with  the  subways 
and  the  water  and  gas  mains,  but  not  materi- 
ally with  any  important  sewer  construction. 
They  may  be  accompanied  by  changes  in  street 
grades,  especially  at  the  bridges  over  Jones 
Falls.  Legislative  action  will  be  required  to  ac- 
complish these  improvements.  The  standing 
commission  for  opening  streets  already  exer- 
cises the  right  of  assessing  both  benefits  and 
damages,  and  as  these  often  prove  about  equal 
they  may  in  this  case  operate  to  prevent  very 
large  additional  expense. 

Biiildiny  Laws. — The  existing  building  laws 
are  considered  Inadequate  and  unsatisfactory 
and  will  probably  be  radically  modified  before 
the  new  construction  is  permitted.  At  present 
all  permits  for  new  buildings  are  withheld  until 
decisions  are  reached  concerning  the  changes 
in  streets  and  modifications  of  the  laws.  The 
latter  refer  chieffy  to  dimensions,  strength,  ma- 
terials, etc.,  and  have  but  very  few  specific  ref- 
erences to  fireproofing,  the  principal  require- 
ments being  that  buildings  over  100  feet  high 
shall  be  flreproofed  throughout;  that  stores  and 
warehouses  more  than  two  stories  high  must 
have  fireproof  shutters  on  all  openings  not  on  a 
street;  that  all  outside  walls  shall  be  built  of 
stone,  brick,  iron  or  other  non-combustible  ma- 
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Calvert  Street,  Looking  North,  Showing  Ruined  Buildings. 

In  background.   Maryland  Trust  at  left:  Continental   Trust   at   right,   with   cast 
iron  frame  of  fonr-story   bulldlns   In   front  of  It. 


Hopkins   Place   Savings  Bank. 

Marble   front    resisted   Are    well.      All    the    adjacent    buildings    were    completely 
destroyed,   as  clearly   shown   In   the   picture. 


Main  Hall  in  Second   Story  of  Equitable   Building. 

Sltowing  expanded  metal  celling  furring,  uninjured   cast-Iron    columns    and   piles 
of  fallen   safes   In   basement. 


Corridor    in    Continental    Trust    Building. 

Showing    tloor    arch    tiles,    beams   and    girders    still    in    place. 
ceilings  were   damaged  more. 


Ki'W    If    any    tile 


The  Chamber  of  Commerce. 
Wooden  roof  bamed;  tteel  fnmlnf  of  floors  1a  gpod  condltloa. 


The  National  Bank  of  Commerce. 
Concrete  root  and  floor*  qnlnjared,  althougb  a  brick  wall  fell  on  root. 
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Granite   Columns   Formerly  Two  Feet   Square,  in  Third  Story   of  U.   S.      Union  Trust   Building,   Stone   Work  Injured,  Fireproofing  and   Floors 
Appraisers'  Warehouse.  Good  Condition. 


The  Commercial  and  Farmers'  National  Bank. 
Stwet   floof    bankiag   room   preserved  from  Inlury  by  concrete  floor  above. 


Four-Story  Commercial  and  Farmers'  National  Bank. 
Wooden  root  and  two  upper  floors  were  completely  destroyed. 
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terial  and  that  the  roof  sheathing  shall  not  exr 
tend  across  the  front,  rear,  side,  end  or  division 
walls.  The  building  inspector  has  fol*  four 
jreara  endeavored  to  secure  the  revision  of  these 
laws  and  now  hopes  to  have  them  modified  so 
as  to  eliminate  all  wooden  frames  and  sash  in 
steel  buildings;  to  limit  the  heights  of  all  build- 
ings to  eight  15-foot  stories;  to  require  all  plans 
to  be  filed  and  approved,  and  to  require  some 
form  of  efficient  window  protection  like  rolling 
steel  shades  or  wire  glass.  Electrical  distrib- 
uting lines  should  not  be  run,  in  his  opinion, 
from  house  to  house  through  the  cellars.  Pro- 
vision will  probably  also  be  made  for  satisfac- 
tory fireproof  construction  and  the  equipment 
of  buildings  with  fire  apparatus.  At  present  the 
department  maintains  eleven  inspectors,  but 
this  number  is  considered  entirely  inadequate 
and  will  probably  be  increased.  The  require- 
ments for  dimensions  of  walls  should  be  modi- 
fied and  provision  made  for  curtain  walls.  It 
is  proposed  to  establish  in  this  department  ex- 
tensive municipal  experimental  physical  and 
chemical  laboratories  for  the  investigation  of 
materials  by  the  department  and  by  builders 
and  contractors 

Condition  of  BuildinffS. — The  sixteen-story 
Continental  Trust  Company's  building  was  fin- 
ished in  1903  at  a  cost  of  about  $1,000,000,  D. 
H.  Burnbam  A  Company  being  the  architects 
and  Charles  McCall  the  contractor.  It  is  much 
the  tallest  building  in  the  burned  district  and 
has  a  steel  framework  carrying  the  walls  at 
every  story.  The  floors  are  flat  hollow  tile 
arches  and  the  partitions  are  built  of  4-inch 
hollow  tiles.  The  columns  are  flreproofed  with 
flat  tiles.  The  outer  walls  are  of  brick  with 
special  face  brick  not  bonded  to  them^ut  se- 
cured by  metal  anchors.  The  cast-iron  mul- 
lions  of  the  light  court  windows  have  T-shape 
cross-sections  and  are  bolted  at  the  top  and  bot- 
tom to  the  wall  girders  and  spandrel  beams.  The 
building  was  subjected  to  fierce  driving  flames 
which  broke  the  windows,  deposited  large 
quantities  of  live  coals  in  the  tenth  story,  burn- 
ed its  contents  and  wrecked  all  the  rooms.  All 
woodwork,  window  sashes,  etc.,  were  complete- 
ly consumed  even  to  the  nailing  strips  bedded  in 
the  concrete  floors,  which  were  also  observed  to 
be  wholly  burned  in  several  other  buildings  of 
similar  construction.  Some  steel  and  brick 
vaults  became  so  hot  that  although  themselves 
Intact  their  contents  were  destroyed.  The  safe 
deposit  vaults  in  the  basement  and  their  con- 
tents were  uninjured;  their  time  locks  were 
rewound  by  the  automatic  attachment  and  duly 
opened  after  the  fire  was  over.  The  floors, 
main  walls,  and  most  of  the  partitions  and  col- 
umn fireprooflng  endured  well.  The  flerce 
flames  appeared  to  have  been  driven  through 
the  cohidors  more  violently  than  elsewhere  and 
there  the  plaster  was  mostly  destroyed,  much  of 
the  under  surface  of  the  floor  tiles  was  broken 
off  and  the  marble  wainscot  was  shattered.  The 
light  ornamental  work  around  the  elevator 
fronts  was  destroyed  and  the  cast-iron  stairs 
and  their  marble  treads  were  completely  wreck- 
ed. The  tiles  protecting  the  lower  flanges  of 
the  floor-beams  were  secured  with  steel  straps 
as  well  as  by  keying  Into  the  arch  tiles  and 
were  well  kept  in  place.  The  stone  and  terra 
cotta  mulUons  and  lintels  were  much  broken 
and  the  cast-iron  mullions  In  the  light  court 
buckled  and  bowed  badly.  The  spandrel  beams 
there  were  apparently  exposed  to  the  flame  when 
the  window  heads  were  burned  and  many  of 
them  buckled  out,  carrying  the  curtain  walls 
which  tipped  out  several  Inches.  The  frame- 
work of  the  court  walls  Is  In  bad  condition  and 
win  probably  have  to  be  rebuilt  Much  of  the 
face  brick  on  the  outer  walls  came  off  In  large 
patches. 

The  Interior  fireprooflng   was    efficient,    the 


floors  are  sound  and  did  not  even  break  under 
any  of  the  safes  and  the  main  structural  work 
appears  to  be  in  good  condition.  The  owners 
of  the  building  publish  the  following  letter 
from  Mr.  D.  H.  Burnham:  "I  have  minutely 
examined  the  steel  structure  of  your  building 
on  the  comer  of  Baltimore  and  Calvert  streets, 
from  the  basement  to  the  roof,  and  find  the 
same  intact  and  as  good  as  the  day  it  was  put 
up.  This  applies  to  the  supporting  columns,  the 
girders  and  joists.  A  few  of  the  apron  beams 
between  the  soflJts  of  the  windows  of  one  story 
and  the  sills  of  windows  above  in  tne  court 
must  come  out,  as  they  are  warped.  These, 
however,  have  nothing  to  do  with  the  main 
structure,  as  they  only  carry  said  aprons,  and 
they  can  be  taken  out  story  by  story  without 
reference  to  any  other  part.  The  structural 
j)art  of  the  floors  of  the  building  are  unaffected, 
and  need  no  renewals.  I  advise  you  to  at  once 
proceed  to  repair  this  building." 

The  eleven-story  Equitable  building  was  buUt 
in  1891  from  the  plans  of  Messrs.  Carson  and 
Sperry,  associate  architects,  by  Norcross 
Brothers,  of  Worcester,  Mass.  It  had  brick 
walls,  cast-iron  columns  and  9-inch  floor-beams 
of  8  feet  maximum  span  which  were  designed  to 
support  Guastavino  arches,  but  afterwards  the 
floor  was  built  of  fi-ineh  hollow  tile  seKmental 


The  Maryland  Trust   Company's  Building. 


arches,  carrying  wooden  platforms  and  not  filled 
in  over  the  haunches.  The  columns  were  flre- 
proofed with  terra  cotta  tiles  and  the  partitions 
were  made  with  3-lnch  hollow  blocks  of  lime- 
ateal  about  2  feet  square.  There  is  a  light  court 
about  20  feet  wide  and  60  feet  long  on  the  west 
side  of  the  building  and  at  the  inner  end  of 
It  there  is  a  large  cast-iron  projecting  bay  in 
every  story  containing  the  cast-iron  stairs  with 
slate  treads. 

The  flames,  intensified  by  the  burning  of  an 
adjacent  wooden  building,  were  driven  into  the 
court  and  entered  the  building  through  the  un- 
protected windows.  The  wooden  sash  and  floors 
and  all  combustible  trim  and  contents  were  con- 
sumed, but  the  cast-iron  framing  of  the  bay  and 
the  stairs  and  all  but  the  largest  slabs  of  their 
treads  were  uninjured.  The  elevator  fronts 
were  not  badly  damaged,  but  the  partitions 
were  most  of  them  destroyed,  and  the  floor 
arches  were  broken  through  in  many  places  and 
many  of  the  beams  were  bent  and  injured. 

The  offices  were  originally  15x20  feet,  but 
many  of  them  had  been  divided  by  wooden  par- 
titions In  the  middle  and  there  were  a  large 
number  of  safes  In  the  building  which.  It  Is 
said,  were  required  to  be  seated  on  wooden  plat- 
forms a  few  Inches  high.    Many  of  these  safes 


broke  through  the  floors,  probably  the  more 
easily  on  account  of  the  Impact  when  they  set- 
tled down  from  these  supports  and  through  the 
spaces  over  the  haunches  of  the  arches.  The 
falling  sates  carried  away  sections  of  all  the 
floors  below  them  to  the  basement  where  dozens 
of  them  were  found  piled  up  in  heaps.  Prob- 
ably most  of  the  holes  through  the  floor  arches 
were  made  in  this  way. 

A  few  of  the  columns  in  the  upper  stories 
are  damaged,  but  most  of  the  main  framework 
is  in  good  condition  and  can  readily  be  repaired. 
The  outside  walls,  although  subjected  to  great 
heat  that  blistered  and  in  some  cases  spawled 
off  the  surfaces  of  the  bricks,  are  in  very  good 
condition  and  are  plumb  and  straight,  including 
the  cornice.  The  walls  of  a  20x50-foot  interior 
light  shaft  were  faced  with  glazed  brick  which 
was  badly  cracked  and  chipped,  and  about  8 
per  cent,  fell  off,  exposing  the  red  brick  behind. 
The  furniture  and  carpet  in  one  office  room 
escaped  injury  and  the  safe  deposit  vaults  and 
contents  were  uninjured  and  its  time  lock  was 
not  stopped.  Mr.  Orlando  Norcross  examined 
the  building,  estimated  the  damage,  and  stated 
that  it  could  probably  be  repaired  with  a  re- 
newal of  a  very  few  beams  and  columns  and 
by  refinishlng  the  Interior,  without  rebuilding 
the  walls  or  a  large  part  of  the  floor  arches, 
probably  cleaning  the 
faces  of  the  walls  with 
a  sand  blast. 

The  twelve-story  Cal- 
vert building  was  built 
in  1901  at  a  cost  of 
about  11,000,000  from 
the  plans  of  Mr.  J.  E. 
Sperry,  by  the  George 
A.  Fuller  Company, 
Messrs.  Purdy  &  Hen- 
derson being  the  struc- 
tural engineers.  It  is 
about  92x135  feet  with 
a  32x60-foot  light  court 
on  the  east  side.  The 
riveted  steel  columns 
have  closed  rectangu- 
lar sections  and  have 
riveted  connections  to 
15-inch  floor-beams  of 
24  feet  span  about  7 
feet  apart.  The  brick 
and  terra  cotta  walls 
are  carried  on  15-inch 
channels  bracketed  out 
from  the  faces  of  the  columns  at  every  story. 
The  floors  are  of  flat  hollow  tile  arches  and  the 
columns  are  flreproofed  with  hollow  tiles.  The 
cast-iron  mullions  and  the  angle  iron  lintels 
over  the  windows  were  free  to  expand  and  have 
not  bulged  or  buckled. 

From  the  roof  of  a  neighboring  high  build- 
ing the  flames  were  seen  to  enter  simultaneous- 
ly through  many  windows  of  one  side  and  al- 
most Immediately  burst  out  of  the  windows  on 
the  opposite  side  of  the  building.  The  wood- 
work and  combustible  contents  of  the  building 
were  consumed  and  some  of  the  fireprooflng  was 
detached,  but  very  little  damage  was  done  to 
the  structural  steel,  the  floors,  the  walls  or  most 
of  the  partitions;  the  structure  as  a  whole  en- 
during remarkably  well.  One  of  the  columns 
was  exposed  and  softened  near  the  middle  al- 
lowing all  four  tides  to  buckle  outwards  sev- 
eral inches  and  shortening  It  so  much  that  It 
produced  a  settlement  of  several  Inches  In  the 
roof  and  upper  floors.  Another  column  was 
slightly  Injured  and  the  pipes  carried  under 
the  column  flreprooflng  were  exposed  in  places. 
The  cast-iron  stairway  against  the  outer  wall 
and  Its  slate  treads  were  uninjured  and  the 
ornamental  work  on  the  structural  steel  frame- 
work of  the  elevator  shaft  was  not  much  In- 
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jured,  although  the  heat  was  great  enough  to 
melt  the  glass  bulbs  on  the  gauges.  The  marble 
wainscot  in  the  corridors  and  stairways  was 
badly  broken  and  the  thin  large  flat  tiles  in  the 
corridor  floors  were  very  much  warped  and 
buckled. 

Although  the  fire  was  worst  in  the  upper 
stories  the  steel  lath  and  plaster  ceiling  which 
was  suspended  from  the  roof  was  intact  and  the 
roof  itself  was  entirely  uninjured  except  for 
the  settlement  above  the  injured  column.  The 
wall  girders  were  protected  by  brickwork  be- 
tween their  lower  flanges  and  the  tops  of  the 
window  lintels  and  were  uninjured  when  the 
window  frames  burned  out.  The  double  pitched 
Sx42-foot  skylight  over  the  elevator  well  was 
glazed  with  wire  glass.  It  was  supported  on 
short  wooden  columns  and  when  these  burned 
out  the  whole  skylight  dropped  about  2  feet 
to  the  top  of  the  brick  wall,  but  remained  prac- 
tically uninjured.  The  outer  walls  were  unin- 
jured but  the  large  blocks  of  terra  cotta  in  the 
upper  stories  of  the  walls  of  the  30x60-foot  light 
court  on  the  east  side  of  the  building  were  bad- 
ly cracked  and  broken. 

The  six-story  Baltimore  &  Ohio  Building  had 
outer   walls  faced    with   granite   on   the   lower 


pin-constructed  roof  trusses  of  70  or  80-foot 
span,  which  collapsed  and  fell  with  the  slate 
roof,  pulling  down  a  portion. of  one  side  wall. 
Some  injury  was,  of  course,  sustained  by  the 
machinery,  but  at  the  time  of  this  writing  it 
was  not  apparent  whether  it  had  been  serious- 
ly damaged. 

The  building  for  the  alternating-current  plant 
was  made  thoroughly  fireproof  with  brick 
walls,  steel  and  slate  roof,  copper-covered 
window  sashes,  doors  and  trim,  and  wire  glass. 
It  resisted  the  flames  and  preserved  the  con- 
tents of  the  building  from  all  injury,  so  that 
the  service  sustained  an  interruption  of  only 
about  28  hours.  The  boiler  plant  described  in 
The  Engineering  Record  of  November  2,  1901, 
and  February  1,  1902,  was  uninjured  and  the 
exterior  walls  were  damaged  only  by  the  spawl- 
ing  of  the  stone  work. 

One  of  the  most  interesting  buildings  in  the 
burned  district  is  the  United  States  Appraisers 
■Stores  No.  1,  which  was  built  by  day  labor  in 
1835.  It  is  a  four-story  structure  about  60  feet 
wide  and  90  feet  long,  with  brick  walls  3  feet 
thick  at  the  bottom,  and  20  Inches  thick  at  the 
top.  They  are  pierced  with  small  windows 
having    heavy    wrought-iron    sash    and    small 


Granite  Facing  of  Baltimore  and  Ohio  Building. 

story  and  of  brick  above.  These  were  exposed 
to  intense  heat  and  the  granite  was  destroyed 
in  many  places  by  chipping  and  spawling, 
which  wasted  away  the  outer  surface  to  a 
depth  of  6  inches  in  some  cases.  The  stone 
peeled  off  in  thin  sheets  and  flakes,  sometimes 
as  much  as  2  feet  long,  6  inches  wide  and  only 
M  inch  thick.  The  brick  withstood  the  fire 
much  better,  although  damaged  in  places. 

The  power  house  of  the  United  Railways  & 
Electric  Company  occupied  most  of  the  space 
between  two  slips  on  the  water  front  and  con- 
sisted of  three  brick  buildings  with  steel  and 
slate  roofs.  The  section  nearest  the  shore  was 
the  old  power  house  in  which  was  installed  the 
old  12,000  horse-power  direct-current  plant. 
The  second  or  middle  section  contained  the 
boiler  plant  and  the  third  or  river  section  was 
a  new  building,  in  which  is  installed  four  2,000- 
kilowatt,  13,200-volt,  three-phase,  flywheel-type 
•  alternating-current  generators.  The  buildings 
were  surrounded  by  fire  on  three  sides,  part  of 
it  from  large  plies  of  lumber  only  a  short  dis- 
tance away.  The  flames  entered  the  windows 
of  the  old  power  plant  and  burned  the  sashes, 
trim  and  the  wooden  ceiling  under  the  light 


Continental  and  Mercantile  Trust  Buildings. 

panes  of  thick  glass  protected  by  wrought-iron 
shutters  %-inch  thick  with  %-inch  frames. 
The  shutters  are  on  the  outsldes  of  the  win- 
dows in  the  lower  story  and  inside  in  the  up- 
per stories.  All  floors  and  roofs  are  of  solid 
brick  semi-circular  groined  arches  of  about  12- 
foot  span.  They  are  18  inches  thick  at  the 
crown  and  filled  up  level  with  solid  masonry 
over  the  haunches.  They  are  supported  on 
columns  2  feet  square,  which,  in  the  lower 
stories,  are  made  of  granite  slabs  and  in  the 
upper  story  of  brickwork.  In  the  middle  of  the 
building  there  is  a  circular  stone  stairway  and 
two  wells,  one  of  which  was  used  for  a 
steam  elevator  and  the  other  was  closed  by 
hatchways  at  the  different  fioors.  Over  the 
wells  and  stairway  there  is  a  copper  monitor 
roof  with  unprotected  glass  elere-story  sides. 

The  adjacent  buildings  contained  a  great 
deal  of  liquor,  the  fierce  flames  from 
which  burst  through  the  monitor  windows 
and  descended  through  the  hatchways  to 
the  third  story  without  igniting  the  very 
combustible  goods  stored  in  the  fourth 
story.  A  quantity  of  high  wines  and  proof 
whiskey  In  the  third  story  was  set  on  fire  and 


about  $20,000  damage  done  to  them  without 
burning  more  liquor  stored  in  other  portions  of 
the  same  room.  The  heat  caused  the  granite 
columns  to  crack  and  spawl,  as  shown  in  the 
engraving.  Six  of  them  were  very  much  re- 
duced in  section,  and  two  more  which  are  not 
visible  in  the  illustration  were  entirely  de- 
stroyed, so  as  to  collapse  altogether  and  af- 
ford no  support  to  the  floor  above.  In  these 
cases  the  masonry  developed  sufllcient  strength 
to  carry  the  double  spans  of  the  unsupported 
arches  without  cracking  or  any  indication  of 
injury,  except  a  settlement  which  caused  one 
of  the  brick  piers  In  the  fourth  story  to  crack 
entirely  across  in  a  horizontal  plane  leaving  a 
space  through  which  daylight  could  be  seen 
between  the  upper  and  lower  parts.  This  was 
absolutely  all  of  the  structural  damage  done 
to  the  building,  and  It  will  be  repaired  at  a 
cost  of  about  $2,000,  including  the  repairs  to 
the  monitor.  The  latter  was  made  of  copper 
nearly  ^4  inch  thick,  which  was  not  much  dam- 
aged and  only  needs  straightening  and  re-glaz- 
ing. The  elevator  machinery  was  injured  and 
the  small  annex  to  the  building  was  burned, 
causing  $2,000  or  $3,000  additional  damage. 
Mr.  W.  S.  Blair,  superintendent  of  the  building, 
intended  to  remain  in  it  throughout  the  fire, 
but  was  driven  away  at  4  o'clock  in  the  morn- 
ing by  the  increasing  density  of  the  smoke. 
The  building  and  its  contents  were  entirely  un- 
injured except  as  above  described,  and  it  is 
remarkable  that  the  window  glass  which  was 
exposed  to  intense  heat  outside  of  the  upper 
iron  shutters  was  not  broken. 

The  Mercantile  Trust  Building  is  two  stories 
high  with  thick  walls  and  a  steep  slate  roof. 
It  stood  next  to  the  Continental  Trust  Building, 
and  was  evidently  protected  by  it  as  it  was 
one  of  the  very  few  buildings  saved  in  the 
burned  district  and  was  reported  to  be  struct- 
urally uninjured.  The  wire  glass  skylight  was 
broken  by  debris  from  the  Continental  Trust 
Building  and  admitted  sparks  which  burned 
some  of  the  interior,  but  the  damage  was  so 
slight  that  the  building  was  ready  for  oc- 
cupancy again  in  a  few  days.  Another  curious 
example  was  that  of  a  three-story  frame  build- 
ing adjacent  to  the  Hurst  Building,  where  the 
flre  originated,  which  escaped  although  the  fire 
extended  soriie  distance  beyond  it  against  the 
wind. 

The  Farmers  &  Merchants  National  Bank 
was  a  six-story  structure  with  brick  and  stone 
walls  and  riveted  steel  floor-girders  supporting 
wooden  beams,  floors  and  roofs.  The  Interior 
and  contents  were  entirely  consumed,  leaving 
the  girders  in  position  badly  warped  and  twist- 
ed and  most  of  the  walls  standing. 

The  six-story  Herald  Building,  of  which  Mr. 
J.  B.  Sperry  was  the  architect  and  Mr.  John 
Hills  the  builder,  had  brick  and  terra  cotta 
walls,  hollow  tile  flat  arches  and  limeateal  hol- 
low block  partitions.  The  contents  of  the 
building  and  the  interior  trim  were  burned,  but 
the  walls  are  in  good  condition  and  the  floors 
sustained  the  safes  and  were  not  much  in- 
jured. 

The  Bell  Telephone  Building  and  the  Mer- 
chants' National  Bank  had  hollow  tile  floor 
arches  and  flreprooflng  which  are  in  excellent 
condition. 

The  Mechanics  Bank,  Messrs.  Baldwin  & 
Pennington,  architects,  and  Mr.  John  Waters, 
contractor,  had  steel  beams  and  rowlock  brick 
floor  arches  reported  as  entirely  uninjured  by 
the  flre,  which  is  said  to  have  injured  the 
exposed  steel  work  but  little. 

The  unfinished  United  States  Custom  House 
has  heavy  granite  walls  which  were  built  up  to 
about  the  middle  of  the  second  story.  These 
were  injured  only  by  the  flames  from  small 
quantities  of  combustible  material  near  them 
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and  br  the  burning  of  the  wooden  protections 
for  the  finished  angles,  which,  in  many  cases, 
caused  them  to  spawl  and  break  seriously.  The 
steel  work  was  somewhat  injured  in  one  place 
br  the  burning  of  an  adjacent  contractor's  tool 
shed. 

The  twelve-story  Maryland  Trust  Company's 
Building  cost  about  $500,000  and  was  com- 
pleted in  1900.  Messrs.  Baldwin  &  Pennington 
were  the  architects.  Purdy  &  Henderson  the 
consulting  engineers,  and  the  George  A.  Ful- 
ler Company  the  contractor.  It  has  a  steel 
framework  and  brick  and  terra  cotta  walls, 
with  hollow  tile  flat  floor  arches  and  3-inch  tile 
partitions.  The  walls  on  the  three  street  sides 
are  self-supporting  but  do  not  carry  floor  loads. 
The  fourth  exterior  wall  is  supported  by  its 
columns.  The  outer  walls  were  apparently  un- 
injured except  by  the  cracking  and  spawling  of 
the  stone  work.  The  partitions  and  the  under 
sides  of  the  floor  arches  were  damaged  ai^d  the 
granolithic  floor  surface  was  heaved  and 
cracked  in  the  corridors.  The  upper  story  was 
used  for  the  storage  of  great  quantities  of  books 
and  papers  which  produced  a  layer  of  ashes  3 
feet  deep.  One  of  the  columns  here  became  ex- 
posed and  was  so  much  softened  that  It  bent 
double  on  itself  into  a  complete  S-shape.  It 
did  not  fall,  but,  of  course  allowed  the  roof 
above  it  to  settle  a  considerable  distance.  The 
building  is  reported  not  to  have  received  seri- 
ous structural  damage  and  to  be  in  condition 
to  be  easily  repaired  and  reflnished  inside. 

The  eleven-story  Union  Trust  building  cost 
about  1500,000  and  was  built  in  1898.  Messrs. 
Winslow  &  Wetherall  were  the  architects,  Purdy 
t  Henderson  the  consulting  engineers,  and  the 
George  A.  Fuller  Construction  Company  the  con- 
tractor. It  had  steel  Z-bar  columns  and  12-inch 
floor-beams  5V.!  feet  apart  supporting  hollow 
tile  flat  floor  arches  covered  with  concrete.  The 
partitions  were  built  of  hollow  tiles  and  the 
side  walls  of  brick.  The  woodwork  and  con- 
tents were  consumed  and  the  stonework  in  the 
fronts  was  badly  spawled  and  checked  so  as  to 
need  considerable  replacing.  Otherwise  the 
walls  and  the  floors  are  in  excellent  condition. 
The  steel  framework  is  intact  throughout  and 
most  of  the  fireproofing  is  in  good  condition. 
The  cast-iron  and  marble  stairs  in  the  center 
well,  which  were  exposed  on  three  sides,  are 
practically  uninjured  and  it  is  reported  that  the 
building  can  easily  be  repaired. 

The  National  Bank  of  Commerce,  Messrs. 
Baldwin  A  Pennington,  architects,  and  J.  J. 
Walsh  t  Sons,  contractors,  is  three  stories  high 
with  the  main  banking  room  extending  through 
the  whole  height  of  the  building.  The  roof  and 
main  floor  and  the  floors  of  the  two  galleries  on 
each  side  of  the  banking  room  are  of  Roebling 
construction  cinder  concrete.  Flames  entered 
through  the  windows  and  destroyed  most  of  the 
interior  trim  and  contents  of  the  building  and 
developed  heat  sufllcient  to  melt  silver,  brass  and 
other  metals,  but  did  not  cause  any  perceptible 
damage  to  the  roof  or  floors,  which  appeared  to 
be  intact  and  in  many  places  have  the  plaster 
still  adhering  to  them.  The  walls  of  an  adja- 
cent building  fell  on  the  roof  and  covered  it 
deeply  with  heavy  debris  without  causing  any 
apparent  damage  other  than  a  slight  deflection. 

The  Commercial  ft  Farmers  National  Bank, 
Messrs.  Wyatt  ft  Nolting,  architects,  and  John 
Cowan,  contractor,  was  four  stories  high  with 
the  roof  and  two  upper  floors  of  wooden  con- 
struction with  wire  lath  and  plaster  partitions. 
The  ground  and  first  floors  were  of  Roebling 
construction  cinder-concrete  arches.  The  three 
upper  stories  were  burned  and  all  the  debris, 
including  a  safe  in 'the  fourth  story,  fell  on  to 
the  first  story  fioor  without  breaking  through 
It  or  cracking  It.  The  first  story  was  occupied 
by  a  banking  room  which,  with  -its  contents,  was 


entirely  uninjured.  The  windows  of  the  bank 
opened  on  a  narrow  alley  with  a  high  blank 
wall  on  the  opposite  side. 

The  Roebling  Construction  Company  reports 
that  its  system  of  cinder-concrete  arches  was 
also  used  for  the  floors  of  the  one-story  Ham- 
bleton  Bank  and  the  one-story  National  Union 
Bank  and  endured  the  fire  and  heavy  impact 
from  falling  walls  without  sustaining  any  in- 
jury in  one  case  and  but  little  in  the  other  case. 

In  the  block  bounded  by  Grant,  Mercer  and 
Sherman  streets,  an  old-fashioned,  four-story 
building  had  a  cast-iron  front  and  floors  of  re- 
inforced concrete.  The  floor  concrete  was  ex- 
tended to  enclose  the  girders,  and  to  it  was 
attached  a  plaster  ceiling.  The  roof  and  con- 
tents of  the  building  were  entirely  consumed, 
but  the  floor  and  the  flreproofed  I-beams  and 
columns  were  intact.  Part  of  the  brick  side 
walls  had  fallen  out  and  the  cast-iron  front 
had  tipped  slightly  forward  so  as  to  be  sep- 
arated from  the  side  walls  about  6  inches  at 
the  top,  this  being  due  to  lack  of  anchorage  to 
the  main  part  of  the  building,  the  front  itself 
being  apparently  uninjured. 

In  another  case  in  Baltimore  Street  the  riv- 
eted steel  fronts  of  some  buildings  became  de- 
tached from  the  b\iildings  and  revolved  out- 
wards into  the  street,  obstructing  the  street  but 


An  Account  of  the  Baltimore  Fire,  with 
Some  General  Deductions. 

By    II.    U.    liusli,    .Manager    Itultimure    llrldgc    Co. 

It  will  take  many  weeks  to  learn  the  lessons 
of  the  Baltimore  fire,  and  much  writing  of  many 
men  to  present  them.  Many  leading  engineers 
and  builders  are  now  in  Baltimore  trying  to 
learn  these  lessons.  The  cause  of  the  fire  is 
still  in  doubt.  A  large  wholesale  dry-goods  es- 
tablishment began  burning  a  little  after  10 
a.  m.  Sunday,  February  7.  It  does  not  yet  seem 
clear  whether  the  building  was  fitted  with  auto- 
matic sprinklers.  Some  little  time  after  the 
fire  started  there  was  a  terrific  explosion,  felt 
and  heard  all  over  the  city,  for  miles  from  the 
burning  building.  Probably  an  official  investi- 
gation will  be  needed  to  determine  whether  the 
explosion  came  from  gasolene,  but  it  is  well 
known  that  gasolene  engines  were  used  for 
light  and  power  purposes  in  other  buildings  in 
the  heart  of  the  city.  This  explosion  scattered 
the  fire  into  adjoining  buildings.  It  is  freely 
stated  that  such  dynamiting  of  buildings  as  was 
done  was  done  too  late.  In  some  instances 
burning  buildings  were  dynamited  and  windows 
in  adjoining  buildings  broken  by  the  explosions, 
so  that  the  fire  was  driven  through  the  open- 
ings. 


Pratt  Street   Power  House,   United   Railways  &   Electric  Company. 
Old   portion   in  forcKiounil.   new   portion  In  background. 


still  remaining  fastened  together.  In  these 
cases  there  was  no  evidence  of  anchorage  be- 
tween the  front  and  side  walls,  and  the  falling 
was  thus  evidently  due  to  a  fault  of  construc- 
tion rather  than  to  the  severity  of  the  fire  or  to 
the  crippling  of  the  steel  work  Itself. 


The  Rotai.  Victobia  Hospital  at  Belfast 
which  accommodates  300  patients  and  a  large 
staff,  cost,  as  stated  at  a  recent  meeting  of  th* 
Royal  Institute  of  British  Architects,  about  $1,- 
500  per  patient's  bed,  including  all  engineering 
requirements  and  a  steam  laundry.  Some  703,- 
000  cubic  feet  are  ventilated  on  the  plenum  sys- 
tem with  velocities  in  the  main  duct  of  7  and 
10.85  feet  per  second,  corresponding  to  7  and 
10  changes  per  hour  respectively.  There  are 
two  110-inch  propeller  fans,  which  may  be  used 
together,  and  these  are  mounted  on  the  same 
shaft,  which  is  provided  with  clutch  couplings 
and  may  be  driven  from  either  one  or  both  of 
two  9  X  16-inch  steam  engines.  One  unit  is 
planned  sufllcient  to  change  the  air  throughout 
the  hospital  seven  times  an  hour,  with  an  ex- 
penditure of  1.07  indicated  horse-power  per 
1,000,000  cubic  feet  of  air  per  hour. 


Various  wild' statements  have  appeared  in  the 
daily  press  about  this  fire.  One  of  these  was 
about  the  rapidity  with  which  the  Are  spread. 
As  a  matter  of  fact,  the  Baltimore  fire  went  a 
less  distance  in  twenty-four  than  the  Ottawa 
flre  in  four  hours.  The  Baltimore  fire  was  al- 
ways orderly,  jumping  but  once  beyond  its 
bounds — from  the  Continental  Trust  building 
to  the  Maryland  Institute — and  behaved  exact- 
ly as  should  have  been  expected.  But  lor  the 
preceding  twenty-four  hours  of  soaking  rain 
the  results  would  have  been  far  different.  The 
map  on  page  213  shows  the  burned  district;  two 
arrows  indicate  the  two  directions  of  the  wind, 
during  Sunday,  until  about  9  p.  m.,  from  the 
southwest,  after  that  from  the  northwest.  As 
the  fire  increased  in  volume  the  air  became  full 
of  sparks  and  fiylng  embers.  Even  sheets  of 
roofing  tin  were  carried  several  blocks  in  ad- 
vance of  the  fire  before  they  fell.  The  writer 
saw  one  ember  a  foot  long  fall  on  the  sloping 
surface  of  a  mansard  roof,  just  under  a  wooden 
window  sill  on  a  small  building  in  Calvert 
street.  This  was  watched  by  a  helpless  crowd 
of  people  while  it  burned  for  several  minutes. 
It   went  out   without   doing  harm.     If  the  flre 
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had  occurred  after  a  dry  spell  many  small  fires 
would  have  been  started  in  advance  of  the 
main  fire,  approximately  along  the  line  of  Gay 
street.  Then  when  the  wind  turned  there  might 
easily  have  been  a  fire  half  a  mile  or  more  wide, 
to  sweep  down  across  Canton,  or  southeastern 
Baltimore,  and  add  the  horror  of  thousands  of 
homeless  and  destitute  people.  This  good  luck 
of  Baltimore  should  not  be  lost  sight  of  in  other 
large  cities  where  the  conditions  that  prevailed 
here  still  exist.  The  Baltimore  fire  started  and 
progressed  through  the  most  substantial  por- 
tion of  the  city.  There  were  no  wooden  build- 
ings here,  and  the  fire  did  not  reach  the  vicinity 
of  the  lumber  yards  until  after  there  was 
enough  fire  apparatus  here  to  hold  it  in  check. 
The  creek  called  Jones'  Falls  not  only  proved 
a  barrier  to  the  spreading  of  the  fire  towards 
the  east,  but  was  a  useful  reservoir  from  which 
the  fire  engines  could  draw  unlimited  water. 
The  buildings  attacked  may  be  divided  into 


massive  masonry  construction,  but  its  small 
windows  were  unprotected,  except  by  the  super- 
human efforts  of  the  firemen,  who  kept  a  num- 
ber of  streams  of  water  playing  from  these 
windows  against  the  Law  Building,  Class  I., 
opposite.  The  effect  of  the  fire  on  the  stone 
work  near  the  top  of  the  Court  House  is  shown 
in  one  of  the  views.  The  windows  of  this 
building  are  an  excellent  example  of  how  to 
leave  a  supposedly  fire-proof  preserver  of  rec- 
ords so  as  to  invite  destruction  from  without. 
Returning  to  consider  briefly  the  buildings  in 
Class  II.,  it  is  unnecessary  to  contradict  the 
statement  in  a  dally  paper  that  they  burned  like 
papier  mache.  The  wooden  trim  of  the  windows 
burned,  the  glass  fell  out  or  in,  and  the  fire 
found  the  equivalent  of  a  cord  or  two  of  kind- 
ling wood  in  each  room  in  furniture,  floors, 
doors  and  closets.  These  all  burned  in  quick, 
hot,  clean  fires,  in  some  cases  not  even  discol- 
oring the  ceilings.    Many  thin  partitions  of  tile 


Buildings  Opposite  O'Neill's  Store. 


Interior  of  Safe  Deposit  &  Trust  Company's  Building. 
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Safe  Deposit  &  Trust  Company's  Building,  in  Center. 
Adjacent    buildings    were    destroyed   ag    Indicated.      ItuiD.s   of   cast- 
iron    fronts    In    foreground. 


Court    House   and   Law    Building. 

Shows    chipping    of    granite    at    top    of 
Court    House. 


three  classes.  Class  I. — Old-fashioned  buildings 
of  moderate  height,  with  brick,  stone  or  cast- 
iron  outer  walls,  interiorly  constructed  in  ac- 
cordance with  the  rules  of  "combustible  archi- 
tecture," and  filled  with  inflammable  contents. 
Buildings  of  this  class  were  all  destroyed. 
Class  II. — Modern  oflice  buildings,  heretofore 
miscalled  "fire-proof."  None  of  these  was  de- 
stroyed, but  not  one  of  them  preserved  its  con- 
tents. In  some  of  them  even  the  fire-proof 
vaults  next  to  partition  walls  were  burned  out. 
Class  III. — Buildings  that  remained  proof 
against  the  flre.  There  are  only  three  in  this 
class,  as  follows,  in  the  order  in  which  they 
were  attacked:  O'NeiU's  dry-goods  store,  the 
Court  House  and  the  bank  building  of  the  Safe 
Deposit  and  Trust  Company.  Of  these  the 
Court  House  need  not  be  considered;   It  is  of 


or  expanded  metal  and  plaster  were  destroyed, 
but  main  floors  were  little  injured.  The  prob- 
lem in  these  buildings  is  fire-proof  windows,  and 
the  solution  seems  to  be  metal  frames  and  sash, 
wire-glass  and  inside  steel  shutters. 

In  Class  I.  the  only  safeguard  seems  to  be  fire- 
proof shutters  on  all  sides,  street  side  as  well  as 
rear,  and  all  the  larger  buildings  should  be  pro- 
vided with  automatic  sprinklers.  Both  these 
provisions  should  be  compulsory  for  the  general 
good. 

The  writer  wishes  to  speak  particularly  of 
Class  III.  On  the  rising  grade  of  Charles 
street,  at  the  southwest  corner  of  Lexington,  di- 
rectly in  the  path  of  the  flre  some  hours  before 
the  wind  turned,  stood,  and  still  stands,  O'NeiU's 
dry-goods  store.  This  building  is  at  the  apex 
of  the  flre,  everything  having  been  burned  up 


to  it.  It  will  be  seen  that  a  blank  flre  wall 
offered  the  greatest  resistance;  nevertheless, 
the  windows  in  the  rear,  or  west  side,  caught 
the  force  of  the  flre  diagonally.  There  are 
ruined  buildings  almost  under  these  windows. 
Two  small  burned  buildings  opposite  on  the 
east  or  Charles  street  side  are  shown  in  one  of 
the  illustrations,  and  also  the  Union  Trust 
building,  Class  II.,  which  was  entirely  burned 
out.  The  tin  roof  of  the  O'Neill  building 
was  burned  through  in  places,  and  flre  in  the 
front  cornice  started  the  sprinklers  under  the 
roof,  doing  some  slight  damage  to  the  stock. 
The  wood  staves  of  the  big  tank  on  the  south- 
west side  are  badly  charred,  and  yet  this  build- 
ing did  not  burn.  If  it  had  burned,  the  Fidelity 
building.  Class  IL,  opposite  it  in  Lexington 
street,  would  have  burned,  and  the  flre  would 
have  started  on  its  way  up  Charles  street, 
after  which,  when  the  wind  turned,  the  Court 
House  aiia  back  of  It  the  Post  Ofilce,  would  have 
been  attacked  on  two  sides,  and  both  would 
probably  have  been  gutted.  Baltimore  there- 
fore owes  much  to  O'Neill's  building.  Why 
did  a  dry-goods  store,  with  apparently  shutter- 
less  windows,  protect  this  portion  of  the  city? 
Because  each  window  had  a  water  curtain. 
Across  the  top  of  each  window,  outside  of  the 
building,  is  a  pipe  with  a  flat  nozzle  in  the 
center,  the  thin  stream  from  which  spreads 
out  and  completely  covers  the  window  with  a 
film  of  running  water,  the 'pressure  being  sup- 
plied from  the  tank  on  the  roof.  The  apparatus, 
including  the  sprinklers  inside,  was  installed 
only  three  weeks  before  the  flre.  The  water 
was  turned  into  these  pipes  about  5.30  p.  m. 
and  kept  on  as  long  as  necessary. 

The  Safe  Deposit  and  Trust  building,  100 
feet  square  and  about  60  feet  high,  stood  in 
the  path  of  the  hottest  fire.  It  is  true  there 
were  narrow  streets  front  and  back  of  it,  and  an 
alley  8  feet  wide  each  side.  Nevertheless,  other 
smaller  and  less  exposed  buildings  were  gutted 
by  the  fire.  The  offlcials  of  the  Safe  Deposit 
and  Trust  Company  went  into  their  building 
Monday  morning  and  found  one  desk  burned. 
The  decorators  had  been  working  on  the  gallery 
and  it  is  believed  some  spilled  paint  there 
caught  fire  from  the  intense  heat  and  dropping 
to  the  president's  desk  below,  set  flre  to 
it.  This  building  was  preserved  by  the  inner 
steel  shutters,  made  of  about  ^-inch  plate,  stiff- 
ened with  a  narrow  frame  of  the  same  thick- 
ness. The  slight  warping  of  these  shutters  in 
wo  windows  is  clearly  shown  in  the  photograph. 
The  gold  paint  in  the  inside  of  the  shutters  was 
blackened  and  blistered,  and  the  walls  slightly 
discolored  near  the  windows,  but  otherwise  the 
building  was  as  good  as  ever  inside,  and  ready 
for  immediate  use.  This  building  had  a  large 
wire-glass  skylight,  fortunately  not  broken  by 
falling  walls  and  uninjured  by  heat.  The  build- 
ing of  the  International  Trust  Company  suf- 
fers by  comparison.  The  latter  building  appar- 
ently had  no  windows,  but  the  fire  ate  through 
the  wooden  front  doors.  The  wire-glass  sky- 
light is  about  half  broken  in  by  falling  walls. 
The  half  not  so  broken,  is  not  injured  by  flre. 

The  condition  at  the  close  of  the  flre  of  the 
old  and  new  portions  of  the  Pratt  Street  power- 
house of  the  United  Railways  &  Electric  Com- 
pany is  clearly  indicated.  The  old  portion  had 
iron  roof  trusses  with  wooden  purlins  and 
sheathing.  The  new  portion  has  wire-glass 
windows  and  fireproof  roof. 

[According  to  information  subsequently  ob- 
tained by  a  member  of  the  editorial  staff  of 
this  journal,  it  would  seem  fair  to  Include  In 
Class  in.  the  U.  S.  Appraisers'  Storehouse  No. 
1,  the  new  portion  of  the  power-house  of  the 
United  Railways  &  Electric  Company,  the  Mer- 
cantile Trust  Company's  building  and  the  Alex- 
ander Brown  &  Sons'  bank.] 
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Railway  Tunnel  Ventilation. 

A  series  of  interesting  articles  has  been  run- 
ning in  "The  Engineer"  of  London  on  the  ven- 
tilation of  some  European  tunnels.  In  view  of 
the  divided  opinions  held  with  respect  to  the 
air  moving  effect  of  trains  themselves,  the  fol- 
lowing notes  disclose  some  actual  results: 

The  first  tunnel  considered  at  length  was  the 
double  track  St.  Gothard,  which,  starting  at 
Ooscbenen.  Switzerland,  rises  for  4.4  miles  at  an 
average  rate  of  1  in  170  and  then  descends  for 
the  remainder  of  the  .distance.  4.9  miles,  to  the 
Italian  entrance  at  Airolo  on  a  gradual  incline 
of  1  in  750.  The  prevailing  direction  of  the 
natural  air  current  is  towards  Airolo,  that  Is. 
from  the  north  to  the  south,  and  a  ventilating 


stance  at  65  revolutions  per  minute.  The  air 
velocity  was  increased  to  13.1  feet  at  100 
revolutions.  When  it  was  desired  to  head  back 
a  natural  air  current  of  6.5  feet  per  second  from 
the  south  to  north,  It  required  1,427  horse-power 
to  reverse  the  current  to  13.1  feet  per  second, 
whereas  to  aid  a  current  in  the  prevailing  di- 
rection at  6.5  feet  to  bring  it  to  13.1  feet  ve- 
locity required  but  699  horse-power.  The  traf- 
fic through  the  tunnel  is  now  so  great  that  the 
velocities  of  10  to  13  feet  per  second  are  neces- 
sary to  render  the  air  respirable  for  workmen 
in   the   tunnel. 

The  effect  of  train  movement  was  referred  to 
in  connection  with  a  description  of  the  ventilat- 
ing equipment  of  the  Signorino  tunnel.  The 
plant  was  planned  to  drive  In  or  draw  from  the 


248.3  squai-e  feet  in  cross-section.  The  length 
of  the  aspirating  chamber  of  the  ventilating 
system  was  ascertained  by  experiments  at  the 
Pracchia  tunnel  with  a  cone  especially  fitted 
for  blowing  toward  the  exterior  of  the  tunnel, 
and  as  a  result  it  is  20  feet  long  in  the  Sig- 
norino plant.  Tlie  fan  in  this  case  is  a  small 
one,  being  driven  by  a  23  horse-power  engine. 
The  plant,  like  the  others  of  the  system  for 
the  Pracchia  and  the  Piteccio  tunnels.  Is  fully 
equipped  with  recording  and  indicating  ap- 
paratus and  instruments.  The  direction  and 
velocity  of  the  air  current,  for  example.  Is  ob- 
tained on  a  drum  driven  by  clock  work  regis- 
tering by  means  of  electric  current  controlled 
by  the  spindle  of  a  tunnel  anemometer.  The 
moment  of  entry   and  exit  of  trains  is  ascer- 
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Cross-Section  of  the  Kanchester  Street  Power  Station  of  the  Rhode  Island  Suburban    Railway  Company,  Providence. 


plant  on  the  Saccardo  system  was  located  at 
the  low  or  Goschenen  end.  This  method  of  ven- 
tilation, it  will  be  remembered,  consists  or- 
dinartl7  of  forcing  air  into  the  tunnel  through 
a  conical  ring  arranged  concentrically  with 
the  tunnel,  so  that  its  action  resembles  that  of 
the  annular  blast  pipe  in  a  locomotive.  The 
tunnel  is  roughly  24.6  feet  wide  and  15.6  feet 
high.  With  a  natural  air  current  of  6.56  feet 
per  second,  from  south  to  north,  the  use  of 
the  fans  created  a  reverse  current  of  4.9  feet 
per  second.  When  the  natural  current  was  6.5 
feet  per  second  from  north  to  south.  It  was  in- 
creased to  9.2  feet  by  the  fang.  There  aie  two 
of  these  of  the  Ser  type,  16  feet  7  Inches  In  di- 
ameter of  wheel  and  16  Inches  in  width  of 
blade,    which    were    run    in    the    above    in- 


tunnel  at  a  rate  sufficient  to  annul  the  effect 
produced  by  the  movement  of  trains  in>  the 
opposite  direction.  Before  a  freight  train  en- 
ters the  tunnel  the  ventilator  is  started  and  a 
gauge  shows  that  the  air  current  induced  by 
the  train  is  at  first  nullified  and  then  gradually 
the  current  begins  to  follow  the  train,  rising 
slowly  to  31/4  feet  velocity,  and  then  to  5  feet, 
at  which  figure  it  remains  constant  until  at 
length,  after  about  9  minutes,  the  train  passes 
out  of  the  tunnel.  The  descending  current  now 
unopposed  attains  the  full  descending  speed  of 
11.5  feet.  The  fan  Is  then  run  eight  or  nine 
minutes  for  the  air  to  travel  the  length  of  the 
tunnel  and  Is  then  shut  down  awaiting  the  next 
train. 
The  Signorino  tunnel  Is  3,520  feet  long  and 


tained  electrically  by  connection  with  rail  trig- 
gers fixed  at  the  tunnel  entrances.  Manometers 
having  two  orifices,  one  turned  toward,  and  the 
other  away  from,  the  direction  of  the  current 
are  also  employed  to  indicate  both  direction 
and  velocity.  Registering  barometers  are 
placed  near  the  tunnel  extremities  and  register- 
ing thermometers  and  hygrometers  at  given 
points  within  the  tunnel.  These  are  all  fitted 
with  two  drums,  one  of  which  serves  for  record- 
ing conditions  over  long  periods,  revolving 
once  In  24  hours,  while  the  other  gives  more 
detailed  indications,  revolving  once  In  one  or 
two  hours.  Air  pressures  in  the  fan  passages, 
engine  indicator  cards  and  many  other  obser- 
vations arc  regularly  made  and  reported  to  the 
head  offices. 
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Manchester  Street  Power  Station  of  the 
Rhode  Island  Company,  Providence.   I. 

A  10,500-kilowatt  power  station,  especially  in- 
structive from  tlie  standpoint  of  power-plant  de- 
sign, has  practically  reached  completion  in 
Providence,  R.  I.  It  is  the  property  of  the 
Rhode  Island  Suburban  Railway  Company,  of 
Providence,  and  is  known  as  the  Manchester 
Street  station,  being  located  on  the  Providence 
River,  at  the  foot  of  that  street.  It  furnishes 
direct  current  for  local  consumption  and  alter- 
nating current  for  distant  points,  but  the  chief 
interest  lies  in  the  arrangement  and  details 
of  the  machinery  and  apparatus  and  in  the  at- 
tention paid  to  the  architectural  and  construc- 
tional features  of  the  building,  resulting  in  a 
fireproof  structure  having  a  majestic  exterior 
and  a  lofty,  well-lighted  and  approprlately-fin- 


table,  window  sills  and  the  like.  The  steel  col- 
umns and  walls  are  carried  by  concrete  footings 
on  the  top  of  piles.  These  are  spaced  all  over 
the  site,  and  concrete  spread  over  them,  form- 
ing the  floor  of  the  engine  and  boiler-room  base- 
ments. The  other  floors,  the  sides  and  bottom 
of  the  coal  pocket  and  also  the  roofs  are  all  of 
expanded-metal  construction  in  Portland-cement 
concrete;  the  windows  are  glazed  with  wired 
glass;  the  window  casings  are  sheathed  with 
copper,  and  all  doors  are  likewise  enclosed  in 
sheet  metal,  in  the  Interest  of  fireproof  construc- 
tion, the  outside  doors  in  copper  and  the  inside 
in  tinned  sheet  iron,  painted.  The  metal-con- 
crete roofs  are  covered  with  tar  and  gravel 
roofing  rolled  into  hot  pitch  on  the  concrete. 
The  end  walls  are  carried  up  in  parapets,  as 
shown  in  the  accompanying  reproduction  from 
a  photograph.    In  the  interior,  the  fioors  are 


Manchester  Street  Power  Station   for  the  Providence   Street   Railways. 
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ished  interior.  The  plant  is  operated  condens- 
ing with  an  independent  jet  condenser  for  each 
unit,  and  the  fresh  feed  water  constantly  re- 
quired is  warmed  by  auxiliary  feed  heaters  and 
by  economizers.  The  boiler  plant  is  arranged 
on  two  decks  and  is  equipped  with  mechanical 
stokers  and  extensive  coal  and  ash-handling 
plant,  and  is  served  by  natural  draft.  Among 
the  details  of  special  interest  are  the  condens- 
ing-water  system,  including  the  intake  chamber, 
several  patterns  of  pipe  supports,  an  oiling  sys- 
tem and  the  feed  piping  system.  Throughout 
the  plant  measuring  and  indicating  intruments 
have  been  furnished  to  secure  full  records  of 
the  plant  performance. 

Building. — The  building  has  a  steel-frame 
structure  with  red  brick  enclosing  walls, 
trimmed  with  heavy  granite  capstones,  water- 


finished  in  granolithic  blocked  off  in  large 
squares,  as  usual,  and  the  walls  have  been 
coated  with  a  white  enamel  paint,  except  the 
lower  eight  or  nine  feet,  which  are  of  a  dark 
green.  Besides  the  large  amount  of  window 
area  in  the  side  walls,  the  verticals  of  the 
clere  story  over  the  engine  room  and  the  top 
of  the  monitor  are  glazed.  There  are  five  large 
ventilator  hoods  in  the  ridge  of  the  monitor 
and  ventilating  registers  in  the  end  walls,  ex- 
hausting to  flues  within  the  walls.  The 
boiler  room  is  unusually  light  and  is  noteworthy 
for  the  longitudinal  platforms  and  passage- 
ways, giving  access  to  apparatus.  The  engine 
room  is  spanned  by  a  25-ton  Niles  electric-trav- 
eling crane. 

The  general  proportions  of  the  building  are 
given  in   the  accompanying   engravings.     The 


engine  and  boiler  rooms  are  separated  by  a 
partition  wall  built  with  air  spaces,  and  at  one 
end  of  the  engine  room  is  an  extension  con- 
taining an  office,  oil  room,  stock  room  and  lav- 
atories on  the  basement  and  main  floor  levels. 
The  building  stands  55  feet  back  of  the  bulk- 
head line  and  between  it  and  the  wharf  Is 
a  combined  coal  tower  and  ash  pocket.  The 
ground  space  occupied  by  the  main  building 
is  about  29,580  square  feet,  or  2.8  square  feet 
per  kilowatt  of  the  rated  output  of  the  main 
generating  units.  In  the  engine  room  there 
are  1.5  square  feet  of  floor  space  per  kilowatt 
and  in  the  boiler  room  %  square  feet  of  ground 
area  per  boiler  horse-power.  On  the  basis  of 
the  cubic  contents  above  the  foundations,  there 
are  roughly  260  cubic  feet  per  kilowatt. 

Coal  Handling.— Coa.\  is  ordinarily  brought 
to  the  station  by  water,  and  is  transferred  to 
the  station  coal  bunker  by  means  of  a  continu- 
ous Hunt  bucket  chain  conveying  system.  A 
bucket  of  %  ton  capacity,  hoisted  by  a  25 
horse-power  electric  motor,  lifts  the  coal  from 
the  barge  into  a  timber  pocket  in  the  coal  hoist 
tower,  and  thence  the  coal  passes  through  a 
coal  cracker,  to  a  weighing  hopper  and  into  a 
hopper  delivering  into  the  conveybr  buckets. 
One  man  in  the  tower  controls  the  hoist,  which 
handles  under  ordinary  circumstances  V^  ton 
per  minute.  The  conveyor  is  electrically 
driven  from  a  15  horse-power  motor  above  the 
coal  pocket  and  is  utilized  also  to  carry  ashes. 
In  the  usual  way  it  travels  longitudinally  over 
the  coal  pocket,  down  the  far  end  of  the  boiler 
room,  underneath  ash  hoppers  in  the  basement 
and  back  to  the  hoist  tower.  Its  passage  from 
tower  to  main  building  is  through  a  covered 
truss  bridge  and  from  building  to  tower  through 
a  short  tunnel.  Through  a  covered  opening  in 
the  roof  of  the  latter,  it  can  receive  coal  deliv- 
ered by  wagons.  The  conveyor  chain  has  eight 
changes  of  direction  and  is  about  630  feet  in 
total  length  containing  about  270  buckets.  The 
tower  is  16x32  feet  in  plan  and  is  supported 
18  feet  above  ground  by  steel  columns  and 
rises  66%  feet  above  grade,  to  the  bottom  of 
the  conveyor  bridge.  It  also  houses  the  ash  bin 
which  is  built  of  expanded  metal  and  concrete 
with  vertical  sides  and  delivery  spout  to  wagons 
hauled  underneath  it. 

The  coal  storage  bin  is  a  single  bunker  156 
feet  long,  with  vertical  sides  30  feet  apart,  and 
a  V-shaped  bottom  with  the  slopes  at  an  angle 
of  45  degrees.  It  has  a  capacity  of  3,000  tons, 
or  15  days'  supply  at  maximum  load.  Extend- 
ing longitudinally  through  the  boiler  room  are 
two  rows  of  columns  which,  with  the  wall  col- 
umns, constitute  the  main  members  of  the  boil- 
er-room structure  and  by  means  of  these  in- 
terior columns  and  plate  girders  carried  by 
them  the  coal-bin  structure  is  supported.  The 
bin  itself  is  formed  of  concrete  reinforced  with 
expanded-metal,  and  the  surfaces  are  plastered 
smooth.  From  the  bottom  of  the  bin  a  chute 
256  square  inches  in  inside  area  is  taken  for 
each  boiler  and  the  run  of  these  Is  shown  in  the 
drawings.  The  chutes  are  cast-iron,  in  sections 
bolted  together,  and  at  various  points  are  pro- 
vided with  sight  holes  by  which  a  slicing  rod 
can  be  inserted  in  case  the  coal  should  for  any 
reason  get  wedged  or  blocked.  Each  chute  ends 
in  a  gate  valve  from  which  coal  can  be  de- 
livered at  will  into  a  measuring  chute.  This 
is  a  traveling  spout,  hung  by  small  wheels 
on  double  tracking  extending  across  the  boiler 
fronts.  One  is  furnished  for  every  battery  or 
pair  of  boilers,  so  that  coal  for  both  boilers 
can  be  supplied  from  either  chute,  and  the 
spout  commands  the  entire  width  of  the  feed 
hopper  of  the  mechanical  stoker.  The  weight 
of  the  coal  that  the  chute  will  hold  affords  a 
measure  of  the  coal  consumption  of  each  boiler, 
and  the  traveling  carriage  allows  it  to  be  hauled 
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out  ol  way  when  tubes  have  to  be  drawn  from 
the  setting.  Arrangements  are  under  consid- 
eration, however,  loolviug  to  its  replacement  by 
a  tra%-eling  weighing  hopper,  in  case  it  seems 
desirable  to  secure  a  more  positive  record  of 
coal  consumption.  The  stbliers  are  of  t^e 
Roney  type  and  dump  into  ash  hoppers  which 
are  fitted  with  gates  for  discharging  on  the 
coal  conveyor  at  night  or  at  such  times  as 
coal  is  not  being  handled.  The  ash  hoppers  are 
lined  with  concrete  and  those  for  the  upper 
deck  of  boilers  are  of  boiler-plate. 

BoHeri  and  Economisers. — The  boiler  plant 
comprises  sixteen  515-horse-power  Babcock  & 
Wilcox  water-tube  boilers,  arranged  in  four  bat- 
teries on  each  deck,  two  boilers  per  battery. 
At  present  three  pairs  of  boilers  have  not  yet 
been  installed  in  the  second  story.  Elach  boiler 
has  5,159  square  feet  of  heating  surface,  with 
252  tubes  4  inches  in  diameter  and  18  feet  long, 
arranged  21  sections  wide  and  12  tubes  high. 
E^ch  boiler  has  also  three  36-inch  steam  and 
water  drums,  and  in  addition  the  boilers  of  the 
second  deck  are  provided  with  superheating 
surface  which  is  to  be  given  a  trial,  before  the 
boilers  below  are  equipped.  The  boiler  settings 
are  faced  with  white  glazed  brick. 

The  products  of  combustion  are  carried  oft 
by  natural  draft,  but  economizers  are  employed, 
as  already  stated.  These  are  of  the  Green  pat- 
tern and  are  arranged  in  an  interesting  man- 
ner, according  to  the  so-called  unit  system,  one 
for  each  battery  of  boilers.  Each  group  com- 
prises 280  tubes  and  presents  3,360  square  feet 
of  heating  surface.  The  economizer  cleaners 
are  driven  by  electric  motors.  As  shown  in  the 
drawings,  the  gases  from  the  boilers  flow  into 
a  passage  between  the  economizer  setting  and 
the  corresponding  battery  and  the  passage  opens 
at  one  end  so  as  to  cause  the  gases  to  pass 
through  the  economizer  or  at  the  other  to  by- 
pass the  economizer.  The  main  flow  passage 
is  located  underneath  the  economizer,  increas- 
ing in  depth  toward  the  stack  where  the  hori- 
zontal breeching  is  8x15  feet  in  size,  of  3/16-lnch 
steel  plate  reinforced  with  angle  bars.  The 
walls  and  bottom  of  the  smoke  passage  under- 
neath the  economizer  settings  are  of  brick, 
while  the  top  is  of  »erra  cotta  book  tiles  8  inches 
thick  plastered  top  and  bottom  with  Portland 
cement  mortar.  The  chimney  is  of  the  Custo- 
dis  radial  perforated  brick  constnietion  312  feet 
7%  inches  high  above  the  foundation  and  16 
feet  in  inside  diameter  at  the  top.  There  are, 
of  course,  dampers  in  the  passages  to  and 
around  the  economizers;  and  there  is  a  main 
damper  in  the  breeching  near  the  stack  in  both 
decks,  these  under  the.  control  of  Locke  damper 
regulators. 

Hteam  Piping. — The  high-pressure  steam 
piping  from  the  two  decks  of  boilers  is  all 
brought  to  one  steam  header,  which  is  note- 
worthy from  the  fact  that  though  nearly  160 
feet  long,  it  is  provided  with  but  two  valves,  as 
will  be  explained.  The  steam  pipe  from  each 
boiler  is  10  inches  in  diameter  and  the  two  pipes 
from  the  boilers  vertically  in  line  are  united  in 
a  special  connection  before  Joining  into  the 
header.  The  usual  long  radius  bends  are  em- 
ployed in  the  pit>es  to  and  from  the  header,  as 
shown,  and  the  gate  valves,  which  are  of  the 
Chapman  pattern  with  bronze  valves,  seats  and 
stems,  are  placed  in  them  in  the  boiler  room. 
The  valves  in  the  boiler  leads  are  accessible 
from  an  iron  slat  walk  located  over  the  smoke 
duct,  in  the  case  of  both  tiers  of  boilers,  and  the 
valves  in  the  supply  pipes  to  the  engines  are 
close  to  the  header. 

Wherever  possible,  provided  there  is  no 
chance  of  receiving  oil,  the  condensation  in  the 
high-pressure  lines  is  returned  to  the  boilers 
by  means  of  the  Holly  gravfty  return  system. 
In  that  connection  an  alarm  whistle  set  against 


the  partition  wall  in  the  engine  room,  is  con- 
nected to  blow  should  the  system  fail  to  act, 
allowing  water  to  accumulate.  On  each  side  of 
the  whistle  is  a  brass  hand-wheel;  if  the  alarm 
is  given,  one  is  turned  to  cut  out  the  regular 
connections  and  the  other  turned  on  to  blow 
oft  the  water  and  thus  to  prevent  its  reaching 
the  engine  cylinders  in  any  way.  The  live-steam 
piping  is  lap-welded  Bessemer  steel  pipe,  %  inch 
thick,  with  flanges  welded  on,  and  having  i-e- 
bated  joints  with  corrugated  copper  gaskets. 
The  fittings  are  open-hearth  steel  castings. 

Expansion  in  the  steam  header  is  allowed  for 
by  the  long,  curved  lateral  pipes,  as  usual,  and 
the  header  is  anchored  at  a  center  point,  so  that 
the  amount  of  movement  at  the  ends  is  reduced 
to  a  minimum.  Besides  the  anchor  the  pipe 
rests  on  three  roller  bearing  saddles  to  accom- 
modate the  movement,  and  the  bases  of  sup- 
ports and  anchor  are  bolted  to  short  cross  I- 
beams  indicated  in  the  drawings.  Detail 
sketches  are  also  given  of  these  supports,  which 
are  placed  under  the  tees  for  the  engine  supply 
connections.  In  the  case  of  the  expansion  bear- 
ings the  tee  sets  in  a  saddle  and  this  in  turn 
on  three  IVo-inch  steel  rollers  between  the  sad- 
dle and  the  roll-plate,  which  roll-plate  is  brought 
into  position  for  the  proper  alignment  of  the 
pipe  by  means  of  four  screws  in  the  base  at- 
tached to  the  I-beams.  In  the  case  of  the  an- 
chor the  saddle  bears  directly  on  the  base,  with 
finished  mating  surfaces,  and  the  saddle  has  a 
lateral  tongue  with  finished  sliding  surfaces  fit- 
ted into  a  groove  in  the  base  to  allow  for  lateral 
but  not  for  longitudinal  movements  of  the  pipe. 
To  lock  the  tee  to  the  anchor  a  wedge  piece  at 
each  end  is  fitted  between  the  saddle  and  a 
block  held  against  the  flange  of  the  tee,  and,  as 
shown,  each  wedge  contains  a  screw  by  which 
it  is  tightened.  The  tees,  it  may  be  noted,  are 
provided  with  drain  taps  which  are  brought 
sidewise  from  the  bottom  through  an  opening 


tion  of  the  header  can  supply  one  direct-current 
and  one  alternating-current  machine,  if  either 
end  has  to  be  cut  out,  and  similarly  in  the  event 
of  an  accident  to  the  center  section  or  to  the 
boilers  connected  thereto,  an  alternating  unit 
can  be  run  from  one  end  of  the  header  and  the 
direct-current  supply  can  be  maintained  from 
the  other,  pending  repairs.     The  header  is  lo- 
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Expansion  Support  for  Main  Steam  Header,  Manchester  Street  Fower-House 


which  had  to  be  left  in  the  saddles  for  that 
purpose. 

The  steam  pipes  to  the  main  units  enter  the 
room  through  the  partition  wall,  as  shown,  and 
immediately  within  the  engine  room,  each  is 
tapped  for  the  supply  of  the  corresponding  con- 
denser air  pump,  and  in  the  case  of  the  horizon- 
tal units  also  for  a  live-steam  pipe  by  which 
high-pressure  steam  can  be  delivered  to  the  re- 
ceiver when  necessary  and  In  one  instance  also 
for  the  steam-driven  exciter.  With  regard  to 
the  subdivision  of  the  high-pressure  steam 
header,  it  will  be  seen  that  by  the  location  of 
the  two  valves  provided  in  It,  the  center  sec- 


cated  close  to  the  partition  wall  and  to  facili- 
tate handling  connections  whenever  the  neces- 
sity may  arise,  there  is  an  opening  2x4  feet  or 
80  in  the  wall  opposite  the  tee  joints.  These 
are  closed  with  easily  removable  sheet  metal 
covers,  to  minimize  the  number  of  openings  in 
the  wall. 

Generating  Units. — The  engine-room  plan 
shows  five  direct-connected  units,  two  with 
horizontal  and  three  with  vertical  engines,  and 
all  cross  compound.  The  vertical  unit  at  the 
end  of  the  room  is  not  yet  installed  and  the 
third  is  at  present  occupied  by  a  horizontal  set' 
which  it  is  shortly  to  replace.    The  horizontal 
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units  are  Filer  &  Stowell  engines  32  and  64x54 
inches  in  cylinder  size,  with  General  Electric 
generators,  two  giving  an  alternaing  current 
output  of  1,500  kilowatts  at  rated  load  and  the 
other  a  direct  current  output  of  1,600  kilowatts. 
The  vertical  unit  consists  of  a  Westinghouse 
engine,  of  42  and  86-inch  cylinders 
with  60-inch  stroke,  and  a  General  Electric 
railway  unit  of  2,500  kilowatts  capacity. 
The  alternators  are  operated  at  about  94  revo- 
lutions per  minute  and  give  current  in  three 
phases  at  25  cycles  and  11,000  volts,  and  the 
engines,  which,  it  may  be  noted,  are  operated 
with  automatic  cut-off  for  both  cylinders,  are 
equipped  with  a  %-horse-power  Browning 
motor  by  which  the  generators  can  be  brought 


into  synchronism  by  controlling  the  engine 
governors  from  the  switchboard.  The  present 
horizontal  railway  unit  runs  at  90  revolutions 
and  the  vertical  unit  at  75  revolutions.  The 
steam  pressure  is  150  jKiunds  and  the  vacuum 
normally  26  inches.  For  the  alternators  there 
are  two  motor-driven  and  one  steam-exciter 
unit,  the  last  for  use  when  no  alternating  cur- 
rent is  available,  as  the  motor-generators  em- 
ploy induction  motors.  The  steam  unit  is  a  Gen- 
eral Electric  marine  set  with  an  llx8-inch  en- 
gine and  a  30-kilowatt  125-volt  dynamo,  while 
the  others  consist  of  440-volt  75-horse-power 
motors  and  125-volt  55-kilowatt  dynamos,  each 
set  capable  of  exciting  both  alternators. 
(To   be   continued.) 


New  Cement  Works  at  Portland,  Colo. 

By  James  U.  tSchuyler,  U.K. 


The  Coix  Consumption  of  one  of  the  power 
stations  of  the  electric  railway  system  of 
Vienna  amounted  in  October,  1902  to  2.46 
pounds  per  kilowatt-hour,  including  the  de- 
mands for  all  purposes.  The  plant  contains  ten 
batteries  of  boilers,  each  boiler  having  3,228 
square  feet  of  heating  surface  and  560  square 
feet  of  superheating  surface,  which  raises  the 
steam  generated  at  14  atmospheres  to  540  deg.  F. 


Part   Longitudinal   Section  of  Boiler  Room. 


Pabt  1. — ^Location  and  Raw  Matebiai.s. 

The  demand  for  artificial  Portland  cement 
has  become  so  enormous  in  the  United  States, 
in  the  past  ten  years,  that  it  has  given  won- 
derful stimulus  to  its  manufacture,  and  al- 
though new  cement  factories  have  been  started 
in  great  numbers,  and  the  production  increased 
from  547,440  barrels,  in  1892,  to  16,875,500  bar- 
rels, in  1902,  the  importation  of  cement  has  not 
diminished,  but  is  greater  than  ten  years  ago. 
One  of  the  recent  plants,  constructed  in  1902, 
on  the  Arkansas  River,  six  miles  below  Flor- 
ence, Colorado,  was  recently  visited  by  the 
writer,  in  the  course  of  his  professional  work, 
and  he  became  so  interested  in  the  process  of 
manufacture  that  the  following  description  of 
the  plant  has  been  prepared  for  publication,  as 
a  matter  of  probably  general  interest: 

Oeology. — For  a  distance  of  some  thirty 
miles,  between  Florence  and  Pueblo,  the  Ar- 
kansas River  has  been  cut  down  through  beds 
of  limestone  and  shale  a  depth  of  100  to  500 
feet  below  the  general  level  of  the  table-land 
on  either  side.  The  canyon  is  one-quarter  to 
one-half  mile  in  width,  with  vertical  cliffs  on 
either  side,  and  the  river  meanders  back  and 
forth  across  the  valley  between  them.  The 
blue  shale  beds  in  the  neighborhood  of  the 
plant  are  very  extensive,  covering  many  thous- 
ands of  acres,  all  of  which  is  material  available 
for  cement  manufacture.  The  shale  contains 
not  only  the  silica  and  alumina  of  ordinary 
clay,  but  also  from  60  to  80  per  cent,  of  car- 
bonate of  lime.  Some  of  the  strata  of  the  cliff 
are  richer  in  lime  than  others  and  require  no 
addition  of  lime  before  being  converted  into 
Portland  cement.  The  quarry  now  being  worked 
has  a  layer  of  some  30  feet  of  this  class  of 
shale,  lying  about  75  feet  above  the  level  of  the 
valley.  Overlying  this  is  a  lighter  and  more 
friable  shale,  containing  less  lime.  It  would  be 
expensive  to  strip  off  this  upper  stratum  to  get 
at  the  perfect  material,  and  in  practice  there- 
fore, everything  above  the  quarry  floor,  up  to 
the  grass  roots,  is  quarried  out  together  and 
ground  up.  This  picture  necessitates  the  addi- 
tion of  pure  limestone  to  the  mixture  to  bring 
it  all  up  to  the  desired  percentage  of  lime. 

A  plant  of  4()0  barrels  daily  capacity  was 
started  at  this  site  in  1899,  but  this  was  ab- 
sorbed by  the  new  company,  and  in  the  new 
construction  the  old  machinery  has  been  largely 


Smnqmq    Boorr 


PLAN   OF   THE  MANCHESTER  STREET  POWER  STATION  OF  THE  RHODE  ISLAND  COMPANY,   PROVIDENCE. 


±H 


THE    EKGINEERlNG    RECORD 


Vol.  49,  No.  8. 


discarded  and  replaced  by  the  newer  and  hn- 
prored  appliances  necessitated  by  the  modern 
proeeases.  The  new  plant  was  installed  in 
December.  1902,  with  a  daily  capacity  of  800 
barrels,  and  has  since  maiiufactured  about  200.- 
000  barrels  of  high  grade  cement.  It  is  being 
enlarged  to  a  capacity  of  1.200  barrels  daily,  as 
a  result  of  the  demands  of  the  market. 

Preparing  the  Rate  Jfateriote.— The  shale  and 
limestone  are  brought  to  the  works  by  cars 
operated  by  an  electric  locomotive,  and  crushed 
separately  by  a  No.  6  Gates  crusher,  to  a  size 
which  will  pass  through  a  2-inch  ring,  the 
crusher  being  supplemented  by  corrugated  rolls 
for  breaking  thin  slabs  of  shale  that  may  slip 
through  the  crusher.  After  crushing,  the  shale 
is  elevated  to  a  bin  over  a  cylindrical  dryer, 
from  which  it  is  fed  into  the  dryer.  The  latter 
consists-  of  a  sheet-metal  cylinder,  64  inches  in 
diameter  50  feet  long,  ^et  on  an  incline  of  3.75 
feet  in  its  length,  mounted  on  rollers,  and  re- 
volved at  a  speed  of  7  revolutions  per  minute. 
The  temperature  of  500  degrees  Fahrenheit  in 
this  dryer  is  maintained  by  pulverized  coal, 
automatically  fed  into  it  under  a  strong  draft. 
After  passing  through  this  cylinder,  the  shale 
has  lost  all  of  its  moisture  and  is  in  condition 
to  he  ground.  It  is  then  conveyed  by  an  ele- 
vator to  steel  bins  over  a  series  of  three  ma- 
chines called  Llndhard's  kominutors,  into  which 
it  is  automatically  fed. 

These  kominutors  are  steel  cylinders,  6  feet 
long,  75  inches  internal  diameter,  protected  in- 
side by  heavy  armor  plates,  2V4  inches  thick, 
arranged  in  12  steps  of  5  inches  each.  Each 
machine  contains  5,500  pounds  of  chilled  steel 
balls  of  great  hardness,  the  balls  being  from  3 
to  4  Inches  in  diameter,  weighing  from  4  to  18V& 
pounds  each.  As  the  machine  revolves  at  a 
speed  of  22  revolutions  per  minute,  the  balls 
drop  over  the  steps  and  rapidly  crush  the  par- 
ticles of  shale  with  which  they  are  intermingled 
to  such  a  fineness  that  45  per  cent,  will  pass 
through  a  lOO-mesh  sieve,  and  all  will  pass  a 
Ifi-mesh  sieve.  The  material  feeds  into  the 
machine  continuously,  and  leaves  as  it  reaches 
the  degree  of  fineness  which  will  permit  its 
passage  through  the  fixed  sieves  at  the  outlet 
of  the  machine.  As  it  leaves  the  kominutors, 
the  pulverized  shale  passes  down  through  a 
hopper  to  a  screw  conveyor  in  the  floor,  which 
transfers  it  to  an  elevator,  by  which  it  is  lifted 
to  a  steel  bin  over  the  proportioning  scales, 
where  it  is  mixed  with  the  high  lime. 

The  limestone  is  treated  In  a  somewhat  dif- 
ferent manner.  It  is  first  crushed  in  the  same 
large  Gates  crusher,  which  will  take  in  stone 
of  any  size  that  can  be  loaded  into  the  cars 
by  hand,  and  reduced  to  2-lnch  cubes,  or  less. 
It  is  then  elevated  to  a  bin  over  the  high  lime 
dryer,  where  it  is  fed  into  the  long  cylindrical 
dryer,  54  inches  x  50  feet,  where  It  Is  subjected 
to  heat  of  about  300  degrees  Fahrenheit,  passing 
through  the  cylinder  at  the  same  rate  of  speed 
aa  that  of  the  shale  dryer,  7  revolutions  per 
minute.  From  the  dryer  the  limestone  dis- 
charges directly  into  a  machine  called  the  Wil- 
liams pulverizer,  No.  '3,  requiring  60  horse- 
power to  drive  it,  at  a  speed  of  1,000  revolu- 
tions per  minute.  This  ingenious  mill  contains 
sixteen  hammers,  each  weighing  20 
IMunds,  hung  loosely  at  the  end  of  a  short  arm. 
When  running  at  full  speed,  these  hammers 
straighten  out  so  as  to  reach  within  ^4  inch  of 
a  plate,  corrugated  at  the  top  and  barred  at 
bottom  and  sides  for  screens.  These  plates 
have  openings  of  1/16  inch,  extending  the  full 
width  of  the  mill,  about  2  feet  inside.  By  this 
process,  the  limestone  is  reduced  to  a  maximum 
of  1/16  inch  diameter,  while  50  per  cent,  of  it  is 
still  finer  and  will  pass  -through  a  lOO-mesh 
sieve. 
After   leaving  this   machine,   the    limestone 


drops  to  a  screw  conveyor,  by  which  it  is  car- 
ried to  an  elevator  and  dropped  into  a  steel  bin 
over  three  30-inch  Griffin  mills,  made  by 
the  Bradley  Pulverizer  Company  of  Boston. 
It  is  an  intricate  mechanical  device,  diffi- 
cult to  describe,  but  chiefly  consisting  of  a 
muller  whirling  at  the  lower  end  of  a  shaft 
some  6  feet  long,  which  is  hung  from  a  roll- 
head,  in  a  30-inch  pan,  and  making  300  revolu- 
tions per  minute.  When  it  leaves  this  mill,  the 
limestone  is  pulverized  to  such  a  degree  of  fine- 
ness that  96  per  cent,  will  pass  through  a  sieve 
of  100  meshes  per  linear  inch.  Thence  it  falls 
to  a  conveyor,  and  Is  delivered  to  an  elevator 
which  drops  it  into  the  high  lime  bin,  over  the 
proportioning  scales,  alongside  the  pulverized 
shale. 

From  this  point  the  two  ingredients  are  ready 
to  be  mixed  in  proper  proportions  by  a  Fair- 
banks ingredient  and  hopper  scale.  The  hopper 
of  this  scale  has  two  compartments,  the 
larger  of  which  is  three  times  the  capacity  of 
the  smaller.    The  proportions  of  shale  and  lime 


of  iron,  curved  to  the  radius  of  the  cylinder, 
each  4x8  inches  in  size,  1%  inches  thick,  set  in 
Portland  cement.  The  interior  of  these  cylin- 
ders is  perfectly  smooth.  They  are  filled  to 
within  three  3  inches  of  half  their  diameter 
with  pebbles  or  large  gravel  stones,  from  the 
size  of  a  small  egg  to  that  of  a  man's  fist,  the 
weight  of  pebbles  in  each  mill  being  about  24,- 
000  pounds.  These  pebbles  are  of  hard  granite 
and  are  picked  up  on  the  ground,  or  nearby,  at 
a  cost  of  $3.50  to  $4.00  per  ton.  They  are  found 
to  be  quite  as  efficient  in  grinding  as  the  flint 
pebbles  formerly  imported  from  Iceland  at  a 
cost  of  $30  per  ton.  The  raw  cement  material 
is  fed  into  these  cylinders  at  one  end,  and  each 
cylinder  contains  about  7,000  to  8,000  pounds  of 
cement  at  a  time,  which  is  just  about  sufllclent 
to  fill  the  voids  in  the  gravel  pebbles.  As  the 
cylinders  slowly  revolve,  at  a  speed  of  24  revo- 
lutions per  minute,  the  pebbles  grind  the  ce- 
ment material  to  a  still  greater  degree  of  fine- 
ness than  it  has  attained  in  the  previous  pro- 
cesses, and  it  is  discharged  at  the  lower  end 
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can  be  very  nicely  adjusted  by  this  device,  and 
the  scales  are  set  from  time  to  time  by  the 
chemists,  as  they  determine  from  constant  tests 
of  the  respective  materials  the  proportion  of 
each  desired.  Usually  about  400  pounds  of 
limestone  is  added  to  each  ton  of  shale.  As 
each  hopperful  Is  weighed,  it  Is  dumped  Into  a 
rotary  mixer  directly  underneath.  The  mixer 
is  provided  with  curved  paddles,  running  at  a 
speed  of  80  revolutions  per  minute,  which 
throw  the  material  right  and  left,  back  and 
forth,  until  it  is  all  thoroughly  mixed.  Each 
charge  Is  thus  treated  for  about  five  minutes, 
and  a  most  Intimate  mixture  la  thus  obtained. 
From  the  mixer  the  raw  material  drops  Into 
a  screw-conveyor,  with  mixing  blades,  deliver- 
ing it  Into  an  elevator,  which  dumps  It  Into 
steel  bins  over  the  tube  mills.  From  these  bins 
It  Is  fed  automatically  by  screw-feeders  Into 
three  No.  16  Smidth  tube  mills,  which  consist  of 
cylinders  21  feet  long,  65  Inches  Inside  diame- 
ter, lined  with  chilled  cast-iron  plates  or  bricks 


through  bars,  set  closely  enough  together  to 
prevent  the  pebbles  from  rolling  out.  Each  of 
these  tube  mills  requires  95  horse-power  to 
operate  It,  and  all  are  revolved  by  electric  mo- 
tors. It  requires  about  two  hours  for  the  ce- 
ment to  pass  from  one  end  of  the  cylinder  to 
the  other. 

A  single  screw  conveyor  receives  the  dis- 
charge of  all  three  tube  mills,  delivering  It  to 
an  elevator,  which  discharges  into  a  second 
conveyor  traveling  the  entire  length  of  the 
kiln-bin  near  the  top  of  the  works.  This  bin  is 
a  huge  steel  affair,  96  feet  long,  12  feet  wide 
and  30  feet  deep.  From  it  the  raw  material  is 
fed  into  the  kilns  through  9-lnch  screw  con- 
veyors, bolted  on  to  the  bottom  of  the  bin  op- 
posite each  of  the  six  rotary  cylindrical  kilns, 
the  feed  being  automatically  regulated  to  coin- 
cide with  the  speed  of  the  kilns.  Before  reach- 
ing the  kilns,  however,  these  conveyors  first 
deliver  the  material  into  small  pug  mills,  where 
sufficient  water  Is  added  to  it  to  form  the  pow- 
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dered  lime  and  shale  into  small  balls,  about 
14  inch  diameter.  This  last  process  is  neces- 
sary to  permit  the  cement  material  to  pass 
through  the  kilns  without  loss,  as  it  would  be 
impossible  for  it  to  be  burned  in  its  dry  pow- 
dered form  without  some  portion  being  drawn 
up  the  chimney  by  the  strong  draft. 

The  cement  is  now  ready  to  be  burned,  and 
is  fed  into  the  kilns  by  revolving  conveyors  at 
each  kiln.  These  conveyors  are  cylinders,  or 
pipes,  about  8  feet  long,  8  inches  diameter,  set 
at  an  angle  of  3  inches  to  1  foot,  thrust  into  the 
upper  end  of  the  cylindrical  kiln,  at  its  center, 
and  protected  from  the  intense  heat  of  the  kiln 
biy  a  cast-iron  jacket  surrounded  with  fire- 
brick. Four  of  the  kilns  were  manufactured  by 
the   American   Clay   Working  Machinery   Com- 


The  Shale  Quarry  and  Electric  Tramway. 


one-half  hour  for  the  cement  to  pass  from  one 
end  of  the  kiln  to  the  other,  and  the  clinker  is 
discharged  in  granular  form,  of  the  size  of 
hazel  nuts  or  peas.  It  quickly  cools  to  300  de- 
grees, and  within  two  or  three  hours  to  150  de- 
grees Fahrenheit,  which  temperature  it  holds 
in  the  pile  Indefinitely.  The  clinker  sometimes 
melts  together  in  heavy  masses,  forming  rings 
that  would  completely  choke  the  kiln,  unless  the 
mass  were  loosened  and  the  gorge  removed. 
Ordinarily  this  can  only  be  none  by  permitting 
the  cylinders  to  cool  off  sufficiently  to  allow  the 
clinker  to  be  chipped  out.  This  difliculty  has 
been  overcome  at  these  works  by  an  invention 
consisting  simply  of  a  long  poker  made  of  gas- 
pipe,  to  which  water  is  applied  under  pressure 
by  a  flexible  hose  attachment.  The  sudden 
chill  of  the  water  jet  ap- 
plied to  the  gorge  con- 
ti'acts  the  molten  mass 
suddenly  and  causes  it 
to  break  up  and  loosen. 
The  water  poker  is 
worked  by  two  men. 
From  the  kilns  the 
clinker  passes  out 
through  a  ]0xl2-inch 
liole  in  the  bottom 
of  the  hood  at  the 
lower  end  to  an  eleva- 
tor (one  elevator  for 
each  two  kilns)  by 
which  it  is  lifted  60 
feet  above  the  fioor 
level  and  dumped  into  a 
spout  that  discharges  it 
outside  the  building 
into  a  pile,  on  a  cement 
floor  provided  with 
openings  into  a  tunnel. 
(To  be  continued.) 


The    Vicksburg  Harbor    and  the  Yazoo 
River  Diversion  Canal. 

By   Walter    II.    Polk,   Assistant   U.    S.    Engineer, 
Vicksburg,  Miss. 


The  Limestone  Quarry  Showing  Forty-Foot  Ledge  of  Exposed  Lime  Rock. 


pany,  of  Bucyrus,  O.  The  other  two  were  made 
by  the  Gates  Iron  Works,  of  Chicago.  They 
are  60  feet  in  lengthy  72  inches  in  diameter, 
and  are  lined  for  the  lower  30  feet,  where  the 
heat  is  most  intense,  with  special  first-class 
highly  basic  fire-brick,  and  with  local  fire-brick 
for  the  upper  half.  They  are  set  at  an  inclina- 
tion of  %  inch  per  foot,  and  require  about  10 
horse-power  each  to  drive  them,  including  the 
power  for  the  pug  mill  and  feed.  The  speed  of 
rotation  of  the  kilns  is  normally  about  1  min- 
ute 35  seconds  per  revolution,  but  this  can  be 
varied  at  will  from  %  minute  to  3  minutes  per 
revolution.  It  Is  regulated  by  the  Mosser  var- 
iable speed  countershaft  device. 

The  temperature  In  the  kilns  Is  kept  at  2,800 
to  3^000  degrees  Fahrenheit.    It  requires  about 


Magnalium,  a  New  Alloy  containing  86  per 
cent,  aluminum  and  13  per  cent,  magnesium, 
has  a  specific  gravity  of  only  2.5.  Among  its 
uses  Is  the  application  to  the  parts  of  scientific 
instruments. 

The  Civil  Service  Commission  has  been  re- 
quested by  the  Secretary  of  the  Interior  to  hold 
an  examination  as  soon  as  possible  for  con- 
structing engineers  in  the  U.  S.  Reclamation 
Service.  This  examination  is  to  be  similar  to 
that  held  for  consulting  engineers  last  August. 
Competition  is  to  be  confined  to  men  who  have 
had  responsible  charge  of  large  hydraulic 
works,  such  as  dams  and  canals.  The  positions 
pay  from  $3,600  to  $4,800  per  annum,  and  ap- 
plications for  particulars  should  be  made  to 
the  Civil  Service  Commission,  at  Washington. 


The  diverting  of  the  mouth  of  Yazoo  River 
may  now  be  considered  an  accomplished  fact; 
the  river,  which  has  a  drainage  basin  of  6,650 
square  miles,  with  a  minimum  discharge  of 
over  2,400  cubic  feet  per  second,  has  been  made 
to  follow  a  new  course  for  a  distance  of  9.3 
miles.  Eight  hundred  miles  of  navigable  river 
have  been  made  accessible  at  all  seasons  of 
the  year  to  boats  which  formerly  could  not 
enter  through  its  mouth  at  its  lower  stages;  a 
city  which  for  over  a  quarter  of  a  century  has 
been  fronting  a  deserted  river  channel,  has 
been  given  new  life  by  having  a  river  turned 
by  its  doors  once  more. 

The  earliest  information  that  can  be  obtained 
shows  that  the  Yazoo  emptied  into  the  Mlts- 
Eissippi  River  in  the  bight  of  a  bend,  the  neck 
of  which  was  eventually  cut  off  by,  the  caving 
in  of  its  banks  about  a  century  ago.  The  lower 
end  of- this  river  silted  and  became  dry,  leav- 
ing the  Yazoo  to  find  its  way  to  the  Mississippi 
through  the  upper  arm,  which  became  known 
as  the  Live  End  of  Old  River;  the  other  arm 
was  called  the  Wrong  End.  In  course  of  time 
the  bed  of  the  live  end  filled  with  a  deposit 
of  silt  from  the  overflow  water  of  the  Missis- 
sippi, and  as  the  main  channel  of  the  great 
father  of  waters  receded  to  the  South,  due  to 
eroding  of  'its  banks,  it  left  the  outlet  of  the 
Yazoo  on  the  bar  side  of  the  river.  A  bar  of 
sand  formed  across  the  mouth  of  the  outlet 
after  every  high  water.  The  cross-sectional 
area  of  the  old  Mississippi  River  bed  was  so 
large  that  the  small  discharge  from  the  Yazoo 
at  low  water  was  unable  either  to  remove  the 
silt  or  to  keep  a  satisfactory  channel  through 
the  bar  at  the  mouth.  From  these  causes  navi- 
gation in  the  Yazoo  became  interrupted  for  a 
considerable  portion  of  each  year. 

Previous  to  the  year  1876,  the  main  channel 
of  the  Mississippi  River  flowed  around  a  long 
narrow  point,  and  in  front  of  the  city  of  Vicks- 
burg, which  then  had  an  excellent  harbor  for 
boats  at  all  seasons  of  the  year.  On  April  26, 
of  the  Centennial  year,  1876,  this  narrow  neck 
of  land  was  breached,  and  in  a  very  short  while 
the  river  had  formed  a  new  channel,  leaving 
'  Vicksburg  on  a  dead  arm  of  the  river,  which 
was  given  the  name  of  Lake  Centennial.  As 
the  breach  widened  to  the  south,  the  shore  of 
the  river  continued  to  recede;  the  lower  arm 
of  the  lake  rapidly  filled  with  sediment  from 
the  Mississippi  River,  and  afforded  navigation 
to  the  city  front  only  at  higher  stages.  With 
the  exception  of  a  narrow,  crooked  outlet, 
known  as  West  Pass,  the  upper  arm  of  the  lake 
was  also  closed  by  deposit.  It  became  evident 
to  the  merchants  of  Vicksburg  that  something 
must  be  done  both  to  restore  the  harbor  and 
to  open  the  mouth  of  the  Yazoo  River  to  navi- 
gation. A  board  of  army  engineers  was  con- 
vened in  January,  1878,  to  consider  the  situa- 
tion and  recommend  that  the  work  for  the  pro- 
tection of  the  harbor  should  be  carried  out  in 
the  following  order:  First,  The  protection  of 
about  7.000  feet  of  the  shore  above  Delta  Point 
by  brush  mattresses;  second,  the  construction 
of  a  bar  dike  in  prolongation  of  the  line  of 
De  Soto  Island  to  cut  off  the  eddy  current  from 
the  harbor;  third,  the  dredging  of  the  inner 
harbor;  and  fourth,  the  diversion  of  Yazoo 
River  into  Lake  Centennial. 

The  flrst  part  of  the  work,  the  revetment  of 
the  Delta  Point,  was  commenced  the  following 
season,  1878;  this  was  intended  to  prevent  the 
further  recession  of  the  river  bank  which  had 
been  caving  continuously  since  the  cut-off. 
This  work   was  prosecuted    as    appropriations 


226 


THE     ENGINEERING     RECORD 


Vol.  49,  No.  8. 


became  available,  until  1890.  when  about  10,700 
feet  of  the  banlj  had  been  thus  revetted.  Since 
1890  the  work  already  done  has  been  kept  in 
lepair.  and  a  paviAg  of  stone  above  the  low 
water  line  has  been  substituted  in  place  of  the 
revetment.  The  bank  protection  work  has  sue- 
reasfully  performed  the  service  for  which  it 
was  intended. 

The  second  feature,  the  construction  of  the 
bar  dike,  was  not  begun  until  after  dredg- 
ing operations  along  the  city  front  had  com- 
menced, as  it  was  thought  that  the  bar  in  pro- 
longation of  De  Soto  Island  bad  by  this  time 
gained  a  sufficient  height  to  prevent  the  eddy 
current  from  carrying  silt  into  the  canal,  but 
it  was  found  that  a  large  deposit  was  made  an- 
nually, so  in  1888,  permeable  dikes  were  con- 
structed across  the  head  of  the  canal  from 
Jackson  Street  to  the  island  opposite,  and  from 
the  south  end  of  the  is-land  to  a  point  near  the 
lower  end  of  the  proposed  canal.  As  the  earlier 
dredging  operations  proceeded  a  large  portion 
of  the  mat«rial  was  scowed  to  the  Jackson 
Street  dike  and  there  deposited  until  the  dike 
had  reached  an  elevation  from  25  to  35  feet 
above  the  zero  of  the  Kleinston  gauge.  Work  on 
the  Jackson  Street  dike  was  finally  stopped  by 
the  approval  of  a  plan  to  divert  the  Yazoo 
River  through  Lake  Centennial  and  past  the 
city  front  of  Vicksburg. 

The  third  feature  of  the  recommendation  of 
the  board  of  army  engineers,  the  excavating 
of  the  harbor  canal,  was  begun  in  1883,  when 
350.000  cubic  yards  of  deposit  were  removed 
by  contract,  after  which  the  work  was  carried 
on  as  appropriations  became  available,  until 
May.  1893.  when  it  was  deemed  advisable  to  do 
no  further  work  until  the  Yazoo  River  diversion 
scheme  had  been  brought  to  a  conclusion.  The 
first  estimate  for  the  harbor  work  was  for  a 
channel  250  feet  wide  to  a  depth  of  15  feet  be- 
low low  water,  and  amounted  to  2,235,555  cubic 


it  was  demonstrated  that  the  dredging  of  the 
inner  harbor  was  an  unfluished  task,  and  that 
the  annual  deposit  of  silt,  during  the  higher 
stages  of  the  Mississippi  was  so  great  that  it 
would  be  necessary  to  dredge  almost  contin- 
uously during  the  available  working  season. 
An  act  of  Congress  approved  September  19, 
1890,  made  $5,000  available  for  a  survey  of 
Yazoo  River  from  the  railway  bridge,  about  17 
miles  above  the  mouth  of  the  river,  to  its 
mouth,  for  the  purpose  of  determining  In  what 
manner  the  mouth  of  the  river  could  be  im- 
proved, and  also  for  an  investigation  into  the 


of  9.3  miles.  The  distance  to  Kleinston  by  the 
old  route  is  14.5  miles.  After  the  final  location 
of  the  canal,  the  purchase  and  marking  of  the 
right-of-way,  the  ground  was  thoroughly  cleared 
and  grubbed  and  some  388.000  cubic  yards  of 
scraper  work  was  done  on  the  more  elevated 
portions  of  the  ground,  so  that  the  dredges 
might  operate  at  high  stages  throughout  the 
whole  cut;  the  material  thus  excavated  was 
placed  on  either  side  of  the  line  of  the  canal 
and  raised  to  uniform  grade  and  slopes.  On 
February  11,  1897,  Major  J.  H.  Willarrt,  the 
engineer  officer  in  charge  of  the  work  at  that 


Map  of  Yazoo  Canal  and   River  Improvements  near  Vicksburg. 


Site  of  the  Canal  along  the  Water  Front  of  Vicksburg  before  Dredging. 


yards.  Up  to  the  time  of  discontinuing  the 
work  in  May,  1893,  2,010,842  cubic  yards  of 
material  bad  been  removed  and  the  canal  ex- 
cavated to  a  depth  of  zero  on  the  Kleinston 
gauge.  During  the  progress  of  the  work,  there 
had  been  deposited  in  the  canal,  approximately, 
1.000,000  cubic  yards  of  material,  due  to  the 
eddy  current  from  the  Mississippi  River,  which 
the  dike  construction  had  been  unable  to  en- 
tirely prevent. 

The  fourth  and  last  recommendation  of  the 
board  of  engineers  waa  not  undertaken  until 


feasibility  of  making  a  new  mouth  or  outlet 
for  the  river  by  way  of  Chickasaw  Bayou,  or 
otherwise. 

The  route  adopted  was  from  the  junction  of 
the  Yazoo  with  Old  River,  through  the  dead 
end  of  Old  River,  2.7  miles;  then  the  Main 
Cut,  from  Old  River  through  Bamett  Lake  to 
Lake  Centennial,  3  miles;  then  through  Lake 
Centennial  to  head  of  harbor  canal,  1.6  miles; 
and  finally  through  the  harbor  canal  past  the 
city  front  of  Vicksburg  to  the  MlsBlsslppl  River 
at  Kleinston,  2  miles,  making  a  total  distance 


lime,  submitted  a  project  which  was  approved 
February  1,  1898.  The  work  to  be  let  was  to 
cover  excavation  by  any  method,  some  of  the 
material  was  to  be  deposited  behind  the  em- 
bankments already  raised;  some  in  the  Wrong 
End  of  Old  River  below  the  line  of  the  canal; 
and  a  part  across  Lake  Centennial,  below  the 
line  of  the  canal,  from  the  west  shore  of  the 
lake  to  a  point  near  the  north  end  of  De  Soto 
Island. 

A  contract  was  entered  into  June  14,  1899, 
with  the  Sand,  Stone  &  Gravel  Company  for 
the  removal  of  7,500,000  cubic  yards  of  ma- 
terial at  8.49  cents,  and  the  dredge  John  Gas- 
ton began  excavating  on  the  second  of  the  fol- 
lowing September;  but  after  removing  73,106 
cubic  yards  of  material,  all  work  was  stopped 
December  20,  1899,  and  on  account  of  the  lack 
of  the  necessary  plant  to  attain  the  output 
contracted  for,  the  contract  was  annulled 
March  7,  1900.  Through  the  efforts  of  the  Board 
of  Trade  of  Vicksburg,  the  Mississippi  River 
Commission  dredge  Gamma  was  sent  from 
West  Memphis  and  commenced  operations  at 
the  mouth  of  the  harbor  division  of  the  canal 
on  March  10,  and  worked  until  April  4.  1900. 
having  removed  42,100  cubic  yards.  The 
Gamma  was  designed  for  removing  the  sandbar 
formation  in  the  channel  of  the  Mississippi 
Hiver.  and  was  equipped  with  hydraulic  jets 
for  loosening  the  material  at  the  mouth  of  the 
intake  pipes.  It  Is  thought  that  had  she  been 
equipped  with  a  rotary  cutter  that  the  result 
would  have  been  better.  Bids  were  again  re- 
ceived June  28,  1900,  for  the  full  7,500,000 
cubic  yards,  the  Atlantic,  Gulf  &  Pacific  Com- 
pany, of  New  York,  being  the  lowest  bidder  at 
12.4  cents,  were  awarded  the  contract. 

With  the  cross-section  at  first  adopted  for 
this  contract  It  was  figured  that  there  would 
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be  a  depth  of  6  feet  and  a  velocity  of  3.3  feet 
per  second  to  pass  the  minimum  discharge  of 
2.430  cubic  feet  per  second.  The  final  eleva- 
tion adopted  was  6.27  feet  below  low  water  at 
the  mouth  of  the  canal,  and  6.57  feet  at  Old 
River.  A  total  fall  of -6  feet  was  evenly  dis- 
tributed throughout  the  excavated  portions  of 
the  canal,  there  being  no  slope  provided  for 
in  Old  River  and  Lake  Centennial  on  account 
of  the  large  cross-sectional  area.  The  final 
cross-section  of  the  canal  gave  a  reduction  of 
25  per  cent,  in  yardage  from  that  first  adopted 
and  consisted  of  an  upper  cut  220  feet  wide 
at  bottom   in  all  recent  deposits,  and  "190  feet 


tion  to  be  excavated  by  the  clam-shell  dredge 
California.  A  photograph  of  this  dredge,  which 
was  built  at  Vieksburg,  for  the  work,  accom- 
panies this  article.  Dredging  operations  com- 
menced November  19,  1900,  and  were  completed 
September  5,  1903.  A  totil  of  5,836,366  cubic 
yards  were  removed  from  the  canal,  of  which 
about  1,000,000  cubic  yards  had  been  placed  on 
the  sub-aqueous  dam  across  Lake  Centennial. 

In  addition  to  the  project  of  Major  Willard  it 
was  found  essential  to  construct  a  levee  from 
the  mouth  of  the  canal  along  the  narrow  strip 
of  land  between  Lake  Centennial  and  the  Mis- 
sissippi River  to  the  high  ground  at  King's  Point 
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The  Clamshell  Dredge,  California,  Used  in  the  Vieksburg  Harbor  Improvements. 

wide  at  bottom  for  the  older  formations,  and 
extending  from  natural  ground  surface  to  with- 
in 16  feet  of  grade;  and  of  a  lower  cut  80  feet 
wide  at  bottom,  and  extending  from  grade  to 
bottom  of  upper  cut.  All  side  slopes  were  one 
and  one-quarter  to  one.  The  object  of  this 
cross-section  was  to  provide  a  channel  wide 
enough  to  guard  against  choking  up  by  slough- 
ing of  banks,  and  deep  enough  to  afford  free 
ingress  of  the  Yazoo  River  at  the  lowest  stages 
of  that  stream. 

There  were  used  two  centrifugal  hydraulic 
dredges,  and  one  clam-shell  dredge.  The  hy- 
draulic dredges  were  practically  alike,  both 
having  20-inch  intake  and  outlet  pipes,  with 
an  average  capacity  of  275  cubic  yards  per 
hour.  The  capacity  of  the  clam-shell  was  about 
60  cubic  yards  per  hour.  In  order  to  facilitate 
the  dredging  it  was  decided  to  impound  the 
water  in  Lake  Centennial,  by  building  a  levee 
on  top  of  Jackson  street  dike;  building  a  dike 
along  the  willow  flat  approximately  along  the 
line  of  the  original  permeable  dike;  and  clos- 
ing the  outlets  at  West  Pass.  The  dike  along 
the  willow  flat  was  constructed  by  the  hydraulic 
dredges  with  material  piped  from  the  harbor 
division  of  the  canaU  the  levee  on  the  Jackson 
Street  dike  thrown  up  with  shovels,  and  the 
outlets  at  West  Pass  were  closed  with  scrap- 
ers and  wheelbarrows,  while  the  river  was  at  a 
low  stage.  Two  spillways  were  constructed  to 
regulate  the  pool  height  at  about  27  feet  on  the 
pauge.  Towards  the  end  of  the  work,  when  the 
'anal  was  ready,  the  Jackson  Street  dike  was 
breached  by  the  dredge  Califoi'nia.  aided  by 
dynamite.  The  material  was  stiff  blue  "buck- 
shot" mud. 

The  general  plan  adopted  was  to  excavate 
the  harbor  division  with  the  hydraulic  dredges, 
and  to  excavate  the  top  prism  of  the  main  cut 
with  the  same  machines,  leaving  the  lower  por- 


levee  have  been  completed  and  protected  from 
wave  wash  by  a  plank  and  post  bulkhead  tor 
nearly  its  entire  length.  The  north  end  has 
been  bulkheaded,  and  the  south  end  covered 
with  a  willow  mat  weighted  with  stone,  there- 
by protecting  the  ends  from  the  action  of  the 
current. 

The  inflow  current  of  the  canal  was  caused  by 
the  eddy  current  of  the  Mississippi  River,  which 
starts  a  short  distance  below  the  mouth  of  the 
canal,  and  extends  about  8.000  feet  up  the  left 
bank  of  the  river.  Whenever  the  river  is  high 
enough  to  overflow  the  low  ground  of  the  nar- 
row neck  between  the  lake  and  the  river,  a 
reverse  current  is  started  through  the  canal, 
and  around  the  island,  and  out  West  Pass.  To 
this  eddy  current  has  been  due  the  deposit  in 
the  canal  of  a  large  amount  of  material  from 
time  to  time  throughout  the  whole  work.  A 
survey  at  the  old  mouth  of  the  Yazoo,  made 
during  last  August,  found  a  fill  across  the  mouth 
sufficiently  deep  to  entirely  stop  the  flow  of 
water  at  a  stage  of  15  feet  on  the  Kleinston 
gauge. 

The  canal  is  now  carrying  the  full  dis- 
charge of  Yazoo  River,  and  the  banks  seem 
fairly  stable.  During  December  the  river 
reached  a  stage  of  6  feet  above  low  water. 
Soundings  taken  at  this  stage  indicated  a  scour 
throughout  the  whole  canal,  and  gauge  readings 
showed  a  rlope  of  8  feet,  about  equally  distrib- 
uted between  the  main  cut  and  the  harbor  di- 
vision of  the  canal,  with  a  velocity  of  4  feet  per 
second.  The  indications  are  that  the  work  will 
be  a  success.  The  steamboat  interests  report 
a  better  stage  in  the  lower  Yazoo  than  previous- 
ly for  a  corresponding  low-water  gauge  reading 
at  Kleinston. 

The  army  officers  in  charge  of  the  work  pre- 
vious to  the  diversion  scheme  were:  Major 
W.   H.   H.   Benyaurd,  Captain  W.  L.   Marshall, 
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The  Canal  along  the  Water  Front  of  Vieksburg  after  Completion. 


about  9,500  feet  of  levee  to  be  built  4  feet  above 
the  extreme  high  water,  having  a  crown  of  8 
feet  and  side  slopes  of  three  to  one,  with  a 
total  of  about  450,000  cubic  yards.  The  object 
of  the  levee  now  under  construction  is  to  pre- 
vent the  breaching  of  the  narrow  neck  of  land 
at  or  near  West  Pass,  which  should  a  breach 
occur,  might  divert  the  Yazoo  River  down  the 
west  arm  of  Lake  Centennial,  instead  of  the 
east  arm  in  front  of  Vieksburg,  and  to  prevent 
the  eddy  current  from  flowing  past  the  city 
front,  around  the  north  end  of  De  Soto  Island, 
and  out  at  West  Pass.    About  4,600  feet  of  this 


and  Captain  William  T.  Rossell;  the  local  as- 
sistant engineers  being  Major  T.  G.  Dabney 
and  Mr.  H.  St.  L.  Coppee.  The  latter  work  has 
been  carried  out  under  the  direction  of  Major 
J.  H.  Willard,  Major  Thomas  L.  Casey,  Cap- 
tain Charles  L.  Potter,  and  Captain  Charles  S. 
Bromwell,  with  Assistant  Engineers  H.  M.  Mar- 
shall and  T.  C.  Thomas  in  charge  of  local  con- 
struction, Mr.  John  Ewen  and  the  writer  being 
assistant  engineers  also  connected  with  the 
work.  In  the  preparation  of  this  article  con- 
siderable information  was  obtained  from  the 
reports  of  the  Chief  of  Engineers,  U.  S,  Army. 
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Types  and  Details  of  Bridge  Construc- 
tion.—XIX. 

By  Frank  W.  Skinner,  C.  G. 

Tkl'sseo  Arcuhs. 
The  Canadian  Pacific  Railway  crosses  Stony 
Creek,  in  the  Rocky  Mountains,  with  a  single- 
track  arch  truss  of  336  feet  span.  The  bridge 
is  remarkable  for  its  graceful  proportions,  the 
picturesque  surroundings  and  the  great  depth 
of  the  gorge,  which  makes -the  structure  one  of 
the  highest  of  its  length  in  the  world.  The 
chasm  is  so  deep  that  the  lowest  point  is  about 
340  feet  below  rail  level,  and  its  sides  are  so 
precipitous  that  the  total  length  of  the  bridge 
between  the  faces  of  the  abutments  at  grade  is 
only  486  feet,  including  75-foot  approach  spans 
at  each  end  seated  on  abutments  ^bout  40  feet 
high  which  set  as  retaining  walls.  The  ground 
is  so  rocky  that  it  affords-excellent  footings  for 
the  skewbacks,  allowing  them  to  be  seated  at 
such  a  height  as  to  give  &  satisfactory  rise  to 
the  arch.  The  conditions  permitted  the  de- 
signer to  select  an  ideal  construction  for  the 
main  span,  utilizing  the  natural  resistances  for 
his  compressive  stresses  and  building  an 
economical  structure  with  attractive  lines. 


ish  from  28  feet  3%  inches  at  the  ends  to  21  feet 
%  inch  at  the  crown.  The  construction  is  pe- 
culiar in  that  each  panel  is  shop-riveted  and 
shipped  in  three  sections,  which  are  fleld-rivet- 
ed  together  with  web  and  flange  splice  plates. 
The  two  end  sections  of  each  panel  are  about 
2  feet  long  on  the  lower  edge  and  have  the  pin 
hole  bored  in  the  center.  The  flanges  and  the 
edges  of  the  web  plates  are  bent  to  the  required 
angle  on  the  radial  lines.  The  top  flanges  have 
full-length  cover  plates,  which  project  at  each 
end  to  form  splices  with  the  ends  of  the  inter- 
mediate sections  of  chord,  and  the  lower  flanges 
are  spliced  with  batten  plates. 

The  intermediate  sections  of  chords  have 
both  ends  planed  square  on  radial  lines  and 
have  long  splice  plates  riveted  to  their  webs. 
In  the  two  panels  at  the  crown  the  short  sec- 
tion of  chord  is  omitted  and  the  intermediate 
sections  are  longer  than  in  the  other  panels 
and  terminate  in  Jaw  plates  which  overlap  and 
engage  the  same  pin  at  the  center  point.  The 
top  chord  pins  have  a  uniform  diameter  of  6 
inches  and  their  inner  ends  engage  U-plates 
with  horizontal  wings  which  are  riveted  to  the 
top  and  bottom  flanges  of  I-shaped  lateral  trans- 
verse struts  14  inches  deep  with  I-shaped  cross- 


ed together  so  that  the  outer  pieces  form 
flanges  locking  them  in  position. 

The  bottom  lateral  system  consists  of  trans- 
verse struts  and  X-braces  all  with  I-shaped 
cross-sections  made  with  two  pairs  of  angles 
back  to  back,  latticed.  The  diagonals  have  the 
same  depth  as  the  bottom  chords,  and  are  field 
riveted  to  flange  connection  plates  on  it.  The 
transverse  struts  are  riveted  to  U-plates  on  the 
chord  pins,  and  to  vertical  plates  which  are  also 
riveted  to  the  feet  of  the  vertical  posts  and  re- 
ceive the  ends  of  the  sway  brace  diagonal  an- 
gles. These  plates  are  notched  to  clear  the 
chord  flanges  and  are  connected  to  both  flanges 
of  the  diagonal   angles. 

All  bottom  laterals  are  cut  to  clear  at  inter- 
sections, where  they  are  spliced  by  top  and  bot- 
tob  %-inch  flange  plates  with  the  edges  trim- 
med concave.  In  the  end  panel  a  longitudinal 
strut  is  run  from  the  intersection  of  the  diag- 
onals to  the  center  of  the  skewback  transverse 
strut,  to  which  it  is  connected  by  a  notched 
flange,  as  shown  in  the  detail.  A  similar  center 
longitudinal  strut  braces  the  cross  struts  at  the 
five  panel  points  nearest  each  of  the  top  chords. 

All  web  members  are  made  with  pairs  of  12- 
inch  channels,  latticed.    All  vertical  posts  have 
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Stony  Creek  Two-Hinge  Steel  Arch  Bridge  on  the  Canadian  Pacific  Railway. 


The  chords  of  the  pin-connected  trusses  are 
chords  of  eccentric  circular  ares  with  a  versed 
sine  of  100  feet  for  the  bottom  chord.  The 
trusses  are,  in  round  numbers,  20  feet  deep  at 
the  crown,  30  feet  deep  at  the  skewbacks  and 
are  battered  1:10,  so  that  they  are  43  feet  apart 
at  the  springing  line  and  19  feet  apart  at  the 
center  of  the  top  chord.  They  are  divided  by 
vertical  posts  into  sixteen  21-foot  panels  with 
a  single  riveted  diagonal  in  each.  The  top  and 
bottom  chord  pins  at  the  crown  engage  full 
holes  in  all  connected  members  so  that  there 
Is  no  crown  hinge,  and  each  truss  is  a  two-binge 
arch  which  carries  the  railroad  track  on  five 
riveted  deck  spang  63  and  84  feet  long  with 
trusses  9  feet  deep  and  9  feet  apart  on  centers. 

The  arch  top  chords  are  made  with  two  built 
channels,  latticed  top  and  bottom,  and  have  a 
maximum  cross-section  of  two  18%x%-lnch 
web  plates  and  four  3x3'/ix%-inch  flange  angles 
at  the  haunches.  The  minimum  sections,  at  the 
crown  and  ends,  are  the  sanre,  except  that  the 
thicknesses  of  all  pieces  are  5/16  inch  and  % 
Inch,  respectively.    Their  center  lengths  dlmln- 


sections  made  of  two  pairs  of  angles  back  to 
back,  latticed.  The  single  diagonal  rods  have 
sleeve-nut  adjustments  and  loop  eyes  engaging 
pins  through  the  horizontal  flanges  of  angle 
clips  riveted  to  the  top  chord  webs. 

The  bottom  chord  is  similar  to  the  top  chord 
except  in  the  splices,  and  has  a  maximum  cross- 
section  at  the  haunches  with  two  27x%-inch, 
two  27x9/16-inch,  and  two  13x%-inch  web  plates 
and  four  7x4x%-inch  flange  angles.  The  mini- 
mum cross-sections  are  at  the  crown  and  skew- 
backs,  where  they  are  respectively  composed  of 
two  27x7/16-inch  web  plates  and  four  7x4x%- 
inch  angles  and  of  four  27x%-inch  and  two  13x 
9/16-lnch  web  plates  and  four  7x4x%- 
Inch  angles.  Each  section  is  of  the  full  panel 
length  with  the  joints  planed  radial  and  having 
full  end  bearings  without  clearance  and  with 
half  holes  for  the' pins.  The  only  splice  plates 
are  the  bent  covers  on  the  top  and  bottom 
flanges.  The  pins  are  6  inches  In  diameter, 
but  have  special  bushings  to  give  them  12-Inch 
bearings  on  the  chord  webs.  The  bushings  are 
made  of  three  pieces  of  rolled  steel  plates  rlvet- 


their  flanges  turned  out,  and  all  diagonal  posts 
have  their  flanges  turned  in.  The  9-inch  skew- 
back  pins  engage  half  holes  in  the  chords  and 
in  the  riveted  shoes,  and  full  holes  in  the  feet 
of  the  heavy  end  posts.  The  shoes  have  ordi- 
nary double  webs  corresponding  with  those  of 
the  chords,  but  differ  from  those  in  ordinary 
trusses  in  having  their  base  plates  grooved  to 
receive  six  horizontal  transverse  2xl-inch  solid 
steel  keys  which  lock  them  to  the  top  plate  of 
the  pedestal.  The  pedestal  has  a  2x4  V^ -foot  cap 
plate  IY2  inches  thick,  which  is  inclined  longi- 
tudinally and  transversely  so  as  to  be  perpendic- 
ular to  the  axis  of  the  bottom  chord,  and  is  sup- 
ported on  two  longitudinal  vertical  webs  in  the 
planes  of  the  chord  webs,  which  are  connected 
by  transverse  webs  and  stiffened  by  pairs  of  out- 
side angles  parallel  with  the  chord  flanges.  It 
has  vertical  and  horizontal  sole  plates  with  a 
combined  beaming  of  ai>out  16  square  feet  on 
the  cut  stone  masonry,  to  which  it  is  secured 
with  eight  anchor  bolts. 

The  roadway  spans  have  deck  trusses  with 
lower  chord  pin  bearings  on  rocker  bents  at 
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panel  points  0  and  3  of  tbe  arch  trusses,  and 
on  transverse  girders  at  points  6.  Bents  3  and 
6  are  similar  except  that  the  former  has  one 
and  the  latter  has  two  Tertlcal  panels.  The  col- 
umns hare  their  axes  coincident  with  those  of 
the  truss  verticals  and  are  braced  together  by 
horizontal  and  diagonal  transverse  struts, 
flange-connected  to  their  webs.  The  columns 
are  seated  on  spherical  discs,  through  the  cen- 
ters of  which  vertical  anchor  bolts  pass  which 
have  nuts  on  the  upper  ends  bearing  on  hori- 
zontal diaphragms  in  the  columns  and  eyes  on 
the  lower  ends  engaging  the  top  chord  pins.  The 
discs  are  convex  on  both  sides  and  engage 
spherical  holes  in  the  thick  horizontal  end 
plates  riveted  to  the  feet  of  the  columns  and 
to  the  tops  of  the  truss  vertical  posts  which  pro- 
ject through  and  beyond  the  upper  sides  of  the 
top  chords. 

The  upper  ends  of  the  columns  are  connected 
by  deep  double-web  transverse  plate  girders 
like  floorbeams  with  ordinary  shoes  riveted  to 
their  top  flanges  to  receive  the  bearing  pins  of 
the  trusses.  These  pins  engage  interlocking 
Jaw  plates  projecting  from  the  ends  of  the  webs 
of  the  lower  chords  of  adjacent  spans.  The 
truss  bearings  over  this  arch  are  all  fixed  and 
expansion  bearings  are  provided  at  both  abut- 
ments to  which  temperature  movements  are 
transmitted  through  the  rocking  of  the  vertical 
bents. 

The  top  chords  of  the  roadway  trusses  are  at 
about  the  same  height  as  those  of  the  arch 
trusses  at  the  crown  and  the  lower  chords  are 
at  the  same  height  as  the  truss  top  chords  at 
panel  points  5.  Therefore  at  panel  points  6,  7 
and  8.  the  arch  truss  sway  bracing  is  depressed, 
as  shown  in  the  special  cross-sections,  to  clear 
the  roadway  trusses.  At  panel  points  6  the 
roadway  trusses  are  supported  on  double-web 
transverse  girders  riveted  to  the  vertical  posts 
of  the  arch  trusses  to  correspond  with  those  of 
the  rocker  bents,  at  the  haunches  and  ends  of 
the  arch.  Here  the  top  lateral  transverse  arch 
stmts  are  omitted  and  the  arch  top  chords  are 
kneebraced  to  the  transverse  girder  top  flanges 
with  pairs  of  angles  passing  between  the  pairs 

■  C- Columns  and  Horizontals. 
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engineer  of  the  Canadian  Pacific  Railway,  of 
which  Mr.  P.  A.  Peterson  is  chief  engineer.  The 
Hamilton  Briage  Company,  Mr.  McNichol  chief 
engineer,  and  Mr.  E.  A.  Rhys-Roberts,  assistant 
engineer,  was  the  contractor  tor  building  and 
erecting  it. 


A   New   Water  Power   Development  at 
New  Milford,  Connecticut. — II. 

By  Walter  Scott  Morton. 

The  Canal. — From  the  dam  to  the  forebay, 
measured  on  the  line  of  the  canal,  is  a  total 
distance  of  10,000  feet  Of  this  8,400  feet  is 
canal  proper,  the  balance  being  in  the  reser- 
voirs before  mentioned.  With  the  exception  of 
the  lower  2,000  feet,  the  canal  Is  largely  ex- 
cavated in  rock. 

Starting  from  the  dam,  the  flaring  entrance 
of  the  canal  is  separated  from  the  east  end  of 
the  dam  by  some  30  feet  of  solid  rock  ledge, 
the  line  of  canal  at  this  point  being  a  continua- 
tion of  the  easterly  shore  line    of    the    river. 
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This  was  taken  advantage  of  to  form  a  spill- 
way. A  masonry  wall,  constructed  with  Port- 
land cement  mortar,  was  laid  on  the  river  edge 
through  this  200  feet  with  its  top  at  the  eleva- 
tion of  the  crest  of  the  dam,  creating  an  auto- 
matic safety  valve  for  the  canal  and  aiding  in 
the  reduction  of  the  flood  level  of  the  pond  it- 
self. 

A  natural  depression  in  the  rock  formation 
at  the  site  of  the  waste  gates  was  taken  advan- 
tage of  to  form  the  real  entrance  to  the  canal. 
An  entrance  chamber  was  excavated  in  front  of 
the  waste  gates  and  for  a  short  distance  below 
to  receive  the  entrance  gates.  Between  the  en- 
trance gates  and  the  waste  gates  on  the  river 
side  is  an  opening  16  feet  long  in  which  travels 
a  sliding  gate  whose  top  can  be  raised  to  the 
same  elevation  as  the  dam  and  which  can  he 
lowered  some  2%  feet,  thus  forming  a  flush  gate 
for  the  purpose  of  getting  rid  of  ice  and  debris 
which  may  collect  in  front  of  the  entrance 
gates.  The  canal  from  above  the  waste  gates  to 
the  entrance  gates  is  widened  on  gentle  curves 
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Plan  and  Cross-Section  of  the  Forebay  and  Typical  Sections  of  the  Canal,  New  Milford,  Conn. 


of  angles  which  kneebrace  the  top  chords  of 
the  roadway  trusses  to  ends  of  the  transverse 
girders.  These  latter  braces  are  peculiar  in 
having  pin-connected  ends.  The  deck  is  made 
with  very  heavy  ties  20  feet  long  spaced  close 
together  and  seated  on  the  top  chords  with  their 
overhanging  ends  carried  by  15%-Inch  plate 
girders  on  the  ends  of  cantilever  brackets,  5 
feet  long  and  IO14  feet  apart  at  panel  points. 
The  bridge  was  built  of  soft  steel  throughout, 
weighs  1,021,420  pounds  and  was  designed  In 
accordance  with  the  speciflcatlons  of  the  Can- 
adian Pacific  Railway  for  two  locomotives 
with  120,000  pounds  each  on  driving  wheel  base 
of  14  feet  8  inches,  followed  by  a  train  load  of 
4,000  pounds  per  linear  foot  It  was  erected 
on  trestle  falsework  built  up  from  the  bottom 
and  sides  of  the  gorge,  which  were  in  some 
places  terraced  to  give  horizontal  seats  for  it. 
This  falsework  was  one  of  the  highest  ever 
built  and  was  composed  of  long  and  heavy  flr 
timbers  cut  in  the  vicinity. '  The  bridge  was  de- 
signed by  Mr.  H.  E.  Vautelet,  principal  assistant 


From  here  to  the  waste  gates,  some  550  feet 
below,  the  canal  runs  through  solid  rock  from 
18  to  40  feet  deep,  cutting  off  a  bend  of  the 
river  and  encircling  the  river  gorge  before  men- 
tioned. At  the  waste  gates  the  river  Is  but  a 
short  distance  away,  the  waste  gates  discharg- 
ing below  Bull's  Falls  and  directly  into  the 
river  bed,  the  gates  themselves  being  placed  on 
a  solid  rock  ledge,  with  a  steep  pitch  Into  the 
river  below  their  outlet.  The  canal  in  the  upper 
section  has  a  bottom  width  of  25  feet  and  the 
side  Is  more  or  less  flaring  on  account  of  the 
nature  of  the  rock.  A  slope  of  one  foot  from 
the  dam  to  the  waste  gates,  was  given  the  bot- 
tom to  accelerate  the  discharge  of  the  river 
through  the  waste  gates  during  construction, 
which  at  the  lower  end  places  it  2.3  feet  below 
the  true  bottom  of  the  canal,  the  change  from 
one  elevation  to  the  other  being  made  on  a 
gradual  slope. 

For  a  distance  of  200  feet  above  the  waste 
gates  the  river  bank  of  the  canal  was  at  a 
slightly  lower  elevation  than  the  flowage  line. 


from  25  feet  to  38  feet  2%  Inches,  making  an 
easy  flow  for  the  current  without  loss  of  head. 

From  the  entrance  gates  south,  a  distance  of 
some  300  feet,  standard  rock  section  of  the 
canal  is  constructed,  being  27.4  feet  in  width  by 
13.7  in  depth.  Through  nearly  this  entire  dis- 
tance another  spillway  one  foot  higher  than  the 
dam  was  built  as  an  additional  precaution.  At 
the  lower  end  of  this  the  canal  crosses  Bull's 
Bridge  road  and  immediately  below  widens  out 
into  a  section  40  feet  in  width  with  a  corre- 
sponding reduction  in  depth.  From  here  for  the 
next  400  feet,  the  canal  contains  this  wide  sec- 
tion with  an  earth  bank  on  the  river  side  and 
with  but  comparatively  small  rock  excavation. 
Thence  Into  the  flrst  reservoir,  some  500  feet,  a 
thorough  cut  is  made  through  a  hill,  part  earth 
and  part  rock,  where  the  canal  is  changed  again 
to  normal  rock  section,  its  entrance  into  the 
pond  being  flared  to  avoid  loss  of  head. 

The  reservoir  Is  practically  divided  into  two 
ponds  by  an  earth  fill  constructed  to  carry  the 
main  wagon  road,  the  connection  between  the 
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two  ponds  being  under  a  bridge  110  feet  long 
with  a  section  area  of  about  1,000  square  feet. 
Tlie  canal  leaves  the  reservoir  at  its  southeast 
corner,  the  entrance  being  flared  as  in  the  pre- 
ceding cases.  The  standard  section  is  then 
used  for  some  300  feet  where  the  canal  again 
widens  with  corresponding  reduction  in  depth. 
Thence  for  the  next  1,700  feet  the  construction 
is  substantially  as  last  stated.  Through  this 
portion  the  canal  being  on  the  side  hill,  the 
lower  side  is  formed  by  a  heavy  earth  embank- 
ment backed  by  the  rock  taken  from  the  bot- 
tom of  the  excavation,  it  being  necessary,  to  get 
section  area,  to  excavate  more  or  less  rock 
which  was  utilized  to  strengthen  the  banks. 

From  here  to  the  next  reservoir,  some  3,000 
feet,  the  canal  is  substantially  rock  cutting  all 
the  way,  a  small  earth  bank  being  necessary  ou 
the  down  hill  side.  The  entrance  into  the  sec- 
ond reservoir  is  flared  as  before.  The  further 
continuation  of  the  canal  leaves  the  second 
reservoir  at  its  southeast  corner  with  a  flared 
entrance  and  thence  for  the  next  1,100  f«et  goes 
along  a  steep  hillside,  partly  in  rock  and  partly 
in  earth,  the  canal,  however,  below  the  water 
line,  being  made  entirely  in  excavation.  A 
bank  4  feet  in  height  is  placed  on  the  lower  side 
heavily  backed  with  rock  taken  from  the  exca- 


then  rolled  by  wheel-barrows  and  platforms  con- 
structed on  wheel-barrow  wheels  with  handles 
at  each  end  and  weighted  with  rock  or  earth. 
This  proved  very  effective,  making  a  puddle 
compact  and  exceedingly  watertight  as  constant 
tests  demonstrated.  The  clay  and  gravel  were 
thoixiughly  mixed  so  as  to  flll  the  interstices  of 
the  gravel  with  the  clay.  The  whole  was 
slightly  dampened  while  being  rolled. 

The  earth  banks  were  given  a  top  width  equal 
to  their  height  plus  2  feet.  Thus  a  13-foot  bank 
has  a  top  width  of  15  feet,  a  10-foot  bank  12 
feet.  This  is  in  excess. of  the  usual  top  width 
given  embankments.  Trautwine  recommends 
2  feet  plus  twice  the  square  root  of  the  height 
and  Tumeaure  and  Russell  one-fifth  the  height 
plus  5  feet.  By  the  former  a  10  feet  bank  would 
have  a  top  width  of  8.3  feet  and  the  latter  a  7- 
foot  top.  The  banks  generally  have  a  slope  of 
11/4  to  1.  In  certain  portions  the  slope  was  made 
2  to  1.  The  forebay  banks,  some  12  feet  high, 
have  a  top  width,  of  16  feet.  The  minimum 
canal  radius  adopted  was  250  feet.  At  one 
place  a  right  angle  turn  was  necessary.  At  this 
point  the  canal  was  enlarged  into  a  basin  to 
decrease  the  velocity,  thus  avoiding  any  loss  in 
head.  At  several  points  vertical,  masonry 
walls,  laid  in  Portland  cement,  were  construct- 


per  discharging  directly  into  carts.  Steam 
drills  were  used  throughout,  boiler  capacity  be- 
ing supplied  sufBcient  to  run  both  derricks  and 
drills.  Portable  derricks  were  used  to  some 
extent,  but  the  guy  derricks  with  the  large 
booms  (40  to  45  feet),  proved  more  efficient. 
The  rock  throughout  the  entire  line  of  canal 
was  largely  limestone  of  varying  degrees  of 
hardness.  The  canal  was  filled  with  water  on  De- 
cember 10  and  11,  and  was  practically  water- 
tight, no  leaks  showing  of  any  moment. 

Forebay  and  Penstocks. — The  forebay  en- 
trance chamber  containing  the  racks,  gates  and 
entrance  to  the  penstocks,  is  large  and  sub- 
stantial, the  foundations  running  down  to  solid 
rock.  The  racks  are  placed  some  distance  In 
front  of  the  head  gates,  21%  feet,  to  insure  a 
more  uniform  velocity-  of  water  through  the 
racks.  The  sides  are  all  built  on  reverse 
curves  so  as  to  give  an  easy  entrance  to  the 
penstocks.  The  wing  walls  to  make  junctions 
with  the  earth  banks  are  of  concrete  as  well 
as  the  chamber  walls  themselves.  The  walls 
are  given  a  top  width  of  71/^  feet,  the  base  at 
the  bottom  of  the  pipe  being  18  feet.  The  wall 
around  the  13-foot  pipe  is  carried  6  feet 
farther  down  the  hill  in  order  to  increase  the 
anchorage  of  the  large  steel  pipe. 


New  Milford  Power  Development:    Exterior  and  Interior  Views  of  the  Power-House. 


vation.  The  canal  at  this  point  is  narrowed  to 
a  bottom  width  of  25  feet  and  a  depth  of  18  feet. 
From  here  to  the  forebay  the  canal  runs  en- 
tirely in  earth  and  along  a  sidehill,  being  so  lo- 
cated as  to  make  the  cut  and  flll  balance.  At 
its  lower  end  it  very  gradually  widens  into  the 
forebay.  The  slopes  were  carefully  calculated 
through  each  particular  section,  Kutter's  form- 
ula being  applied  and  the  sectional  area  in- 
creased to  correspond  with  the  loss  in  surface 
slope.  In  the  rock  sections  0.035  was  assumed 
for  the  degree  of  roughness  and  in  the  earth 
sections  0.025  was  assumed.  This  substantially 
gives  a  loss  in  head  of  0.3  per  thousand  feet  in 
the  rock  sections  andD.2  per  thousand  in  the 
earth  sections. 

The  details  of  canal  construction  are  shown 
by  the  accompanying  sections.  In  all  cases 
where  the  junction  was  made  between  the  bank 
and  the  rock  ledge,  a  puddled  trench  was  ex- 
cavated and  carefully  filled  with  puddle  to  pre- 
vent the  water  flowing  between  the  earth  and 
rock.  The  rock  surface  being  rough  and  Irreg- 
ular made  this  admissible.  The  puddle  was 
formed  of  25  per  cent,  of  clay  and  75  per  cent. 
of  a  natural  mixture  of  coarse  sand  and  gravel. 
This  was  laid  in  layers  of  1  inch  in  thickness. 


ed  and  given  a  strong  backing  of  rocks  taken 
from  the  cuts. 

The  earth  banks  were  built  up  in  horizontal 
layers.  The  material  wras  spread  out  very  thin, 
from  one  to  two  inches  in  thickness,  and  well 
rolled  by  carts  and  wagons  and  tramped  by 
horses.  The  packing,  by  using  such  very  thin 
layers,  showed  excellent  results.  The  material 
in  general  was  a  gravelly  clay  or  earth  and 
some  sandy  clay.  The  ground  under  all  banks 
was  first  carefully  stripped  of  sod  and  lightly 
plowed  to  insure  a  good  bond  between  the 
ground  and  the  new  material,  when  near  rock 
a  trench  being  first  constructed  under  the  toe 
to  rock  and  refilled  with  puddle  material. 
Wheel  and  drag  scrapers,  wagons  and  carts  and 
wheel-barrows  were  used  in  building  the  earth 
banks,  wheel-barrows  and  drag  scrapers  pre- 
ferably in  the  side  work,  wheelers  in  the  medi- 
um hauls  and  wagons  in  the  extreme  hauls. 
The  rock  work  in  the  shallow  cuttings  was 
done  with  teams  and  stone-boats,  but  for  the 
vast  majority  of  rock  excavation,  guy  derricks 
with  double  drum  steam  hoists  were  used. 
When  the  rock  had  to  be  moved  any  distance 
the  derricks  dumped  directly  into  three  yard 
dump  cars,  run  on  16-pound  rails,  or  into  a  hop- 


The  penstock,  13  feet  in  diameter  with  a 
bell  entrance  15  feet  in  diameter,  is  made  of 
steel,  %,  7/16  and  %  inch,  double  riveted  and 
supported  on  concrete  piers,  closely  following 
in  its  incline  the  rock  surface  down  the  hill. 
The  turn  at  the  bottom  to  a  line  parallel  with 
the  power-house  is  at  an  angle  of  50  degrees. 
It  reduces  in  size  as  the  feeders  lead  to  the 
wheels.  The  work  was  we.,  constructed  an"! 
showed  no  appreciable  leakage  under  pressure. 

Power-House. — The  power-house  is  formed 
into  one  main  building,  115  feet  long  by  48  feet 
wide,  and  an  annex  in  the  back  and  at  the 
center,  44x48  feet.  In  the  main  building  are 
placed  the  wheel  cases,  hydraulic  valves,  gov- 
ernors, generators  and  exciters,  while  in  the 
annex,  forming  a  part  of  the  main  building,  is 
found  the  switchboard,  oil  switches  and  elec- 
trical connections.  In  the  rear  of  the  annex 
and  separated  by  a  concrete  partition  wall  a 
space  18x48  feet  is  devoted  to  the  transformers 
and  lightning  arresters.  The  walls  are  30  feet 
high  above  the  foundation. 

The  power-house  is  built  entirely  of  concrete 
and  steel.  The  foundation,  in  all  cases  carried 
to  solid  rock,  is  built  of  concrete,  the  sides  and 
partition  wall  of  the  same  material.    The  main 
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building  has  it£  roof  and  the  traveling  crane 
supported  on  steel,  the  ends  of  the  purlins  rest- 
ing on  concrete  gables.  The  draft  tubes  dis- 
charge through  arched  openings,  the  genera- 
tors resting  on  solid  concrete  piers.  The  switch 
board  is  placed  on  a  raised  platform  in  the 
center  annex,  the  platform  being  of  concrete, 
granolithic  flooring  with  expanded  m&tal,  rest- 
ing on  steel  supports.  The  flooring  of  the 
power-house  is  formed  of  10-inch  concrete  with 
a  granolithic  top  2  inches  thick.  A  concrete  re- 
taining wall  separates  the  draft  tube  chambers 
from  the  rest  of  the  building. 

The  wheels  used,  31  inches  in  diameter,  are 
the  most  recent  high-head  type  produced 
by  the  SUlwell-Blerce  &  Smith-Vaile  Com- 
pany. They  are  placed  tandem  and  directly 
connected  to  the  generators  and  governed 
by  Lombard  governors.  Each  pair  of  the 
wheels  has  a  capacity  of  1,750  horse-power, 
making  a  total  for  the  sis  units  of  10,500  horse- 
power. The  generators  are  rated  at  1,150 
Tolts,  503  amperes  with  three-phase  current  at 
60  cycles  and  have  a  capacity  of  1,000  kilowatts. 
They  can  be  overloaded  50  per  cent,  for  a  short 
time  and  are  guaranteed  for  25  per  cent,  over- 
load for  several  hours.  The  voltage  is  stepped 
up  in  six  oil  transformers  in  banks  of  three 
to  33,500  volts  for  transmission  on  a  double- 
pole  line,  each  carrying  three  seven-strand 
aluminum  wires.  Six  complete  wires  are  in- 
stalled. The  lightning  arresters  are  In  two 
sets,  one  for  each  line. 

The  hydraulic  machinery  and. that  portion 
of  the  penstock  In  front  of  the  power-house 
were  furnished  by  the  Stilwell-Bierce  &  Smith- 
Vaile  Company,  which  also  furnished  the  plans 
for  the  power-house  above  the  foundation  walls, 
the  plans  for  the  foundation  walls  being  made 
by  the  writer.  They  also  designed  the  steel 
structure  at  the  entrance  gates.  The  electrical 
machinery  was  designed  by  the  General  Elec- 
tric Company  in  collaboration  with  Mr.  H.  R. 
Leyden,  the  electrical  engineer  of  the  New  Mil- 
ford  Power  Company,  formerly  manager  of  the 
Hamilton  Electric  Light  &  Cataract  Power 
Co.,  the  machinery  itself  being  built  and  in- 
stalled by  the  General  Electric  Co.  The  pen- 
stock from  the  forebay  to  the  power-house  was 
built  and  erected  by  the  Riter-Conley  Manufac- 
turing Company,  of  Pittsburg.  The  Berlin 
Construction  Company,  of  Berlin,  Conn.,  fur- 
nished and  built  the  steel  work  for  the  power- 
house and  entrance  gates.  The  dams,  waste 
gates,  etc.,  forming  the  rest  of  the  work,  were 
designed  by  the  writer. 

The  contractor  for  the  entire  work  exclusive 
of  the  installation  of  the  machinery  and  steel 
work  was  Mr.  D.  L.  Emanuel,  of  Pennsylvania, 
who  was  represented  by  Mr.  L.  I.  Fletcher,  of 
the  same  State.  Some  1,100  men  were  em- 
ployed and  15  derricks  and  hoists,  a  cableway, 
15  steam  rock-drills  In  addition  to  the  regular 
contractor's  plant. 

The  assistant  engineers  were  Messrs.  W.  A. 
Thompson,  Eugene  Underwood,  W.  G.  Fox,  A. 
Gideon,  W.  8.  Thomson,  F.  E.  Toquet,  J.  T. 
Harrington,  F.  N.  Fowler,  Jr.,  and  C.  H.  Beach, 
graduates  of  Yale,  Harvard,  Rensselaer,  Cornell 
and  Massachusetts  Institute  of  Technology. 

In  addition  to  Mr.  King,  before  mentioned, 
were  associated  in  the  company,  Mr.  Charles 
Sooysmlth,  of  New  York,  M.  Am.  Soc.  C.  E.,  an 
engineer  of  high  standing,  also  Mr.  J.  W.  Og- 
den,  a  leading  flnancier  of  New  York  City.  The 
writer  wishes  to  express  acknowledgment  to 
Mr.  Sooysmith  and  to  Mr.  E.  L.  Abbott,  his  as- 
sociate, M.  Am.  Soc.  C.  E.,  for  counsel  and 
advice. 

[In  the  cross-section  cut  of  the  main  dam, 
given  last  week,  the  apex  of  the  formation  tri- 
angle should  have  been  sliown  8  feet  above  the 
dam  crest] 


Test   of  a   Large  Steam  Turbine  for  the 

New  York  Subway    Lighting 

System. 


Prom  the  advance  proofs  of  an  article  by  Mr. 
Asa  M.  Mattice  for  the  "Electrical  World  and 
Engineer"  the  following  account  has  been  takeu 
of  a  series  of  tests  conducted  at  the  builder's 
works  on  a  1,250-kilowatt  Westinghouse-Par- 
sons  steam  turbine  generating  unit,  the  first  of 
three  units  selected  by  the  Interborough  Rapid 
Transit  Company  for  the  illumination  of  the 
New  York  subway.  The  tests  were  executed  ou 
October  12-15,  1903,  under  the  general  supervis- 
ion of  Mr.  Julian  Kennedy,  of  Pittsburg. 

The  turbine  is  of  the  two-cylinder  tandem- 
compound  type  and  the  generator  of  the  revolv- 
ing-field type,  delivering  three-phase  60-cycle 
current  at  a  pressure  of  11,000  volts.  The  unit 
operates  at  a  speed  of  1,200  revolutions  per 
minute  and  has  a  25  per  cent,  continuous  and  a 
50  per  cent,  intermittent  overload  capacity.  Ac- 
cording to  the  contract  it  was  provided  that 
with  175  pounds  steam  pressure  at  the  throttle 
and  27  inches  of  vacuum,  the  steam  consump- 
tion should  not  exceed  the  following: 

Guaranteed  Steam  Consumption   In   Pounds  per  Elec- 
trical Ilorse-fower  Hour. 

Superh't'd 
Steam.  Dry  saturated.       75  deg.  F. 

Full  load   15.7  13.8 

Three-fourths  load  ....      IG.O  14.6 

One-halt   load    18.2  16.2 

One-fourth   load 23.2  20.8 

During  the  superheated-steam  tests,  the  steam 
was  superheated  by  an  independent  gas-flred  su- 
perheater, which  forms  part  of  the  permanent 
testing  outfit  in  the  Westinghouse  turbine  shop. 
The  exhaust  steam  was  condensed  in  an  Alber- 
ger  counter-current  surface  condenser,  pi-ovided 
with  separate  dry  and  wet  air  pumps,  the  for- 
mer being  of  the  two-stage  type  with  Corliss 
gear.  This  condenser  is  one  of  several  employ- 
ed only  for  testing  purposes.  It  was  tested  for 
leakage  immediately  before  and  after  the  tests, 
and  the  correction  applied  to  the  observed  steam 
consumption  of  the  turbine. 

The  electrical  load  was  applied  by  means  of  a 
large  adjustable  water  rheostat,  which  also 
forms  part  of  the  regular  testing  outfit.  As  the 
generator  pressure  of  11,000  volts  might  prove  a 
source  of  danger  to  the  attendants  if  passed  di- 
rectly Into  a  water  rheostat,  the  voltage  was  re- 
duced by  step-down  transformers  to  about  550 
volts.  All  electrical  measurements  were,  how- 
ever, made  between  the  generator  and  the  trans- 
formers. Voltage  was  measured  by  two  volt- 
meters, one  being  used  as  a  check  on  the  other, 
the  pressure  on  the  instruments  being  reduced 
by  potential  transformers  having  a  ratio  of  100 
to  1.  Each  of  these  voltmeters  was  arranged  so 
that  it  could  be  plugged  in  between  any  of  the 
three  terminals  of  the  generator. 

Current  was  measured  by  a  duplicate  set  of 
long-scale,  dead-beat  ammeters.  In  each  of  the 
three  phases  were  Inserted  two-current  trans- 
formers, in  series,  each  connected  to  a  low- 
voltage  ammeter.  In  addition  to  the  two  am- 
meters in  each  phase,  a  carefully  calibrated 
Siemens  dynamometer  was  plugged  into  the  va- 
rious phases  at  each  reading.  The  dynamome- 
ter readings  alone  were  used  In  the  case  of  the 
lightest  loads,  by  reason  of  the  difliculty  in 
reading  the  ammeters  with  suflBcient  accuracy 
for  the  purposes  of  the  test.  At  each,  reading 
three  successive  observations  were  taken. 

The  speed  of  the  turbine  was  ascertained  from 
the  speed  of  the  oil  pump,  which  is  geared  to 
the  turbine  In  the  ratio  of  31  to  4.  A  tachome- 
ter was  used  to  detect  sudden  small  variations 
of  speed.  At  the  conclusion  of  the  economy 
tests,  a  load  of  1,309  kilowatts  was  thrown  off 
by  opening  the  exciter  circuit,  with  a  resulting 
increase  of  2  per  cent,  in  speed.  A  load  of  1,- 
342  kilowatts  was  then  thrown  on  and  a  speed 
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variation  of  2.2  per  cent,  in  the  opposite  direc- 
tion was  shown.  This  load  on  being  thrown  oft' 
showed  a  speed  variation  of  2.07  per  cent.  The 
speed  of  the  turbine  was  increased  by  holding 
down  the  main  governor  lever,  thus  preventing 
the  governor  from  controlling  the  speed.  At  1,- 
372  revolutions  or  14.35  per  cent,  above  normal 
speed,  the  safety  stop  operated  and  brought  the 
turbine  to  rest. 

The  results  of  the  tests  for  steam  consump- 
tion are  shown  by  the  accompanying  table.  The 
tests  from  light  loads  to  full  rated  load  with  27 
inches  vacuum,  were  made  to  determine  the  ful- 
filment of  the  contract  guarantees,  but  the  over- 
load tests  and  those  on  28  inches  vacuum  were 
made  for  general  information. 

With  saturated  steam  the  results  were  consid- 
erably better  than  the  guarantees,  the  difference 
at  full  load  being  about  7  per  cent,  of  the  guar- 
anteed steam  consumption.  This  economy  was 
obtained,  moreover,  with  steam  of  only  147 
pounds  pressure,  instead  of  under  the  contract 
condition  of  175  pounds  pressure,  as  the  higher 
pressure  was  not  available. 

With  superheated  steam  at  the  same  pressure, 
the  tests  showed  an  economy  close  to  the  guar- 
anteed results. 

An  important  result  shown  is  the  effect  of 
the  by-pass  on  overloads,  by  which  high-pres- 
sure steam  is  admitted  to  the  second  stage.  The 
by-pass  valve  was  opened  by  hand  at  the  vari- 
ous loads  only  sufficient  to  maintain  normal 
running  speed.  Thus  the  by-pass  steam  is  ap- 
proximately  proportional  to  the  overload. 

From  the  results  it  might  at  first  appear  that 
the  steam  consumption  of  the  turbine  is  high 
at  light  loads,  as  compared  with  that  of  a  recip- 
rocating engins  of  corresponding  size.  Take 
for  instance  the  results  obtained  under  75  de- 
grees superheat  and  28  inches  vacuum.  The  steam 
consumption  at  full  load  is  13.25  pounds,  and 
at  one-quarter  load  19.25  pounds  per  electrical 
horse-power,  these  figures  obtained  from  a  curve 
drawn  from  the  tabulated  data.  If,  for  com- 
parison, a  combined  efficiency  of  90  per  cent,  be 
assumed  for  the  piston  engine  and  direct-con- 
nected generator,  the  steam  consumption  of  the 
turbine  per  equivalent  indicated  horse-power 
would  be  11.9  pounds  at  full  load,  which  rivals 
the  best  modern  steam  engine  performance.  The 
most  marked  economy  of  the  turbine,  however. 
In  comparison,  occurs  at  light  loads. 

The  superior  efficiency  of  the  turbine,  Mr. 
Mattlce  believes,  finds  explanation  in  the  fact 
that  expansion  is  approximately  adiabatic;  that 
the  cylinder  remains  constantly  at  the  tempera- 
ture of  the  working  steam  and  is  not  alternately 
heated  and  cooled  as  In  the  piston  engine. 


Fob  Hot  Watek  Heating  6  to  8  pounds  of 
water  per  hour  per  square  foot  of  radiation  are 
ample  to  furnish  all  the  heat  required  by  the 
surface  during  the  average  temperature  of  the 
beating  season,  according  to  Mr.  W.  H.  Schott, 
of  Chicago,  in  a  paper  on  central  station  heat- 
ing, read  before  a  recent  meeting  of  the  North- 
western Electrical  Association;  but  when  the 
temperature  is  20  degrees  below  zero,  12  to  18 
pounds  are  required.  Where  a  steam  distrib- 
ution is  in  use  he  found  that  in  a  building  where 
the  radiation  was  equipped  up  to  the  require- 
ments as  against  one  where  the  radiation  was 
set  on  a  52  per  cent,  basis,  a  change  of  34  per 
cent,  in  outside  temperature  varied  the  conden- 
sation in  the  former  building  13.72  per  cent.,  but 
in  the  latter  24.24  per  cent.  With  the  wind  at 
10.3  miles  per  hour  and  the  outside  temperature 
at  the  average  of  30  degrees,  the  condensation 
in  the  first  case  was  0.158  pound  per  square 
foot  per  hour  and  in  the  second,  0.365  pound, 
or  22  per  cent,  more  condensation,  attributable. 
In  the  opinion  of  the  author,  to  the  fact  that  the 
radiation  was  not  set  to  requirements. 


The    New  Henry  R.    Worthington    Hy- 
draulic Works  at  Harrison,  N.  J. 

Pabt    III. — Pattekn    Building    and   Toilet 
Accommodations. 

Pattern  Building. — The  75x5o0-foot  four- 
story  pattern  building  is  of  entirely  different 
character  from  the  other  buildings  of  the  plant. 
It  has  self-supporting  brick  walls  and  solid 
wooden  columns,  beams,  girders,  floors  and  roof, 
of  the  mill  or  slow-burning  construction,  espe-. 
cially  designed  to  secure  the  maximum  resist- 
ance to  fire  and  to  conform  to  all  requirements 
of  the  Underwriters'  Association.  The  building 
is  divided  by  transverse  brick  fire  walls  into 
three  sections  about  150  feet  long  and  one  sec- 
tion 101  feet  long.  The  former  are  intended  for 
a  pattern  warehouse  and  a  pattern  shop,  and 
the  latter  for  temporary  office  use.  In  the  ware- 
house and  shop  sections  18x25-foot  elevator  wells 
with  brick  walls  are  built  in  the  front  of  the 
building  at  two  of  the  fire  walls  and  have  doors 
opening  into  both  sections.  Adjacent  to  the  of- 
fice section  there  is  also  an  18x20-foot  fireproof 
vault  with  double  walls  and  concrete  fioors 
which  extends  from  cellar  to  roof,  and  has  two 
floors  in  the  upper  story.  In  the  warehouse  sec- 
tions the  columns  are  spaced  10  feet  apart  longi- 
tudinally and  support  transverse  beams  only.  In 
the  pattern  shop  the  columns  are  15  feet  apart 
longitudinally  and  support  transverse  girders 
and  longitudinal  beams.  In  the  office  part  the 
construction  is  similar  to  that  in  the  pattern 
shop,  but  the  columns  are  20  feet  apart  longitud- 
inally. 

Over  the  pattern  shop  and  warehouse  the  roof 
has  beams  and  girders  corresponding  to  those 
in  the  floors  below  and  is  pitched  about  1:10 
both  ways  from  the  longitudinal  axis.  Over  the 
office  the  roof  is  of  the  saw-tooth  type  with 
steeply  inclined  skylights  facing  north  support- 
ed on  triangular  wooden  trusses  spanning  from 
column  to  column.  Throughout  the  building 
the  columns  are  made  of  square  timber  with 
chamfered  corners  and  decrease  in  size  from 
the  first  floor  upwards.  All  have  1%-inch  ven- 
tilation holes  bored  through  them  from  end  to 
end  on  the  center  line,  except  in  the  upper  tier 
where  the  hole  is  1%  inches  in  diameter.  The 
ends  of  the  columns  are  fitted  to  the  horizontal 
flanges  of  the  cast-iron  caps  and  bases  which  are 
centered  upon  them  with  spurs  or  dowels  pro- 
jecting into  the  ventilation  holes.  The  castings 
receive  the  transverse  girders  on  their  lower 
horizontal  flanges,  and  their  upper  flanges  are 
seated  on  the  floor  boards  so  as  to  receive  the 
foot  of  the  upper  column  section  and  to  support 
it  far  enough  above  floor  level  to  prevent  the 
collection  of  moisture  there. 

In  the  first  story  the  pattern  shop  and  office 
columns  are  16  inches  square  and  the  ware- 
house columns  are  14  inches  square:  In  the 
second  story  the  columns  are  respectively  14 
and  12  inches  square,  in  the  third  story  12  and 
10  inches  and  In  the  fourth  story  10  and  8 
inches.  The  first  floor  of  the  office  is  carried 
on  transverse  girders  seated  on  concrete  piers. 
The  earth  under  the  piers  was  excavated  to  a 
depth  of  5  feet.  In  the  other  parts  of  the  build- 
ing the  first  fioor  is  of  concrete  laid  on  the 
rammed  surface  of  the  fill  made  by  the  excava- 
tion under  the  office.  In  the  upper  floors  of  the 
office  the  transverse  girders  are  pairs  of  6x16- 
inch  beams  bolted  together  with  cast-iron  wash- 
ers 2  Inches  thick  and  carrying  8xl2-inch  beams 
about  414  feet  apart  which  rest  on  their  upper 
sides  and  make  butt  joints  on  the  center  line. 
These  beams  are  covered  with  1%-inch  tongued 
and  grooved  yellow  pine,  tar  paper  and  '%-lnch 
maple  flooring,  and  are  proportioned  for  live 
loads  of  100  pounds  per  square  foot.  In  the 
pattern  shop  the  transverse  girders  are  pairs  of 
6x1 6-inch  timbers  and  the  longitudinal  beams 


are  8x1 2-inch  timbers  i^A  feet  apart  covered 
with  a  single  layer  of  1%-inch  tongued  and 
grooved  yellow  pine.  The  1%-inch  tongued  and 
grooved  yellow  pine  roof  boards  are  covered 
with  composition,  and  are  supported  on  4x10- 
inch  purlins  6  feet  apart  carried  by  single 
10xl2-inch  transverse  beams. 

In  the  warehouse  the  2%-inch  flooring  Is  car- 
ried directly  by  the  transverse  girders,  which 
consist  of  pairs  of  6xl4-inch  timbers  separated 
by  a  l%xl4-lnch  spacing  piece.  The  floors  are 
proportioned  for  a  live  load  of  150  pounds  per 
square  foot.  The  roof  covering  and  sheathing 
are  the  same  as  in  the  pattern  shop,  but  the 
boards  are  carried  directly  by  the  10xl2-inch 
transverse  timbers.  The  ends  of  the  transverse 
beams  project  into  recesses  in  the  brick  walls, 
where  they  are  seated  on  cast-iron  plates  with 
small  transverse  ribs  on  the  upper  surface.  The 
beams  are  notched  over  these  ribs  so  as  to  be 
held  in  place.  The  upper  corners  of  the  beams 
are  beveled  and  a  clearance  of  2  inches  is  left 
above  them  so  that  in  case  of  fire  the  beam 
can  revolve  over  the  bearing  plate  and  fall  clear 
of  the  wall  without  pulling  the  latter  after  it. 
T-shaped  cast-iron  lintels  are  built  into  the 
wall  to  carry  the  brickwork  over  these  rtcesses. 
On  the  end  and  fire  walls  brick  brackets  are 
corbeled  out  to  carry  6xl6-inch  longitudinal 
timbers  that  are  anchored  to  the  wall  by  hori- 
zontal bolts  and  support  the  ends  of  the  floor- 
beams.  The  skylight  trusses  are  simple  trian- 
gular frames  with  inclined  lOxlO-inch  timbers 
meeting  at  right  angles  in  the  apex,  where  they 
are  bolted  together  with  short  sections  of  angle 
iron.  At  the  feet  they  are  seated  on  special 
angle  blocks  integral  with  the  post  caps,  which 
also  serve  as  connections  for  the  horizontal  bot- 
tom chord  angles  with  screw  ends,  as  shown  in 
the  detail.  The  intermediate  column  castings 
have  vertical  and  longitudinal  webs  forming 
cruciform  cross-sections  and  horizontal  top  and 
bottom  flanges,  the  latter  being  pierced  with 
holes  for  screws  to  connect  the  ends  of  the  trans- 
verse girders.  The  caps  for  the  upper  ends  of 
the  columns  have  sockets  receiving  the  columns 
and  have  flanges  and  inclined  seats  for  the  slop- 
ing roof  beams.  The  lintels  over  the  large  doors 
are  made  with  an  I-beam  and  two  channels  riv- 
eted together  with  top  and  bottom  tie-plates. 
The  building  is  lighted  by  four  tiers  of  win- 
dows in  the  side  and  end  walls  which  occupy 
g.bout  30  per  cent,  of  the  wall  area.  The  large 
doors  in  the  front  and  partition  walls  are  made 
with  vertical  and  diagonal  boards  covered  with 
bright  tin  and  are  hung  on  overhead  rollers.  The 
building  is  equipped  throughout  with  a  sprink- 
ler system,  and  has  fire  hydrants  and  hose  reels 
about  100  feet  apart. 

Considerable  care,  it  may  be  added,  has 
been  devoted  to  the  arrangement  and  loca- 
tion of  the  lavatory  and  toilet  accommodations 
throughout  the  plant,  and  separate  provisions 
have  been  made  for  the  different  main  build- 
ings. In  the  pattern  storage  building,  one  end 
of  which  is  also  to  be  used  temporarily  for  of- 
fice purposes,  there  is  a  toilet  room  and  lavatory 
in  every  story,  both  of  the  office  part  and  the 
pattern  shop  section.  In  the  foundries  there 
are  centrally  located  toilet  rooms  for  the  men 
and  also  for  the  female  employes  in  the  core 
shops.  There  is  a  one-story  wash  room  wing 
connected  to  the  main  foundry  which  contains 
lavatories  and  lockers  for  the  accommodation 
of  about  200  men  who  will  be  employed  In  this 
building. 

The  machine  shop  and  erecting  shop  prac- 
tically form  one  very  large  building  with  two 
long  U-shaped  open  courts,  in  which  there  are 
located  four  small  buildings  for  toilet  and  lava- 
tory purposes,  and  a  fifth  one  is  located  near 
the  center  of  the  outer  wall.  These  buildings 
are   arranged   to   divide   the   distances  between 
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th«  shops,  80  that  one  of  them  can  be  reached 
within  about  200  feet  from  any  part  of  the  build- 
iasa.  ThsM  stractures  are  20  feet  wide,  38  feet 
Ions  Mid  two  stories  high,  of  fireproof  construc- 
tion with  brick  walls  and  steel-concrete  floor. 
Each  story  is  dirided  into  two  parts,  one  of 
which  contains  two  long  enameled  sinks,  with 
hot  and  cold  water,  and  120  lockers.  This  room 
is  kept  locked  during  working  hours  and  will 
be  in  charge  of  a  uniformed  attendant  to  care 
for  the  clothing  and  keep  it  in  order.  The  sys- 
taas  BOt  only  provides  for  the  comfort  of  the 
snplorsSk  but  serves  as  a  check  on  their  en- 
trance and  exit,  and  by  making  it  impossible 
(or  them  to  commence  toilet  operations  before 
the  dose  of  working  hours  will  doubtless  ef- 
fect a  material  saving  of  time.  The  other  room 
in  each  partition  is  always  open  and  contains 
nine  water-closets  and  a  large  slab  urinal.  The 
upper  stories  of  these  buildings  are  connected 
with  the  main  building  by  covered  bridges  so  as 
to  be  conveniently  accessible  from  the  galleries. 
Throughout   the   machine    shop    and    foundry 


there  are  at  frequent  intervals  standard  porce- 
lain urinals  enclosed  by  sheet-Iron  screens 
about  i  feet  high,  on  the  outside  of  which  there 
are  sinks  with  drinking  water. 

Messrs.  Burt  L.  Baldwin  &  Company,  of  Cin- 
cinnati and  New  York,  are  the  engineers  and 
architects  for  the  structural  work.  Messrs.  V. 
J.  Hedden  &  Sons  Company,  of  Newark  and 
New  York,  are  the  general  contractors  for  su- 
perstructures and  foundations.  The  American 
Bridge  Company  is  the  contractor  for  the  steel 
frameworks,  and  Messrs.  Greene  &  Tierney  are 
the  contractors  for  the  grading  and  sewer  sys- 
tem. 


lin  Construction  Company.  The  floorbeams  are 
on  10-foot  centers  and  carry  a  floor  of  con- 
crete reinforced  by  expanded  metal.  The  build- 
ing will  contain  heavy  machinery  and  stores, 
and  the  loading  was  specified  by  the  owners. 


A  Heavy  Fuk)b  Loading  has  been  adopted  tor 
the  new  shops  of  the  Capewell  Horse  Nail 
Company  in  Hartford.  The  second  floor  has 
been  proportioned  for  500  pounds  per  square 
foot  live  load  and  the  third  floor  for  300  pounds. 
The  columns  were  designed  to  support  the  full 
load  of  both  floors,  without  reduction.  The 
steel  frame  was  designed  and  built  by  the  Ber- 
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Letters  to  the  Editor. 


Relative  Growth  of  the  National  Engineer- 
ing Societies. 

Sir: — I  am  enclosing  a  diagram  Indicating 
graphically  some  interesting  points  relating  to 
the  growth  of  the  four  national  engineering  so- 
cieties. The  diagram  also  contains  curves 
showing  the  relative  increase  in  the  number  of 
engineering  graduates  with  degrees  in  civil,  me- 
chanical, electrical  and  mining  engineering. 
These  latter  curves  are  only  approximate,  since 
they  represent  only  75  per  cent,  of  the  total 
number  of  graduates,  it  being  assumed  that 
only  this  percentage  follow  their  profession. 
These  curves  are  determined  by  only  three 
plotted  points.  They  clearly  indicate,  however, 
the  general  increases  without  showing  the  an- 
nual variations.  The  curves  relating  to  the  en- 
gineering societies  show  the  annual  variations 
in  membership.  A  study  of  this  diagram  af- 
fords much  that  is  interesting.  I  shall  only  en- 
deavor to  emphasize  a  few  pertinent  points, 
which  should  be  carefully  considered  In  their 
bearing  upon  the  union  building  project. 

The  relation  between  the  civil  and  mechani- 
cal graduate  and  society  curves  differs  entirely 
from  that  between  the  corresponding  electrical 
and  mining  curves.  The  former  show  the  so- 
ciety membership  .always  less  than  the  num- 
ber of  graduates,  while  the  latter  indicate  a 
membership  always  in  excess  of  the  number 
of  graduates.  It  is  well  known  that  member- 
ship in  the  mining  society  is  not  restricted  ex- 
clusively to  technical  men.  The  other  three 
societies  are  more  representative  technical  so- 
cieties. It  may  be  noted  that  the  number  of 
members  in  the  mining  society  has  always  been 
much  greater  than  in  any  of  the  other  societies. 

In  1888  the  number  of  members  in  the  Am- 
Soc.  C.  E.  was  equal  to  about  37  per  cent,  of  the 
total  number  of  civil  engineering  graduates, 
while  for  the  mechanicals  the  membership  was 
58  per  cent,  of  the  graduates.  At  this  time  the 
Institute  of  Electrical  Engineers  had  only  just 
been  started.  After  fifteen  years — in  1903— the 
corresponding  percentages  for  the  civil  and 
mechanical  engineers  were  36  per  cent,  and  46 
per  cent.,  respectively,  while  for  the  electrical 
engineers  it  was  131  per  cent.  A  great  many 
mechanical  graduates  have  specialized  along 
electrical  lines,  and  this  probably  accounts  for 
the  large  electrical  percentage.  The  corre- 
sponding percentage  for  the  mechanical  and 
electrical  engineers  combined,  for  1903,  is  67 
per  cent.  It  is,  therefore,  apparent  that  these 
combined  societies  are  grow'ng  much  more 
rapidly  than  the  civil  society.  Using  the  above 
rates  of  growth  (though  statistics  indicate  that 
the  mechanical  and  electrical  rates  will  in- 
crease considerably  and  the  civil  fall  off),  it  is 
found  that  ten  years  hence  the  membership  in 
the  societies  should  be  approximately  as  fol- 
lows: Am.  Soc.  C.  E.,  3,900;  Am.  Soc.  M.  E. 
and  Am.  Inst.  E.  E.  combined,  7,700;  or.  Am. 
Soc.  M.  E.,  Am.  Inst.  E.  E.,  and  Am.  Inst. 
Min.  E.  combined,  12,700.  Therefore — based 
upon  a  most  conservative  estimate — -within  a 
decade  the  membership  of  the  Am.  Soc.  C.  E. 
will  only  amount  to  about  one-fourth  of  the 
total  number  of  members  enrolled  in  the  four 
national  societies— probably  not' more  than  one- 
tenth!  Does  it  seem  likely,  under  such  cir- 
cumstances, that  the  prestige  of  the  Am.  Soc. 
C.  E.  will  remain  unimpaired? 

Yet  this  is  not  the  complete  statement  of  the 
situation.  Not  only  are  engineers  specializing 
in  many  directions,  but  in  answer  to  the  de- 
mands made  upon  them  our  technical  schools 
are  offering  each  year  more  specialized  courses. 
The  result  will  be  that  in  a  few  years  there  will 
be  a  large  number  of  technical  graduates  to 
whom  membership  in  the  existing  societies  can 


offer  no  inducement.  Other  societies  will  then 
be  established  for  these  several  specialists. 
These  societies  must  inevitably  attract  mem- 
bers at  the  expense  of  the  civil  society,  thereby 
still  further  impairing  its  prestige  and  destroy- 
ing its  usefulness. 

The  term  "civil  engineer"  has  become  obso- 
lete. It  is  no  longer  specific  enough  in  desig- 
nating an  engineer's  particular  functions.  Its 
lack  of  comprehensiveness  has  already  been 
the  cause  of  four  national  engineering  societies 
instead  of  one.  Is  it  to  be  the  cause  for  fur- 
ther separation  among  engineers? — of  ten  or 
twenty  engineering  societies? 

A  recent  circular  sent  out  to  members  of  the 
Am.  Soc.  C.  E.  gives  the  following  as  the  rea- 
son why  the  society  should  not  participate  in 
the  union  building  project:  "The  undersigned, 
after  careful  consideration,  feel  very  strongly 
that  neither  the  professional  nor  financial  In- 
terests of  the  American  Society  of  Civil  En- 
gineers will  be  benefited  by  the  acceptance  of 
the  proposition."  How  unselfish  a  view  to  take 
of  the  situation!  What  about  the  profession 
of  engineering  as  a  whole?  The  above  quota- 
tion seems  to  sum  up  the  whole  argument  that 
has  been  advanced  against  the  proposition  on 
the  part  of  our  society.  It  should  be  the  pleas- 
ure and  privilege  of  the  Am.  Soc.  C.  E.,  as  the 
oldest,  best  established  and  most  representa- 
tive society,  to  do  all  In  its  power  to  further 


It  would  do  something  to  counteract  the  effect 
of  specialized  education.  It  would  increase  the 
prestige  and  influence  of  the  profession  of  en- 
gineering, and  assure  it  that  recognition  which 
is  its  due. 

Yours  very  truly,  D.   L.  Turner, 

Assoc.  M.  Am.  Soc.  C.  B. 
New  York,  February  13. 


i  g  i  S  g  i  i/l  I  i  i  iflil  i  i  i 

75%  aftht.  Graduates  in  I  \  Years  ^^%'ftht  Oraduates  in 

Mining    tnijineerinq  -^  \  ClecTrical  Eng/neerinq 

Electrical  Socitiy  Munbtrs'  t.h  ewhilim  dcco«d 

the  interests  of  engineering,  even  if  it  has  to 
make  some  individual  sacrifices. 

The  opinion  has  been  expressed  a  number  of 
times  that  a  great  "American  Society  of  Engi- 
neers" would  be  a  happy  solution  of  the  prob- 
lem. Such  a  society  would  include  all  engi- 
neers, whatever  their  specialties  might  be  now 
or  become  in  the  future.  Its  standard  should 
be  equal  to  that  of  the  Am.  Soc.  C.  E.  Divisions 
of  the  principal  society  could  be  established 
whenever  the  differentiation  in  the  profession 
required  them.  It  may  not  be  possible  to  ac- 
complish this  at  once,  but  it  is  certainly  pos- 
sible to  make  a  start  in  the  right  direction.  Is 
the  Am.  Soc.  C.  E.  ready  to  accept  the  respon- 
sibility of  thwarting  such  a  movement?  The 
attitude  taken  by  a  number  of  our  members  in 
this  matter  is  narrow,  contrary  to  the  trend  of 
the  times  and  un-American,  and  if  it  prevails, 
cannot  help  but  refiect  with  discredit  upon  our 
society  and  the  profession  of  engineering  gen- 
erally. 

Doubtless  there  are  many  difficulties  to  be 
overcome  in  the  carrying  out  of  the  proposed 
plan,  but  these  are  only  matters  of  detail.  Are 
the  engineers  who  have  solved  the  great  prob- 
lems of  civilization  going  to  balk  at  such  puny 
obstacles?  Our  profession  in  its  broadest  sense 
should  have  our  first  consideration.  A  great 
society  of  engineers  would  unify  the  profession. 


The  Union  Engineering  Building. 

Sir: — The  suggestion  made  by  Mr.  George  B. 
Francis,  in  your  issue  of  January  30,  concerning 
the  proposed  Union  Engineering  Building, 
seems  to  me  to  be  a  most  happy  one.  While 
not  wishing  to  criticize  either  the  Board  of  Di- 
rectors [of  the  Am.  Soc.  C.  E.]  or  Mr.  Francis, 
I  think  it  is  most  unfortunate  that  this  idea 
has  not  been  presented  to  the  Society  at  a  time 
or  in  such  a  way  that  It  could  be  formally  con- 
sidered. My  first  thought  on  this  building  mat- 
ter, possibly  influenced  by  a  recognition  of  Mr. 
Carnegie's  generosity  as  well  as  by  the  senti- 
ment that  a  more  intimate  brotherhood  of  all 
engineers  was  desirable,  was  In  favor  of  join- 
ing with  the  other  societies  in  accepting  the 
gift.  On  a  more  thoughtful  consideration  of  the 
matter,  however,  I  must  say  that  I  am  not  in 
favor  of  voting  "Aye"  on  the  proposition  as 
submitted.  We  are  all  governed  sometimes,  or 
partly,  by  motives  of  sentiment;  sometimes,  or 
partly,  by  motives  of  self-interest.  We  should, 
I  think,  here  allow  both  set  of  motives  their 
fair  influence. 

The  objection  has  been  raised  that  the  other, 
or  some  of  the  other,  societies  which  would  be 
associated  with  us  in  control  of  the  building 
through  the  proposed  "  executive  corporation," 
might  not  be  able  to  meet  the  financial  obliga- 
tions which  they  would  have  to  bear;  thus 
throwing  an  undue  and  unexpected  (in  a 
measure)  burden  on  the  other  societies,  or,  as 
we  are  considering  ourselves  mainly,  on  our 
society.  To  this  the  reply  has  been  made  that 
if  such  an  occurrence  took  place,  the  property 
might  be  sold  under  the  mortgage  created 
through  the  bond  issue  and  that  we  could  buy 
it  In  and  become  the  sole  possessor.  If 
we  may  suppose  that  the  members  of  our  so- 
ciety were  to  be  sufficiently  of  one  mind  to  do 
this,  would  it  not  destroy  the  intent  and  pur- 
pose of  the  gift?  Most  certainly,  at  least,  it 
would  destroy  any  sentiment  of  the  universal 
brotherhood  of  engineers.  As  contrasted,  how- 
ever, with  this  sentiment  of  brotherhood  may 
we  not  fairly  set  our  feeling  of  proper  pride  in 
our  own  society,  its  membership  and  Its  his- 
tory? The  argument  presented  against  the  pro- 
posed action  as  set  forth  in  paragraph  (6), 
page  8,  of  the  report  of  the  Board  of  Direc- 
tors, is,  I  believe,  most  worthy  of  considera- 
tion. Our  society  is  broad  enough,  in  the  defi- 
nition of  the  title,  "Civil  Engineers,"  to  com- 
prehend all  the  other  societies;  and  the  hous- 
ing in  the  same  home  would  have  an  injurious 
effect  on  at  least  the  popular  understanding 
of  the  title  "Civil  Engineers."  Both  these  ob- 
jections, which,  to  me  at  least,  are  the  prin- 
cipal ones,  would  be  overcome  by  such  a  propo- 
sition as  Mr.  Francis  sets  forth;  because  both 
in  law  and  in  fact  each  society  would  have  its 
separate  home  (though  adjoining  each  other), 
joined  only  so  much  as  any  owners  of  adjacent 
property  might  elect  to  do  for  architectural  ef- 
fect. It  might  be  best  to  have  joint  ownership 
and  control  in  the  auditorium  as  suggested  in 
the  plan  of  Mr.  Francis;  it  might  be  possible 
to  have  this  overtop  or  underly  the  whole  of 
the  adjacent  buildings  and  simply  under  joint 
control;  which  I  believe  could  readily  be  done 
by  joint  articles  of  agreement  between  the  sev- 
eral societies.  Even  the  Engineers  Club,  to 
which  so  much  objection  has  been  raised  (and 
principally,  I  believe,  by  members  of  the  club 
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who  are  also  members  of  the  Am.  Soc.  C.  E.). 
oOsht  be  a  welcome  addition-^as  Indeed  Mr. 
Francis  plans  it — but  I  would  suggest  that  It 
would  be  even  more  acceptable  If  a  provision 
coald  be  made  by  the  chib,  that  on  the  occa- 
■Jo«  «rf  all  annual  meetings,  or  such  gather- 
lags,  conventions,  etc.,  the  club  house  might 
be  open,  for  the  time,  for  the  entertainment 
of  all  engineers  attending  the  same — and  their 
fUnlliea.  1  ahould  think  that  a  provision  of 
this  kind  might  be  made  by  the  club.  Of 
course.  I  do  not  mean  free  entertainment — 
there  might  even  be  a  fixed  renul  from  each 
of  the  socieUes  so  using  the  house,  in  addi- 
tion to  the  individual  expense  to  be  paid  by 
the  members. 

Another  Idea  which  has  presented  Itself,  I 
And,  to  many,  as  to  a  consolidation  of  the 
various  societies,  but  which  has  usually  been 
relegated  to  the  remote  future,  would  seem  to 
me  (though  I  speak  of  it  with  some  diffidence) 
to  be  perhaps  worthy  of  immediate  considera- 
Uon.  As  has  been  sUted,  the  term  "civil  engi- 
neer" comprehends  all  the  others ;  many  promi- 
nent engineers  are  members  of  two  or  more  of 
the  societies.  I  am  not  familiar  with  the  re- 
qulnments  for  membership  in  any  of  the  other 
■odeUes.  but  I  cannot  see  why  it  would  not  be 
possible,  even  feasible,  to  bring  all  of  these 
socleUes  into  our  own  now  (of  course  It  would 
require  some  reasonable  time),  making  their 
members,  of  whatever  grade,  associate  mem- 
bers, members.  Junior  members  or  associates 
of  our  society,  giving  to  each  individual  the 
grade  of  membership  to  which  he  would  be  en- 
ilUed.  modifying,  perhaps,  the  conditions  of 
membership  slightly  in  some  or  all  of  the 
clSttea  and  possibly  creating  one  or  more  new 
classes.  Then  with  a  targe  and  diversified 
membership  esUblish  as  many  different  sec- 
Uons  as  might  be  desirable— mechanical  sec- 
tion, mining,  hydraulic,  etc.,  etc.  Is  it  not  time 
that  we  enlarged  our  ideas  a  little  and  all  get 
together.  I  believe  it  is  best  to  consider  the 
matter  on  all  sides  before  casting  ones  ballot 
on  the  present  proposition. 

I  do  not  believe  that  Mr.  Carnegie  wishes  to 
reatrlct  the  terms  of  his  gift  In  any  such  way 
as  would  prevent  the  consideration  of  such  a 
propoelUon  as  that  of  Mr.  Francis.  I  can 
imagine  that  none  would  more  gladly  hail  the 
amalgamaUon  of  all  the  societies.  As  a  Pitts- 
burgher  (as  by  courtesy  all  Western  Pennsyl- 
vanians  are),  I  have  seen  with  what- patience 
he  has  waited  on  the  somewhat  deliberate  ac- 
Uon  of  the  city  of  Pittsburgh  with  regard  to 
his  great  gift  of  the  technical  school.  Finally, 
to  vote  "Aye"  now,  would  not  the  result  of  an 
afflrmaUve  vote  bring  upon  us  evil  rather  than 
good  resulu?  May  I  suggest  that  any  and  all 
who  vote  "No"  on  the  proposition  now  before 
us,  but  who  would  favor  the  acceptance  of  a 
building,  either  such  as  Mr.  Francis  suggests, 
or  such  a  one  as  would  be  required  through 
and  after  the  amalgamation  of  the  societies, 
should  enclose  with  their  ballots  a  short  note 
setUng  forth  their  individual  views.  If  such 
notes  were  sufficient  In  number,  they  would, 
donbUess,  receive  the  careful  consideration  of 
the  board  and  another  letter  ballot  under  modi- 
fied condlUons  might  result  favorably;  provided 
the  present  one  does  not. 

Very  truly  yours,  T.  Sioxet  Whitb. 

Bearer  Falls.  Pa.,  February  10. 

Sir:— I  enclose  copy  of  a  circular  letter  which 
1  think  explains  itself  and  which  1  should  be 
pleased  to  have  you  Insert  In  the  next  issue 
of  the  Record. 

Yours  very  truly,  Dextes  Bbackett. 
To  the  Members  of  the  American   Society  of 
Civil  Engineers: — 

A  second  meeting  of  the  corporate  members 
of  the  American  Society  of  Civil  Engineers  re- 
siding witliln  fifty  miles  of  Boston,  was  held  on 


February  9,  1904,  at  the  room  of  the  Bostou 
Society  of  Civil  Engineers,  for  the  purpose  of 
discussing  the  advisability  of  the  American 
Society  of  Civil  Engineers  joining  with  other 
national  engineering  societies  In  the  occupancy 
and  control  of  the  proposed  Union  Engineering 
Building,  for  the  construction  of  which  Mr.  An- 
°  drew  Carnegie  has  offered  to  contribute  $1.- 
000,000. 

The  meeting  was  called  to  order  by  Mr.  Dex- 
ter Brackett,  who  was  elected  chairman,  and 
Mr.  C.  W.  Sherman  was  chosen  secretary. 
There  were  sixty  members  present  at  the  meet- 
ing. Remarks  in  favor  of  joining  with  the  other 
societies  In  the  acceptance  of  Mr.  Carnegie's 
offer  were  made  by  Messrs.  JohnR.  Freeman, 
George  F.  Swain,  Henry  Manley,  Frederic  P. 
Stearns,  C.  Frank  Allen,  and  others.  Several  of 
the  members  questioned  the  wisdom  of  joining 
in  the  project 

The  notice  of  the  meeting  was  sent  to  185 
members,  and  in  order  to  obtain  an  expression 
of  opinion  from  as  many  of  the  members  as 
possible,  those  who  were  not  able  to  attend  the 
meeting  were  requested  to  express  their  opin- 
ion by  letter.  A  vote  was  taken  upon  this  pro- 
position: Shall  the  American  Society  of  Civil 
Engineers  become  one  of  the  constituent  socie- 
ties in  the  occupancy  and  control  of  the  pro- 
posed Union  Engineering  Building,  under  the 
terms  outlined  by  the  Joint  Conference  Com- 
mittee?    The  result  was  as  follows: 

Not  present 
at  the 

meeting.    Present.  Total. 

In   favor    24             46  70 

Opposed    16              -4  20 

Not   TotInK    85             10  95 

Total    125  60  185 

It  was  voted  that  a  report  of  the  meeting  and 
of  the  vote  of  the  members  be  sent  to  the  cor- 
porate members  of  the  Society.  Any  member 
who  has  already  sent  his  vote  to  the  Society 
can.  If  he  desires,  withdraw  his  ballot  and  sub- 
stitute another. 

Dexter  Brackett,  Chairman. 
Charles  W.  Sherman,  Secretary. 

Boston.  February  10. 
To  the  Members  of   the  American  Society  of 
Civil  Engineers: 

1  hope  that  my  brother-members  will  not 
take  amiss  this  appeal  for  careful  consideration 
of  the  "Statement  of  the  Board  of  Direction  in 
the  matter  of  the  Proposed  Union  Engineering 
Building"  before  casting  their  ballots. 

As  at  first  presented,  the  proposition  did  not 
commend  itself  to  the  judgment  of  many  of  us. 
possibly  because  of  the  inadequate  manner  in 
which  It  was  brought  to  our  attention.  But 
since  the  Board  of  Direction  was  authorized 
to  prepare  a  statement  to  accompany  the  reso- 
lution for  a  letter  ballot,  the  suggestion  of  Mr. 
Carnegie  has  taken  an  ampler  and  a  more  def- 
inite form,  it  Is  now  virtually  a  project  for 
the  establishment  of  a  university  In  which  the 
application  of  science  and  of  the  useful  arts 
to  the  uses  of  civilization  by  the  engineering 
professions  may  be  worthily  demonstrated.  If 
carried  through  successfully,  it  will  not  only 
be  a  monument  to  the  liberality  and  the  fore- 
sight of  the  man  who  has  made  it  possible,  but 
also  to  the  spirit  of  enterprise  which  has  ele- 
vated this  country  to  the  first  rank  of  nations. 

We  cannot  hope  to  vie  with  the  great  na- 
tions of  Europe  In  picture  galleries  and  mu- 
seums whose  claims  to  our  admiration  rest 
upon  deeds  of  the  past,  but  we  may  justly  be 
proud  of  what  American  engineers  have  done 
In  controlling  the  forces  of  Nature  for  the  fu- 
ture welfare  of  mankind.  Their  masterpieces 
can  not  be  contained  within  four  walls.  They 
are  spread  over  the  whole  earth.  But  the 
records  of  their  glory  can  be  housed  within  a 
single  building,  on  the  scale  that  is  here  pro- 
posed. Under  the  same  roof  that  shelters  them 
may  be  collected  and  systematized  the  growing 


mass  of  iut'ormatiou  uu  engineering  subjects 
published  In  many  languages  and  places,  which 
would  be  otherwise  unavailable  to  the  mem- 
bers of  any  one  of  the  societies.  It  would  also 
be,  in  a  certain  sense,  a  professional  arena  in 
which  the  latest  Ideas  in  the  several  branches 
of  engineering  would  be  discussed  and  where 
the  wheat  would  be  winnowed  from  the  chaff 
by  men  recognized  as  leaders  in  their  spe- 
cialties. 

Let  us  keep  one  fact  clearly  in  mind ;  that  this 
is  not  a  question  of  amalgamating  the  American 
Society  of  Civil  Engineers  with  other  engineer- 
ing societies,  but  of  closer  association  for  their 
mutual  welfare.  Our  society  is  what  Its  mem- 
bers have  made  It  and  so  it  will  continue.  We 
have  nothing  to  fear  as  to  its  prosperity  or 
as  to  the  estimation  in  which  it  is  held,  either 
at  home  or  abroad,  from  propinquity  to  the 
other  societies. 

The  possibilities  that  this  project  offers  for 
securing  the  best  results  with  the  least  expendi- 
ture of  time  and  labor  ought  not  to  be  lightly 
set  aside.  Think  of  its  value  to  the  younger 
members  of  the  engineering  professions  in  this 
country  and  think,  too.  of  the  Impression  which 
such  a  structure  would  make  upon  foreign 
visitors!  To  them  it  would  seem  a  fitting 
symbol  of  the  place  which  these  professions 
hold  In  the  estimation  of  the  American  peo- 
ple. Nor  should  the  advantages  be  underesti- 
mated that  are  to  be  derived  from  the  proxim- 
ity of  The  Engineers  Club.  The  opportunities 
for  social  amenities  between  members  of  the 
several  branches  of  the  profession  must  work 
toward  a  closer  afliliation  among  those  who  by 
separate  avenues  approach  a  common  goal. 

The  arguments  for  and  against  the  proposi- 
tion are  so  fairly  stated  by  the  Board  of  Direc- 
tion that  nothing  more  is  needed  to  enable  us 
to  vole  Intelligently  upon  it;  nofiing  except  to 
approach  it  with  an  open  mind.  Those  of  us 
who  in  the  course  of  years  have  passed  beyond 
the  active  practice  of  our  profession,  and  who 
have  gained  about  all  that  we  might  expect  to 
derive  from  such  a  project,  should  consider  what 
it  offers  to  our  younger  brethren,  and.  in  cast- 
ing our  ballots,  should  keep  their  interests  fore- 
most in  our  minds.  Nor  should  we  forget  that 
narrow  views  on  Important  questions  rarely 
prove  to  be  correct. 

If  in  your  opinion  this  project  be  a  worthy 
one,  do  not  fall  to  do  all  in  your  power  to  make 
it  a  success;  for,  if  this  opportunity  be  lost, 
another  like  it  may  never  occur  again. 

Very  truly  yours,  H.  S.  Haines, 

M.  Am.  Soc.  C.  E. 

New  York.  February  10. 


EsTiM.\TiNG     Weights     of     Rails     anu 
Connections. 

Sir: — During  the  several  years  that  I  was  in 
railroad  service,  I  found  it  of  great  advantage  to 
reduce  the  long  and  old-fashioned  ways  of  get- 
ting up  estimates  of  weights  of  rails  and  fish 
plates,  and  send  you  here  some  of  my  formulae, 
hoping  that  they  may  be  of  use  to  the  readers 
of  The  Engineering  Record.  We  will  call  "L" 
the  length  of  track  in  feet,  and  a  ton  will  be  of 
2,240  pounds  to  conform  to  the  United  States 
usage.  Should  56-pound  rails  be  used  on  "L" 
length  of  track  (Lxl/60)  would  give  you  the 
total  number  of  long  tons;  likewise  (IjX1A>*>) 
for  co-pound  rails;  (Lx3/140)  for  72-pound 
rails;  (Lxl/42)  for  80-pound  rails,  and 
(Lxl/33)  for  100-pound  rails.  Should  fish- 
plates be  used  with  56-pound  rails  (Lx6/5) 
would  give  the  total  number  of  pounds;  or. 
should  angle  bars  be  employed  with  60-pound 
rails  (Lxl2/5)  would  give  also  the  total  num- 
ber of  pounds,  as  (Lx28/5)  with  72-pourid  rails 
and  over;  this' on  basis  of  30-foot  rails. 

Yours  very  truly,  B.  G.  du  Mazueu 

New  York,  February  2. 


Feb.  27,  1904. 
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The  Maintenance  of  Asphalt  Pavements. 


The  problem  of  properly  and  economically 
taking  care  of  its  asplialt  pavements  is  present- 
ing itself  for  solution  to  every  municipality 
which  has  used  asphalt  to  any  extent  as  a  pav- 
ing material  during  the  last  few  years.  It  is 
becoming  more  important  every  year,  as  the 
amount  out  of  guarantee  is  teing  augmented 
largely  every  season.  When  asphalt  pavements 
were  first  laid,  no  one  knew  how  long  they 
would  last  nor  how  much  it  would  cost  to  keep 
them  in  repair,  so  that  in  order  to  introduce 
them  it  was  necessary  for  the  promoting  cor- 
porations to  guarantee  their  work  for  a  period 
of  five  years.     This  period,  however,  soon  ex- 


pired, and  then  the  repairs  had  to  be  pro- 
vided for  by  the  municipal  authorities.  Many 
cases  of  this  kind  occurred  between  1885  and 
1890,  when  the  guarantees  of  the  early  pave- 
ments began  to  expire.  Omaha,  Nebraska,  was 
a  case  in  point.  After  much  deliberation  and 
many  conferences  with  the  contractors,  an 
agreement  was  entered  into  under  which  all 
asphalt  streets,  as  their  original  guarantee  ex- 
pired, were  to  be  kept  in  repair  for  an  addi- 
tional term  of  ten  years  for  eight  cents  per  an- 
num per  yard  of  entire  pavement,  no  matter 
how  much  was  actually  repaired.  At  that  time 
no  asphalt  had  been  laid  fifteen  years  and  the 
contractors  had  to  guess  as  to  the  actual  cost 
of  repairs  during  that  period,  but  the  city  knew 
positively  what  the  cost  to  it  would  be. 

Other  cities  have  pursued  the  same  course, 
although  it  must  be  admitted  that  it  is  faulty, 
as  all  calculations  must  be  based  upon  the  con- 
tractor's guess  as  to  what  the  cost  will  be. 
Then,  too,  a  good  pavement  under  this  system 
will  cost  as  much  for  repairs  as  a  bad  one,  and 
records  of  repair  costs  will  be  of  no  value  as 
indicating  the  character  of  the  pavement.  Many 
cities  have  attempted  to  dodge  this  question  by 
extending  the  guarantee  period  to  ten,  and 
sometimes  to  fifteen  years,  but  this  only  post- 
pones the  issue,  as  it  eventually  must  be  taken 
up. 

The  city  of  Buffalo  has  made  its  repair  con- 
tracts with  a  unit  price  for  each  square  yard 
of  pavement  actually  laid,  with  a  five-year  guar- 
antee on  all  patches.  This  system  is  very  much 
better  than  the  Omaha  method,  but  it  involves 
a  large  amount  of  labor  in  keeping  records.  An- 
other objection  is  that  the  contractor  bases 
his  price  upon  laying  a  pavement  of  the  same 
thickness  as  the  original,  when  as  a  matter  of 
fact  it  may  be  worn  down  one-half.  As  the 
patch  cannot  be  made  any  thicker  than  the  ad- 
jacent pavement,  the  contractor  benefits  by  this 
decrease  in   thickness. 

Some  time  ago,  in  Washington,  it  was  decided 
to  base  the  prices  upon  the  amount  of  material 
actually  used,  that  is,  the  contractor  submitted 
figures  for  the  number  of  cubic  feet  of  material 
laid  on  the  street.  As  the  material  forms  a 
large  amount  of  the  cost  of  asphalt  repairs,  this 
seems  a  logical  arrangement.  It  means,  how- 
ever, keeping  a  close  watch  over  all  repair  work 
by  intelligent  and  honest  inspectors.  It  leaves 
labor  only  to  be  estimated,  and  while  that  must 
vary  considerably  on  different  streets,  the  con- 
tractors can  average  it  up  very  closely.  As  an 
example  of  the  operation  of  these  different  sys- 
tems, it  can  be  said  that  in  Brooklyn  the  cost 
of  repairs  under  the  blanket  method  was  15.93 
cents  per  square  yard,  and  under  the  cubic  foot 
system  in  1902  it  was  5.79  cents,  and  in  1903, 
7.32  cents. 

What  the  municipal  engineer  wants  to  know 
is  the  actual  cost  of  the  work.  Without  this 
knowledge,  he  cannot  decide  when  the  pavement 
should  be  entirely  relaid.  An  asphalt  pavement 
can  be  patched  from  year  to  year,  kept  in  good 
condition,  and  its  life  thus  prolonged  in- 
definitely, but  the  cost  may  be  more  than  that 
of  a  new  pavement  at  certain  periods.  Then, 
too,  these  records  of  cost  must  extend  over  a 
number  of  years,  for  a  certain  pavement  may 
cost  a  large  sum  for  repair  one  season,  but  by 
being  put  in  good  condition  may  require  very 
little  attention  for  some  time  afterwards.  This 
will  probably  be  the  case  if  the  foundation  be 
good.  But  many  of  the  early  pavements  were 
laid  on  rough  and  some  even  on  wood  founda- 
tions, in  which  case  the  large  repair  cost  will 
likely  be  continued  from  year  to  year. 

Very  few  cities  have  kept  their  repair  records 
so  that  they  are  of  any  value.  Buffalo,  Wash- 
ington and  Rochester  are  notable  exceptions.  In 
these  cities,  it  is  possible  to   learn  just  what 


each  asphalt  street  has  cost  since  Its  original 
guarantee  expired.  An  interesting  fact  learned 
from  these  records  is  that  the  old  streets  do  not 
necessarily  cost  the  most;  on  the  contrary,  their 
low  costs  are  often  surprising.  For  instance, 
the  asphalt  pavement  on  Alexander  Street, 
Rochester,  laid  in  1885,  with  a  five-year  guaran- 
tee, had  cost  to  January  1,  1903,  but  2.17  cents 
per  yard  per  year  since  1890,  and  its  cost  In 
1902  was  only  0.062  cent. 

This  illustrates  the  uncertainties  of  asphalt. 
The  early  pavements  were  experimental.  The 
paving  companies  kept  exact  records  of  how 
each  was  laid.  The  good  ones  were  reproduced 
as  far  as  physical  and  chemical  science  would 
permit,  yet  the  results  were  rarely  the  same. 
If,  however,  the  different  cities  would  accurately 
keep  the  cost  of  repairing  asphalt  pavements 
out  of  guarantee,  together  with  the  method  of 
repairing  and  the  unit  contract  price,  these 
costs  would  be  comparable,  and  the  different 
municipal  engineers  would  soon  be  able  to  de- 
termine what  the  normal  cost  of  maintaining 
an  asphalt  pavement  should  be.  And  when 
these  records  have  been  kept  for  a  term  of 
years,  the  average  life  of  the  pavement  would 
be  learned,  and  so  the  cost  of  a  perpetual  as- 
phalt pavement  could  be  very  closely  ascer- 
tained. 

It  will  probably  be  some  years  before  the  best 
methods  of  providing  for  asphalt  repairs  will 
be  ascertained,  and  then  different  plans  must 
be  used  in  different  cities,  but  it  would  seem 
that  the  problem  can  best  be  solved  by  the  es- 
tablishment of  a  municipal  repair  plant  in  some 
city  that  has  enough  pavement  out  of  guarantee 
to  warrant  the  attempt.  That  the  asphalt  it- 
self can  be  easily  procured  is  evidenced  by  the 
many  proposals  to  furnish  it  received  by  the 
city  of  Detroit  on  February  1  of  this  year.  Ex- 
pert asphalt  men  who  have  been  employed  by 
the  different  asphalt  companies  can  easily  be 
obtained,  and  it  is  to  be  hoped  that  some  city 
will  soon  make  an  energetic  attempt  to  solve 
this  problem. 


The  Freezing  Method  for  Sub-Aqueous 
Work. 


There  is  probably  no  more  attractive  method 
considered  in  connection  with  some  classes  of 
sub-aqueous  shaft,  tunnel  and  foundation  work, 
than  that  involving  the  freezing  of  the  water- 
bearing material  to  be  penetrated  or  removed, 
at  least,  the  first  impressions  are  highly  fa- 
vorable. Yet  as  a  matter  of  fact  it  may  be 
stated  that  no  successful  application  of  a  freez- 
ing process  has  been  made  in  this  country,  ex- 
cept, possibly,  the  Chapin  mine  shaft  in  Mich- 
igan. The  first  application  of  a  new  method  to 
accomplish  anything  so  difl5cult  as  the  sink- 
ing of  a  shaft  through  water-bearing  material 
is  seldom,  .if  ever,  completely  successful,  and 
it  may  be  reasonably  contended  that  the  sink- 
ing of  the  Chapin  shaft  was  only  an  Illustra- 
tion of  this  common  chapter  of  human  expe- 
rience. Be  that  as  it  may,  however,  it  is  cer- 
tain that  the  freezing  method  has  not  been  suc- 
cessfully employed  for  similar  work  since  that 
time  in  this  country,  and  the  two  or  three  at- 
tempts which  have  been  made  have  not  re- 
sulted in  sufficient  promise  to  be  materially  en- 
couraging. Indeed,  if  The  Engineering  Record 
is  not  mistaken  there  have  been  but  two  actual 
attempts  made  to  use  the  freezing  process 
since  the  Chapin  mine  shaft  was  sunk  in  1888- 
89.  One  of  these  attempts  was  unsuccessfully 
made  to  sink  a  coal  shaft  in  Pennsylvania, 
while  the  other  was  an  application  of  the  meth- 
od to  the  foundation  work  of  a  masonry  bulk- 
head wall  on  the  Harlem  River  Driveway  in 
New  York  City  Immediately  south  of  High 
Bridge.    In  the  case  of  the  Pennsylvania  coal 
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•hAft  the  exraraUon  was  finally  completed  by 
th«  pneumatic  process,  while  the  fouDdation  ol 
the  bulkhead  wail  near  High  Bridge  required 
reeort  to  the  ordinary  open  colter  dam  methods. 
It  is  not  Improbable  that  in  both  these  unsuc- 
eeaaful  caaea  the  difficulty  of  freezing  running 
water  caiia«d  the  failuro  of  the  process. 

These  results  are  the  more  remarkable  from 
Um  (act  that  the  freesing  method  has  been  re- 
peatadly  applied  with  at  least  a  saUsfactory 
degree  of  succeas  for  a  considerable  number  of 
shafts  in  Europe  and  in  one  tunnel  at  Stock- 
holm. Success  in  these  cases  has  been  suffi- 
dently  complete  to  justify  repeated  subsequent 
applications  of  the  method  in  which  the  exca- 
vation has  been  carried  down  in  at  least  one 
case  to  a  depth  of  nearly  SOU  feet.  The  best 
statement  of  engineering  experiences  in  this 
field  which  has  yet  appeared  and.  Indeed,  the 
only  statement  that  can  be  considered  histori- 
caJly  or  even  approximately  complete,  is  the  ex- 
tremely interesting  and  valuable  paper  which 
appeared  in  the  Proceedings  of  the  American 
Society  of  Civil  Engineers  for  January,  1904, 
prepared  by  Mr.  James  H.  Brace,  with  the  as- 
sistance of  Messrs.  H.  F.  Dose  and  Paul  A. 
Seurot.  Mr.  Brace  has  rendered  a  service  of 
substantial  value  to  the  engineering  profession 
in  placing  in  such  a  convenient  form  the  re- 
sults of  experience  gained  in  this  particular 
field  of  construction,  which  has  of  late  attracted 
renewed  attention  by  the  proposed  application 
of  the  Poetsch-Sooysmith  freezing  method  to 
the  construction  of  the  Pennsylvania  tunnels 
under  the  North  River.  The  successful  appli- 
cation of  the  freezing  method  in  Europe  has  so 
far  been  made  in  shafts  only,  with  the  excep- 
tion of  the  Stockholm  tunnel,  which  can  scarce- 
ly be  considered  sub-aqueous  construction.  This 
may  not  be  significant,  but  it  is  a  fact  which 
arrests  attention  in  reading  Mr.  Brace's  paper. 
There  appears  to  be  no  substantial  reason  why 
the  method  should  not  be  applied  as  success- 
fully to  the  construction  of  tunnels  as  to  the 
construction  of  shafts.  Of  course  the  pneu- 
matic method  cannot  be  employed  in  shaft  sink- 
ing with  a  head  of  water  sufficient  to  make  the 
air  pressure  too  great  for  human  endurance. 
In  deep  shafts,  the  freezing  method  or  its  equiv- 
alent becomes  not  a  matter  of  choice  but  ino- 
perative. 

It  is  obviously  a  matter  of  little  or  no  con- 
sequence what  freezing  method  is  used  so  far 
as  congelation  of  the  water-bearing  material  is 
concerned;  the  main  point  is  to  freeze  that  ma- 
terial. There  have  been  encountered,  however, 
serious.  If  not  unsurmountable,  difficulties  in 
some  cases  resulting  from  the  leaking  of  the 
pipes  through  which  the  freezing  liquid  circu- 
lates, for  if  the  liquid  escapes  and  saturates 
the  material  congelation  will  be  prevented  at 
any  point  The  pipes  are  necessarily  strained 
to  some  extent  In  getting  them  Into  place,  and 
In  a  deep  shaft  if  the  congelation  Is  not  done 
by  evaporation  of  the  freezing  liquid  in  the 
pipes  the  head  becomes  great  enough  to  make 
escape  through  leaks  comparatively  rapid. 
There  has  been  sufficient  experience,  however, 
with  the  practical  difficulties  of  this  nature  to 
enable  them  to  be  reasonably  controlled,  at 
least  In  those  successful  European  cases  de- 
scribed by  Mr.  Brace,  and  there  seems  to  be 
no  reason  why  control  should  not  be  effected 
as  a  uniform  procedure  In  all  cases. 

The  great  difficulty  In  Inducing  contractors 
to  undertake  the  application  of  a  new  process 
of  this  nature  arises  from  the  facts  that  his  ex- 
periments are  made  on  a  large-  scale  and  are 
costly,  and  that  the  owners  of  enterprises 
nsoally  endeavor  to  shift  all  such  responsibility 
to  the  contractors  themselves. 

The  successful  application  of  the  freezing 
method  to  such  a  great  sub-aqueous  construc- 


tion as  the  proposed  Pennsylvania  tunnels  un- 
der the  North  and  East  Rivers  would  have  some 
practical  advantages  over  the  pneumatic  meth- 
od or  any  method  in  which  there  Is  liable  to 
be  a  movement  of  the  water-bearing  material 
around  the  structure  during  the  progress  of 
construction.  The  escape  of  compressed  air 
from  a  working  chamber  keeps  the  material 
around  It  In  a  constantly  loosened  and  moving 
condition  prejudicing  the  safety  of  the  work  to 
some  extent  and  destroying  the  advantages 
arising  from  a  completely  undisturbed  environ- 
ment. Water-bearing  material  is  of  course  froz- 
en absolutely  in  place  under  any  freezing 
method  and  remains  undisturbed  not  only  dur' 
Ing  the  progress  of  construction  but  after  com- 
pletion also.  So  far  as  experience  has  extend- 
ed laborers  seem  to  experience  no  Injury  in 
working  in  the  low  temperatures  accompanying 
the  excavation  of  frozen  material.  The  con- 
gealed sides  of  the  excavation  make  it  neces- 
sary to  excavate  only  to  the  neat  lines  of  the 
structure  and  this  requires  a  minimum  amount 
of  both  excavation  and  construction. 

The  circulation  of  the  freezing  liquid  can 
certainly  be  maintained  as  well  In  a  horizontal 
excavation,  like  that  required  for  a  tunnel,  as 
in  a  vertical  excavation,  and  so  far  as  esti- 
mates of  cost  are  concerned  it  would  appear  to 
be  an  economic  plan  of  procedure,  although  It 
Is  to  be  observed  in  this  connection  with  some 
emphasis  that  preliminary  e^imates  of  cost 
and  final  costs  of  work  completed  are  very  like- 
ly to  be  separated  by  a  wide  gap,  especially 
when  new  processes  are  employed.  It  would 
be  a  matter  of  great  interest  to  engineers  to 
observe  the  results  of  the  application  of  the 
freezing  method  to  some  large  work  like  the 
Pennsylvania  tunnels  or  any  other  large  suO- 
aqueous  construction.  Conservative  adminis- 
tration, however,  has  so  much  to  commend  it 
in  tunnel  construction  at  depths  easily  attain- 
able by  the  old  and  tried  pneumatic  method, 
either  in  the  ordinary  manner  Or  in  the  man- 
ner successfully  employed  for  the  rapid  tran- 
sit subway  tunnel  under  the  Harlem  River, 
that  that  method  is  likely  to  prove  a  bar  to  the 
immediate  application  of  a  procedure  so  mark- 
edly novel  as  the  freezing  method  In  at  least 
some  of  its  features.  Doubtless  its  trial  in 
actual  application  Is  destined  to  come  at  an 
early  date,  and  In  the  interests  of  the  exten- 
sion of  valuable  engineering  experience  it  is 
to  be  hoped  the  trial  will  not  be  long  delayed. 


The    Thermal    Efficiency    of    a    Rotary 
Cement  Kiln. 


It  has  long  been  recognized  that  In  some  re- 
spects the  scientific  side  of  Portland  cement 
manufacture  has  not  developed  so  rapidly  as 
the  practical.  This  Is  not  at  all  surprising 
when  it  is  recalled  that  the  demand  for  this 
material  was  so  great  for  a  number  of  years 
that  makers  were  forced  to  strain  every  re- 
source to  fill  orders.  Under  such  circumstances 
the  tendency  is  always  to  Improve  existing 
methods  and  plant,  rather  than  to  engage  in 
prolonged  and  painstaking  investigations  of 
the  scientific  aspects  of  manufacturing  pro- 
cesses. It  speaks  well  for  the  energy  and  the 
enthusiasm  of  American  technical  chemists 
that  so  much  good  work  has  been  done  by 
them,  and  it  is  to  be  regretted  that  so  little 
of  their  work  has  been  recorded  publicly.  It 
is  apparent,  however,  that  the  industry  is 
about  to  receive  in  greater  measure  than  before 
the  attention  of  independent  investigators,  and 
it  is  by  no  means  unlikely  that  the  publication 
of  the  results  of  their  studies  will  call  forth 
Pome  notes  of  the  experience  of  others  whose 
regular  duties  have  been  so  heavy  that  no  time 


was  available  for  the  preparation  of  papers  out- 
lining their  experiments.  This  journal  deplores 
the  occasional  assertion  that  American  chem- 
ists have  done  little  or  no  good  work  in  ce- 
ment, for  it  is  not  only  an  unjust  reflection  on 
able  men  who  are  making  a  life  work  of  the 
technology  of  the  Industry,  but  likewise  neg- 
lects the  important  investigations  of  independ- 
ent students. 

These  thoughts  are  suggested  by  the  very  in- 
teresting paper  on  the  thermal  efficiency  of  a 
rotary  cement  kiln  read  by  Dr.  Joseph  W.  Rich- 
ards before  the  American  Chemical  Society  and 
printed  in  Its  "Journal"  for  last  month.  It  is 
based  on  tests  made  with  a  60-foot  rotary  kiln 
6  feet  in  diameter  In  the  Dexter  works  at  Na- 
zareth, Pa.  The  kiln  produces  an  average  of 
3,600  pounds  of  cement  clinker  per  hour  from 
5,980  pounds  of  raw  materials,  and  about  200 
pounds  of  flue  dust  are  given  oft  in  this  time. 
About  110  pounds  of  pulverized  bituminous 
slack  coal  are  burned  for  each  barrel  of  cement 
produced.  The  object  of  the  tests  and  the  cal- 
culations based  on  their  results  was  to  strike 
a  balance  sheet  of  the  heat  generated  within 
the  kiln  and  Its  distribution,  and  to  ascertain 
the  temperature  of  the  hot  gases  which  furnish 
heat  to  the  clinker  and  the  proportion  of  air 
admitted  In  excess  of  that  theoretically  needed 
for  perfect  combustion.  The  details  of  the  in- 
vestigation need  not  be  mentioned  here;  the 
results  were  as  follows:  Total  heat  generated 
per  barrel  of  cement  made,  466,400  calories,  of 
Which  395,000  .calories  were  from  the  fuel  and 
71,400  from  the  heat  of  combination  of  the  in- 
gredients forming  the  clinker.  01'  this  amount 
of  heat,  10.7  per  cent,  remained  in  the  hot 
clinker,  36  per  cent,  was  carried  off  by  the  ex- 
cess air  in  the  chimney  gases.  36.1  per  cent, 
was  carried  off  by  the  necessary  products  of 
combustion  in  these  gases,  0.2  per  cent,  was 
lost  in  the  flue  dust,  1.3  per  cent,  was  lost  by 
imperfect  combustion,  0.2  per  cent,  was  used  in 
evaporating  the  moisture  in  the  raw  materials, 
2.3  per  cent,  was  used  in  expelling  carbon  diox- 
ide from  the  carbonates,  and  li.8  per  cent,  was 
lost  by  radiation  and  conduction. 

An  important  fact  shown  by  these  figures  is 
the  leading  part  played  by  the  heat  of  combi- 
nation of  the  ingredients,  which  amounts  to  18 
per  cent,  of  the  total  amount  furnished.  If  it 
were  left  out  of  consideration.  Dr.  Richards 
states,  there  would  not  be  enough  heat  for  the 
process,  exclusive  of  the  losses  by  radiation 
and  conduction. 

The  greatest  loss  of  heat  is  found  to  be  In 
the  gases.  The  amount  of  air  in  excess  of  that 
theoretically  required  for  combustion  is  132 
per  cent.;  could  this  be  reduced  to  10  per  cent, 
the  heat  lost  in  the  gases  would  be  reduced  by  , 
an  amount  equivalent  to  40  per  cent,  of  the 
calorific  value  of  the  fuel.  If  the  temperature 
of  the  gases  could  also  be  reduced  one-half,  the 
saving  would  be  equivalent  to  about  60  per  cent, 
of  the  fuel  used. 

The  publication  of  the  figures  of  which  the 
above  data  are  merely  the  general  totals  ex- 
plains why  the  rotary  kiln  Is  so  wasteful  in 
comparison  with  the  continuous  vertical  kiln. 
This  great  difference  In  fuel  consumption  has 
been  frequently  mentioned  in  this  journal,  and 
it  has  been  generally  recognized  that  the  first 
great  improvement  In  rotary  kiln  practice 
would  take  the  form  of  some  design  which 
would  reduce  the  cost  of  fuel.  This  type  of  ap- 
paratus is  useful  because  of  the  saving  of  labor 
attained  by  employing  it,  which  more  than 
balances  the  extra  fuel  charges.  With  the 
growth  of  competition  between  plants  atten- 
tion has  naturally  been  drawn  to  the  coal  pile, 
which  represents  about  one-fourth  of  the  cost 
of  the  cement  in  the  stockhouse  bins.    Already 
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some  important  departures  from  current  prac- 
tice have  been  made,  and  it  is  interesting  to  ex- 
amine tliem  in  the  light  of  Dr.  Richards' 
investigations. 

One  of  these  Innovations  consists  in  enlarg- 
ing the  diameter  of  the  kilns  and  using  double 
burners.  More  heat  is  thus  produced,  which 
will  drive  off  the  carbonic  acid  from  a  greater 
amount  of  raw  material.  In  this  way  the  clinker 
output  of  a  60-foot  kiln  is  said  to  be  increased 
about  one-third  for  the  same  consumption- of 
fuel  per  barrel.  The  gases  are  sent  through  a 
boiler  and  economizer,  and  a  very  large  amount 
of  waste  heat  is  utilized  in  this  manner;  it  has 
been  claimed  that  nearly  half  the  fuel  has  been 
saved  by  such  a  steam  plant. 

The  second  innovation  is  entirely  different 
and  aims  to  utilize  the  heat  in  the  gases  by  ex- 
posing the  clinker  to  them  for  a  longer  time. 
It  has  its  leading  exponent  in  the  150-foot  kilns 
of  the  Edison  plant,  recently  described  in  The 
Engineering  Record.  Double  burners  are  em- 
ployed to  give  plenty  of  heat  in  the  front  of 
the  kilns  and  the  intention  is  to  have  the  waste 
gases  leave  at  about  the  lowest  temperature  at 
which  carbon  dioxide  can  be  driven  from  the 
raw  materials. 

At  the  present  time  the  second  method  of 
increasing  the  utilization  of  the  heat  is  un- 
doubtedly considered  the  better.  The  Edison 
kilns  have  probably  attracted  more  attention 
than  any  other  recent  novelty  in  cement  ma- 
chinery, and  their  undoubted  success  may  be 
in  some  measure  a  reason  for  the  high  favor  in 
which  80-foot  kilns  are  now  held.  These  have 
been  in  use  with  marked  succes?  for  a  year  or 
more,  and  the  results  attained  with  them  show 
that  Dr.  Richards'  figures  have  an  immediate 
practical  value.  While  such  heat  balances  for 
kilns  have  been  made  before,  very  little  infor- 
mation of  the  sort  has  been  published  and  his 
paper  ought  to  bring  out  a  useful  discussion. 


The  Panama  Canal. 


The  readers  of  The  Engineering  Record  have 
already  learned  through  the  daily  press  of  the 
successful  outcome  of  the  many  years  of  patient 
technical  study  and  diplomatic  negotiation  re- 
lating to  an  isthmian  canal.  It  is  with  pride 
that  this  journal  points  to  its  uniformly  accurate 
news  regarding  this  great  enterprise.  While  it 
has  not  been  made  the  organ  of  the  French 
canal  company  nor  the  mouthpiece  of  the  ad- 
ministration, whatever  that  term  may  mean,  its 
readers  have  been  put  in  possession  of  the  first 
and  in  many  respects  the  only  complete  account 
of  all  important  steps  taken  in  late  years  with 
regard  to  the  work.  Even  the  revolt  of  the 
people  of  Panama  was  predicted  in  this  journal 
two  years  before  it  occurred.  It  is  believed  that 
nowhere  except  in  the  files  of  this  journal  will 
be  found  an  unprejudiced  and  reliable  account 
of  the  leading  features  of  the  last  Commission's 
work,  which  laid  the  foundations  for  this  great 
enterprise.  The  first  stage  of  the  project  is  now 
finished.  The  early  explorations,  the  crazy 
work  of  the  French  promoters,  and  the  prelim- 
inary investigations  of  American  companies  and 
commissions  are  now  a  thing  of  the  past.  The 
ratification  of  the  treaty  between  the  United 
States  and  the  Republic  of  Panama  is  practical- 
ly complete,  the  money  for  the  purchase  of  all 
adverse  interests  on  the  Isthmus  is  available, 
and  the  commission  which  is  to  carry  out  the 
work  is  pretty  well  -settled.  The  time  of  nego- 
tiation, investigation  and  preliminary  planning 
has  closed  and  the  period  of  construction  has 
begun. 

This  enterprise  to  which  the  nation  is  now 
committed   is   a   work  of  such   magnitude  and 
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world-wide  importance  that  only  those  who  have 
followed  it  closely  can  really  appreciate  the 
responsibilities  of  the  seven  commissioners  who 
will  have  it  in  charge.  The  technical  skill  to 
plan  the  works,  the  executive  ability  to  push 
everything  along  just  as  fast  as  good  construc- 
tion will  warrant,  and  the  diplomatic  tempera- 
ment that  will  be  often  needed  to  straighten 
out  tangles  leading  to  possible  international 
complications,  are  so  rarely  combined  in  single 
individuals  that  it  is  no  wonder  the  President  is 
having  some  trouble  in  persuading  men  to  ac- 
cept positions  on  the  Commission.  The  duties 
are  so  numerous  and  onerous  that  the  Commis- 
sion will  have  to  work  by  committees  and  any 
individual  failure  to  carry  on  work  properly 
will  be  speedily  revealed  to  the  public  through 
the  very  acts  of  the  Commission  itself.  The 
last  Commission  contained  one  member  whose 
influence  was  absolutely  nil,  and  although 
nothing  was  ever  said  about  his  position  in  the 
corner  out  of  the  way  during  the  deliberations 
of  the  Commission,  every  intelligent  reader  of 
its  reports  has  recognized  the  failure  of  this 
man's  early  work  and  his  entire  neglect  by  his 
associates  in  the  remaining  investigations. 

The  chairmanship  of  the  new  Commission  has 
gone  to  Rear  Admiral  John  G.  Walker,  a  fact 
that  every  one  acquainted  with  his  executive 
ability  and  thorough  knowledge  of  the  Isthmian 
problem  will  welcome.  Accustomed  to  com- 
mand men  of  all  stations  in  life,  thoroughly  ac- 
quainted with  the  methods  by  which  the  govern- 
ment carries  on  its  work,  and  respected  by  all 
people  acquainted  with  his  part  in  making  the 
country  a  naval  power  in  the  modern  sense  of 
that  term,  his  appointment  is  an  ideal  one.  As 
the  president  of  the  last  Isthmian  Canal  Com- 
mission he  will  simply  change  one  title  for 
another  and  not  assume  a  new  office;  it  is 
hardly  proper,  in  fact,  to  speak  of  the  "last" 
Commission,  for  it  is  still  in  existence.  The 
other  men  who  have  accepted  office  are  excel- 
lent appointments.  General  George  W.  Davis 
will  bring  to  the  Commission  the  knowledge 
of  military  affairs  which  is  indispensable  when 
construction  begins  and  the  management  of  an 
army  of  laborers  has  to  be  supervised.  Ex- 
perience at  Havana  has  shown  what  the  strict 
supervision  of  construction  by  army  officers  will 
accomplish  in  suppressing  disease,  and  the 
same  supervision  on  the  Isthmus  may  be  ex- 
pected to  rob  that  dread  country  of  its  fancied 
terrors.  Col.  Frank  J.  Hecker,  of  Detroit,  a 
third  member,  is  so  well  known  as  a  shrewd 
financier  that  his  presence  on  the  Commission 
will  be  an  assurance  that  all  its  financial  affairs 
will  be  ably  managed.  Moreover,  he  is  an  ex- 
perienced executive  officer  and  noted  through- 
out the  Central  States  for  his  tact  In  handling 
important  enterprises. 

Just  who  will  be  the  engineer  members  of 
the  Commission  cannot  be  foretold  at  this  writ- 
ing, but  a  number  of  excellent  men  have  been 
named  as  probable  appointees.  Mr.  Alfred 
Noble  would  be  an  ideal  man  for  such  a  place  on 
account  of  his  wide  experience  and  previous 
acquaintance  with  the  canal  problems,  but  his 
friends  will  be  sorry  to  see  him  give  up  the 
great  tunnel  undertaking  of  which  he  is  now 
the  chief  engineer  to  accept  merely  a  share  of 
the  responsibilities  and  the  fame  of  the  new 
Commission;  his  present  engagement  is  as  im- 
portant as  any  ever  entrusted  to  an  engineer, 
and  it  is  to  be  hoped  the  Pennsylvania  Railroad 
Company  will  succeed  in  making  it  worth  his 
time  to  remain  on  its  staif  until  the  work  is 
done.  Mr.  William  Barclay  Parsons'  appoint- 
ment would  be  highly  gratifying  to  all  who  are 
suflSciently  acquainted  with  the  details  of  his 
work  as  chief  engineer  of  the  New  York  Rapid 
Transit  Railroad  Commission  to  recognize  the 
great  measure  of  tact  and  firmness  which  has 


been  exercised  along  with  engineering  ability  In 
this  undertaking.  The  selection  of  Mr.  William 
H.  Burr  is  to  be  commended  on  the  same 
grounds  as  that  of  Mr.  Noble.  He  is  so  well 
equipped  theoretically  and  practically  for- 
technical  problems  of  the  greatest  magnitude 
and  is  so  well  posted  on  the  work  to  be  done 
through  his  previous  connection  with  the  Isth- 
mian Canal  Commission,  that  his  selection  as 
a  member  of  the  new  Commission  would  add 
materially  to  its  effectiveness.  Moreover,  his 
executive  ability  in  pushing  engineering  works 
through  to  completion  is  too  well  known  among 
engineers  to  need  comment.  Major  B.  M.  Har- 
rod  is  another  ex-president  of  the  American 
Society  of  Civil  Engineers,  who  is  stated  to  be 
a  possibility  on  the  Commission,  although  a 
New  Orleans  newspaper  is  said  to  be  opposing 
his  appointment  on  account  of  his  very  credit- 
able course  in  allowing  a  good  brand  of  Ameri- 
can Portland  cement  to  be  used  on  work  under 
his  charge,  although  the  original  specifications 
called  for  a  foreign  cement.  This  journal  has 
previously  pointed  out  the  childish  folly  of  this 
charge,  which  condemns  Major  Harrod  for  per- 
mitting a  good  grade  of  material  to  be  substi-' 
tuted  for  a  far  inferior  one.  He  has  had  a  long 
experience  with  important  public  works,  partic- 
ularly in  warm*  climates,  and  his  work  as  a 
member  of  the  Mississippi  River  Commission 
has  been  so  satisfactory  that  the  President 
would  be  thoroughly  justified  in  selecting  him 
as  a  member  of  the  canal  commission.  Another 
engineer  whose  name  has  been  prominently 
mentioned  is  Mr.  C.  B.  Grunsky,  at  present  city 
engineer  of  San  Francisco.  With  the  exception 
of  Mr.  Parsons,  he  is  the  youngest  of  the  engi- 
neers whose  names  have  been  considered  by  the 
President,  being  about  48  years  of  age.  Since 
1878  he  has  been  engaged  in  hydraulic  and  har- 
bor improvement  work  on  the  Pacific  Coast, 
where  his  reputation  as  an  engineer  and  exec- 
utive is  of  the  highest  character.  Just  which 
of  these  engineers  will  be  fljially  selected  by  the 
President,  or  whether  others  will  eventually  be 
chosen,  remains  unknown  at  this  writing. 
Enough  has  been  said,  however,  to  indicate  the 
deep  responsibility  the  President  feels  in  mak- 
ing his  selection  and  how  admirably  he  has 
chosen  his  list  of  possible  appointees.  Every 
engineer  on  the  list  would  be  a  good  appoint- 
ment. 


The  Typhoid  Fever  Outbreak  at  Watertown, 
N.  Y.,  affords  a  particularly  good  example  of  the 
results  which  may  be  expected  to  follow  the  use 
of  unfiltered  water  from  a  water-shed  subject  to 
pollution.  The  supply  is  drawn  from  the  Black 
River,  whose  basin  is  occupied  by  a  number  of 
villages  and  hamlets,  some  of  them  of  consider- 
able size.  Prof.  Olin  H.  Landreth,  consulting 
engineer  of  the  State  Board  of  Health,  has  dis- 
covered proof  that  at  least  fifteen  cases  of  ty- 
phoid occurred  on  this  catchment  basin  within 
35  miles  of  Watertown  during  the  last  three 
months  of  1903.  Late  in  December  there  was 
a  protracted  period  of  warm  weather  and  rain 
followed  by  cold  weather  which  would  detain 
the  accumulated  polluting  matter  on  the  basin 
until  the  next  thaw  set  it  free  in  great  quanti- 
ties. It  is  not  at  all  surprising,  therefore,  to  find 
that  the  number  of  typhoid  fever  cases  in  the 
city  jumped  from  7  in  November  and  15  in  De- 
cember to  180  in  January  and  a  much  larger 
number  in  the  present  month.  The  lesson  Is 
a  terrible  one,  but  the  pity  of  it  all  is  the  ab- 
solute disregard  of  most  people  to  pay  any  at- 
tention to  it.  They  read  about  the  fever-strick- 
en inhabitants  of  Butler  and  Ithaca  and  Water- 
town,  but  never  stop  to  consider  that  it  Is  only 
a  merciful  providence  In  many  cases  which  pre- 
vents their  own  condition  being  similar  to  that 
which  fills  them  with  horror.  , 
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The  Herkimer  Viaduct  for  the  Utica  & 
Mohawk  Valley  Railway. 

Br  WUbvr  J.  Waooa.  Asaoc  U.  Ami  Soc  C  B. 


Tb«  UUea  «  MQtuiwk  Valley  Railway  is  a 
d<Milii«-track  electric  line  runnins  from  Rome, 
N.  T,  on  the  weet.  through  Dtica.  to  Uttle  Falls 
on  the  east,  down  the  historic  Mohawk  Valley. 
The  Intarurban  portions  of  this  railway,  built 
la  IMl.  190X  and  1903.  are  of  substautial  and 
It  construction,  the  bridges  being  made 
enou^  to  carry  any  future  increase  in 
tka  weight  of  the  rolling  stock  which  may  rea- 
aoaably  be  expected.  On  that  portion  of  the 
line  between  the  Tillage  of  Herkimer  and  the 
city  of  Little  Falls,  and  just  east  of  the  former, 
the  railway  crosses  the  West  Canada  Creek  and 
the  New  York  Central  k  Hudson  River  Railroad, 
on  a  concrete  and  steel  viaduct  which  is  one  of 
the  largest  structuresof  its  kind.  The  West  Can- 
ada Creek  is  a  swift  stream  having  its  rise  In 
the  Adirondack  Mountains  and  emptying  into 
tba  Mohawk  River  a  few  thousand  feet  below 
this  viaduct.  Its  drainage  area  is  not  large,  but 
the  stream  is  subject  to  violent  floods.  The  nor- 
mal width  of  the  creek  bed  is  about  400  feet  at 
the  viaduct,  but  its  flood  plain  Is  about  1.600  feet 
wide.  The  New  York  Central  A  Hudson  River 
Railroad  crosses  this  flood  plafh  a  few  hundred 
feet  north,  up-stream,  from  the  viaduct  provid- 
ing a  clear  opening  of  about  80  feet  at  the  west 
end  of  the  plain,  for  use  in  times  of  flood  only, 
and  a  low  level  structure,  about  520  feet  in 
length,  crossing  the  normal  bed  of  the  stream. 
The  New  York  Central  structure  is  composed 
of  concrete  piers  on  pile  foundations  and  a 
through  plateglrder  superstructure. 

The  Utica  tc  Mohawk  Valley  Railway  crosses 
the  flood  plain  on  a  structure  composed  of  an 


degrees  23  minutes  measured  between  the 
center  lines  of  the  two  railways.  The 
tracks  of  the  New  York  Central  are 
on  a  curve  of  about  3,000  feet  radius 
at  this  point  There  are  at  present  four  tracks, 
but  provision  is  made  for  a  fifth  track  on,  the 
north  side,  and  12  feet  clear  space  is  provided 
between  the  center  lines  of  the  extreme  north 
and  extreme  south  tracks  and  the  nearest  point 
of  the  concrete  piers.  The  overhead  clearance 
Is  22  feet 

In  order  to  reduce  the  length  of  trusses  re- 
quired to  span  these  tracks,  the  piers  next  to 
the  New  York  Central  tracks  were  placed  with 
one  face  parallel  to  the  line  of  these  tracks  in- 
stead of  parallel  to  the  line  of  the  bridge,  as 


in  track  alignment,  which  was  worked  out 
graphically  in  the  office  with  very  satisfactory 
results.  At  the  east  end  of  the  viaduct  between 
the  225-foot  truss  span  and  the  east  abutment 
are  three  deck  plate  girder  spans,  55  feet  cen- 
ter, to  center  of  piers,  which  are  placed  at  right 
angles  to  the  line  of  the  spiral  curve.  The 
length  of  the  steel  structure  is  457  feet 
6  inches,  and  the  distance  from  the  west  end  of 
the  parapet  wall  of  the  concrete  structure  to  the 
face  of  the  back  wall  of  the  east  abutment  is 
1.210   feet   2   inches. 

The  bed  of  the  West  Canada  Creek  is  com- 
posed of  gravel,  somewhat  compacted,  water 
bearing  and  free  from  loam,  to  a  depth  of  about 
6  feet  below  the  bed  of  the  stream,  and  then  a 


Herkimer  Viaduct:   General  View  Showing  Relation   to   Tracks  of   New  York  Central  Railroad. 
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earth  embankment  about  250  feet  long  and  10 
feet  high;  a  through  plate-girder  span  with  shal- 
low floor  system  giving  a  clear  opening  of  80 
feet,  called  the  "dry  channel  span,"  designed  for 
use  in  times  of  flood;  and  an  earth  embankment 
from  10  to  22  feet  high ;  and  about  600  feet  long, 
extending  to  the  west  abutment  of  the  concrete 
viaduct  The  concrete  viaduct  is  755  feet  6 
Inches  long,  double-tracked,  and  from  24  to  40 
feet  In  height  above  the  general  level  of  the 
flood  plain.  The  bed  of  the  stream  is  about  8 
feet  below  the  level  of  the  plain.  At  the  east 
end  of  the  concrete  viaduct  the  railway  line 
croaaes  the  tracks  of  the  New  York  Central  & 
Hudson  River  Railroad  at  an  angle  of  only  22 


is  usually  done.  It  was  found  that  a  spani  of 
225  feet,  center  to  center  of  end  pins,  skewed 
67  feet  6  inches,  would  fulfil  these  condi- 
tions. At  the  east  end  of  this  225-foot  span 
both  the  gradient  and  the  alignment  of  the  elec- 
tric line  are  changed,  the  ascending  grade  of  2 
per  cent,  which  has  so  far  been  maintained  is 
changed  to  an  ascending  grade  of  0.9185  per 
cent,  and  the  alignment  is  deflected  36  degrees 
39  minutes  to  the  right,  by  means  of  a  12-degree 
curve,  with  280-foot  spirals  at  each  end.  The 
grades  are  connected  t)y  a  vertical  curve  200 
feet  in  length,  and  the  combination  of  spiral 
curve,  vertical  curve  and  4  Inches  camber  In  the 
225-foot  truss  span  formed  an  unusual  problem 


hard  blue  clay  of  great  depth.  The  bed  of 
gravel  increases  to  a  thickness  of  from  12  to  15 
feet  at  different  points  on  the  flood  plain. 
It  was  originally  intended  to  rest  the  piers  tor 
the  arches  on  this  gravel  bed,  without  piling, 
but  a  careful  study  of  the  conditions,  made 
after  the  work  was  begun  by  the  consulting  and 
resident  engineers,  led  to  the  conclusion  that 
such  a  course  would  not  be  safe  owing  to  the 
great  scouring  action  of  the  stream,  -as  evi- 
denced by  large  pot  holes  found  at  various 
points  of  the  flood  plain.  All  these  piers,  with 
the  exception  of  the  three  east  piers  supporting 
the  55-foot  deck  plate  girders,  were,  therefore, 
founded  upon  piling.  In  the  case  of  the  piers 
for  the  arches  the  gravel  was  entirely  removed 
and  the  piles  driven  into  the  clay;  their  tops 
were  sawn  off  from  8  to  10  feet  below  ordi- 
nary low  water.  The  piles  are  about  15  feet 
long,  of  spruce,  stripped,  and  were  driven  until 
the  penetration  under  a  hammer  weighing  1,000 
pounds,  falling  20  feet  did  not  exceed  about  2 
inches. 

The  concrete  for  the  piers  rests  directly  on, 
and  around,  the  heads  of  the  piles.  All  the 
piers  were  built  by  use  of  ordinary  open  coffer 
dams,  of  sheet  piling,  kept  free  of  water  by 
pumping.  Burlap  bags  filled  with  sand  were 
used  in  connection  with  the  sheet  piling  in  con- 
structing the  coffer  dams  for  the  creek  piers. 
The  piers  in  the  creek  bed  are  provided  with 
concrete  cutwaters,  the  faces  of  which  make  an 
angle  of  45  degrees,  with  the  faces  of  the  piers. 
As  these  cutwaters  are  carried  up  to  the  spring- 
ing line  of  the  arches,  which  is  on  a  2  per  cent, 
grade  corresponding  to  the  grade  of  the  track, 
their  tops  are  at  varying  heights  above  the 
water  surface. 

The  piers  are  built  of  two  widths,  the  second, 
fifth  and  seventh  from  the  west  end  of  the  via- 
duct are  12  feet  wide  under  the  coping,  with 
sides  battered  %  Inch  to  the  foot,  and  are  of 
sufficient  size  to  withstand  the  thrust  of  the  ad- 
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joining  arch,  should  any  one  of  the  arches  be 
destroyed.  The  other  piers  are  8  feet  wide 
under  the  coping,  but  similar  in  all  other  re- 
spects to  the  wider  piers.  At  the  wide  piers 
pilasters  9  feet  wide  projecting  12  inches 
from  the  face  of  the  arch  rings  are  carried  2 
feet  above  the  coping  of  the  parapet  wall.  Sim- 
ilar pilasters  5  feet  wide  at  the  smaller  piers 
are  carried  only  to  the  top  of  the  parapet  wall. 
Into  these  pilasters  were  set  the  sockets  to  re- 
ceive the  iron  trolley  poles. 

There  are  ten  concrete-steel  arches,  seven  of 
62  feet  span  and  three  of  66  feet  6  inches.  The 
62-foot  arches  have  a  rise  of  12  feet  and  thick- 
nesses of  21  inches  at  the  crown  and  about  41/2 
feet  at  the  springing.     They  are  segmental,  the 


construction.  The  centering  was  designed  by 
Mr.  C.  H.  Clark,  M.  Am.  Soc.  C.  E.,  chief  engi- 
neer of  the  railway  company. 

Expansion  joints  were  provided  in  the  span- 
drel walls  over  each  pier,  at  the  junction  of  the 
spandrel  wall  and  pilaster.  This  was  done  by 
nailing  a  narrow  strip  of  timber  to  the  sides  of 
the  forms  for  the  arch  pilasters,  thus  forming 
a  groove  into  which  the  spandrel  wall  is 
tongued.  These  joints  all  show  evidence  of  mo- 
tion, and  also  allow  considerable  water  to  leak 
through.  Two-inch  matched  sheeting,  planed 
on  one  side,  was  used  throughout  in  the  forms. 
Studs  were  2x6  inches  for  spandrel  walls,  and 
3x12  and  2x6  inches  spaced  2  feet  apart  for  the 
pier  forms,  and  braced  about  every  4  feet. 


Herkimer  Viaduct:   Concrete  Arch  Spans  over  West  Canada  Creek. 


of  the  work.  In  general,  the  proportions  used 
were  1:3:7  for  the  piers  and  foundations,  and 
1:21/^:5  for  the  arch  rings  and  spandrel  walls, 
on  the  basis  of  packed  cement  and  loose  sand. 
These  proportions  were  decided  upon  after  care- 
ful determination  of  the  percentage  of  voids  in 
the  sand  and  gravel  used.  All  concrete  waa 
hand  mixed  and  placed  wet.  For  construction 
purposes  a  temporary  runway  and  platform  was 
built  alongside  the  viaduct,  and,  when  neces- 
sary, derricks  were  used  to  hoist  the  mixed  con- 
crete to  the  work.  The  concrete  for  the  span- 
drel walls  was  mixed  on  top  of  the  structure. 
Filling  was  done  by  dump  cars  and  an  engine 
running  on  a  temporary  track  supported  on 
cribbing  placed  on  top  of  the  arches.  The  maxi- 
mum number  of  men  employed  at  any  one  time 
was  about  400.  In  depositing  concrete,  care 
was  taken  to  place  a  rich  mortar,  1:2%,  against 
the  forms,  using  slip  boards.  After  the  forms 
were  removed,  the  exposed  concrete  surfaces 
were  brushed  with  thin  mortar  wash,  the  sand 
being  carefully  selected,  and  then  rubbed 
down  with  sandstone  blocks.  In  this  way  a 
very  uniform  color  was  secured. 

The  piers  supporting  the  225-foot  span 
over  the  New  York  Central  are  isolated  rectan- 
gular piers  5  feet  6  inches  by  7  feet  6  inches 
under  copings  with  all  sides  battered  %  inch 
to  the  foot.  The  pier  on  the  west  side  of  the 
Central  tracks  is  46  feet  high  above  the  founda- 
tions and  rests  on  143  piles,  which  carry  a  load 
of  23.7  tons  each  or  about  3,000  pounds  per  foot 
of  pile.  This  load  is  exceeded  by  several  of 
the  piers  carrying  the  concrete  arches,  the  maxi- 
mum load  per  pile  being  32  tons.  In  computing 
these  loads  on  the  piles,  however,  no  allowance 
is  made  for  the  supporting  power  of  the  soil, 
which  is  capable  of  bearing  half  the  total  load. 


radius  of  the  intrados  being  46.04  feet  and  that 
of  the  extrados  57.00  feet.  The  rise  of  the  66- 
foot  6-inch  spans  is  14  feet;  the  thickness  of 
the  arch  ring  at  the  crown  21  inches,  and  at  the 
springing,  about  4  feet  6  inches.  The  radius 
of  the  intrados  is  46.48  feet,  and  of  the  ex- 
trados, 55.5  feet.  All  arch  rings  are  rein- 
forced with  Thacher  patent  bars,  IVi  inches  di- 
ameter, spaced  11  Inches  center  to  center  in 
both  extrados  and  intrados.  The  stresses  in 
the  arch  rings  were  computed  by  the  graphical 
method  of  Prof.  W.  A.  Cain.  The  maximum 
compression  allowed  on  concrete  was  600  pounds 
per  square  inch,  and  the  maximum  tension  in 
steel  bars  16,000  pounds  per  square  inch,  includ- 
ing stresses  caused  by  a  variation  of  50  degrees 
In  temperature.  No  attention  was  paid  to  tensile 
stresses  in  concrete.  Stresses  were  computed 
for  two  loadings;  first,  full  dead  and  live  load, 
the  latter  assumed  at  10,000  pounds  per  linear 
foot;  second,  live  load  on  one-half  of  the  arch 
only. 

No  waterproofing  was  used  on  these  arches; 
the  valleys  between  the  arches  were  sloped  to- 
ward the  center,  and  4  inch  drain  tiles  inserted 
through  the  arch  rings  to  carry  off  the  water. 
The  filling  used  was  gravel. 

In  constructing  the  arch  rings  the  section  at 
the  crown  was  first  laid,  and  then  the  con- 
crete was  placed  in  transverse  sections,  begin- 
ning at  the  springing  line  and  working  toward 
the  crown.  The  concrete  was  laid  on  2iA-inch 
spruce  sheeting,  supported  every  4  feet  6  inches 
by  carefully  framed  and  trussed-  centers,  the 
chords  of  which  were  built  up  of  three  pieces 
of  3xl2-inch  spruce  held  together  by  hardwood 
pins.  The  web  bracing  of  the  centers  was  com- 
posed of  6x6-inch  pieces  supporting  the  arch 
ring  at  seven  points.  These  centers  rested  on 
wedges  placed  on  12xl2-inch  caps  supported  by 
hemlock  piles,  two  at  each  end  and  two  near 
the  middle  of  each  center.  There  was  no  appre- 
ciable    settlement    of     these    centers    during 


Herkimer  Viaduct:  Method  of  Placing  Concrete  and  Splicing  Rods  in  Arch. 


The  concrete  was  composed  of  Portland  ce- 
ment and  sand  and  gravel  taken  from  the  river 
bed.  The  cement  used  was  the  Nazareth  brand, 
manufactured  by  the  Nazareth  Cement  Com- 
pany, of  Nazareth,  Pa.,  and  was  supplied  by 
the  Charles  Warner  Company,  of  Wilmington. 
Del.  It  was  tested  on  the  ground.  The  gravel 
was  run  through  a  crusher  and  screened.  There 
was  a  large  island  composed  of  coarse  gravel 
and  sand  in  the  middle  of  the  creek  bed,  and  it 
was  expected  that  sufficient  material  could  be 
taken  from  the  creek  bed  to  build  the  struc- 
ture, but  owing  to  the  unusual  high  water  during 
the  season  of  1902,  it  became  necessary  to  haul 
gravel  from  the  hills  for  a  considerable  portion 


The  design  of  the  225-foot  truss  span  with 
its  671^-foot  squaring-up  girders  presents  some 
unusual  features.  Owing  to  the  large  deflec- 
tion at  the  third  panel  point  (which  comes  op- 
piiLiile  the  end  of  the  opposite  truss),  it  was  not 
deemed  advisable  to  put  in  a  rigid  floor  connec- 
tion, and  therefore  the  floor-beams  are  designed 
to  rest  on  seats  built  in  the  posts,  the  bottom 
flange  of  the  floor-beam  being  rigidly  connected 
to  the  bottom  of  the  end  post  by  a  heavy  lateral 
gusset  plate  and  the  top  of  the  floor-beam  being 
left  free  to  move  on  its  seat.  It  was  also  de- 
cided to  omit  the  usual  knee-braces  at  the  in- 
termediate posts,  and  to  rely  upon  the  portal 
bracing  and  end  posts  to  carry  the  entire  wind 
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on  the  upper  chords  to  the  shoes.  In 
«rter  to  obtain  a  system  of  wind  bracing  which 
would  be  as  eScient  as  practicable,  the  end 
poMs  vers  made  vertical,  although  the  design- 
on  reOiUaed  that  Incjined  posts  would  have  Im- 
proTod  the  appearance  of  the  structure.  The 
portal  strut  for  these  trusses  is  about  72  feet 
tn  length.  The  floor  system  and  lower  lateral 
bracing  Is  continuous  over  the  squaring  up  gird- 
er*, the  continuity  of  the  lateral  system  being 
■eenred  bjr  a  strut  connecting  the  end  pin  of 
the  tmaa  span  with  the  girders. 

This  structure  has  been  -  found  to  be  very 
rtgld  under  traffic.  The  trusses  are  pin  con- 
— ctad.  7>^-inch  forged  pins  and  S-inch  medium 
Cteel  eyebars  tteing  used  throughout  the  lower 
chord.  Nine-inch  segmental  rockers  give  am- 
ple provision  tor  the  temperature  movements  of 
the  truss  span,  which  is  fixed  at  the  east  end 
and  free  to  move  at  the  west  end.  the  squarlng- 
up  girders  being  considered  as  part  of  the  truss 
At  the  east  end  of  the  truss  span  is  a 
girder  which  supports  one  end  of  the  55- 
foot  deck  plate-girder  spans,  the  other  end  be- 
ing supported  on  concrete  piers.  These  55-foot 
dock  spans  are  tilted  in  such  a  way  as  to  pro- 
Tide  for  the  superelevation  of  the  outer  rail  at 
their  west  ends,  the  increasing  superelevation 
due  to  the  spiral  curve  IS  provided  for  by  dap- 
ping the  ties.  and.  when  necessary,  using  bevel- 
ed ties.  The  required  notching  of  all  of  these 
ties  was  computed  in  the  offlce. 

There  was  used  in  the  construction  of  this 
Tladuct  about  11,500  yards  of  concrete,  108  tons 
of  steel  rods  for  arches,  584  tons  of  structural 
steel,  and  about  400  M.  feet  B.  M.  spruce  and 
300  M.  feet  B.  M.  hemlock  lumber. 

Preliminary  plans  were  submitted  to  Mr. 
Horace  Andrews,  president  of  the  railway  com- 
pany, on  January  27,  1902.  Complete  general 
plans  were  finished  on  March  10,  1902,  and  sub- 
mitted to  the  State  railroad  commissioners  on 
May  29,  1902.  Work  was  begun  on  the  concrete 
on  July  1,  1902.  It  was  exi>ected  that  the  struc- 
ture could  be  completed  during  the  season,  but 
delays  caused  by  high  water,  difllculty  in  get- 
ting material  on  time,  etc.,  made  it  impossible. 
Operations  were,  however,  continued  up  to  De- 
cember 20,  1902,  at  which  date  all  the  arches  ex- 
cept the  two  at  the  east  end,  and  all  the  piers, 
were  completed,  and  then  the  concrete  work  was 
discontinued  until  April  3,  1903.  The  concrete 
work  was  finally  completed,  except  finishing  and 
removing  forms,  on  April  18,  and  the  first  car 
passed  over  the  structure  on  April  29,  1903.  The 
contract  for  the  steel  work  was  let  on  August 
15,  1902,  and  erection  began  on  November  25, 
1902;  it  was  completed  on  April  28,  1903.  Dur- 
ing the  erection  an  average  of  about  30  men 
were  employed.  The  225-foot  span  over  the 
New  York  Central  was  erected  by  placing  a  tim- 
ber h«nt  between  tracks  Nos.  2  and  3,  which  were 
spaced  apart  for  the  purpose,  leaving  openings 
of  about  28  feet  span,  measured  at  right  angles 
to  the  tracks,  wjiich  were  spanned  by  8xl6-inch 
yellow  pine  timbers,  carrying  the  fioor  system 
sod  erecting  traveler. 

At  the  time  the  work  was  started  the  officers 
of  the  Utica  A  Mohawk  Valley  Railway  Com- 
pany were:  President,  Mr.  Horace  Andrews; 
general  manager,  Mr.  J.  J.  Stanley;  engineer 
of  that  portion  of  line  between  Herkimer  and 
Little  Falls.  Mr,  C.  Loomis  Allen;  resident  engi- 
neer, Mr.  P.  C.  Phillips.  Assoc.  Mem.  Am.  Soc. 
C.  E.  Soon  after  the  work  was  started,  Mr. 
Stanley  retired  to  take  the  general  managership 
of  the  Cleveland  Electric  Railway  Company, 
■ad  Mr.  C.  Loomis  Allen  became  general  man- 
acer.  Mr.  0.  H.  Clark  was  chief  engineer  and 
Ifr.  Phillips,  resident  engineer.  To  the  resident 
•nglneer  and  bis  assistants,  Mr.  E.  P.  Roundy 
sad  Mr.  Byron  E.  Tumbull,  inspector.  Is  due 
the  credit  for  the  painstaking  care  with  which 


the  design  was  carried  ont  The  contractors 
for  the  substructure  were  Messrs.  Beckwith  & 
Quackenbush,  of  Herkimer,  N.  Y..  and  the  con- 
tractors for  the  superstructure  were  the  Snare 
A  Triest  Company,  of  New  York  City.  The 
shapes  for  the  superstructure  were  rolled  by  the 
Passaic  Rolling  Mill  Company,  of  Paterson,  N. 
J.,  and  the  plates  by  the  Central  Iron  &  Steel 
Company,  of  Harrisburg.  Pa.  The  pins  were 
forged  by  the  Bethlehem  Steel  Company.  The 
fabrication  was  all  done  at  the  shop  of  the 
Passaic  Rolling  Mill  Company,  at  Paterson,  N.  J. 
The  entire  strurture  was  designed  by  the  Os- 
born  Engineering  Company,  of  Cleveland,  Ohio, 
for  which  the  writer  is  bridge  engineer.  The 
materials  at  the  mills  and  the  work  in  the  shops 
and  field  were  inspected  by  the  representatives 
of  the  consulting  engineers.  With  the  exception 
of  the  pins  and  eyebars,  all  materials  used 
were  basic  open  hearth  soft  steel  manufactured 
in  accordance  with  the  specifications  of  the  Os- 
bom  Engineering  Company,  which  also  gov- 
erned the  work  in  the  shop.  Medium  steel 
was  used  for  eyebars  and  pins.  All  structural 
steel  was  given  one  coat  of  No-Brac.  manufac- 
tured by  the  Patterson-Sargent  Company,  of 
Cleveland,  In  the  shop,  and  two  coats  of  Dixon's 
silica  graphite  paint  in  the  field. 


New  Cement  Works  at  Portland,  Colo. 
By  James  D.  Schuyler,  C.  E. 


A  40-HoiR  Test  of  a  Gkneratinc  Unit  at  the 
Lincoln  Wharf  Power  Station,  Boston,  was  con- 


Pabt  II. — Fuel,  Cement  Grinding,  Poweb, 
Buildings,  Plaster  Works,  Analyses. 
Before  describing  the  process  by  which  the 
clinker  is  converted  into  merchantable  cement 
an  account  of  the  treatment  of  the  fuel  used  in 
burning  will  be  of  interest.  The  kilns  were 
originally  arranged  to  burn  oil  residuum  as  fuel, 
using  about  15  gallons  of  oil  per  barrel  of 
cement  manufactured.  This  is  obtained  from 
the  adjacent  oil  refineries  at  Florence,  Colo- 
rado, but  owing  to  the  uncertainty  of  the  sup- 
ply of  this  fuel,  arrangements  have  been  made 
for  using  pulverized  coal.  The  coal-house  is 
50x112  feet,  30  feet  in  height,  of  concrete  and 
steel,  and  contains  the  crushers  and  grinders. 
The  coal  is  delivered  into  a  large  steel  hopper, 
standing  over  a  set  of  spike  rolls  driven  by  a 
40-borse-power  ifiotor,  which  reduces  the  coal 
to  cubes  of  i/L>  to  %-inch  size.  It  is  then  ele- 
vated Into  a  steel  bin  over  a  dryer  manufac- 
tured by  the  F.  D.  Cummer  &  Son  Company,  of 
Cleveland,  0.,  consisting  of  an  enclosed  cylin- 
der to  which  heat  is  applied  at  the  exterior  for 
the  purpose  of  driving  off  all  moisture  from 
the  coal.  The  cylinder  is  built  in  brick,  with 
three  furnaces  for  distributing  the  heat  uni- 
formly. After  drying,  the  coal  is  discharged 
into  a  Williams   pulverizer  of  the   same  type 
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ducted  in  May,  last  year,  by  108  students  of  the 
Massachusetts  Institute  of  Technology.  While 
a  number  of  difficulties  arose  that  prevented 
best  economy  being  obtained,  particularly  with 
the  boilers  and  economizer,  the  following  re- 
sults were  noted  in  "Technology  Quarterly": 
Horse-power  of  engine,  3,902;  steam  pressure, 
158.1  pounds,  gauge  at  throttle;  superheat,  69.7 
degrees  Fahr.;  vacuum,  11.8  pounds;  steam  per 
horse-power  per  hour,  12.08;  British  thermal 
units  per  horse-power  per  minute,  223.4;  tem- 
perature of  water  entering  condenser,  50.5  deg. 
F.;  temperature  of  water  and  condensed  steam, 
93  deg.  F.;  condensing  water  per  horse-power 
per  hour,  246.2  pounds;  dry  coal  per  kilowatt- 
hour,  2.34  pounds;  steam  furnished  to  air  pump 
in  per  cent,  of  steam  to  engine,  5.3  per  cent.; 
equivalent  evaporation  of  boilers  per  pound  of 
dry  coal,  8.72;  temperature  feed  water  entering 
economizers,  134.3  deg.  F.;  temperature  feea 
water  leaving  economizer,  211.7  deg.;  heat  re- 
covered by  economizer,  6.9  per  cent,  of  total 
heat  taken  up  from  coal;  dry  coal  per  square 
foot  of  grate  'per  hour,  17.6  pounds ;  saving  in 
coal  by  primary  heater,  7.15  per  cent.;  stoker 
engine  steam,  0.7  per  cent,  of  engine  steam. 
The  equipment  tested  was  the  Westinghouse 
unit  of  the  station,  described  August  17,  1901. 


as  those  used  for  pulverizing  the  limestone. 
To  reduce  It  to  greater  fineness  it  is  elevated 
to  steel  bins,  over  a  tube  mill,  23  feet  long, 
60  inches  diameter,  where  it  is  ground  with 
pebbles,  and  from  which  it  is  discharged 
through  the  center  trunnion  into  a  revolving 
screen,  which  separates  any  broken  pebbles 
that  may  be  in  the  coal.  Thence  the  powdered 
coal  is  delivered  by  screw  conveyors  to  bins 
in  front  of  each  kiln,  having  a  capacity  for 
twelve  hours'  run  of  the  kiln.  In  the  bottom 
of  each  of  these  bins  is  a  small  screw  con- 
veyor, worked  by  a  Reeve's  variable-speed 
countershaft,  by  means  of  which  the  attendant 
can  regulate  the  amount  of  coal  delivered. 
From  this  conveyor  the  coal  drops  into  an  alr- 
plpe,  4  inches  in  diameter,  through  which  It  Is 
blown  into  the  kiln  by  an  air  blast  working 
under  six  ounces  of  pressure,  supplied  by  a  fan, 
one  fan  supplying  the  air  for  all  the  kilns,  the 
feed  of  which  can  also  be  regulated  by  valves. 
This  coal  feeding  machinery  was  supplied  by 
the  B.  F.  Sturtevant  Company,  of  Boston. 

Making  the  Cement  from  the  Clinker. — Con- 
tinuing the  process  of  manufacture,  the  clinker 
is  taken  from  the  huge  pile  through  a  tunnel 
154  feet  long,  5  feet  wide,  6  feet  high,  extend- 
ing underneath  the  cement  floor.    The  tunnel 
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contains  an  18-incli  belt  conveyor  running  its 
entire  lengtli,  placed  at  one  side  so  as  to  leave 
a  narrow  passageway  to  walk  by  it.  At  inter- 
vals of  8  feet  are  cast-iron  hoppers  in  the  roof 
of  the  tunnel,  over  the  conveyor,  at  the  bot- 
tom of  each  of  which  is  a  special  valve,  called 
the  "12"  duplex  cut-off  valve,  made  by  the  C. 
W.  Hunt  Company,  of  New  York,  for  regulat- 
ing the  flow  of  the  clinker  through  the  hopper 
to  the  conveyor. 

The  conveyor  delivers  the  clinker  to  a  con- 
tinuous bucket  elevator,  by  which  it  is  lifted 
to  a  height  of  68  feet  and  delivered  to  three 
kominutors  on  the  "cement  side"  of  the  fac- 
tory. These  kominutors  are  of  the  same  size 
and  run  at  the  same  speed  as  those  already 
described  on  the  "raw  side"  of  the  works. 
They  grind  the  clinker 
to  a  size  that  will  pass 
a  sieve  of  24  meshes  per 
linear  inch,  the  screen 
being  a  sheet  steel 
needle  slot,  which  is 
preferred  to  the  usual 
gauze  screen.  From  the 
kominutors  the  materi- 
al drops  to  a  screw- 
conveyor  carrying  it  to 
an  elevator,  by  which  it 
Is  lifted  to  steel  bins 
over  the  three  Smidth 
tube  mills,  from  which 
It  is  fed  to  the  mills 
by  an  automatic  screw 
feed.  Attached  to  each 
of  the  bins  is  a  smaller 
bin  containing  pulver- 
ized gypsum,  of  which 
2  per  cent,  is  fed  into 
the  tube  mills  automat- 
ically, the  purpose  of 
the  gypsum  being  to  re- 
duce the  time  of  the  initial  set  of  the  cement. 

After  being  ground  in  the  tube  mills  in  the 
same  manner  as  that  already  described  for  the 
raw  material,  the  cement  is  now  finally  fin- 
ished, and  drops  into  a  conveyor  to  which  is 
attached  a  revolving  screen,  ovei  a  hopper, 
and  from  which  it  falls  into  an  elevator  and  is 
again  lifted  to  a  height  of  48  feet  and  deliv- 
ered on  to  a  belt  conveyor,  250  feet  in  length, 
which  distributes  it  into  any  one  of  four  large 
bins  in  the  stock-house,  by  means  of  a  self- 
propelling  tripper.  The  stock-house  is  100x175 
feet,  built  of  concrete,  with  corrugated  Iron  roof 
lined  with  asbestos.  Its  capacity  is  65,000 
barrels. 

The  cement  is  here  stored  in  bulk  until  it 
is  shipped.  As  it  is  packed  for  shipment  in 
sacks  it  is  drawn  out  from  the  bottom  of  each 
storage  bin  through  a  6xG-foot  tunnel  under- 
neath the  cement  floor.  In  this  tunnel  is  a  con- 
veyor which  carries  the  cement  to  an  elevator 
that  dumps  it  into  the  packing  bins,  which  are 
provided  with  four  spouts.  Here  all  packing 
is  done.  The  packing  bins  will  contain  about 
1,200  barrels  of  cement.  The  tubes  leading 
from  these  bins  each  have  a  double  butterfly 
valve  which  controls  the  run  of  the  cement 
down  the  tube  and  prevents  "landslides."  Each 
sack  of  cement  is  weighed,  and  contains  95 
pounds  net.  Side-tracks  from  the  Denver  & 
Rio  Grande  Railroad  and  the  Atchison,  Topeka 
&  Santa  Fe  Railway,  which  cross  at  this  point, 
are  laid  on  each  side  of  the  stockhouse,  and 
the  cement  has  to  be  trucked  but  40  feet  to 
reach  a  car.  The  tracks  arj  laid  on  such  a 
grade  that  loaded  _cars  can  be  dropped  away 
from  the  house  by  gravity. 

Power  Plant. — The  steam  plant  providing  pow- 
er for  the  works  consists  of  five  Heine  safety 
water-tube  boilers,  of  400  horsepower  capacity 
each,  with  a  brick  chimney  128  feet  high,  8x8 


ieel  inside,  14  feet  2  inches  square  at  base  out- 
side and  9  feet  6  inches  square  at  top.  The 
main  engine  is  a  Filer  &  Stowell,  30x60-inch 
single  cylinder  condensing  engine,  running  at 
65  revolutions  per  minute  and  having  a  capacity 
of  1,200-horse-power  at  150  pounds  boiler  press- 
ure. It  is  connected  to  a  1,200-horse-power 
Wheeler  condenser.  The  flywheel  of  the  engine 
is  24  feet  in  diameter,  with  53-inch  face,  made 
in  two  pieces;  it  weighs  36  tons,  and  is  said 
to  be  the  largest  and  heaviest  flywheel  in  the 
state.  It  is  mounted  on  a  15-inch  solid  steel 
shaft.  Power  is  transmitted  to  the  main  line 
shaft  by  a  four-ply  leather  belt,  52  inches  wide, 
1  inch  thick,  46  feet  3  inches  long,  center  to 
center. 
The  main  or  head  shaft  in  the  engine  room 
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power,  running  at  130  revolutions  per  minute. 
Both  generators  can  be  run  either  directly  by 
the  engines  or  from  the  main  shaft.  Two  addi- 
tional 150-kilowatt  generators  are  driven  by  a 
22x48-inch  Allis-Chalmers  Corliss  engine.  There 
is  also  one  150-kilowatt  generator  in  the  kiln 
building  used  as  a  motor,  and  another  of  the 
same  size  in  the  plaster  building. 

The  two  smaller  engines  mentioned  are  con- 
nected to  an  800-horse-power  Wheeler  conden- 
ser. The  circulating  water  for  the  two  surface 
condensers  is  pumped  by  a  12-inch  centrifugal 
pump,  placed  in  a  well  outside  the  engine-house, 
driven  by  an  electric  motor,  and  delivering 
4,600  gallons  per  minute.  The  condensed  steam 
is  returned  to  the  boilers  at  high  temperature. 

Buildings. — Ail  buildings  composing  the  plant 
proper  are  fireproof,  and  are  either  built  of 
concrete  with  corrugated  iron  roof,  or  entirely 
of  iron.  The  main  building  is  100x208  feet  In 
size,  30  feet  high,  the  mill-room  being  96x100 
feet,  and  the  kiln-room  112x100  feet.  The  en- 
gine and  boiler  house  is  100x100  feet,  18  feet 
high,  equally  divided  into  two  rooms  50x100 
feet.  The  rock-room.  In  which  the  crushing, 
drying  and  grinding  of  the  raw  materials  is 
performed,  is  40x116  feet,  18  feet  high.  The 
coal-building  is  50x112  feet,  the  stock-house 
100x175  feet  and  the  office  32x40  feet,  with  lab- 
oratory 40x80  feet,  two  stories,  all  concrete 
buildings.  There  are  besides,  a  boarding  house, 
cottages  and  rooming  houses  for  the  employees, 
in  addition  to  the  plaster-house,  which  is  60x 
112  feet  and  30  feet  high,  built  of  wood  and 
corrugated  iron,  with  concrete  foundations,  and 
a  plaster  stock-house,  40x80  feet,  entirely  of 
wood. 

Manufacture  of  Plaster  of  Paris. — This 
branch  of  the  industry  is  quite  new,  but  has 
such  a  promising  future  that  the  plant  being 
built  for  the  manufacture  of  plaster  of  various 
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is  8  15/16  inches  in  diameter,  33  feet  10%  inches 
long.  On  the  mill-room  side  this  is  reduced  to 
7  15/16  inches,  and  passes  through  the  center 
of  the  mill,  past  all  the  heavy  drives,  for  a  dis- 
tance of  88  feet,  where  it  reduces  to  5  15/16 
inches  and  passes  into  the  kiln  building,  41  feet 
farther.  On  the  rock-room  side  of  the  main 
shaft  It  extends  a  further  distance  of  53  feet,  to 
drive  the  crusher,  dryer,  rolls,  etc.,  its  diam- 
eter being  5  15/16  inches.  Thus  the  total 
length  of  shafting  in  one  straight  line  is  216 
feet  9  inches.  From  the  main  shaft  in  the  en- 
gine room  a  belt  is  taken  to  drive  a  150-kilo- 
watt Crocker-Wheeler  direct-current  240-volt 
generator.  On  the  same  foundation  is  a  dupli- 
cate generator,  driven  by  a  14x36-inch  Filer  & 
Stowell  heavy  duty  Corliss  engine,  of  225  horse- 


grades  is  of  the  latest  design  and  of  the  most 
Improved  type.  The  plant  is  designed  to  treat 
either  "dirt"  or  "rock"  gypsum.  The  former 
is  first  passed  through  screens  to  remove  woody 
substances,  and  is  then  dumped  into  the  calcin- 
ing kettle,  of  which  there  are  three,  each  8 
feet  in  diameter,  provided  with  a  furnace  be- 
neath, where  heat  is  applied  and  the  gypsum 
boiled  for  two  hours  to  drive  off  all  water  and 
chemically  combined  moisture.  These  kettles 
are  of  the  type  developed  by  Messrs.  Ehrsam 
&  Sons,  of  Enterprise,  Kansas,  for  that  special 
purpose.  When  the  kettle  is  to  be  discharged 
after  cooking,  a  gate  is  raised,  and  the  gypsum 
flows  out  like  water  into  a  "hot-pit,"  from 
which  it  is  drawn  off  by  conveyor  and  elevator 
and  delivered  to  a  bolting  machine,  where  it 
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Is  bolted  like  flour.  The  tailiags  which  do  not 
pass  the  bolt,  are  returned  to  the  ketUee  to  be 
re-cooked,  while  the  fliUshed  product  is  taken 
by  screw  conreror  to  the  stock-hQuse. 

The  rock  Knwam  is  somewhat  differently 
treated.  It  is  flrst  crushed  to  a  1-inch  ring  sixe: 
elevated  to  a  bin  over  a  rotary  cylinder  dryer, 
and  fed  into  the  dryer  by  an  automatic  feed 
from  the  bin.  The  dryer  is  40  feet  long  by  40 
inches  in  diameter,  set  on  a  pitch  of  ■%  inches 
per  foot.  FYom  the  dryer,  the  rock  is  dis- 
charged directly  into  a  Williams  pulverizer,  op- 
erated by  a  7S-horse-power  motor.  After  pass- 
ing through  this  mill  it  is  ground  to  a  fineness 
ot  K  per  cent,  through  a  lOO-mesh  sieve.  The 
mills  used  for  grinding  are  40-inch  Sturtevant 
Turkey  emery-stone  Buhr  mills.  After  being 
finely  ground  it  is  conveyed  to  bins  over  the  cal- 
cining kettles,  holding  50  tons  each.  The  ket- 
tles bold  about  300  cubic  feet  or  12  tons  each. 
The  rock  gypsum  is  boiled  for  about  the  same 
length  of  time  as  the  dirt  gypsum,  but  requires 
leas  hent. 

B^ore  the  plaster  is  ready  for  use.  and  while 
It  is  being  packed  for  market,  it  is  treated  with 
what  is  called  a  "reiarder,"  which  retards  the 
setting.  It  consists  of  anything  organic,  sweet 
or  sour,  either  molasses  or  vinegar,  mixed  Into 
a  paste  with  lime,  and  ground  to  a  powder. 
Fiber  is  also  added  at  this  stage.  The  charge  of 
plaster,  together  with  the  "retarder"  and  the 
fiber,  in  proper  proportions,  are  mixed  together 
in  a  rotary  mixer,  and  dumped  into  a  hopper,  or 
racking  chest,  and  thence  into  sacks. 

Potter  in  Platter  Plant. — The  power  in  the 
rock-room  of  the  plaster  plant  is  furnished  by  a 
ISO-kilowatt  generator,  used  as  a  motor.  The 
three  kettles  are  each  provided  with  an  agita- 
tor, stirring  and  cleaning  the  bottom  to  pre- 
vent burning.  These  move  at  a  speed  of  17 
revolutions  per  minute.  A  90-horse-power  elec- 
tric motor  drives  a  line  shaft  from  which  all 
these  agitators  are  operated,  by  belts,  with 
friction  clutches.  All  conveyors  and  elevators 
in  the  calcining  department  are  driven  from 
the  main  shaft  of  the  plaster  room. 

Water  Supply. — The  water  system  of  the  ce- 
ment works  is  an  excellent  one,  costing  125,000. 
A  reservoir,  about  200  feet  long,  was 
excavated  in  coarse  gravel,  17  feet  deep  to  bed- 
rock, near  the  river  bed,  on  the  opposite  side 
of  the  river,  and  an  18-lnch  vitrified  pipe  laid 
from  the  bottom  of  the  reservoir  under  the 
river,  12  feet  below  its  bed.  a  distance  of  1.940 
feet,  to  a  cylindrical  well  of  wrought-iron,  at 
the  engine  room.  The  water  thus  obtained  is 
abundant  and  comparatively  pure,  containing 
but  35  grains  of  solids  per  gallon,  whereas 
the  ground  water  around  the  factory,  on  the 
south  side  of  the  river,  contains  over  300  grains 
per  gallon  and  is  unfit  for  use  in  making  steam. 

E>x>nomy  of  fuel  and  conservation  of  heat 
have  been  so  intelligently  carried  out  in  this 
plant  that  power  is  generated  at  the  remarkably 
low  figure  of  |35  per  horse-power  a  year.  This 
result  is  in  large  measure  due  also  to  the 
fact  that  the  works  are  within  6  to  8  miles  of 
the  oil  fields  and  coal  mines  of  Florence,  en- 
abling them  to  secure  fuel  at  minimum  cost. 

Cott  of  Workt.— The  original  plant  cost  $150,- 
000.  The  new  plant  will  have  cost  $500,000  ad- 
ditional when  the  improvements  under  way  are 
completed,  including  $60,000  for  the  plaster 
plant  Sales  of  the  product  from  the  new  plant 
besan  April  1.  1903,  and  in  the  following  three 
months  from  that  date,  75.000  barrels  were  sold. 

The  officers  of  the  coropapy  in  charge  of  the 
works  are  Mr.  Aman  Moore,  local  manager, 
with  sixteen  years'  experience  in  the  cement 
bnsiness;  Mr.  F.  W.  Brown,  chemist,  with  thir- 
teen years'  experience;  Mr.  L.  D.  Gilbert,  me- 
chanical engineer,  superintendent  of.  the  fac- 
tory, also  experienced  in  eastern  works,  and  Dr. 


I..  D.  Gould,  with  ten  years'  experience  in  the 
chemistry  acd  manufacturing  of  gypsum  prod- 
ucts. The  stockholders  are  principally  resi- 
dents of  F^ieblo,  Denver  and  Florence. 

Tests  of  Cement. — Following  is  a  sample  rec- 
ord of  tests  of  the  cement  as  it  is  taken  from 
the   stock-house   for   shipment: 

Klneness  :     I'aiwtug  looniesli  sieve 00  per  cent. 

■JliO  ••  74 

ISetliiig  :       Inlilal  net 1'  Itcura  05  minutes. 

KInal     ••   4      "20 

Tensile  KlreDKth  : 

.Neat  cement,     1  day li'M  pounds. 

7  d«)s 7B0 

.Uortar.  1 :  3,     7     "      270 

■•      2«     ••      Hi!) 

:i  months 42s 

«        ••      407 

Kaw    materials,    fineness:      IK)    per    cent. 

passes  too  mesh  sieve,  (iypsum  added,     2  per  cent. 

Tests  made  by  Booth.  Garrett  &  Blair,  chem- 
ists. 407  Locust  Street.  Philadelphia,  April  20th, 
1903,  gave  the  following  results,  as  per  their 
report : 

Specltlo  gravity 3.05 

Fineness  :     I'asslng  No.     50  sieve 100  per  cent. 

••    1(11)      ••    03.5 

••    201)      ••     73.0 

Setting  time : 

.Neat  cement,  Initial  set .  1  hour  15  minutes. 

tlnal    set 5    Uours. 

rercentage  of   water 20  per  cent. 

Temperature  of  water.  ..  .60  degrees  Fahr. 
air.  ...  70 
Normal  pat  tests:  {,.\m.  Soc.  C  K.) 
Air  pats  (A),  sound  and  hard. 
Cold  water  pats  (H),  sound  and  hard. 
Accelerated  tests : 

Hot  air  teat  (CK  sound  and  he.rd. 
Warm  air  test  (D).  sound  p.nd  herd. 
Rolling  water  test   cKl.  sound  and  hard. 
Tensile  testa  ot  standard  briquettes  : 

Neat  cement,  1  day  In  air.  ti  daj's  In 
water,  with  20  per  cent,  water,  aver- 
age of  5  testa    734  lbs. 

One  ot  cement  to  2  ot  sand,  with  14  per 
cent,    water,    7    days,    average    of    5 

briquettes     421     '• 

One  of  cement  to  3  of  sand,  with  10  per 
cent,   water,  at  7  days,  averase  of  ."> 

briquettes     282    " 

Compression  tests  of  neat  oement.  In  2- 

Inih  cubes,  average  ot  .5  tests .'>,22o    " 


A  Central    Heating,  Lighting    and    Ice- 
Making  Station,  Gulfport,  Miss. 

A  central  station  for  supplying  heat,  light  and 
ice  to  an  adjacent  hotel  and  neighboring  build- 
ings was  built  last  year  at  Gulfport,  Miss. 
Owing  to  its  location  in  open  view,  an  unusual 
degree  of  attention  has  been  paid  to  the  archi- 
tectural features  of  the  building,  especially  for 
a  structure  of  its  character,  and  there  are  a 
number  of  interesting  details  in  connection 
with  the  plant  equipment  and  the  distribution 
system.  It  is  the  property  of  the  Gulfport  De- 
velopment Company,  which  is  closely  asso- 
ciated with  the  Gulf  &  Ship  Island  Railroad, 
the  president  of  both  organizations  being  Mr. 
J.  T.  Jones,  of  Buffalo,  N.  Y.  It  serves  the 
Great  Southern  Hotel,  the  office  building  of  the 
railroad  and  a  group  of  business  buildings.  It 
was  built  from  the  plans  of  Mr.  Thomas  Sully, 
of  New  Orleans,  while  the  engineering  work 
was  executed  by  Mr.  James  C.  Kennedy,  of  Con- 
gress Junction,  Arizona,  as  superintendent  of 
the  company. 

The  station  comprises  a  main  portion,  52  feet 
wide  and  185  feet  long,  in  which  are  the  boiler, 
engine  and  freezing  rooms,  and  two  smaller, 
less  lofty  parts,  at  opposite  ends,  one  lor  a 
laundry  and  the  other  for  offices.  As  shown  in 
the  accompanying  engraving,  the  roof  is  pro- 
vided with  ventilators  of  the  monitor  type,  three 
in  all,  5x22  feet  in  plan.  Near  the  entrance 
to  the  engine  room,  this  indicated  in  the 
photograph  where  the  continuity  of  the  over- 
hanging eaves  is  broken,  rises  a  water  tower, 
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Drain  Connection  and  Anchor  for  Steam  Main  in  Tunnel,     Gulfport  Central  Station  System. 


The   finished    cement   shows    the     following 

chemical  analysis: 

81  o 21  .:<()  per  cent. 

Al,  (),  &  Fe,  Oj 10.411 

C'a  O    64.20 

Mg   O    0.70 

S    O,    1.60        •• 

Alkali     --'O 

Volatile     1.30 

100.00  per  cent. 

The  stratum  of  shale  In  the  quarry  about  30 
feet  thick,  which  has  been  referred  to  as  con- 
taining the  proper  proportions  of  lime,  silica 
and  alumina  to  be  converted  into  cement  di- 
rectly, without  admixture  of  other  ingredients 
shows  the  following  analysis: 

Lime,  Cn  Co, 75.  JO  per  cent. 

Silica.  81  Oj 14.20 

Alumina.  Al,  O,    5.20 

Iron,   Fe,  O,    1.73 

Magnesia,    MgO.   Co,    . . .  1.10 

Alkalies     32 

Volatile     2. .35 

100.00  per  cent. 

{Since  the  first  part  of  this  article  was  print- 
ed. The  F.  D.  Cummer  &  Son  Company  has 
written  that  there  is  a  Cummer  style  F  dryer 
in  the  coal  house  of  the  cement  plant,  which  has 
a  capacity  for  drying  350  tons  of  slack  bitumin- 
ous coal  per  day  of  twenty-four  hours,— Ed.] 


New  Railroads  ik  Ger.many  opened  to  traf- 
fic during  1903,  aggregated  508  miles  in  length; 
during  the  year  1902  the  total  length  of  new 
lines  was  601  miles. 


65  feet  high,  square  for  two-thirds  of  its  height 
and  surmounted  by  a  hexagonal  top.  Besides 
adding  to  the  beauty  of  the  building,  the  tower 
is  useful  as  a  water  reservoir.  In  it  are  lo- 
cated two  tanks  for  the  general  water  supply. 
The  walls  of  the  station  are  of  an  interesting 
construction,  consisting  of  double  sheeting  wire 
lathed  to  hold  cement  outside.  The  roof  fram- 
ing, which  is  supported  by  vertical  timbers 
on  a  foundation  of  brick  and  concrete,  is  made 
up  of  trusses  consisting  of  laminations  of  2x12- 
inch  planks,  held  together  by  bolts  and  rods.  The 
cement  faced  walls  are  blocked  oft  to  represent 
stone,  and  the  roof  is  of  terra  cotta  tiles. 

The  boiler  room  contains  space  for  four 
Scotch  marine-type  boilers,  of  which  two  of 
150  horse-power  each  have  already  been  in- 
stalled, built  by  the  Walsh  &  Weidner  Boiler 
Company,  of  Chattanooga,  Tenn.  The  remain- 
ing pair  are  to  have  a  rating  of  200  horse-power, 
so  that  the  total  steam  generating  capacity  ot 
the  plant  is  700  horse-power.  The  boiler  room 
is  approximately  52  x  56  feet  in  plan,  and  be- 
sides the  boilers,  which  are  arranged  in  a  row 
through  the  center  ot  the  room,  coal  storage 
is  provided  in  front  of  the  stoking  space,  the 
smoke  stack  rises  through  the  back  ot  the 
room  and  there  are  two  boiler  teed  pumps  and 
a  feed-water  heater,  this  of  the  Cochrane  type, 
of  600  horse-power  rated  capacity.  There  are 
thus  4  square  feet  of  floor  area  per  horse- 
power of  boiler  capacity,  including  auxiliaries. 
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The  chimney  is  a  self-supporting  steel  stack, 
72  Inches  in  diameter  and  100  feet  high,  but 
lined  to  within  15  feet  of  the  top  with  flrebrick, 
leaving  a  flue  about  64  Inches  in  diameter. 
The  boilers  feed  by  means  of  5-inch  U-shaped 
bends  into  the  top  of  a  12-inch  header,  which 
Is  carried  overhead  across  the  boilers  to  a 
cross  header  suspended  in  the  boiler  room  par- 
allel with  the  partition  wall  between  the  engine 
and  the  boiler  rooms.  This  arrangement  was 
made  primarily  for  convenience  in  making  con- 
nections to  the  units  in  the  engine  room. 
Throughout  the  piping  work  long  bends  are 
employed  to  take  up  expansion  and  vibration, 
and  metallic  gaskets  are  used  in  joints.  The 
main  steam  header  is  drained  through  an 
Emergency  steam  trap. 

The  engine  room,  which  is  52x60  feet  in 
plan,  contains  at  present  one  100-kilowatt  elec- 
tric-generating unit,  in  operation,  one  225-kilo- 
watt  unit,  of  the  same  type,  in  process  of  erec- 
tion, a  25-ton  ammonia  compressor  for  the  ice 
and  refrigeration  system,  and  electrical  appara- 
tus for  a  series  alternating-current  arc  light- 
ing system  that  is  being  installed.  The  elec- 
tric unit  comprises  a  three-phase  generator  of 


on  a  platform,  the  ice  can  be  loaded  on  cars 
or   wagons. 

The  aggregate  heating  requirements  of  the 
buildings  served  by  the  station  are  placed  at 
185  horse-power.  The  exhaust  from  the  elec- 
tric-lighting and  compressor  engines  and  from 
the  pumps  is  all  collected  into  an  exhaust  main 
which  is  carried  into  a  so-called  heater 
pit  Immediately  outside  the  station  build- 
ing, where  distribution  is  made.  The  ex- 
haust main  in  passage  through  the  boiler  room 
has  a  connection  to  the  Cochrane  feed-water 
heater  and  also  to  the  atmospheric  exhaust  line, 
this  fitted,  as  usual,  with  a  back-pressure 
valve.  The  usual  live-steam  supply,  as  an  aux- 
iliary to  the  exhaust  supply,  is  arranged  for, 
a  reducing  valve  in  the  connection  providing 
for  decreasing  the  pressure.  The  heater  pit 
is  about  11x16%  feet  in  plan,  and  is  roofed 
over  with  brick  arches  between  I-beams,  leav- 
ing 6  feet  head  room.  It  contains  an  automatic 
pump  and  tank,  placed  low  so  as  to  receive  the 
return  water  from  the  heating  system  by 
gravity,  so  far  as  possible,  and  delivers  it  to  the 
feed  heater  and  thence  by  means  of  the  feed 
pumps  into  the  boilers. 


Central    Heating,   Lighting   and   Ice-Making   Station,   Gulfport,    Miss. 


the  General  Electric  revolving-field  type  and  a 
Harrisburg  standard  four-valve  16x16  inch  auto- 
matic cut-ofi!  engine.  The  generator  leads  are 
carried  underneath  the  floor  to  the  switchboard, 
which  is  of  Vermont  marble.  The  primary 
voltage  is  2,300  volts  and  the  switches  are  all 
of  the  oil-break  pattern. 

The  refrigerating  plant  was  built  by  the  York 
Manufacturing  Company,  of  York,  Pa.,  and  is 
of  25  tons  capacity.  It  is  of  the  ammonia  com- 
pression system,  and  the  compressor  is  of  the 
type  having  a  horizontal  steam  engine  and 
vertical  compressing  cylinders.  There  is  the 
usual  adjunct  of  condensers,  coolers,  filters  and 
brine  pumps,  and  steam  condensers,  reboiler 
and  distilling  apparatus.  The -plant  includes 
an  ice-making  tank,  two  cold  storage  rooms, 
13x19  feet  in  size,  and  an  ice  store,  18x35  feet, 
as  well  as  three  refrigerating  rooms  in  the  hotel. 
The  ice  is  lifted- from  the  freezing  tank  by 
means  of  a  crane,  as  usual,  and  is  carried  to 
a  melting  apparatus  where  it  is  released  from 
the  can  and  automatically  dumped  into  the  ice 
store.     From  ante-rooms  of  this  room,  opening 


There  are  two  main  steam  heating  lines, 
each  7  inches  in  diameter,  one  going  to  the 
hotel,  55  to  60  feet  from  the  heater  pit,  and 
the  other  to  the  rest  of  the  buildings  connected 
to  the  system.  Allowing  34^4  pounds  of  steam 
per  hour  per  horse-power  of  heating,  2,125  cubic 
feet  of  steam  are  delivered  per  minute,  corre- 
sponding to  a  maximum  velocity  of  4,000  feet 
per  minute  with  the  two  7-inch  pipes  con- 
sidered. The  pipes,  which  include  besides  the 
heating  main,  the  return  pipe,  an  air  line  and 
a  drip  line,  are  carried  in  a  trench  tunnel,  the 
proportions  of  which  are  indicated  in  an  ac- 
companying illustration.  The  general  7-inch 
supply  main  is  carried  straight  for  240  feet, 
has  a  right-angle  bend  offsetting  the  line  of  the 
tunnel  45  feet,  continues  straight  again  for  200 
feet,  has  another  offset  30  feet  long  and  an- 
other straight  run  250  feet  long,  from  which 
the  final  taps  are  made  to  the  different  build- 
ings. Anchors  are  placed  about  the  middle  of 
the  long  runs,  so  that  the  piping  extends  each 
way  from  them,  the  offsets  being  depended  on 
for  taking  care  of  the  changes  in  length.     The 


construction  of  the  anchors  is  indicated  in  an 
accompanying  engraving  and  in  the  cross-sec- 
tion sketch  of  the  pipe  tunnel  is  shown  the 
method  of  connecting  a  drip  pipe  from  the  heat- 
ing main  into  the  drip  main.  The  piping 
throughout  is  wrapped  in  85  per  cent,  magnesia 
covering  manufactured  by  the  H.  W.  Johns- 
Manville  Company. 


A  Rapid  Filter  Plant  for  the  New  Chester 
Water  Company. 

Chester,  Pennsylvania,  Is  a  city  of  about  38,- 
000  inhabitants,  14  miles  from  Philadelphia,  on 
the  Philadelphia,  Baltimore  &  Washington 
branch  of  the  Pennsylvania  Railroad.  The  water 
supply  is  taken  from  the  Delaware  River.  The 
present  water  works  system  was  designed  by 
Messrs.  S.  R.  Bullock  &  Company,  and,  as  com- 
pleted in  the  year  1888,  consisted  of  two  5,- 
000,000-gallon  pumping  engines,  about  seventy 
miles  of  mains  and  two  reservoirs  of  8,000,- 
000  gallons  capacity  each,  located  about  ZVn. 
miles  from,  and  204  feet  above,  the  pumping- 
station.  A  24-inch  and  a  20-inch  cast-iron  force 
main  lead  directly  from  the  pump  house  to,  and 
terminate  in,  a  gate  house  at  the  reservoirs, 
where  water  is  delivered  into  one  or  the  other 
as  desired.  For  some  years  it  was  the  custom 
to  settle  the  water  in  one  reservoir  while  sup- 
plying the  city  from  the  other,  but  to  improve 
the  quality  of  the  supply  the  company,  in  the 
year  1897,  constructed  a  third  reservoir  of  3,- 
000,000  gallons  capacity,  in  close  proximity  to 
the  ■  others,  but  at  an  elevation  9  feet  lower. 
With  the  third  reservoir  completed,  water  from 
the  pumps  was  delivered  into  reservoir  No.  1, 
made  to  travel  the  entire  length  thereof,  to  pro- 
mote sedimentation,  and  when  it  attained  a 
depth  of  16  feet  the  surface  water  flowed  to 
reservoir  No.  2  through  an  open  spillway.  After 
additional  sedimentation  in  reservoir  No.  2,  the 
water  flowed  to  reservoir  No.  3,  from  which  it 
was  delivered  to  the  city  through  a  24-inch 
cast-iron  main. 

To  still  further  Improve  the  quality  of  the 
supply,  in  the  year  1901,  the  company  equipped 
reservoir  No.  1  with  wooden  baffle-boards,  as 
shown  in  the  general  plan,  to  cause  a  more  com- 
plete displacement  of  its  contents  and  increase 
its  subsidence  efficiency,  and  at  the  same  time 
installed  at  the  pumping  station  a  coagulant 
feed  plant.  A  solution  of  sulphate  of  alumina 
of  uniform  density  was  prepared  and  applied 
in  known  quantities  to  the  water  In  the  force 
main  by  means  of  a  small  steam  pump.  In 
traveling  through  the  3%  miles  of  force  main 
between  the  pumping  station  and  the  reservoirs 
ample  opportunity  was  given  for  a  thorough 
mixing  of  cpagulant  and  water.  This  method 
of  coagulation  and  subsidence  was  continued 
up  to  the  time  of  installing  the  filter  plant, 
and  effected  material  improvement  in  the  qual- 
ity of  the  water  delivered  to  the  city.  The  mat- 
ter precipitated  in  the  reservoirs  is  periodi- 
cally removed.  Owing  to  increased  consump- 
tion the  clarifying  and  purifying  methods  above 
described  became  Inadequate,  and  to  maintain 
a  high  standard  of  purity,  the  company  com- 
menced the  construction  of  a  rapid  filter  plant 
in  the  fall  of  1902.  The  average  daily  consump- 
tion of  water  for  that  year  was  2,800,000  gal- 
lons, and  the  maximum  3,500,000  gallons. 

The  pumps  are  operated  for  about  twelve 
hours  each  day  to  deliver  into  the  reservoirs  the 
water  consumed  by  the  city  during  twenty-four 
hours.  While  the  maximum  daily  consumption 
is  only  3,500,000  gallons,  if  a  filter  plant  of  this 
capacity  had  been  located  at  the  pumping  sta- 
tion it  would  have  been  necessary  to  operate 
the  pumps  at  slower  speed  for  longer  periods, 
at  a  sacriflce  of  duty  and  at  increased  expense. 
Placing  the  filter  plant  at  the  pumping  station 
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voald  have  nec«8siuted  double  pumping,  the 
eoaBtmction  of  Urge  coaguUting-subsldence 
^■■Im.  a  ftltered  water  basin  and  the  covering 
of  the  three  large  reservoirs.  It  was  therefore 
decided  to  locate  the  filter  plant  at  the  reser- 
voirs, where  a  filtered  water  basin  already  ex- 
lated,  where  provision  had  already  been  made 
tor  ■ahjecting  the  water  to  natural  subsidence 
tar  ftom  four  to  five  days  and  to  coagulation 
and  subsidence  for  from  six  to  twelve  hours' 
preparatory  to  filtration,  and  where  extra  pump- 
ing would  be  avoided,  since  the  filters  would 
rae«lvs  water  by  gravity  from  the  two  upper 
rMervoirs  and  deliver  it  into'  the  lower  one. 
As  will  be  seen  by  reference  to  the  general 
plan,  the  water  enters  the  south  end  of  reser- 
voir No.  I,  travels  around  the  baffle-lwards  and 
enters  the  north  end  of  reservoir  No.  2,  passes 
around  the  baflle-tHwrds  therein  and  enters  the 
coagulating  compartments,  from  which  it  flows 
to  the  filters.  The  arrows  indicate  the  direc- 
tion of  flow,  and  the  point  at  which  the  coagu- 


at  the  rate  of  123,000,000  gallons  per  acre.  When- 
ever the  consumption  exceeds  the  delivery  from 
the  filters,  the  excess  is  supplied  from  the  re- 
serve of  3,000,000  gallons  of  filtered  water  in 
reservoir  No.  3.  Reservoirs  Nos.  1  and  2  having 
been  pumped  full  during  the  day,  water  flows 
from  them  to  the  filters  over  night,  and  from 
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There  are  eight  circular  filters.  Each  tank  is: 
15  feet  inside  diameter,  constructed  of  2%-lnch 
dressed  cypress  lumber  and  bound  with  flat  iron 
hoops.  The  influent  pipe  of  each  filter  is  pro- 
vided with  a  balanced  valve  and  float  for  main- 
taining the  desired  water  level  within  the  filter 
and   to   prevent   its   overflowing.     The   effluent. 
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Plan  of  Beservoir  and  Filter  House  at  Chester,  Pa.,  and  Details  of  One  of  the  Filters. 


lant  Is  applied  is  also  designated.  The  water  is 
subjected  to  natural  subsidence  in  all  of  reser- 
voir No.  1  and  about  three-quarters  of  reser- 
voir No.  2. 

The  filters  have  capacity  to  deliver  4,000,000 
(allons  per  twenty-four  hours   when   operated 


the  filters  to  the  filtered  water  reservoir  sup- 
plying the  city.  The  water  in  reservoirs  Nos. 
1  and  2  stands  at  the  same  level,  and  may  be 
lowered  more  than  4  feet  (equal  to  about  1.500,- 
000  gallons)  before  the  filters  cease  to  be  opera- 
tive. 


pipe  is  also  provided  with  a  balanced  valve  an* 
float  for  controlling  the  yield  from  the  filters 
and  to  close  them  off  when  the  level  of  water  in 
the  filtered  water  collecting  flume  (which  is  co- 
incident with  the  level  of  water  in  the  filtered 
water  reservoir)    reaches  an  established  maxi- 
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jnum  elevation.  Across  the  center  01  each  filter 
is  laid  a  cast-iron  main  collector,  and  extending 
laterally  from  this  to  within  3  inches  of  the 
inside  of  the  tank,  on  6-inch  centers,  are  IVi- 
inch  extra  heavy  wrought-iron  pipes,  which  re- 
ceive the  710  strainers  constructed  as  shown  in 
an  accompanying  detail  drawing.  The  strain- 
ers are  located  6  inches  apart  on  centers  as 
nearly  as  possible.  The  bottom  of  the  tank  is 
filled  with  concrete  to  a  depth  of  about  3% 
inches,  or  to  the  top  of  the  IVi-inch  lateral 
pipes.  Over  the  strainers  is  placed  6  inches  of 
gravel  varying  in  size  from  %  to  V2  Inch  di- 
ameter, and  on  top  of  the  gravel  is  placed  31 
Inches  of  sand  having  an  effective  size  of  about 
0.40  millimeter  and  an  average  uniformity  co- 
efiBcient  of  1.5. 

The  filter  house  is  a  brick  structure  on  stone 
foundations,  having  wooden  root  trusses  on  17- 
foot  centers,  and  slate  covering.  It  contains  the 
filters,  a  40-horse-power  Nagle  engine,  a  75- 
horse-power  Nagle  boiler,  the  concrete  filtered- 
water  flume  and  an  R.  D.  Wood  &  Company 
centrifugal  pump.  The  floor  of  the  filter  house 
is  concrete  throughout,  graded  to  drain  freely. 


tofore  constructed.  In  rapid  or  mechanical  Al- 
ters it  is  the  custom  to  cleanse  the  sand  layer 
with  a  reverse  or  upward  current  of  water,  as- 
sisted, in  some  instances,  by  a  mechanical  rake, 
air  or  other  means,  and  to  thus  carry  off  by  a 
slow  process  of  dilution  the  matters  retained  by 
the  sand  layer  during  filtration.  The  Chester 
filters,  as  stated,  are  washed  with  a  reverse  cur- 
rent, and  are  equipped  with  a  mechanical  agi- 
tator or  rake,  but  instead  of  being  provided  with 
only  one  waste  or  wash:0ut,  located,  as  is  cus- 
tomary, 12  inches  above  the  sand  layer,  they 
have  two  waste  openings,  one  immediately  at 
the  level  of  the  sand  layer  and  the  other  12 
inches  higher,  each  communicating  with  a  steel 
trough.  About  3  feet  from  the  top  the  staves  of 
the  filter  tanks  are  chined  to  receive  circular 
wooden  segments  which  form  a  watertight  shelf. 
A  steel  ring  3/16  inch  thick  and  18  inches  wide 
is  secured  at  its  center  against  the  wooden  seg- 
ments by  bolts  runnihg  to  the  outside  of  the 
tank  staves,  provision  being  made  for  leveling 
the  upper  edge  of  this  ring.  A  double  trough 
is  thus  formed  of  which  the  upper  part  is  open 
at  the  top  and  the  lower  part  at  the  bottom.  The 


Interior  of  the  New  Chester  Water  Company's  Filter  House. 


An  operating  platform  is  located  about  3  feet 
below  the  top  of  the  filters,  and  on  this  is  mount- 
€d  the  fioor  stands  of  the  operating  valves  of 
the  filters.  All  pipe  work  and  valves  are  con- 
cealed beneath  the  operating  platform.  The 
plant  is  arranged  so  that  additional  filters  may 
be  readily  installed  to  meet  future  increase  in 
consumption.  The  filters  are  cleansed  with  a 
reverse  or  upward  current  of  filtered  water  sup- 
plied by  the  centrifugal  pump,  which  takes  its 
suction  from  the  flltered-water  collecting  flume 
located  between  the  two  rows  of  filters.  The  fll- 
tered-water flume  Is  connected  at  its  farther 
end  with  the  flltered-water  reservoir  by  a  20- 
inch  cast-iron  pipe.  A  mechanical  agitator  or 
rake,  for  stirring  the  sand  layer  to  its  extreme 
depth  or  on  the  surface  onlj,  forms  a  part  of  the 
washing  apparatus.  This  agitator  is  shown  In 
the  illustrations. 

The  Chester  Alter  installation  embraces  a 
method  of  surface  agitation  for  the  removal  of 
intercepted  matters  from  the  surface  of  the  sand 
layer,  which,  it  is  claimed,  has  not 
been    embodied    in    any    filtration    plant    here- 


surface  of  the  sand  layer  is  brought  close  to  the 
open  bottom  of  the  trough,  which  forms  a  prac- 
tically closed  tubular  mouth  extending  entirely 
around  the  filter,  with  only  a  narrow  slit  pro- 
vided in  the  trough  along  its  lower  edge,  into 
and  through  which  the  water,  during  surface 
agitation,  with  the  dislodged  film  or  crust  is 
drawn  in  all  directions  outward  from  the  filter 
bed  to  the  interior  of  the  trough,  from  which 
it  is  led  to  the  drain  or  sewer  through  suit- 
ably arranged  pipes  and  valves.  Before  agitat- 
ing the  surface  of  a  filter,  the  water  is  drained 
oft  through  the  eflluent  pipe  until  only  one  foot 
or  9  inches  remains  over  the  sand  layer.  The 
surface  accumulations  are  then  broken  up  by 
■  the  agitator  and  form  with  the  remaining  water 
a  thick  fluid  which  is  drained  off  completely  to 
the  level  of  the  sand  bed  thrpugh  the  open  bot- 
tom trough.  With  the  bulk  of  the  intercepted 
matters  thus  removed,  washing  with  a  reverse 
current  may  be  proceeded  with,  when  the  re- 
verse wash  becomes  necessary,  but  the  surface 
washing  feature  just  described  may  be  repeated 
two  or  more  times,  under,  favorable  conditions, 


before  it  becomes  necessary  to  cleanse  the  sand 
bed  to  its  entire  depth.  When  the  loss  of  head 
in  rapid  or  mechanical  Alters,  as  usually  con- 
structed, reaches  a  prescribed  limit,  it  becomes 
at  once  necessary  to  cleanse  and  disturb  the  en- 
tire sand  layer  with  the  reverse  current,  but  In 
the  Chester  filters  the  surface  accumulations 
only  may  be  removed,  as  above  described,  and 
filtration  resumed,  without  disturbing  the  lower 
strata  of  the  sand  or  interfering  with  its  filter- 
ing functions. 

The  coagulant  apparatus  includes  two  cypress 
tanks  6  feet  in  diameter  by  6  feet  high,  bound 
with  seven  %-inch  round  iron  hoops,  located  on 
a  platform  carried  by  beams  supported  at  one 
end  by  the  front  wall  of  the  Alter  building  and 
at  the  other  by  one  of  the  trusses.  About  18 
inches  from  the  top  these  solution  tanks  are 
provided  with  a  diaphragm  made  of  1%-lnch 
boards  perforated  with  Va-inch  holes  6  inches 
apart  on  centers.  The  diaphragm  is  supported 
by  2x4-inch  pieces,  on  12-inch  centers,  secured 
to  the  tank  staves  by  %-inch  wooden  dowels 
driven  from  the  outside.  The  use  of  nails  or 
metal  fastenings  in  contact  with  the  solution 
is  avoided.  The  coagulant  solution  is  prepared 
by  placing  given  quantities  of  sulphate  of 
alumina  on  the  perforated  diaphragm  and  Ailing 
the  tanks  with  Altered  water  through  a  1%-lnch 
pipe  from  the  boiler  feed  pump.  The  solution 
may  also  be  heated  and  agitated  with  steam 
from  the  boiler  by  means  of  a  perforated  pipe 
lai(i  across  the  bottom  of  the  tank.  The  solu- 
tion from  the  tanks  is  fed  to  a  small  feed  box 
through  hard  rubber  pipes,  valves  and  fittings, 
and  a  constant  level  is  maintained  in  the  teed 
box  by  means  of  a  fioat  and  cock.  The  feed  of 
the  solution  from  the  feed  box  Is  regulated  by 
hard  rubber  valves  which  receive  their  supply 
under  a  constant  heqd.  To  prevent  the  obstruc- 
tion of  the  feed  valves  the  feed  box  is  divided 
by  a  piece  of  sheet  lead,  liberally  perforated 
with  small  stabbed  holes,  the  rough  side  of  the 
plate  being  opposed  to  the  direction  of  fiow. 
Each  solution  tank  is  provided  with  a  gauge 
glass  and  scale  for  measuring  the  vertical  fall 
of  the  solution,  which  is  prepared  of  uniform 
density,  given  volumes  being  fed  for  given  rates 
of  filtration. 

The  Chester  filter  plant  was  constructed  from 
plans  of  Mr.  George  F.  Hodklnson,  consulting 
engineer,  Chicago,  and  was  installed  under  his 
supervision.  It  has  been  in  operation  since 
the  middle  of  November,  1903. 


The  Pollution  of  the  Water  Supplies  of 
cities  and  towns  in  Massachusetts  is  threatened 
by  a  proposed  amendment  to  the  existing  law 
on  the  subject,  the  amendment  providing  that 
the  board  of  health  shall  not  prohibit  or  restrict 
boating,  fishing  or  ice-cutting  on  any  so-called 
great  pond.  At  the  February  meeting  of  the 
New  England  Water-Works  Association  it  was 
determined  to  issue  a  circular  to  water-works 
superintendents  throughout  the  State,  calling 
attention  to  the  character  of  the  proposed 
legislation. 

The  Heat  Treatment  of  Brittle  Steel  Is  a 
species  of  "faking,"  according  to  a  remarkable 
discussion  by  Professor  Arnold  of  the  recent  re^ 
port  of  the  Alloys  Research  Committee  of  the 
Institution  of  Mechanical  Engineers.  Experi- 
ments made  on  1-inch  boiler  plate,  restored  by 
heat  treatment,  resulted  in  splitting  the  plate 
from  end  to  end  like  glass.  It  was  satisfactory 
according  to  chemical  and  mechanical  tests,  but 
it  nevertheless  failed  as  stated.  After  eighteen 
months  study  he  was  confident  that  when  once 
brittleness — not  of  the  ordinary  character,  but 
under  vibrating  or  alternate  stress — was  de- 
veloped in  the  steel,  it  would  only  be  aggravated 
by  heat  treatment. 


2^ 

The  Philadelphia  Filtration  System. 

Pact  VII. — The  TouuEsnAix  Condvit. 

The  Torr«sdaIe  filters  are  some  eleven  miles 
la  a  direct  line  from  tlw  center  of  Philadelphia, 
aa  stated  in  a  previous  article,  and  at  such  an 
•leratioD  as  to  necessitate  the  pumping  of  the 
filtered  water.  A  pumping  station  for  supply-- 
Ing  Oelawara  River  water  to  parts  of  the  city 
and  a  wharf  with  some  facilities  for  handling 
coal  and  other  supplies  had  been  established  by 
th»  Water  Works  Department  at  Lardner's 
Point  in  the  village  of  Wissinomlng,  about  3 
miles  from  the  filter  plant,  toward  the  city,  sev- 
eral years  before  the  flitratlon  system  was  be- 
gun. But  the  existing  pumping  station  has  not 
salBcient  capacity  to  deal  with  the  whole  sup- 
ply from  the  Torresdale  filters  and  so  an  addi- 
tional and  larger  pumping  station  is  needed, 
which  it  was  decided  to  locate  at  this  same  place 
on  an  adjoining  plot  of  land.  The  construc- 
tion of  the  new  station  is  now  well  advanced. 

To  convey  the  filtered  water  from  Torresdale 
to  the  new  pumping  station  a  deep  masonry- 
lined  tunnel  was  chosen  in  preference  to  cast- 
iron  or  steel  pipes  on  account  of  its  lower  first 
coat,  much  greater  permanence  and  the  avoid- 
ance of  complications  with  surface  structures 
and  other  pipes  inseparably  connected  with  the 
laying  of  several  large  pipe  lines  at  the  usual 
deptha  The  design  of  this  conduit  was  describ- 
ed in  this  Journal  May  18.  1901.  and  drawings  of 
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having  cross-sections  equivalent  respectively  to 
a  14-foot  and  a  7-foot  circle.  At  Torresdale  the 
bottom  of  the  conduit  is  108.68  feet  below  mean 
high  water,  and  at  Lardner's  Point  98.34  below, 
having  a  slope  of  9  inches  per  thousand  feet 
toward  shaft  No.  1,  or  against  the  flow,  as  an  aid 
to  draining  the  conduit  when  empty  and  to 
force  any  air  entrained  in  the  water  to  escape 
toward  the  higher  end  rather  than  to  collect  in 
pockets.  Under  like  conditions  as  to  discharge 
and  loss  of  head  the  conduit  is  estimated  to  be 
equivalent  to  twelve  lines  of  48-inch  cast-iron 
pipe.  It  will  cost,  including  the  end  shafts, 
about  191.50  per  linear  foot,  while  the  pipes,  at 
prices  ruling  last  spring,  would  have  cost  about 
$192  per  foot.  From  the  pumping  station  addi- 
tional large  force  mains  will  be  laid  to  convey 
filtered  water  into  the  city  distribution  system. 


Form  for'  Quarter  Bend  in  End  Shafts. 
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depth  of  40  feet  its  finished  internal  diameter 
is  21  feet  1  inch,  in  order  to  reduce  the  velocity 
of  the  water  before  its  direction  is  changed  90 
degrees  to  enter  the  connection  conduits  to  the 
pump  wells;  but  for  the  lower  71  feet  it  is  10 
feet  7  inches  in  diameter.  The  upper  portion 
is  enclosed  in  a  steel  shell,  the  top  of  which  is 
10  feet  above  the  surface  of  the  ground  and 
roofed  over.  The  change  in  diameter  is  made 
through  a  conical  intermediate  section.  Besides 
these  two  permanent  shafts  nine  intermediate 
working  shafts  were  sunk.  In  all  cases  riveted 
steel  cylindrical  shells  12  feet  in  diameter,  of 
Vi-inch  plates  except  the  top  course  of  '^-inch 
plates,  were  sunk  from  the  surface  to  varying 
depths  into  the  rock  so  as  to  secure  a  satisfac- 
tory seal  to  prevent  the  inflow  of  water  follow- 
ing down  the  outside  of  the  shell.  Each  shell 
was  seated  on  a  heavy  cast-iron  shoe,  which  was 
footed  on  a  ledge  cut  in  the  solid  rock.  The 
seals  were  constructed  of  concrete  and  brick 
masonry,  and,  in  some  cases,  had  to  be  extended 
to  considerable  depths.  Each  shaft  was  lined 
with  9  inches  of  brickwork,  excepting  the  por- 
tions in  solid  rock,  thus  making  the  internal 
diameter  10%  feet.  The  total  depth  of  shafts 
sunk  amounted  to  1,131.5  linear  feet.  A  single 
cage  was  installed  in  each  shaft.  The  original 
plans  called  for  timbered  shafts  with  two  cages 
each.  The  tunnel  excavation  has  now  been  com- 
pleted and  five  of  the  shafts  have  been  closed  by 
arches  at  their  bottoms  and  refilled,  and  at  the 
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Torresdale  Conduit:  Views  Showing  Hard  Rock  Formation  and  Timbering  in  Soft  Rock,  also  Method  of  Building  Arch. 


tTpical  cross-sections  of  the  tunnel  and  details 
of  the  shafts  were  reproduced.  During  construc- 
tion a  few  modifications  were  made,  as  will  be 
more  fully  mentioned  later  in  this  article. 

The  Torresdale  conduit  is  an  Inverted  siphon 
10  feet  7  inches  In  diameter  inside  and  13,- 
809  feet  long  between  the  two  permanent  end 
■hafts,  constructed  substantially  in  accordance 
with  the  drawings  shown  with  the  article  Just 
mentioned,  having  a  computed  capacity  under 
normal  conditions  of  300,000,000  gallons  per  day 
with  a  loss  of  head  of  8Vi  feet,  which  can  be 
raised  to  350,000.000  gallons  per  day  by  increas- 
ing the  speed  of  the  pumping  machinery,  when 
the  installation  at  Lardner's  Point  shall  have 
be«n  completed.  It  is  expet^ted,  however,  that 
the  normal  capacity  of  the  conduit  as  construct- 
ed will  be  at  least  320,000.000  gallons  per  day. 
Shaft  No.  1  is  connected  to  the  filtered  water 
basin  at  Torresdale  by  a  concrete-steel  conduit 
having  a  cross-section  equivalent  to  a  10-foot 
circle,  described  in  the  previous  article,  and 
shaft  No.  11,  at  the  Lardner's  Point  end,  is 
connected  to  the  pump  wells  by  two  conduits 


The  tunnel  line  is  close  to  the  shore  of  the 
Delaware  River  and  has  four  curves  of  1,000- 
foot  radius,  the  longest  of  which  is  345  feet. 
Near  shaft  No.  1,  the  line  crosses  beneath  Penny- 
pack  Creek  and,  at  another  place,  for  a  short 
distance,  the  tunnel  is  beneath  the  river  where 
the  line  crosses  an  indentation  in  the  shore. 
Shaft  No.  1  is  129.5  feet  deep  from  the  surface 
to  the  bottom  of  a  sump  5  feet  below  the  Invert 
grade  and  has  a  finished  Internal  diameter  of  10 
feet  7  inches  for  its  whole  depth,  being  lined 
with  brick  masonry  to  the  level  of  the  top 
of  the  quarter-bend  which  connects  it  with  the 
tunnel.  The  quarter-bend  of  15  feet  9  inches 
radius  of  center  line  at  this  shaft  and  the  one 
at  shaft  No.  11  have  been  made  of  concrete  ma- 
sonry with  granolithic  finish,  instead  of  brick 
as  shown  on  the  contract  drawings.  The  form 
used  for  one  of  these  bends  is  shown  in  an  ac- 
companying illustration.  From  the  ground  sur- 
face to  a  depth  a  few  feet  into  the  hard  rock  the 
upper  part  of  shaft  No.  1  was  built  inside  a 
steel  shell. 

Shaft  No.  11  is  about  120  feet  deep;    for  a 


completion  of  the  work  the  other  shafts  kept 
open  for  handling  the  materials  for  the  lining 
masonry  in  the  tunnel  will  also  be  filled. 

Much  difficulty  was  experienced  in  sinking 
some  of  the  shafts  on  account  of  the  large  quan- 
tity of  water  encountered  owing  to  the  prox- 
imity of  the  river.  Especially  was  this  true  of 
shaft  No.  7,  located  in  the  river  a  few  feet  out 
from  shore.  The  cast-iron  shoe  with  two  sec- 
tions of  steel  plate  were  first  lowered  in  posi- 
tion on  the  mud  flats  at  low  water.  This  was 
followed  immediately  with  the  orange  peel  ex- 
cavator, the  material  taken  out  being  dumped 
around  the  outside  ot  the  shell  for  protection.  The 
first  steel  shell  started  down  was  so  deformed 
by  the  action  of  the  high  tides  that  its  align- 
ment was  seriously  affected.  In  order  to  cor- 
rect this  it  was  necessary  to  load  the  shell  with 
80  tons  of  ste61  rails  and  ballast  so  that  it 
might  again  assume  its  perpendicular  position. 
In  consequence  of  this  loading  the  shoe  parted 
from  the  shell  in  places  and  several  of  the 
plates  buckled,  necessitating  a  second  or  inner 
lining  being  placed  just  inside  and  just  above 
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and  below  the  top  of  the  rock,  the  space  be- 
tween the  new  shell  and  the  old  brick  lining  be- 
ing filled  with  concrete.  So  badly  did  this  seal 
leak  that  it  was  finally  found  necessary  to  re- 
line  the  shaft  with  a  6-inch  concrete  lining  ex- 
tending from  the  top  of  the  old  seal  clear  to 
hard  rock,  thus  reducing  the  working  diameter 
of  the  shaft  to  about  8  feet.  So  much  trouble 
was  experienced  with  the  water  in  making  the 
first  seal  that  it  became  necessary  to  use  com- 
pressed air  until  the  sealing  of  the  foot  of  the 
shoe  had  been  accomplished,  and  so  much  time 
was  consumed  that  the  full  benefit  of  this  shaft 
was  not  realized  in  excavating  the  tunnel. 

For  construction  purposes  the  conduit  was  di- 
vided into  four  sections.  Mr.  D.  J.  McNichol,  of 
Philadelphia,  secured  the  contract  for  all  of 
them,  but  subsequently  let  three  sections  to  the 
Mason  &  Hoge  Company,  of  Frankfort,  Ky.,  who 
further  sub-let  one  section  to  Messrs.  Mason, 
Rlnehart  &  Company,  and  Messrs.  G.  H.  Cole  & 
Company.  The  contract  was  signed  in  June, 
1901,  and  work  was  begun  soon  after.  Previous 
to  advertising  for  bids    some    twenty    borings 


erally  softer  and  more  micaceous  toward  the 
pumping  station  and  harder  toward  the  filtra- 
tion plant.  While  most  of  the  rock  penetrated 
is  hard  biotite  and  hornblendic  gneiss,  inter- 
sected with  quartz  veins,  some  portions  have 
been  found  soft,  yielding  and  treacherous.  It 
is  generally  seamy  and  "blocky"  and  contains 
frequently  occurring  seams  of  very  soft,  rotten 
rock,  sand  and  mud.  Some  of  the  rock  also  ae- 
teriorated  rapidly  on  exposure  to  the  atmos- 
phere. The  fissures  usually  yielded  water  free- 
ly, and  at  the  Torresdale  end  very  freely.  In 
some  places  there  was  great  difference  in  the 
nature  of  the  rock  in  the  opposite  sides  of  the 
tunnel,  especially  in  the  portions  between  shafts 
Nos.  8  and  9,  where  the  soft  rock  caved  in  from 
one  side  so  as  to  leave  great  cavities  in  the 
roof. 

Of  course  rock  of  such  nature  as  that  just 
mentioned  made  it  necessary  to  timber  the  ex- 
cavation wherever  it  occurred,  but  by  far  the 
greater  part  of  the  length  of  the  tunnel,  some 
86  per  cent,  or  about  11,875  feet,  required  no  tim- 
bering.    The  timber  ordinarily  used  consisted 
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were  made  adjacent  to  the  line  of  the  tunnel 
by  sinking  4-inch  pipes  by  the  water  jet  process 
and  then  lowering  diamond  drills  to  the  rock 
and  driving  them  down  considerable  distances 
into  the  rock.  In  this  way  214-inch  cores  were 
obtained.  The  deepest  hole  was  about  135  feet 
and  the  average  depth  was  about  90  feet.  Ob- 
servations were  also  made  to  determine  approx- 
imately the  depth  at  which  no  water  passed 
through  the  rock  into  the  drill  holes,  and  the 
4-inch  casings  were  capped  so  that  intending 
bidders  could  make  such  further  investigations 
as  they  chose.  The  average  depth  to  the  rock, 
as  determined  by  the  borings,  is  about  30  feet, 
and,  on  the  basis  of  the  information  secured, 
the  elevation  of  the  tunnel  invert  was  establish- 
ed as  shown  on  the  contract  drawings  and  de- 
scribed in  the  issue  of  this  journal  of  May  18, 
1901.  Conditions  revealed  by  sinking  the  shafts, 
however,  led  to  the  final  adoption  of  an  elevation 
10  feet  lower. 

The  tunnel  is  In  rock  for  its  whole  length,  but 
the  character  and  condition  of  the  rock  varied 
greatly  from  place  to  place.     The  rock  is  gen- 


of  octagonal  frames  of  five  pieces  of  lOxlO-inch 
sticks,  although  some  12xl2-incn  sets  were  use,d, 
with  12xl2-inch  or  lOxlO-inch  hard  pine  wall 
plates.  More  or  less  lagging  and  blocking  was 
used,  depending  upon  the  nature  of  the  rock 
from  place  to  place.  In  some  places  near  shaft 
No.  9  the  rock  was  so  soft  that  it  was  necessary 
to  place  five-piece  frames  of  7xl4-inch  timbers, 
laid  flat,  solidly  side  by  side,  or  with  but  very 
small  spaces  between  them.  In  other  places 
the  rotten  rock  and  soft  materials  tended  to 
run  in  so  freely  that  it  became  necessary  to  use 
hay  to  stop  up  all  the  crevices.  Between  shafts 
Nos.  8  and  9  some  unusual  forms  of  timbering 
were  required,  on  account  of  the  caving  from 
the  roof,  as  is  indicated  by  a  few  drawings  re- 
produced herewith.  One  of  the  accompanying 
views  shows  the  usual  form  of  timbering. 

The  presence  of  large  quantities'  of  water  en- 
countered at  the  Torresdale  end  of  the  line 
necessarily  rendered  the  progress  of  the  work 
slow  and  tedious.  From  two  to  three  pumps, 
mostly  of  the  Cameron,  Reilly  and  Worthington 
types,  were  installed  in  each  shaft,  and  pump- 


ing was  maintained  day  and  night  continuous- 
ly. The  water  entering  through  the  roof  ol  the 
tunnel  was  especially  troublesome  during  the 
building  of  the  arch  of  the  lining.  It  was  some- 
times carried  beyond  the  place  where  the  brick- 
layers were  working  by  means  of  troughs  of 
tarred  paper  held  against  the  rock  by  scantlings 
and  props,  as  shown  in  one  of  the  views.  Two 
headings  were  driven  from  each  shaft,  except- 
ing shafts  Nos.  1  and  11,  from  each  of  which 
but  one  heading  was  driven.  The  lower  part  of 
the  cross-section  was  taken  out  as  one  bench. 
The  spoil  was  loaded  into  1-cubic-yard  cars  on 
narrow-gauge  tracks  and  drawn  by  hand  to  the 
shafts.  The  cages  were  operated  by  Mundy, 
Lidgerwood  and  Exeter  double-drum  steam 
hoisting  engines.  The  drilling  was  done  with 
Sullivan,  Rand  and  IngersoU-Sergeant  drills, 
and  60  per  cent,  dynamite  was  used  for  the 
blasting.  The  drills  were  operated  by  compress- 
ed air  and,  to  supply  the  air,  four  compressor 
plants  were  installed,  two  being  equipped  with 
Rand  compressors  and  one  each  with  IngersoU- 
Sergeant  and  Sullivan  machinery.  Steam  for 
various  purposes  was  supplied  from  some  thirty 
locomotive  and  vertical  boilers  of  Erie,  Mundy, 
Lidgerwood,  Exeter  and  Stroudsburg  makes. 

The  line  for  driving  the  tunnel  was  taken 
down  into  the  shafts  by  means  of  heavy  plumb 
bobs  hung  on  wires  and  immersed  in  water,  the 
line  being  prolonged  by  means  of  transits,  as 
usual.  Attempts  were  also  made  to  project  the 
line  down  the  shafts  by  plunging  the  telescope 
of  an  inclined  standard  transit,  but  generally 
with  indifferent  success  on  accoun£  of  the  mist 
and  falling  water  which  obscured  the  vision. 
Notwithstanding  the  diflficult  and  uncomfortable 
conditions  amid  which  much  of  the  line  work 
had  to  be  done,  the  lines  from  adjacent  shafts 
met  with  errors  ranging  only  from  %  inch  to 
3  inches,  results  for  which  credit  is  due  to  the 
engineering  parties.  During  construction  the 
tunnel  has  been  lighted  mostly  with  incandes- 
cent lamps. 

The  tunnel  is  lined  throughout  with  brick- 
work and  Portland  cement  concrete.  The  invert 
up  to  the  springing  line  has  two  rings  of  brick 
in  Portland  cement  mortar,  laid  in  a  cradle  of 
Portland  cement  concrete  plastered  with  %  Inch 
of  mortar  just  before  the  laying  of  the  brick. 
The  arch  was  built  ordinarily  of  three  rings 
of  brick  in  Portland  cement  mortar,  but  through 
the  disintegrated  rock  its  thickness  was  in- 
creased to  four  and  five  rings,  there  being  in 
all  some  2,000  feet  of  this  heavier  construction. 
The  arch  was  backed  with  Portland  cement 
concrete,  carried  up  along  with  the  brickwork 
wherever  the  spaces  between  the  arch  and  the 
rock  were  very  small,  but  in  large  pockets  the 
packing  was  completed  after  turning  the  arch. 
The  larger  cavities  in  the  roof,  however,  were 
filled  with  concrete  and  rubble  masonry  laid  in 
mortar,  the  timber  packing  being  removed 
wherever  possible;  but  if  the  timbers  could  not 
be  removed  the  spaces  about  them  were  thor- 
oughly filled  with  Portland  cement  grout.  As 
far  as  possible,  the  middle  portions  of  the  cap 
timbers  over  the  arch  were  cut  away,  after  the 
arch  had  been  keyed,  and  their  ends  supported 
by  the  concrete  backing.  The  lining  was  ordi- 
narily begun  midway  between  two  shafts,  so 
that  closures  between  two  portions  of  the  work 
were  made  at  a  shaft.  This  allowed  the  brick- 
layers to  fill  the  last  key  space  from  above.  The 
bottom  of  the  shaft  was  sealed  by  a  7-ring  brick 
arch  covered  with  2  to  3  feet  of  Delaware  clay 
puddle  in  order  to  prevent  percolation  into 
the  tunnel.  Only  three  closures  were  made  at 
other  places  than  at  shafts,  and  these  were  so 
chosen  as  to  have  a  minimum  space  between  the 
crown  of  the  arc^  and  the  rock  roof  of  the  tun- 
nel. At  these  places  it  was  possible  for  the 
bricklayers  to  fill  me  small  space  with  mortar 
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introduced  through  the  key  space.  In  the  wet- 
ter portions  of  the  tunnel  it  was  found  neces- 
sary to  UM  two  layers  of  three-ply  tar  paper 
orer  the  whole  arch.  Weepers  were  also  em- 
ployed to  convey  the  water  through  the  lining 
to  the  Inside  of  the  tunnel  while  the  masonry 
work  was  in  progress. 

A  sufflcient  quantity  of  the  harder  rock  exca- 
Tated  from  the  tunnel  was  selected  for  concrete' 
material,  and  sections  1,  3  and  3  each  establish- 
ed a  crushing,  screening  and  mixing  plant  near 
■hafts  Nos.  2.  S.  6  and  8.  Prom  these  places  3- 
foot  gauge  tracks  were  laid  along  the  tunnel 
line  In  each  direction  and  over  them  1-cubic- 
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bell  and  bucket  i-oiivoyors.  Three  spouts  led 
from  the  bins  to  a  horizontal  belt  conveyor  just 
outside  of  the  building,  and  through  openings  in 
their  bottoms  controlled  by  sliding  gates, 
crushed  stone  was  fed  to  the  belt,  which  de- 
livered its  burden  into  the  buckets  of  a  belt  and 
bucket  conveyor,  as  shown.  This  third  con- 
veyor discharged  the  stone  on  to  a  measuring 
platform  on  top  of  a  trestle  tower  adjoining  one 
comer  of  the  building. 

At  the  corner  where  the  building  and  tower 
met,  a  tall  guyed  mast  was  erected,  from  the 
top  of  which  a  cableway  led  to  the  wharf  where 
the  sand  was  received  by  boat.     The  cableway 
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er,  furnished  by  the  Contractors  Plant  Com- 
pany, of  Boston,  was  installed  so  as  to  discharge 
the  concrete  into  the  cars  which  ran  through 
the  lower  part  of  the  trestle  tower.  Water  for 
the  concrete  was  pumped  to  a  tank  and  fed 
through  a  pipe  to  the  lower  part  of  the  mixer. 
The  maximum  output  of  tUs  plant  herein  de- 
scribed, on  section  2,  was  about  70  cubic  yards 
per  day  of  10  hours,  and  it  was  run  by  14  men 
and  a  chain  horse.  While  the  capacity  of  this 
mixer  was  much  greater  than  this,  yet  the  rate 
of  placing  the  concrete  pac'.:ing  rarely  exceeded 
this  amount  on  any  one  section. 
Mortar  for  the  brickwork  was  mixed  by  hand, 
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yard  stael  cars  were  hauled  by  mules  to  the 
▼arloas  shafts,  as  required,  and  taken  down  into 
the  tunnel  on  the  cages.  The  accompanying 
Tlew  shows  one  of  these  plants  in  operation  on 
■oction  2,  at  shaft  No.  8.  On  the  ground  fioor 
of  the  building  there  was  Installed  a  No.  4 
Champion  rock-crusher  driven  by  a  20-horse- 
power  engine.  This  crusher  had  a  capacity  of 
about  75  yards  per  day  of  10  hours.  Above  the 
crusher  were  three  storage  bins  for  broken 
•tone,  with  Inclined  bottoms,  and  over  them  a 
rotary  cylindrical  screen,  to  which  the  broken 
■tone  was  raised  from  the  crusher  by  means  of 


buckets  delivered  the  sand  also  to  the  measur- 
ing platform.  The  hauling  rope  was  wound  on 
to  a  drum,  on  the  corner  of  the  platform  near 
the  mast,  driven  by  a  belt  from  the  sprocket- 
driven  jack  shaft,  which  also  actuated  the  belt 
and  bucket  conveyor.  Lehigh,  Star  Bonneville 
and  a  little  Giant  Portland  cement  were  used 
and  were  brought  by  railroad  to  the  different 
storehouses  located  near  the  shafts  on  each  sec- 
tion. From  these  storehouses  the  cement  was 
taken  to  the  measuring  platform,  as  ^ded,  by 
means  of  the  tramways.  Just  beneath  the  meas- 
uring platform  a  portable  gravity  concrete  mix- 


in  most  instances  at  the  top  of  the  shafts,  and 
was  taken  into  the  tunnel  in  cars  and  deposit- 
ed In  mortar  boxes  at  the  point  of  lining.  Sim- 
ilar plants  to  this,  though  varying  somewhat  in 
detail  of  mixing  concrete,  were  employed  on  the 
different  sections. 

About  10,000,000  bricks  were  used  In  the  lin- 
ing and  were  furnished  by  the  Mack  Paving 
Company  and  the  Kelly  Brick  Company,  of 
Philadelphia,  and  Sayre  &  Fisher,  of  Sayres- 
ville,  N.  J.  The  average  force  employed  on  the 
excavating  of  the  tunnel  was  700  men,  and  for 
the  work  connected  with  the  lining  500  men. 
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All  these  works  fell  under  the  executive  con- 
trol of  Mr.  Peter  B.  Costello,  director  of  the 
Department  of  Public  Works.  Under  the  di- 
rection of  the  chief  engineer  plans  and  specifi- 
cations were  prepared  by  Mr.  R.  I.  D.  Ash- 
bridge,  first  assistant  engineer,  who  first  as- 
sumed charge  of  the  tunnel,  later  resigning  to 
take  up  other  work.  Mr.  T.  N.  Spencer  was  ap- 
pointed resident  engineer  in  charge  of  construc- 
tion; associated  with  him  in  the  engineering 
department  were  Messrs.  Charles  P.  Bower, 
Samuel  M.  Purdy  and  Moriz  Bernstein,  second 
assistant  engineers,  and  Messrs.  William  H. 
Thorpe,  Frank  McHugh  and  John  D.  Quinn, 
third  assistant  engineers.  Much  credit  is  due 
to  Mr.  George  Hein,  mining  inspector,  whose 
thorough  knowledge  of  the  character  of  the 
ground  encountered  and  methods  to  be  adopted 
was  of  great  practical  advantage.  The  lining  of 
the  tunnel  was  under  the  direct  supervision  of 
Mr.  John  E.  Peters,  chief  masonry  inspector. 

Besides  the  engineers  mentioned  above  and 
in  the  preceding  article,  it  is  appropriate  at  this 
time  to  give  a  more  complete  statement  of  the 
men  employed  on  the  various  parts  of  the  fll- 


ris,  in  charge  of  contract  No.  12  at  the  Upper 
Roxborough  filters;  and  Messrs.  William  I. 
Klein,  Glenn  D.  Holmes,  Frederick  E.  Field,  J. 
Lee  Allen,  George  R.  Mackenzie,  and  Chester  F. 
Drake.  Not  the  least  important  of  the  duties 
connected  with  a  great  enterprise  like  this,  in- 
volving an  expenditure  of  over  $25,000,000,  is 
the  clerical  work,  in  charge  of  which  are: 
Messrs.  J.  William  Lee,  chief  clerk;  William 
J.  Logan,  in  charge  of  estimates,  and  Cheston 
M.  Stuart,  in  charge  of  accounts.  In  conducting 
the  experimental  work  at  the  testing  stations, 
upon  which  many  of  the  details  of  the  filters 
are  based,  valuable  assistance  was  rendered  by 
Messrs.  Morris  Knowles,  Charles  G.  Hyde,  W. 
W.  De  Berard,  and  William  R.  Copeland. 


Some  Details  of  the  Louisiana  Purchase 
Exposition   Service   Power   Plant. 

The  service  power  plant  for  the  general  arc 
and  incandescent  lighting  of  the  grounds  and 
buildings  of  the  Louisiana  Purchase  Exposi- 
tion, for  the  electric  pumping  plant  and  for 
some  exhibit  work  has  already  been  described 


Engines  in  Service  Power  Plant,  Louisiana  Purchase  Exposition. 


tratlon  system  than  has  been  given  in  any  of 
the  foregoing  descriptions  of  the  different 
plants.  The  conduct  of  this  work  since  its  in- 
ception, in  February,  1900,  has  been  in  charge 
of  Mr.  John  W.  Hill,  first  under  the  title  of 
consulting  engineer,  and  since  the  approval  of 
the  ordinance  creating  the  Bureau  of  Filtration, 
as  chief  engineer.  In  the  preparation  of  plans 
important  services  were  rendered  by  Messrs. 
Samuel  T.  Wagner,  Henry  C.  Hill,  George  T. 
Prince,  La  Monte  Lloyd,  as  first  assistant  engi- 
neers in  general  charge.  The  following  first 
assistant  engineers  have  at  times  been  in  charge 
of  important  details  of  the  work:  Mr.  S.  M. 
Swaab,  Lardner's  Point  pumpiijg  station  No.  2; 
Mr.  Frank  R.  Fisher,  Lower  Roxborough  filters 
and  later  Upper  Roxborough  filters;  Mr.  D. 
Jones  Lucas,  Oak  Lane  ReserVoir;  Mr.  Charles 
H.  Paul,  Belmont  ftlters;  Mr.  Seth  M.  Van  Loan, 
Lardner's  Point  pipe  distribution  system;  Mr. 
John  H.  Gregory,  draughting  room.  Valuable 
assistance  was  rendered  also  by  the  following 
second  assistant  engineers:  Mr.  Fred  Schaff- 
hauser.  In  charge  of  contracts  Nos.  17  and  19  of 
the  pipe  distribution  system;  Mr.  Stephen  Har- 


in  more  or  less  general  terms  in  these  columns. 
It  is  now  the  intention  to  discuss  by  the  aid  of 
the  accompanying  illustrations  some  of  the 
more  interesting  details.  The  plant  has  been 
laid  out  with  a  special  effort  to  reduce  compli- 
cation and  provide  reliability  and  ease  of  oper- 
ation, standard  apparatus,  for  example,  having 
been  employed  throughout  and  the  equipment 
of  vital  points  being  duplicated  to  obviate  in- 
terruptions of  service.  While  many  of  the 
special  features  are  the  result  of  the  temporary 
character  of  the  work,  and  of  the  compara- 
tively light  construction  of  the  buildings  in 
which  it  is  housed,  they  have  the  value  of  sug- 
gestion or  of  direct  adaptability  in  the  design 
of  a  permanent  central  station.  The  plant, 
therefore,  while  an  exhibit  plant,  may  be  re- 
garded as  representative  of  modern  practice. 

The  design  and  construction  of  the  service 
plant  has  been  carried  out  by  Messrs.  Westing- 
house,  Church,  Kerr  &  Company,  and  the  gen- 
eral contract  was  awarded  to  the  Westinghouse 
Electric  &  Manufacturing  Company,  which 
furnished  the  entire  electrical  equipment,  with 
the  exception  of  two  generators  and  their  con- 


trolling apparatus.  The  entire  engine  equip- 
ment was  furnished  by  the  Westinghouse  Ma- 
chine Company.  It  will  thus  be  seen  that  the 
execution  of  the  work  was  entrusted  almost 
entirely  to  establishments  closely  related,  a 
point  of  value,  with  the  necessity  of  conform- 
ing to  a  rigid  time  limit. 

The  space  reserved  for  the  service  plant  is 
located  in  the  western  end  of  the  Machinery 
Building  and  in  the  adjoining  Steam  and  Fuels 
Building;  the  former  containing  the  electric 
generating  plant,  and  the  latter  the  steam  gen- 
erating plant.  The  Steam  and  Fuels  Building 
also  contains  miscellaneous  exhibits  of  steam 
boilers,  briquette-making  and  gas-producing 
apparatus.  The  electric  plant  is  conspicuous, 
as  it  occupies  230  feet  of  the  central  aisle  of 
the  Machinery  Building.  It  lies  midway  be- 
tween the  exhibits  of  the  two  largest  Ameri- 
can electrical  manufacturing  companies,  the 
Westinghouse  Electric  &  Manufacturing  Com- 
pany's exhibit  occupying  the  southern  wing  and 
the  General  Electric  Company's  the  northern 
wing.  Each  company  is  represented  in  the 
generating  and  switchboard  equipment.  The 
electric  generating  part  of  the  plant  is  served 
by  a  40-ton  three-motor  Niles  traveling  crane. 

In  the  erection  of  the  plant  many  difficulties 
were  experienced  on  account  of  the  treacherous 
nature  of  the  soil,  which  is  made-ground  on 
river  bottom.  All  ground  had  to  be  piled  not 
only  under  the  building  and  machinery  founda- 
tions, but  also  under  boiler  and  flue  walls,  pipe 
tunnels  and  overflow  conduits.  The  buildings, 
being  of  temporary  character,  are  naturally  of 
light  construction,  which  introduced  further 
difficulties  in  providing  proper  supports  for 
piping.  It  was  found  necessary  to  support  the 
large  piping  directly  from  the  floor  upon  steel 
towers.  The  general  arrangement  of  the 
steam  and  electric  plant  is  shown  in  the  ac- 
companying plan. 

The  main  generating  plant  is  of  8,000  kl'o- 
watts  capacity,  in  four  units  of  equal  size.  The 
plant  is  served  by  three  80-kilowatt  exciter 
units,  two  of  which  are  sufl[icient  to  operate 
the  entire  plant,  together  with  such  auxiliary 
machinery  as  may  be  required  in  the  adjacent 
exhibits,  leaving  the  third  unit  as  a  reserve. 
Each  pair  of  generating  units  receives  steam 
from  a  separate  steam  line,  in  turn  supplied  by 
a  separate  battery  of  boilers,  and  exhausts  into 
a  separate  condenser.  The  entire  plant  thus 
consists  of  two  sections  practically  in  dupli- 
cate, which  may  be  operated  independently  or 
together. 

Each  generating  unit  consists  of  a  Westing- 
house Corliss  vertical  cross-compound  engine 
direct-connected  to  a  2,000-kilowatt  revolving 
field  alternating-current  generator,  the  unit 
operating  at  83  revolutions  per  minute.  The 
engine  is  38  and  76  by  54  inches  in  cylinder 
dimensions,  indicating  2,883  horse-power  at 
full-load  with  27i/^  pounds  mean  effective  pres- 
sure referred  to  the  low-pressure  cylinder.  The 
engine  has  a  maximum  overload  capacity  of 
5,244  horse-power  under  normal  conditions  of 
150  pounds  steam  and  26  Inches  vacuum.  The 
overall  dimensions  of  the  unit  are  approxi- 
mately 32%  feet  high,  35  feet  length  and  15 
feet  width  for  the  engine  alone;  the  fly-wheel 
being  23  feet  in  diameter.  The  shaft,  of  steel 
forged  hollow  by  hydraulic  pressure,  is  31 
inches  in  diameter  at  the  generator  and  28 
inches  at  the  bearings,  which  are  of  the  ball 
and  socket  self-aligning  type.  The  guaranteed 
economy  of  the  engines  is  13^4  pounds  per 
indicated  horse-power  at  the  point  of  best 
efiiciency. 

The  generators  are  rated  at  2,000  kilowatts 
at  the  usual  temperature  rise.  They  deliver 
three-phase  current  at  6,600  volts  directly  to  a 
distributing    system,   without   the    introduction 
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of  tBtenii«diM«  mnsformers.  Fifty  per  cent. 
oT«rla«d  may  be  carried  for  one  hour 'without 
Injurious  heatliig.  The  guvmnte^d  efflciencies 
of  the  WertiaslumM  tfltlt.  based  upon  measured 
iroB  and  copper  loeaea.  and  on  100  per 
c«aL    pover    factor,    are    as    follows:       Full 

96  per  cent:    three-quarter  load,   95  per 
■t.:   one-half  load.  93  per    cent      Bach    en- 

oomptote  with  bed-plate,  weighs  196.000 
tlM  rotating  member  having  a  fly- 
wkeel  capacity,  at  SV-.-foot  radius,  of  70,000 
fOOBds.  The  exciter  units  are  standard  West- 
hufKmtir  SBgine-type  machines,  driven  by  12 
aad  M  by  12-inch  compound  engines  operating 
at  regular  boiler  pressure  and  exhausting  into 
the  main  condensing  system. 

T1i«  switchboard  for  the  entire  generating 
equipment  will  be  located  at  the  western  end  of 
the  main  aisle  upon  a  raised  platform.  It  will 
consist  of  35  panels,  four  of  which  will  be  de- 
voted to  the  main  generators;  three  to  the 
exciters:  two  to  incoming  feeders  from  the 
Union  Electric  Light  ft  Power  Company's  plant; 
two  are  used  for  load  panels  and  24  for  outgo- 
ing feeders.  A  duplicate  set  of  bus-bars  is  em- 
ployed, each  having  an  individual  load  panel 
for  totalising  the  output.  The  main  current 
will  be  controlled  entirely  by  automatic  elec- 
trically operated  oil  switches,  operated  from 
the  main  board.  A  high-tension  underground 
conduit  system  connects  the  service  plant  with 
distributing  sub-stations  located  in  the  various 
buildings,  where  current  will  be  stepped  down 
to  alternating-current  voltages  suitable  for  gen- 
eral distribution,  and  converted  to  direct  cur- 
rent for  motor  worlc.  Miscellaneous  voltages 
and  frequencies  will  be  supplied  entirely  by  ex- 
hibit apparatus. 
Boiler*. — Conforming  with  the  duplicate  con- 


Westinghouse  Standard  engines,  through  worm 
gearing,  each  stoker  engine  operating  two  com- 
plete batteries  of  stokers  by  means  of  a  shaft 
extending  along  the  stoker  fronts.  The  boiler 
plant  furnishes  steam  at  150  pounds  pressure 
without  superheat. 

Two  spur  tracks  entering  the  Coal  and  Fuels 
Building  along  the  western  wall,  will  be  util- 
ised for  handling  coal  and  ashes.  A  complete 
conveying  system,  furnished  by  the  Unk-Belt 
Engineering  Company,  receives  the  coal  from 
the  hoppers  located  between  the  track  rails,  ele- 
vates and  distributes  it  among  individual  bins, 
each  serving  one  stoker  through  steel  chutes. 
The  system  also  conveys  coal  to  a  storage 
bunker  of  about  500  tons  capacity,  from  which 
the  coal  may  also  be  drawn  for  miscellaneous 
boiler  and  gas  producer  exhibits  located  in  the 
same  building.    The  individual  bins  in  front  of 


feed-water  heaters  using  exhaust  steam  fiuiu 
the  boiler  house  auxiliaries.  This  heater  is 
mounted  'i\M  feet  from  the  floor  upon  a  hollow 
concrete  pier  reinforced  with  expanded  metal. 

The  battery  of  pumps  located  near  the  heater 
supplies  the  entire  plant  with  feed-water.  Two 
types  are  represented:  duplex  out-side-packed 
double-plunger,  and  the  Admiralty  type,  both  of 
Worthington  make.  Two  of  the  former  type 
are  used,  each  9xl6x7V'ixl5,  and  one  of  the  lat- 
ter, 14x10x18  inches.  These  pumps  discharge 
into  a  ring  main  in  order  that  they  may  be  op- 
erated  singly  or  together,  as  desired. 

Mechanival  Draft  Plant. — Two  complete  me- 
chanical draft  plants  have  been  installed,  each 
serving  eight  boilers  aggregating  3,200  horse- 
power, and  a  duplicate  fan  is  provided  for  relay 
purposes.  The  flue  construction  consists  of  con- 
crete   floors    and    brick    ceilings    supported    by 
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Pumping  Equipment  for  Condensers  and  Cooling  Towers. 


stmction  employed  in  other  parts  of  the  plant, 
two  complete  steam  generating  outfits  have  been 
installed,  each  with  independent  flues,  mechani- 
cal draft,  steam  and  feed-water  system.  The 
capacity  of  the  plant  is  6.400  horse-power  at  the 
standard  rating,  uniformly  distributed  between 
eight  batteries  of  boilers. 

Each  battery  contains  two  400-horse-power 
Babcock  A  Wilcox.  Inclined  header,  water-tube 
boilers  built  into  a  single  setting.  The  boilers 
have  42-inch  drums  hung  from  a  structural 
steel  framework  so  as  to  be  Independent  of  the 
•ctans,  thus  relieving  the  brickwork  from  the 
sti esses  due  to  dead  weight  and  differential  ex- 
pansion. The  products  of  combustion  di8<:harge 
horizontally  through  the  upper  part  of  the  set- 
ting into  a  single  flue  common  to  each  section 
of  the  boiler  equipment.  The  hollers  are  all 
fitted  with  Roney  mechanical  stokers,  driven  by 


the  plant  boilers  are  supported  by  structural 
steel  frames  independent  of  the  boiler  columns. 
They  each  hold  about  five  tons  of  coal  and  are 
circular  In  form  with  conical  buttons,  the  dis- 
charge being  controlled  by  wing  valves.  The 
chutes  conveying  the  coal  to  the  stoker  hop- 
pers are  arranged  to  swing  about  a  horizontal 
axis  in  order  that  they  may  be  swung  back 
into  a  vertical  position  to  clear  the  stokers  and 
boiler  doors. 

Ashes  from  the  stoker  grates  gravitate  Into 
concrete-lined  pits,  from  which  they  are  moved 
into  ash  cars  running  through  tunnels  beneath 
the  floor.  These  tunnels  connect  with  the  oro&s 
tunnel  outside  the  building,  which  rises  to  the 
surface. 

The  boiler  plant  Is  supplied  with  feed- water 
from  the  city  mains,  after  passing  through  a 
duplicate    set    of    4,000-horse-power     Cochrane 


Pipe  Truss  in  Pump  Room. 

2'/ix2>4-inch  tees  which  span  the  space  between 
the  rear  walls  of  the  boiler  settings.  As  this 
space  is  about  10  feet  in  width,  a  row  of  4-inch 
pipe  struts  with  I-beam  stringers  supports 
these  T-beams  at  their  center.  The  ceiling  is 
finished  with  two  courses  of  fommon  brick  laid 
flat  and  flushed  with  cement.  This  flue  leads 
directly  to  the  fan  housings,  the  Joint  being 
sealed  with  a  sleeve  formed  by  angles  riveted 
to  the  housings. 

The  fan  equipment  consists  of  two  14-feet  12- 
blade  steel  plate  fans.  These  are  of  three- 
quarter-housed  overhung  pattern  built  from 
special  designs  of  Westinghouse,  Church,  Kerr 
&  Co.  by  the  New  York  Blower  Company.  The 
central  part  of  the  housing  supports  the  steel 
plate  stack,  which  Is  11  feet  in  diameter,  the 
whole  resting  on  a  concrete  pier.  The  two  fans 
operate  in  opposite  directions,  receiving  the  flue 
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gases  at  their  center  and  discharging  the  peri- 
phery into  the  central  compartment  leading  to 
the  stack.  A  deflecting  damper  hinged  at  the 
center  of  this  compartment,  provides  means  for 
isolating  the  idle  fan  as  well  as  for  insuring 
a  continuous  surface  for  the  ascending  gases 
from  the  fan  in  motion.  The  Intake  of  each  fan 
is  closed  when  Idle,  by  a  steel  plate  damper 
10%  feet  square,  which  is  hung  from  rollers 
and  may  be  shifted  from  one  intake  to  another 
by  means  of  a  chain  and  hand-wheel.  With  the 
two  dampers  mentioned,  each  fan  may  be  oper- 
ated independently  of  the  other,  or  if  unusual 
capacity  is  required,  the  dampers  may  be  placed 
in  mid-position  and  both  fans  operated 
simultaneously. 

Each  fan  is  direct  driven  by  a  Chandler  & 
Taylor  13xl4-inch  simple  automatic  high-speed 
engine  controlled  by  a  throttle  governor.  The 
fan  bearing  is  supported  by  a  cantilever  I-beam 
grillage,  and  is  of  the  ring-oiling  type  protected 
from  the  heat  of  the  flue  gases  by  a  water- 
jacket. 

Condensing  Plant. — The  two  condensing 
plants  are  practically  duplicates,  although  each 
is  intended  to  serve  one-half  of  the  engine  plant. 
The  condensers,  which  are  40  inches  in  diame- 
ter at  the  entrance,  are  of  the  Worthington  ele- 
vated jet  or  barometric  type.  They  are  located 
In  the  space  between  building  and  crane  col- 
umns in  order  to  clear  the  crane.    At  the  junc- 


risers  leading  to  the  two  condenser  cones.  At 
this  point  is  located  on  each  condenser  a  tubu- 
lar air  cooler,  around  which  the  injection  water 
circulates  on  its  way  to  the  condenser.  Three 
dry-vacuum  pumps  are  furnished  for  the  two 
condensers,  one  of  which  may  be  held  as  a  re- 
serve. Two  of  these  are  10x22x18  inches  of  the 
horizontal  rotative  pattern,  and  the  third  an 
8xl6xl2-inch  vertical  marine  type  high-speed 
pump,  all  of  Worthington  build.  They  are 
supplied  with  steam  from  the  engine  auxiliary 
piping  system  and  exhaust  into  the  main  con- 
densing system.  The  air  discharge  is  led 
through  spiral  riveted  piping  to  the  roof. 

The  overflow  water  from  the  two  condenser 
hot-wells  is  conducted  through  a  36-inch  tile 
conduit  to  a  concrete  hot-well  located  about 
200  feet  distant  at  the  cooling  towers.  On  ac- 
count of  the  nature  of  the  soil  it  was  found 
necessary  to  support  this  conduit  on  piling.  For 
this  purpose  the  entire  conduit  line  was  en- 
closed within  a  timber  trough  21/^x3  feet  deep, 
built  of  4-inch  pine  tongued  and  grooved,  this 
trough  resting  upon  cross  sleepers  capping  the 
double  row  of  piles.  The  sides  of  the  trough 
were  reinforced  and  the  structure  held  together 
by  tie-rods. 

Cooling  Towers. — An  interesting  fsature  of 
the  plant  is  the  equipment  of  the  cooling  tow- 
ers for  furnishing  cold  water  to  the  condensers. 
The  equipment  Is  of  sufficient  capacity  to  sup- 


above  the  gratings  conveys  the  vapor  above  the 
adjacent  building  roof  and  provides  some  nat- 
ural draft  in  addition  to  that  furnished  by  the 
fans. 

The  distributing  system  of  each  tower  com- 
prises a  20-inch  cast-iron  supply  pipe  extending 
through  the  wall  of  the  pump  room  the  full 
length  of  the  towers.  This  in  turn  supplies  30 
transverse  distributing  pipes  drilled  underneath 
with  numerous  holes,  the  entire  pipe  system  be- 
ing suspended  from  steel  cross  beams  anchored 
in  the  walls.  A  20-lnch  cast-iron  main  con- 
nects the  four  branches  of  the  towers  with  the 
circulating  pumps,  each  branch  being  controlled 
by  a  gate-valve.  Underneath  each  tower  is  a 
settling  well  connecting  with  a  central  cold- 
well  from  which  the  condenser  water  is  drawn. 

Draft  Is  supplied  to  each  tower  by  four  120- 
inch  Seymour  fans  arranged  in  two  pairs.  All 
sixteen  fans  are  belted  to  a  jack-shaft  with  Nep- 
tune waterproof  belt.  This  jack-shaft  is  carried 
by  brackets  attached  to  the  building  wall,  and 
is  driven  by  an  18  and  30xl6-inch  Westinghouse 
compound  engine,  the  strain  of  the  main  belt 
being  taken  up  by  a  structural  steel  tower  built 
independent  of  the  building  wall. 

Injection  water  for  condensers  and  water  for 
cooling  towers  is  handled  by  a  battery  of  three 
24-inch  centrifugal  pumps  of  the  Worthington 
turbine  pattern,  one  being  normally  used  for 
the  two  condensers    and    one    for    the    towers. 
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tlon  of  the  horizontal  and  vertical  lines  of  ex- 
haust piping  is  located  a  cast-iron  entrainer 
which  forms  a  water  pocket  draining  the  hori- 
zontal line  and  so  directing  the  passing  ex- 
haust steam  as  to  pick  up  any  water  collected 
in  quantity  In  the  pipe  and  carry  it  over  to  the 
condenser  in  the  form  of  spray.  At  the  top  of 
each  exhaust  riser  is  an  automatic  relief  valve 
which  in  event  of  loss  of  vacuum  provides  a 
vent  to  the  atmosphere  through  a  line  of  ver- 
tical spiral  riveted  pipe  extending  through  the 
roof.  A  gate  valv£  at  each  engine  and  at  the 
condensers  gives  complete  control  of  this  part 
of  the  system.  The  weight  of  the  condenser 
is  borne  by  two  15-inch  I-beams  spanning  the 
concrete  hot-well,  lugs  having  been  fitted  on  the 
tail  pipe  for  furnishing  the  required  bearing. 
Injection  water  is  supplied  through  a  30-inch 
cast-iron  main  from  the  pump  room,  two  20-inch 


ply  the  entire  station,  aggregating  about  14,000 
indicated  horse-power,  including  auxiliaries  op- 
erating upon  the  main  condensing  system. 

The  four  towers  are  identical  in  size  and  con- 
struction. Each  consists  of  a  rectangular  brick 
stack  52  feet  in  height,  containing  ten  tiers  of 
wooden  gratings  occupying  20  feet  of  the  height 
of  the  tower.  These  gratings  furnish  the  cool- 
ing surface  of  the  tower,  and  are  constructed 
of  3x6-inch  pine  timber  set  on  edge  four  deep, 
with  uniform  side  spacing.  This  construction 
forms  a  horizontal  grating  24  inches  in  height 
and  filling  the  entire  area  of  the  tower,  the 
ten  tiers  of  grating  being  at  right  angles,  in 
order  to  break  up  more  completely  descending 
streams  of  water  and  secure  maximum  effective- 
ness of  cooling  surface.  A  space  of  121^  feet  be- 
neath gratings  provides  for  the  introduction  of 
the  fans  and  a  corresponding  space  of  20  feet 


while  the  third  is  held  in  reserve.  Either  pump 
may  be  replaced  by  the  spare  when  desired. 
These  pumps  are  direct  driven  by  18  and  30x16- 
inch  Westinghouse  compound  engines  and  oper- 
ate upon  a  head  of  approximately  45  feet  includ- 
ing suction.  Each  pump  unit  has  a  capacity 
of  17,000  gallons  per  minute  under  a  total  head 
of  50  feet  including  equivalent  friction  head. 
The  output  of  the  pumps  may  be  regulated 
according  to  the  water  required  by  means  of 
handwheels  at  the  end  of  the  engine  shafts. 
These  communicate  with  the  respective  engine 
governors,  the  adjustment  of  which  may  be 
changed  while  the  unit  is  running,  and  the 
speed  then  proportioned  to  the  load.  The  24- 
inch  water  main  supplying  the  tower  is  sup- 
ported by  10-inch  pipe  columns  with  Intermedi- 
ate trusses. 
Piping. — Two  complete  and  Independent  sys- 
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of  high  pressure  ste&m  piping  have  l>een 
Ikld  out.  ooe  for  each  of  the  two  main  sections 
ot  th«  boiler  plant.  The  four  batteries  of  boil- 
era  constituting  each  section  of  the  boiler  plant 
are  interconnected  bjr  a  ID-inch  main  and  a 
4-inch  auxiliary  line,  both  in  the  form  of  a 
ring  main,  the  latter  underneath  the  10-inch 
ilag  and  not  shown.  No  pipe  bends  are  used  . 
•xcept  on  this  ring  main,  the  necessary  flexibil- 
ity o(  the  piping  system  being  secured  partly  by 
this  Bwans  and  partly  by  the  method  of  sup- 
port. Extra  heavy  Eaton,  Cole.  &  Burnham  flt- 
UngB  and  Chapman  outside  screw  and  yoke 
gate  Talves  are  used  on  all  high  pressure  ptp- 
inc.  and  standard  fittings  on  the  low  pressure 
piping.  At  the  junction  of  the  ring  main  and 
the  T^rious  risers  from  the  boilers,  angle  valves 
ar«  used  in  the  case  of  both  the  10-inch  and 
4-inch  mains.  With  the  location  of  the  valves 
adopted,  in  the  event  of  rupture  of  any  section 
of  a  ring  main,  the  trouble  may  be  localized 
by  shutting  off  the  disabled  section,  the  remain- 
ing half  of  the  main  being  kept  in  service.  The 
UM  of  the  ring  main  also  largely  facilitates  the 
•team  distribution. 

Each  of  the  10-inch  ring  mains  connects  with 
a  12-Inch  supply  pipe  leading  to  the  engine 
room  In  the  Machinery  Building.  The  two  4- 
Inch  auxiliary  ring  mains  similarly  connect 
with  an  8-inch  supply  main  serving  the  boiler 
plant  auxiliaries,  together  w^ith  the  circulating- 
pump  and  cooling-tower  engines.  No  connec- 
tion exists  at  any  point  between  the  10-Inch  and 
4-incb  systems;  this  separation  being  still  more 
complete  by  the  fact  that  the  auxiliary  ring 


contaminating  the  feed-water.  The  two  heaters 
are  provided  in  common  with  an  atmospheric 
relief  of  spiral  riveted  pipe  leading  through  the 
i-oof. 

An  unusually  symmetrical  arrangement  of 
feed-piping  is  employed.  The  supply  mains  are 
in  duplicate  and  have  cross-connections  at  ad- 
jacent batteries  through  2>.j-inch  headers.  By 
means  of  properly  located  valves,  each  section 
may,  however,  be  completely  isolated  in  case 
of  necessity.  Ordinarily  the  feed  line  to  each 
battery  of  boilers  is  controlled  by  a  single 
valve. 

In  designing  the  supports  for  the  various  sys- 
tems of  piping,  unusual  difficulties  have  been 
encountered  in  the  absence  of  facilities  for 
hanging  the  pipes  from  the  roof  trusses,  thus 
making  it  necessary  to  support  all  piping  from 
the  ground.  In  this  work  wrought-iron  pipe 
columns  and  trussed  pipe-towers  have  been 
largely  used  for  carrying  the  elevated  mains 
where  these  run  clear  of  the  boiler  settings.  In 
the  case  of  pipe  lines  running  over  the  boilers, 
structural  steel  A-frames,  of  which  the  accom- 
panying Illustration  is  typical,  are  used.  This 
particular  frame  spans  the  space  between  boil- 
er settings  and  combines  the  function  of  pipe- 
banger  and  anchor. 

The  problem  of  expansion  in  the  long  run  of 
piping  between  buildings  was  solved  by  pro- 
viding sufficient  swing  radius  at  bends  and  by 
anchoring  at  Intermediate  points.  At  the  point 
of  entry  to  the  pipe  trench,  the  two  12-inch 
mains  are  restrained  from  horizontal  movement 
by  the  anchor,  and  at  the  corner  of  the  succeed- 


Jersey  cross  the  bay  on  a  pile  and  timber 
trestle  about  a  mile  and. one-half  in  length,  with 
a  steel  swing  bridge  spanning  a  dredged  and 
navigable  channel  a  short  distance  east  of  the 
middle  of  the  trestle.  The  bridge  at  this  point 
must  be  operated  frequently  to  accommodate 
the  passage  of  a  large  vessel  traffic  to  and  from 
Newark  and  other  cities  along  both  the  Passaic 
and  Hackensack  Rivers. 

The  double-track  center  pier  swing  bridge 
was  becoming  inadequate  to  carry  the  increas- 
ing engine  and  train  loads  and  the  greatly  in- 
creased traffic  of  the  company.  When  it  was 
decided  to  replace  the  center  pier  swing  bridge, 
it  was  recognized  that  the  new  bridge  should 
not  only  provide  for  the  requirements  of  the 
present  traffic,  but  should  permit  and  facilitate 
the  construction  of  additional  tracks  and 
bridges  from  time  to  time  as  the  traffic  in- 
creased. Pour  tracks  are  already  maintained 
on  both  sides  of  Newark  Bay  and  the  eventual 
construction  of  four  tracks,  or  more,  across  the 
bay  was  considered. 

Extensive  studies  were  made  of  the  cost  and 
adaptability  of  different  types  of  movable 
bridges  to  meet  the  existing  conditions  and  ex- 
panding requirements.  If  a  center  pier  awing 
bridge  were  built,  it  would  be  necessary  to 
build  a  temporary  trestle  with  a  temporary 
movable  bridge  across  the  navigable  channel 
and  divert  the  traffic  of  the  railroad  over  the 
temporary  structure.  It  would  be  necessary 
to  construct  the  new  swing  bridge  as  a  four- 
track  structure,  although  only  two  tracks  are 
to  be   maintained  across  Newark  Bay  during 


General  Elevation  of  Two  Rolling  Lift  Bridges,  Back  tQ  Back,  over  Newark  Bay. 


mains  are  supplied  by  2-inch  taps  into  the  boil- 
er headers,  thus  rendering  the  operation  of  the 
auxiliaries  quite  Independent  of  any  break  in 
the  main  piping  system.  As  a  precautionary 
measure  in  case  of  rupture  to  the  8-inch  auxil- 
iary supply  line,  a  2^-lnch  duplicate  supply 
pipe  also  leads  to  the  auxiliary  room,  so  that 
sufficient  steam  may  be  available  for  operating 
the  boiler  feed  pumps,  thus  keeping  this  part 
of  the  plant  under  control. 

At  the  northwest  comer  of  the  auxiliary 
room,  the  two  12-inch  engine  supply  lines  drop 
approximately  28  feet  to  the  level  of  a  pipe 
tunnel  through  which  they  are  carried  to  the 
Machinery  Building,  a  distance  of  about  475  feet 
in  the  case  of  the  longest  run.  The  average 
length  of  run  from  the  respective  ring  mains 
to  the  corresponding  pair  of  engines  supplied, 
is  464  feet  In  one  case  and  617  feet  in  the  other. 
The  entire  high-pressure  piping  system  In  the 
boiler  house  Is  drained  by  a  steam  loop  and 
Holly  grarity  return  system,  which  automati- 
cally returns  condensation  to  the  boilers.  This 
system  not  only  drains  the  piping  itself,  but 
also  the  water-pockets  In  the  various  valves. 

All  boiler  room  auxiliaries,  as  well  as  the  cir- 
culating pump  and  fan  engines,  exhaust  Into 
two  Cochrane  feed-water  heaters  In  duplicate, 
the  distribution  of  the  exhaust  steam  between 
the  two  headers  being  controlled  by  valves,  so 
that  either  heater  may  be  replaced  by  the  other 
one  when  desired.  Both  headers  are  provided 
with  oil  extractors  at  the  point  where  the  ex- 
haust enters  the  heater.  These  largely  prevent 
the  oil  carried  over  in  the  exhaust  steam  from 


ing  run,  162  feet  in  length,  both  lines  are  again 
anchored,  as  well  as  at  the  beginning  of  the  last 
section  of  piping  at  the  engines.  At  each  bend 
In  the  steam  lines  double  90-degree  elbows  are 
employed,  with  short  nipples,  which  form  hinge 
joints  through  which  sufficient  flexibility  is 
secured  to  relieve  the  fittings  of  undue  strain. 
At  the  points  intermediate  between  anchors, 
roller  supports  are  used.  The  weight  of  the 
pipe  line  Is  carried  by  2%-inch  wrought-lron 
pipe  extending  across  the  trench  with  ends  set 
Into  wood  blocks.  The  elevation  of  the  support 
may  be  adjusted  by  wooden  wedges.  The  steam 
pipes  rest  directly  upon  loosely  fitting  pipe 
sleeves  which  accommodate  the  expansion  and 
contraction  of  the  pipe  line. 


A  Rolling  Lift    Bridge    over    Newark 
Bay,  New  Jersey.. 

On  February  14  the  west  leaf  or  half  of  two 
new  Scherzer  rolling  lift  bridges  under  con- 
struction for  the  Central  Railroad  Company 
of  New  Jersey,  across  Newark  Bay,  was  suc- 
cessfully lowered  Into  position  to  carry  the  rail- 
way traffic.  The  bridge  had  been  erected  In 
Its  upright  position  and  during  erection  rail- 
road traffic  was  maintained  without  changing 
the  alignment  or  level  of  the  tracks,  by  oper- 
ating the  trains  through  the  bridge  as  shown 
In  one  of  the  accompanying  illustrations.  The 
new  structure  Is  being  built  across  the  lower 
end  of  Newark  Bay  to  take  the  place  of  a  cen- 
ter pier  swing  bridge.  At  this  location  the 
lines  of  the  Central  Railroad  Company  of  New 


the  early  future;  for  if  only  a  double-track 
swing  bridge  were  constructed  it  would  have  to 
be  discarded  and  removed  as  soon  as  it  was 
decided  to  increase  the  width  of  the  bridge 
across  the  bay  to  accommodate  four  tracks. 
The  tracks  across  the  bay  would  also  have  to 
be  elevated  several  feet,  introducing  undesir- 
able grades.  If  a  four-track  swing  bridge  were 
constructed  because  of  the  Increased  height  re- 
quired for  the  drum  and  rollers  under  a  four- 
track  swing  bridge. 

All  of  these  difficulties  will  be  obviated  by 
the  use  of  a  Scherzer  rolling  lift  bridge  which 
also  saves  time  to  the  very  frequent  and  Im- 
portant train  service  crossing  the  bridge  by 
providing  unobstructed  channels  for  expediting 
passage  of  vessels.  Railroad  traffic  will  also 
be  facilitated,  as  fully  eighty  per  cent,  of  the 
traffic  through  the  bridge  is  composed  of 
barges  and  tugs,  for  the  passage  of  which  it 
will  only  be  necessary  to  open  the  bridge 
slightly,  while  the  center  pier  swing  bridge 
would  have  to  make  a  complete  opening. 

A  provision  of  the  charter  of  the  railroad 
company  required  that  two  channels  should  be 
maintained  for  navigation  at  this  crossing.  It 
was  therefore  decided  to  build  two  double-track, 
single-leaf  Scherzer  rolling  lift  bridges,  placed 
back  to  back,  each  bridge  being  independent 
of  the  other  In  Its  operation;  the  west  leaf  or 
bridge  to  be  constructed  first  while  navigation 
was  accommodated  through  the  old  swing 
bridge.  Upon  the  completion  of  the  west  leaf 
"or  bridge  and  its  opening  for  the  accommoda- 
tion of  vessel   traffic,  the  construction  of  the 
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east  bridge  would  proceed.  Whenever  it  was 
decided  to  increase  the  number  of  tracks  across 
Newark  Bay,  one  or  more  single  or  double  track 
rolling  lift  bridges  could  be  added  alongside  of 
the  existing  double-track  rolling  lift  bridge. 

The  general  elevation  of  the  new  bridge  is 
shown  in  one  of  the  illustrations.  The  base 
of  rail  is  only  4^^  feet  above  extreme  high 
water,  yet  all  metal  parts  of  the  bridge  are 
kept  above  extreme  high  water,  both  when  the 
bridge  is  closed  and  opened.  When  in  a  closed 
position,  to  carry  the  railroad  traffic,  each  leaf 
or  bridge  span  acts  as  a  simple  truss  on  two 
supports.  Special  consideration  was  given 
to  the  safety  of  traffic  when  operating  trains 
across  the  bridge  at  high  speed.  The  rails  are 
firmly  spiked  to  the  ties  at  all  points,  avoid- 
ing the  loose  and  shifting  rail  lifts  and  end 
lifts  of  the  swing  bridge.  The  rail  joints  be- 
tween the  fixed  and  movable  spans  make  close 
connection,  and  form  a  continuous  and  perfect 
alignment.  The  superstructure  was  designed 
in  accordance  with  Cooper's  1901  specifications 
for  railroad  bridges  to  carry  on  each  track  two 


tral  Railroad  Company  of  New  Jersey,  assisted 
by  Mr.  Austin  Lord  Bowman,  bridge  engineer, 
prepared  the  general  plans  of  the  substructure 
and  maintained  a  supervision  over  the  entire 
work  of  construction.  The  Pennsylvania  Steel 
Company  manufactured  and  erected  the  super- 
structure of  the  bridge,  the  Bethlehem  Steel 
Company  furnishing  the  machinery.  The  Sand- 
ford  &  Harris  Company,  of  Hoboken,  were  the 
contractors  for  the  substructure  of  the  bridge. 


The  Manchester  Street  Power  Station  of 
the    Rhode    Island  Company,  Provi- 
dence.— II. 


Condensers. — The  condensing  plant  consists 
of  four  jet  condensers,  one  for  each  unit,  with 
vertical  twin  pumps  drawing  from  one  and  dis- 
charging into  a  second  of  two  concrete  conduits 
extending  lengthwise,  of  the  building  under  the 
basement  floor.  The  pumps,  which  are  of  the 
Blake  pattern,  are  16x40x24  inches  in  size  for 
the  horizontal  engines  and  16x48x24  inches  for 


sheet  piling  and  having  a  floor  of  4  feet  of  con- 
crete. The  bottom  of  the  suction  flume  is  16i/^ 
feet  below  mean  high  water  and  leads  to  a 
screen  chamber  beyond  which  the  flume  takes 
the  form  of  a  flattened  ellipsoidal  concrete  con- 
duit with  axes  7%  and  4  feet.  The  discharge 
conduit  within  the  building  is  similar  to  the 
suction  passage,  except  that  it  is  7  feet  high. 
Outside  the  building  it  Is  also  of  the  timber 
wall  and  concrete  floor  construction,  with  Us 
bottom  7  feet  below  mean  high  water  or  about 
2  feet  below  low  water,  and  it  is  4x7.5  feet  In 
cross-section.  The  concrete  discharge  conduit 
is  vertically  over  the  suction  passage,  but  a 
short  distance  outside  the  building  line  it  di- 
verges from  the  line  of  direction  of  the  suc- 
tion flume,  emptying  at  the  wharf  line  46  feet 
from  the  intake.  Under  each  condenser  the 
suction  conduit  can  be  reached  by  a  well  in 
which  is  placed  the  pump  suction  pipe  with 
strainer  foot  valve.  The  screen  chamber  at  the 
end  of  the  suction  flume  contains  two  Bx8-foot 
screens,  of  brass  wire,  one  of  1%-lnch  mesh  and 
the  other  of  1-inch  mesh  through  which  the 


Rolling  Lift  Bridge  over  Newark  Bay:   Showing  Erection  in  Vertical   Position  Permitting  Trains  to  Pass. 


187%-ton  engines,  followed  by  a  uniform  load 
of  5,000  pounds  per  linear  foot  of  each  track. 
Two  75-horse-power  gasoline  engines,  manu- 
factured by  Fairbanks,  Morse  &  Company,  are 
provided.  Each  engine  is  so  arranged  and  con- 
nected with  the  machinery  that  it  can  operate 
both  bridges  either  jointly  or  separately,  as  de- 
sired. The  operator's  house  is  constructed  en- 
tirely of  steel  and  fireproof  material,  wood  be- 
ing eliminated. 

The  bridge  is  constructed  for  the  Central 
Railroad  Company  of  New  Jersey,  Mr.  W.  G. 
Besler,  vice-president  and  general  manager, 
but  is  also  used  by  the  trains  of  the  Philadel- 
phia &  Reading  and  the  Baltimore  &  Ohio 
Railroads.  The  Scherzer  Rolling  Lift  Bridge 
Company  furnished-the  designs,  plans  and  spe- 
cifications for  the  superstructure,  operating 
machinery  and  operating  equipment  of  the 
bridge  and  also  maintained  a  consulting  engi- 
neering supervision  over  its  construction.  Mr. 
Joseph  O.  Osgood,  chief  engineer  of  the  Cen- 


the  vertical  unit.  Relief  valves  are  furnlshe'd 
near  each  condenser  unit  and  the  exhaust  pip- 
ing is  of  cast-iron  except  beyond  the  relief 
valves  where  it  Is  of  spiral  riveted  pipe.  There 
are  two  36-Inch  free  exhaust  risers,  one  at  each 
end  of  the  building,  the  run  of  pipes  being 
shown  in  the  plan.  The  two  straight  horizon- 
tal lines  leading  to  the  risers  are  each  provided 
with  a  Walnwrlght  corrugated  copper  expansion 
joint.  'The  risers,  which  are  capped  with  ex- 
haust heads,  are  some  100  feet  high  and  the 
braces  used  to  hold  the  pipe  and  at  the  same 
time  allow  for  expansion  are  shown  herewith. 
The  rods  have  a  fork  at  each  end,  making  a 
hinge  joint,  one  at  a  bracket  fixed  to  the  build- 
ing wall  and  the  other  to  a  plate  bolted  to  the 
flange  of  the  exhaust  riser.  There  are  three 
sets  of  these  braces  for  each  pipe.  The  length 
of  the  supports  are  adjustable,  as  indicated. 

Salt  water  from  the  Providence  River  is  used 
for  condensing.  It  Is  admitted  Into  a  flume 
7%  feet  wide  and  8  feet  high,  lined  with  6-lnch 


water  passes  In  succession.  This  chamber  is  at 
the  foot  of  a  timber-lined  shaft  through  which 
the  screens  may  be  removed.  Hinged  covers 
of  heavy  planking  at  grade  level  give  entrance 
to  the  shaft  and  immediately  above  the  screen 
chamber  proper  is  a  6-lnch  splined  plank  roof 
through  which  the  screens  may  be  lifted  In 
wooden  guide  posts  extending  from  the  bottom 
of  the  shaft  to  the  ground  surface. 

Boiler-Feed  System.— the  boiler-feed  system 
Is  one  of  the  specially  Interesting  features  of 
the  plant.  Owing  to  the  use  of  jet  condensers 
operated  with  salt  water,  fresh  water  for  the 
boilers  Is  constantly  required,  taken  from  the 
city  mains.  Normally,  the  water  Is  passed 
through  feed-water  heaters,  to  which  is  brought 
the  exhaust  steam  from  the  feed  and  condenser 
pumps  and  the  marine-type  exciter  set,  and  Is 
then  taken  by  the  feed  pumps,  at  a  temperature 
of  about  170  degrees  Fahrenheit,  so  that  the 
pumps  thus  handle  hot  water,  and  is  delivered 
through  the  economizers  into  the  boilers  at  a 
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temperature  of  220  to  230  aegr«*s.  The  heaters. 
poape  and  economizers  are  all  provided  with 
tey-pawew.  and  there  are  also  duplicate  feed 
mains  to  the  boilers. 

The  scheme  of  piping  and  connections  is  In- 
dicated in  the  accompanying  diagram.  Water  is 
admitted  from  the  public  service  through  either 
one  or  both  of  two  6-inch  pipes,  and  is 'passed 
through  a  meter,  provided  with  the  usual  by- 
pass. The  city  pressure  is  sufficient  to  force  • 
the  water  through  the  feed  heaters  and  to  the 
pumps,  which  are  located  on  the  lower  boiler 
floor  while  the  heaters  are  in  the  basement  di- 
rectly underneath.  The  delivery  pipes  froni  the 
heaters  feed  into  opposite  ends  of  a  suction 
header,  into  which  also  two  6-inch  heater  by- 
pasaea  connect  as  shown.  Each  heater  is  the 
Gleaner  type  made  by  Messrs.  I.  B.  Davis  A 
Sona.  of  Hartford,  consisting  of  groups  of  U- 
tnbea  through  which  the  exhaust  steam  is  led 
successively  from  steam  inlet  to  drain  outlet. 
Each  heater  has  some  375  square  feet  of  heating 
surface,  and  is  4^  feet  in  diameter  and  12Vi 
feet  long.  An  interesting  point  is  that  all  oil- 
laden  drips  are  discharged  into  the  lower  row 
of  tubes,  and  it  is  stated,  that  the  condensed 
steam  is  discharged  at  a  temperature  only  4 
degrees  higher  than  the  inflowing  cold  water. 

There  are  four  feed  pumps,  of  the  Worthing- 


THE    ENGINEERING    RECORD 

to  the  pumps  for  the  upper  deck  have  extended 
stems  rising  through  the  second  boiler  floor 
so  that  they  can  l>e  controlled  from  that  point. 
Opposite  each  pump  discharge  into  the  pres- 
sure header  is  a  large  air  chamber,  and  in  addi- 
tion each  pump  carries  a  relief  valve  discharg- 
ing Into  the  suction.  The  header  Is  formed  into 
a  loop  in  a  vertical  plane  with  the  lower  run 
in  the  cellar.     From  it  are  carried  two  7-inch 
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ing  water  in  the  boilers  either  hot  or  cold.  A 
study  of  the  diagram  will  show  that  any  of  the 
pumps  can  draw  from  either  heater  or  direct 
from  the  cold  supply ;  and  that  any  pump  can  be 
used  to  supply  either  deck  of  boilers,  by  means 
of  the  delivery  loop  and  the  arrangement  of 
valves. 

The  diagram  also  shows  the  distribution  of 
the   feed   piping   for   one   deck  of  boilers,   the 
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Manchester  Street  Power  Station,  Providence:  Details  of  Piping   Systems,  Oil  Filter  and  Electric  Conduits. 


ton  14x8Vizl5-lnch  duplex  double-acting  plung- 
er i>attem,  all  delivering  to  the  same  discharge 
header,  but  ordinarily  connected,  two  to  the  feed 
system  of  the  lower  deck  of  boilers  and  two  to 
that  of  the  upper  deck.  There  are  two  steam 
mains  run  across  the  pumps,  with  a  branch 
from  each  to  each  pump,  and  the  steam  valve 


connections,  these  being  the  regularly  employed 
feed  mains  for  the  two  decks  of  boilers,  and  also 
a  6-inch  connection,  this  leading  to  an  auxiliary 
feed  main  to  which  is  also  brought  a  6-lnch 
pipe  direct  from  the  city  meter  connections. 
The  last  pipe  provides  for  filling  the  boilers 
with  cold  water;  the  other  6-inch  main  for  fore- 


arrangement  tor  the  other  being  similar.  The 
main  starting  7  inches  in  diameter  is  carried 
overhead  behind  the  boilers,  suspended  from  I- 
beams;  and  the  branches  to  each  battery,  for  the 
length  C  to  D,  are  taken  vertically  upward  from 
it,  with  a  connection  for  the  economizer,  as  well 
as  direct  to   the  boilers.     The  auxiliary  main. 
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starting  6  inches  in  size,  is  run  in  the  cellar 
and  at  the  point  A  supplies  a  vertical  to  a  sim- 
ilar horizontal  main  in  the  upper  part  of  the 
lower  story  of  boilers  for  the  second-deck  in- 
stallation. The  branches  from  this  main  at  the 
points  B  in  each  deck  bifurcate  into  two  verti- 
cal pipes  for  the  two  adjacent  boilers,  with  a 
valve  in  each  vertical.  At  the  top  the  ver- 
ticals connect  into  the  branches  from  the  main 
feed  system.  The  valve  in  the  supply  pipe  to 
«ach  boiler  has  an  extended  stem  dropping  to- 
ward the  floor  within  reach  of  the  firemen. 

Electrical  Apparatus. — The  handling  of  cur- 
rent at  11,000  volts  has  resulted  in  an  interest- 
ing equipment  of  electrical  apparatus  grouped 
around  a  two-gallery  switchboard,  31  feet  above 
the  engine  room  floor.  The  various  electrical 
conductors  from  the  generators  are  carried 
overhead  on  the  underside  of  the  ceiling  In  a 
spacious,  well-lighted  gangway  in  the  basement. 
Here  the  high-tension  busbars  are  located,  each 
enclosed  in  separate  brick  housings  supported 
on  a  slate  platform,  and  connections  to  and 
from  them  are  made  in  oil-break  brick-housed 
switches  on  the  engine-room  floor.  These  are 
of  the  pattern  operated  by  relay  switches  on  the 


the  latter  showing  the  state  of  balance  of  the 
load  on  each  phase.  The  generator  panels  have 
only  one  alternating-current  ammeter,  but  have 
both  an  indicating  and  recording  wattmeter,  to- 
gether with  an  ammeter  for  field  current.  For 
the  motors  of  the  electric-driven  exciters  there 
are  two  banks  of  three  delta-connected  trans- 
formers on  the  slate  platform  in  the  basement. 
These  step  down  to  460  volts  and  the  motor 
panel  of  the  switchboard  contains  the  relay 
switches  for  cutting  in  and  out  the  high-ten- 
sion current  of  the  transformers,  the  switches 
being  the  motor-operated  oil-break  type. 

The  direct-current  board  at  present  provides 
for  30  feeders  in  15  panels.  Bach  panel  carries 
two  ammeters  for  the  two  feeders,  but  only  one 
circuit  breaker.  The  generator  panels  have  one 
switch  on  the  switchboards  in  the  negative  side, 
and  one  circuit  breaker  in  the  negative  side, 
while  on  a  pedestal  at  each  machine  there  is  a 
positive  switch  and  the  equalizing  switch.  The 
total  direct-current  output  is  measured  in  a 
large  recording  wattmeter  on  a  panel  between 
generator  and  feeder  panels,  and  this  panel  also 
carries  a  totalizing  indicating  ammeter.  The 
positive   feeders  are  500,000  circular  mils  and 


Conestoga  Creek  Trolley  Bridge   Shoved  off  Its  Piers  by  Ice  in  the  Stream. 


switchboard,  the  switches  actuating  the  main 
switches  through  worm  and  wheel  gearing  driv- 
en by  small  direct-current  motors,  one  mounted 
on  the  brick  enclosure  of  each  switch.  There 
are  five  alternating-current  feeders  and  the  con- 
ductors pass  out  of  the  building  opposite  the  sec- 
ond story  of  the  switchboard  where  there  are 
cutout  copper  bar  switches  mounted  on  mar- 
hie  panels,  with  branches  to  the  lightning  ar- 
resters, grouped  underneath  the  first  gallery. 

A  feature  of  the  switchboard  construction  is 
the  provision  of  3%  inch  pipe  conduits  built  in 
pilasters  against  the  outside  building  wall  for 
the  passage  of  the  conductors.  At  the  bottoms 
the  pipes  are  set  into  special  cast-iron  sockets 
giving  smooth  rounded  surfaces  into  the  con- 
duit and  at  the  top  they  are  fitted  into  the  mar- 
ble cap  of  the  pilaster.  The  high-tension  feed- 
ers are  carried  horizontally  through  the  build- 
ing wall  in  the  center  of  an  8x8-inch  opening 
in  it,  and  out8ide,~ under  the  cover  of  heavy 
slate  hoods,  are  located  the  tension  insulators, 
and  the  beginning  of  the  transmission  line. 

The  alternating-current  feeder  panels  have 
each  a  recording  wattmeter  and  three  ammeters, 


the  negative  returns  1,000,000  circular  mils. 
The  switchboards  are,  generally  speaking, 
equipped  with  standard  General  Electric  instru- 
ments; they  are  of  Vermont  marble  2  Inches 
thick,  mounted  on  3-inch  longitudinal  timber 
stringers.  The  switchboard  structure  is  of  steel 
framing  with  slate  floors. 

Operating  Details. — The  plant  is  equipped 
with  an  Interesting  oiling  system,  and  is  piped 
for  compressed  air  throughout  engine  and  boil- 
er rooms.  A  large  clock  on  the  partition  wall 
is  set  to  strike  a  gong  every  twenty  minutes, 
when  the  oilers  are  required  to  make  a  circuit 
of  the  engine  room  to  ascertain  the  condition  of 
all  bearings,  and  once  a  day  the  machinery  is 
cleaned  by  compressed  air.  For  the  latter  there 
Is  a  Westinghouse  locomotive  type  compressor,, 
automatically  controlled  to  maintain  70  pounds 
pressure,  and  the  system  distributes  from  an 
air  reservoir  about  IS  inches  in  diameter  and  7 
feet  long.  For  signaling  between  operating 
engineer  and  switchboard  attendant,  the  system 
in  vogue  on  shipboard  is  in  use,  consisting  of 
two  dials,  one  in  switchboard  gallery  and  the 
other  on  the  engine-room  floor,  these  connected 


together  with  chains  and  actuating  pointers  to 
stop  opposite  various  legends  on  the  dials  to 
which  attention  is  drawn  by  the  ringing  of  a 
gong.  The  system  is  patented  by  Messrs. 
Charles  Cory  &  Sons,  of  New  York. 

The  oiling  system  referred  to  comprises  a 
duplicate  set  of  storage,  separating  and  filter- 
ing tanks,  all  located  in  an  oil  room  In  the 
basement  of  the  extension  or  ell;  a  15-barrel 
reservoir  35  or  40  feet  above  the  engine  room 
floor  on  the  partition  wall;  two  small  Mason 
pumps  for  lifting  the  oil  from  the  storage  tanks 
to  the  reservoir;  and  a  system  of  brass  distrib- 
uting piping.  The  separating  tanks  to  which 
the  oil  Is  brought  by  gravity  from  the  engines 
are  36  inches  in  diameter  and  7%  feet  high 
above  the  base.  They  are  partly  full  of  water 
and  the  oil  is  introduced  at  the' bottom  through 
a  central  pipe,  and  passes  upward  through  the 
water  and  through  a  circular  plate  perforated 
with  %-inch  holes  for  catching  foreign  matter. 
Near  the  top  is  the  overflow  for  the  separated 
oil,  which  flows  to  the  filters.  In  these  the  oil 
falls  on  a  flat  conical  plate  or  shedder,  perfor- 
ated with  J^-inch  holes,  from  which  the  oil 
passes  by  gravity  through  alternate  layers  of 
woolen  waste  and  charcoal.  These  layers  of 
filtering  material  are  held  between  brass  wire 
screens,  five  layers  of  waste,  each  about  4 
inches  thick,  and  four  layers  of  charcoal,  each 
about  3  inches  thick.  This  filtering  material  is 
enclosed  in  a  30-inch  shell,  in  the  bottom  of 
which  are  J^-inch  holes  by  which  the  filtered 
oil  reaches  the  outer  chamber  of  the  filter  and 
thence  through  an  outfiow  pipe  to  the  storage 
tanks  to  be  used  again.  This  is  for  the  engine 
oil.  For  cylinder  oil,  a  good-size  vertical  tank 
is  located  in  the  engine  room,  from  which  dis- 
tribution to  the  cylinder  oil  pumps  is  to  be  ef- 
fected by  compressed  air. 

The  station  was  designed  by  the  Engineering 
Department  of  the  Rhode  Island  Suburban  Rail- 
way Co.  The  building  was  erected  by  Messrs. 
Horton  &  Hemenway,  and  the  piping  work  by 
the  General  Fire  Extinguisher  Company,  both 
of  Providence.  Plans  for  the  station  had  been 
completed  for  horizontal  units  and  a  single  floor 
of  boilers  when,  in  August,  1902,  it  was  de- 
cided to  double  the  capacity  of  the  plant  with- 
out an  Increase  in  ground  area.  The  pile  and 
concrete  foundation  work  had  fortunately  been 
planned  heavy  and  it  was  necessary  only  to 
redesign  the  superstructure.  The  steel  was 
rolled  and  erected,  the  chimney  was  built,  the 
brickwork  completed  and  the  four  engines  and 
the  boiler  plant  installed  in  a  year  and  four 
months. 


A  Trolley  Bridge  Wrecked  by  Ice. 

The  new  bridge  of  the  Conestoga  &  York 
Furnace  Electric  Railroad  across  the  Conestoga 
Creek,  near  Lancaster,  Pa.,  was  wrecked  by  Ice 
January  23.  The  bridge  was  a  light  pin-con- 
nected through  truss  structure  supported  on 
masonry  abutments  and  a  center  pier.  It  was 
lifted  from  its  supports,  carried  clear  of  them 
and  dropped  into  the  river  a  short  distance 
down-stream,  as  shown  in  the  accompanying 
picture.  It  is  reported  that  the  pier  sustained 
little  damage  and  that  the  superstructure  could 
be  removed,  straightened  and  re-erected  at  a 
comparatively  small  expense.  A  contract  to 
re-construct  the  bridge  within  two  months  has 
been  awarded  to  the  Nelson  &  Buchanan 
Bridge  Building  Company,  of  Chambersburg, 
which  were  the  original  builders  for  the  Tennis 
Construction  Company,  Philadelphia.  The 
height  of  the  substructure  will  be  increased  6 
feet  above  the  original  level  so  as  to  put  the 
superstructure  out  of  danger  from  future  floods. 
Meantime  the  trolley  company  has  no  bridge  at 
this  point. 
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A  Concrete  and  Steel  Covered  Reservoir 

for  Hoylake  and  West  Kirby  Water 

Works,  Elngland. 


An  InteresUng  example  of  reservoir  construc- 
tion embodying  some  rather  novel  features  is 
the  new  3,000,000-gallon  covered  reservoir  re- 
cently completed  for  the  Hoylake  and  West 
Kirby  Gas  and  Water  Company.  These  towns  - 
are  suburbs  of  Liverpool  and  obtain  their  sup- 
ply of  w*t«^r  from  deep  wells.  The  new  reser- 
voir has  a  roof  of  steel  girders,  steel  and  con- 
crete beams  and  reinforced  concrete  slabs  sup- 
ported by  steel  columns,  and  was  described  by 
th  engineer  who  designed  and  constructed  it, 
Mr.  Alfred  J.  Jenkins,  A.  M.  Inst.  C.  E.,  in  a  pa- 
per before  the  winter  meeting  of  the  Brlt- 
Idi  AMOciatlon  of  Waterworks  Engineers.  This 
ifei'TOlr  is  rectangular,  almost  wholly  below 
the  original  ground  level,  and  has  a  depth  of 
23 %  feet  of  water  when  full.  The  excavation 
was  made  in  a  porous  but  substantial  sand- 
stone in  layers  of  various  thickness,  dipping  at 
a  sharp  angle  and  considerably  cross-jointed, 
of  which  were  soft,  so  that  the  trimming 
not  easy  and  the  sides  were  consequently 
left  very  uneven  in  some  places.  There  being 
BO  reason  to  anticipate  inward  thrust,  water- 
tlglitiMaB  was  the  principle  requisite  for  the 
walls.  Hence  the  rough  rock  surfaces  were 
lined  with  concrete,  which  was  finished  to 
smooth  faces  and  covered  with  patent  bitumen 
sheeting  attached  by  special  ties,  one  to  each 
square  yard,  set  in  the  concrete.  The  sheets  of 
bitumen  were  hung  from  top  to  bottom  after 
the  walls  were  built  to  their  full  height  and 
Joined  by  hot  ironing,  and  the  holes  made  by 
the  ties  were  carefully  closed.  Inside  of  this 
waterproof  course  were  placed  9  inches  of 
brickwork  reinforced  by  large  brick  pilasters, 
which  also  served  as  supports  for  the  ends  of 
the  roof  girders.  The  floor  has  a  minimum 
thickness  of  12  inches,  consisting  of  8  inches 
of  concrete  carefully  screeded  to  a  level  bed  for 
the  bitumen  sheeting,  3  Inches  of  concrete 
above  the  sheeting  and  1  inch  of  l^^rl  cement 
mortar  trowelled  to  a  perfectly  smooth  surface. 

The  type  of  covering  described  was  adopted 
chiefly  on  account  of  its  very  considerable 
aeiBBB^  The  columns  are  single  I-beams  and 
the  roof  girders  are  deep  I-beams.  One-quarter 
of  the  number  of  cross-beams  are  also  I-beams, 
spaced  equally,  web-connected  to  the  girders. 
The  intermediate  cross-beams  are  steel  chan- 
nels reinforced  with  concrete.  The  -bases  for 
the  columns  are  3  feet  6  inches  square,  and  are 
of  six  to  one  concrete.  The  bases  are  of 
varying  height,  to  allow  the  columns  to  be  of 
uniform  length  and  yet  permit  the  roof  to  be 
■loped  from  the  middle  in  each  direction.  The 
roof  is  pyramidal  in  form,  the  center  being  1 
foot  higher  than  the  edges,  to  facilitate  drain- 
age. The  columns,  girders  and  arched  channel 
ribs  are  steel,  and  after  being  painted  were  all 
completely  encased  in  concrete  and  cement- ren- 
dering. The  method  of  enclosing  the  columns 
was  to  surround  them,  after  erection,  with  ex- 
panded metal,  and  to  fill  in  the  spaces  between 
the  flanges  with  fine  concrete;  the  whole  of  the 
column  was  then  rendered  with  cement  plas- 
ter, for  which  the  netting  afforded  an  excellent 
key.  This  rendering  was  put  on  in  two  coats, 
and  gave  the  flnished  columns  a  very  neat  ap- 
pearance. 

In  the  cases  of  the  girders  and  ribs  the  lower 
flanges  were  covered  with  netting,  and  the  wood 
centering  for  the  roof  so  arranged  that  the  re- 
mainder of  the  girder  or  rib  would  be  complete- 
ly encased  In  concrete.  After  removal  of  the 
centering  the  exposed  netting  was  rendered. 

The  roof  itself  conslgts  of  one  continuous 
slab  of  concrete,  5  Inches  thick,  in  the  under- 


side of  which  are  built  sheets  of  expanded  steel 
of  3-inch  mesh,  of  which  the  strands  have  a 
section  of  5A6  by  %  inch.  The  roof  Is  di- 
vided up  into  bays,  which  measure  16  teet  6 
inches  by  7  feet  6  inches  from  center  to  center 
of  supports.  The  clear  span  is  slightly  under 
7  feet,  and  the  slab  is  calculated  to  support  an 
evenly  distributed  load  of  about  350  pounds 
per  square  foot  with  a  factor  of  safety  of  4.  It 
will  be  understood  that  with  such  a  thin  slab  of 
concrete  only  the  very  best  materials  could  be 
allowed.  In  this  instance  one  part  of  cement 
was  used  to  four  of  aggregate.  The  Ingredients 
were  mixed  twice  dry  and  twice  wet,  with  not 
too  much  water.  The  centering  was  first  cov- 
ered with  oiled  paper,  and  the  expanded  metal 
laid  upon  this  with  the  necessary  laps.  The 
concrete  was  well  trodden  and  spaded  down, 
with  the  result  that  the  expanded  steel  was 
forced  slightly  up  and  remained  embedded  in 
the  bottom  i/>  Inch  of  the  slab,  where  it  was 
effectually  sealed  and  protected  from  oxidation. 
Instead  of  using  rolled  beams  throughout, 
three-fourths  of  the  secondary  beams  are  of 
concrete  built  upon  cambered  steel  channels. 
Whereas  in  the  case  of  the  slab,  steel  is,  as  a 


A  Small  Wood-Stave   Outfall  Sewer  at 
New   London. 


Section  of  Wood-Stave  Outfall  Sewer. 

matter  of  economy,  brought  to  the  assistance 
of  the  concrete,  so,  in  the  beams,  concrete  is 
brought  to  the  assistance  of  the  steelwork  in 
that  portion  of  the  beam  which  is  in  compres- 
sion. The  concrete  in  these  ribs  was  gauged 
three  to  one;  the  channels  had  to  be  bent  to 
the  correct  curve,  having  not  less  than  1  inch 
of  rise  to  each  foot  of  span,  and  the  ends  were 
carefully  cut  to  fit  the  girders  upon  which  they 
rested.  It  was  also  necessary  that  before  any 
weight  was  put  upon  them  they  should  be  well 
strutted  from  below,  and  that  the  strutting 
should  not  be  removed  until  the  concrete  was 
thoroughly  set. 

Upon  the  completion  of  the  concrete  the  roof 
was  covered  with  bitumen  and  18  inches  of 
earth.  The  outlet  pipe  from  the  reservoir  is 
18  inches  in  diameter,  and  upon  it  is  fixed  a 
Venturi  meter  with  a  throat  ratio  of  one  to 
twelve,  which  will  record  a  minimum  flow  of 
9,000  gallons  per  hour  and  a  maximum  of  130,- 
000  gallons  per  hour.  These  figures  were 
adopted  in  order  to  provide  for  a  greatly  in- 
creased consumption  in  the  near  future,  and 
also  to  permit  of  the  registration  of  small 
flows. 


About  three  miles  from  the  center  of  New 
London,  Conn-,  on  tlie  shore  of  Long  Island 
Sound  and  within  the  city  limits,  is  a  small 
summer  resort  and  park  known  as  Ocean  Beach 
Park,  which  during  three  or  four  months  has- 
a  population,  including  excursionists,  of  about 
1,200,  crowded  upon  an  area  of  four  or  five 
acres.  Up  to  the  present  time  this  resort  has 
been  without  sewerage  facilities  and  only  shal- 
low cesspools  used.  The  healthfulness  o£  the 
locality  being  threatened  by  these  conditions, 
relief  was  undertaken  by  the  Board  of  Sewer 
Commissioners  in  accordance  with  a  scheme 
presented  by  the  engineer  of  the  department, 
Mr.  W.  H.  Richards,  in  December,  1902. 

The  area  in  greatest  need,  and  for  which 
sewerage  has  been  provided,  is  a  strip  of  sand 
bluff  about  1,800  feet  long,  closely  built  upon, 
parts  of  which  are  less  than  2  feet  above  high 
tide;  but  an  additional  low-lying  tract  of  9V& 
acres,  which  may  soon  be  built  up,  must  also 
be  drained  into  these  sewers.  It  was  determ- 
ined to  discharge  the  sewage  by  gravity  into 
the  Sound  without  treatment,  as  the  expense 
of  a  disposal  plant  or  a  pumping  station  could 
not  be  borne-  Of  course,  the  discharge  end  of 
tbe  outfall  had  to  be  so  placed  that  the  sewage 
would  not  give  offense  to  the  residents  nor  the 
bathers  on  the  beach,  and  it  was  necessary  to 
put  the  main  sewer  at  a  sufficient  depth  to  in- 
sure its  draining  all  the  low-lying  territory 
tributary  to  it. 

Two  lines  for  the  outfall  sewer  were  exam- 
ined, radiating  from  a  point  at  one  extremity 
of  the  beach,  at  the  mouth  of  Alewife  Cove, 
and  the  one  deflecting  most  from  the  beach  was 
chosen.  The  outlet  was  located  about  900  feet 
from  shore,  9  feet  below  high  tide,  between  two 
rocky  islets,  where  the  bottom  of  the  Sound 
drops  suddenly  and  the  water  becomes  12  feet 
deep.  Numerous  experiments  with  floats  were 
made  under  a  variety  of  conditions  of  wind  and 
tide,  but  none  of  the  floats  came  back  upon  the 
beach,  although  their  movements  seemed  to  in- 
dicate that  the  surface  currents  changed  with 
every  combination  of  wind  and  tide;  the  gen- 
eral trend  of  the  undercurrent,  however,  is  off- 
shore. The  floats  used  were  quart  bottles  load- 
ed with  sand  so  as  to  be  wholly  submerged, 
tightly  corked  and  carrying  a  numbered  tin  tag 
attached  to  a  wire  inserted  in  the  cork. 

It  will  be  perceived  that  the  main  sewers 
will  be  flooded  a  portion  of  the  time  and  must 
be  flushed  at  frequent  intervals,  to  accomplish 
which  a  large  flush  tank  arranged  to  discharge 
at  low  tide  is  to  be  located  near  the  upper  end 
of  the  main  sewer.  The  outfall  portion  of  the 
sewer  is  18  inches  in  inside  diameter  and  ex- 
tends in  a  straight  line  1,013  feet  from  a  catch- 
basin  on  the  shore  to  the  outlet  and  beneath 
the  water  it  is  covered  with  from  1  to  4  feet 
of  sand.  The  cross-section  of  this  sewer  is 
shown  in  an  accompanying  drawing.  It  is 
made  up  of  fourteen  beveled  hard-pine  staves 
2%  inches  thick  bound  with  %-lnch  round 
steel  hoops,  the  ends  of  which  pass  through 
cast-iron  saddle  blocks  on  top  of  the  sewer,  as 
shown.  The  portion  of  the  outfall  under  water 
was  weighted  and  reinforced  by  two  old  steel 
rails  attached  to  the  sewer  as  shown.  In  ad- 
dition to  these,  the  sewer  was  bound  together 
longitudinally  by  1-inch  bolts  placed  at  the 
extremities  of  the  horizontal  diameter  through 
cast-iron  lugs,  as  indicated.  The  catchbasin 
mentioned  is  very  small,  sufficient  only  to  In- 
tercept such  stones  or  sand  as  may  get  into  the 
sewers.  From  the  catchbasin  the  main  sewer 
rises  on  a  grade  of  1  in  1,000  for  a  distance  of 
1,600  feet-  This  portion  is  a  pipe  10  inches  In 
diameter,     the     smallest     possible    size    being 
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selected  in  order  to  insure  its  thorough  flush- 
ing on  the  light  grade.  Whenever  higher  addi- 
tional territory  is  drained  a  larger  pipe  laid 
at  less  depth  will  have  to  be  added. 

Aa  the  entire  sewer  will  be  submerged  at 
mean  high  tide  and  as  at  the  point  where  it 
passes  through  the  catchbasin  it  is  2%  feet 
below  high  tide,  It  will  be  entirely  emptied  only 
at  low  water,  twice  in  24  hours.  The  work 
was  begun  In  May,  1903,  and  is  now  about  com- 
pleted. 


Details  of  the  Large  Timber  Roof  of  a 

Public  Shelter  in  Van  Cortlandt 

Park,  New  York. 


A  public  shelter  In  Van  Cortlandt  Park,  New 
York,  which  was  built  for  military  and  other 


plastered  or  ceiled.  The  roof  Is  pierced  with 
eight  dormer  windows,  one  at  each  end  and  one 
in  each  alternate  panel  of  the  long  sides,  pro- 
vided with  louvres  so  as  to  afford  ventilation 
for  the  space  under  the  peak  of  the  roof.  Con- 
siderable care  was  taken  to  secure  a  neat  and 
attractive  design,  to  provide  simple  details 
which  should  furnish  efficient  connection  for 
the  timber,  and  to  secure  a  strong  and  durable 
roof. 

The  columns  are  16  feet  10  Inches  apart  In 
four  longitudinal  rows  which  are  16  feet  10 
inches  and  33  feet  8  inches  from  the  center  line 
of  the  building.  At  the  ends  of  the  building 
there  are  additional  columns  on  the  center 
line,  making  in  all  four  transverse  rows  of  five 
columns  each.  The  exterior  columns  are  8 
inches  square  and  11  feet  high.     The  Interior 
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Timber  Roof  Framing  and  Main  Truss  in  Public  Shelter,  Van  Cortlandt  Park,  New  York  City. 


gaging  shouldered  bearings  12  inches  from  the 
end  of  the  column,  which  is  bored  on  the  center 
line  to  receive  the  bolts.  The  pairs  of  inner 
columns  are  connected  by  transverse  truesea, 
as  shown  in  the  cross-sectional  elevation,  and 
the  outer  columns  in  the  same  planes  are  con- 
nected to  the  inner  columns  by  side  trusses. 
The  trusses  and  columns  form  bents  which  are 
braced  longitudinally  by  the  purlins  and  by 
kneebraces  between  the  purlins  and  columns. 

The  regular  trusses  are  omitted  in  the  last 
two  bents  at  each  end  of  the  building,  where 
the  roof  is  carried  by  diagonal  hip  rafters  sup- 
ported by  inclined  struts  at  their  middle  points, 
as  indicated  in  the  longitudinal  diagram.  Four 
lines  of  8xl2-inch  longitudinal  timbers  are  car- 
ried on  the  tops  of  the  columns  and  these,  to- 
gether with  a  double  line  of  4xl2-inch  purlins 
at  the  ridge  and  four  intermediate  lines  of 
6xl2-inch  purlins,  support  the  3x6-inch  rafters, 
which  are  20  Inches  apart  on  centers  and  are 
made  in  single  lengths  from  the  ridge  to  the 
eaves.  They  have  a  pitch  of  about  1:2  and  sup- 
port 2xl-lnch  longitudinal  strips  5  inches  apart 
covered  with  18-inch  sawed  cedar  shingles 
laid  5  inches  to  the  weather.  The  joints  in  the 
trusses  and  at  the  ends  of  the  kneebraces  are 
made  with  mortise  and  tenon,  and  the  former 
are  reinforced  by  steel  bolts  and  connection 
plates,  as  shown  in  the  details.  Short  vertical 
angles  are  bolted  to  the  tops  of  the  columns  and 
project  above  them  to  form  jaws  in  which  the 
longitudinal  timbers  are  bolted. 

The  bottom  chords  of  the  middle  trusses  pro- 
ject beyond  the  tops  of  their  supporting  col- 
umns and  carry  U-shaped  hangers  of  flat  steel 
which  support  the  shouldered  ends  of  the  raft- 
ers in  the  side  trusses.  At  the  ends  of  the 
ridge  the  tops  of  the  hip  rafters  are  carried  in 
special  steel  hangers  attached  to  the  top  chords 
of  the  main  trusses  and  to  the  longitudinal 
half  truss  which  intersects  them  there.  At  the 
top  of  the  inside  corner  post  B,  there  are  pairs 
of  vertical  connection  angles  on  each  side  which 
receive  the  longitudinal  and  transverse  hori- 
zontal timbers,  and  at  the  outside  corner  post 
C,  there  is  a  horizontal  bent  tie-plate  connect- 
ing the  purlins  to  the  post  and  to  an  inside  ver- 
tical corner  angle.  The  purlins  are  dapped  2 
Inches  over  the  top  chords  of  the  roof  trusses 
and  take  bearing  against  angle  clips  bolted  to 
the  latter.  The  rafters  are  dapped  1  inch  over 
the  inclined  tops  of  the  purlins  and  have  flush 
bearings  on  the  beveled  corners  of  the  longi- 
tudinal timbers  in  the  planes  of  the  columns. 

All  the  woodwork  is  of  the  best  selected 
Georgia  pine  painted  three  coats  of  white  lead 
and  oil,  which  was  also  applied  to  the  steel 
after  the  latter  had  been  thoroughly  cleaned 
with  acid  and  sand-paper.  The  shelter  has  a 
monolithic  floor  with  the  surface  slightly 
pitched  from  the  center  line  and  raised  about 
e  inches  from  grade  at  the  outer  edges  where 
it  is  finished  with  bluestone  curb  12  inches 
wide  and  8  inches  deep.  The  floor  consists  of 
9  Inches  of  concrete  made  with  2-Inch  broken 
stone  and  filled  in  with  4  inches  of  concrete 
made  1:4:20  with  lime,  sand  and  gravel  well 
rolled  to  a  smooth  hard  surface. 

Messrs.  Howard  and  Caldwell  were  the  archi- 
tects, and  Mr.  A.  R.  McKim,  M.  Am.  Soc.  C.  E., 
was  the  consulting  engineer. 


purposes,  is  a  large  building  that  consists  sub- 
stantially of  a  roof  and  floor  arid  is  open  on  all 
sides  from  the  ground  to  the  eaves.  It  has  a 
total  height  of  about  33  feet  and  covers  an 
area  about  85x16^  feet.  The  double-pitched 
roof  with  hipped  ends  Is  supported  on  columns 
at  a  height  of  about  10  feet  from  the  eaves  to 
the  ground.  There  are  no  wall  timbers  or 
beams  between  the  columns,  except  those  which 
form  part  of  the  roof,  and  the  structure  Is  not 


ones  are  12  inches  square  and  21  feet  high.  All 
of  them  have  kneebraces  at  the  top  and  the  In- 
terior ones  have  additional  kneebraces  to  the 
lower  horizontal  roof  timbers.  The  lower  ends 
of  the  columns  are  cut  square  and  are  seated  on 
the  bluestone  caps  of  masonry  piers,  through 
the  centers  of  which  there  are  vertical  1%-lnch 
anchor  bolts.  These  bolts  have  riveted  heads 
engaging  horizontal  washer  plates  built  Into 
the  masonry  at  the  lower  end,  and  nuts  en- 


The  Iron  Industry  in  Russia  seems  to  be 
on  the  decline,  according  to  a  recent  consular 
report.  Iron  goods  of  foreign  manufacture  are 
handicapped  by  a  heavy  duty,  but  notwithstand- 
ing this  the  total  output  of  cast-iron  is  decreas- 
ing. In  1899  it  amounted  to  2,632,190  tons;  in 
1902,  to  2,520,916  tons.  The  Government  is  the 
principal  consumer.  There  Is  reported  to  be  an 
abundance  of  superior  Iron  ores  In  the  country, 
and  labor  is  nowhere  cheaper. 
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Special  Pneumatic  Lock  for  the  Harlem 
River  TunneL 


Tke  doubl«-U*ciL  subway  of  the  New  York 
Bapid  Transit  Railroad  across  the  Uarlem 
River  coaaisu  ot  a  pair  of  l&-foot  cast-iron 
tube*  embedded  in  concrete,  as  described  and 
UkHtisted  in  The  Bnsineering  Record  of  Sep; 
5.  1903.  The  cast-iron  shell  is  in  sections 
:  6  feat  square  bolted  together  through  in- 
•anses  on  all  sides.  In  the  west  half  of 
the  tunnel  theae  aectlons  were,  assembled  under 
paMunatic  pressure  Inside  a  special  timber 
calaMW.  illustrated  in  the  article  mentioned. 
thm  larga  aectlons  of  the  lining  were  heavy 
aad  aomewhat  awkward  to  handle  through  or- 
dinary air  locks,  therefore  a  special  material 
lock  was  constructed.  This  lock  was  unusual 
in  Its  dimensions,  of  wide  and  comparatively 
narrow  proportiona  for  the  special  type  of 
doors  and  operating  mechanism,  for  the  combi- 
aatJon  of  cast-iron  and  steel,  for  the  reinforce- 
OMBt  of  the  long  flat  sides  against  unbalanced 
liiuiiniui  and  for  the  movable  disc  which  per- 
mitted the  hook  of  the  hoisting  tackle  to  pass 
in  and  out  of  the  lock  without  opening  the 
upper  door. 


bottom  pieces  which  cover  the  central  chamber 
and  are  separated  by  horizontal  joints.  These 
pieces  are  extended  on  one  side  beyond  the 
central  chamber  by  the  addition  of  end  sections 
which  receive  the  sliding  doors  when  open. 
The  horizontal  flanges  of  the  joints  between  the 
top  and  bottom  castings  of  each  chamber  are 
planed  to  receive  the  solid  rectangular  cast- 
iron  doors  3  inches  thick,  which  slide  on  bear- 
ing strips  set  in  the  lower  castings.  The  doors 
are  planed  to  a  close  fit  so  that  there  is  little 
or  no  leakage  around  them,  and  to  the  lower 
side  of  each  there  is  attached  a  rack  extending 
from  end  to  end.  These  racks  engage  pinions 
on  horizontal  shafts  passing  through  stufllng 
boxes  in  the  lower  castings  of  each  chamber. 
The  shaft  projects  sufficiently  outside  of  the 
chamber  to  receive  the  movable  cranks  at  both 
ends. 

In  the  center  of  the  upper  door  there 
is  a  hole  7  Inches  in  diameter  bored  to  fit  a 
flanged  cast-iron  plug  made  In  two  equal  parts 
with  a  diametrical  joint  having  rubber  gas- 
kets on  both  sides.  The  plug  Is  bored  through 
the  center  to  receive  a  brass  bushing  tightly 
fitted  to  the  hoist  rope.  BJach  half  ot  the  plug 
is  provided  with  two  oarefully-fltted  hook  bolts 


^^^^ 


A  Simple  Traveler  for  Erecting  a  Viaduct. 

The  main  approach  of  the  Interprovincial 
bridge  across  the  Ottawa  River  at  Nepean 
Point,  between  the  cities  of  Ottawa  and  Hull, 
contains  a  number  of  30-foot  plate-girder  sin- 
gle-track deck  spans  supported  on  steel  trans- 
verse bents.  Some  of  these  were  erected  by  an 
overhead  four-wheel  platform  traveler  running 
on  the  permanent  track  and  having  a  project- 
ing boom,  as  described  in  The  Engineering  Rec- 
ord of  December  14,  1901.  The  remainder  were 
erected  by  a  very  simple  and  convenient  form 
of  trussed  balance-beam  which  proved  rapid 
and  efficient  in  its  operation.  This  consisted, 
as  shown  in  the  accompanying  illustrations,  of 
a  single  12xl2-inch  timber  about  50  feet  long 
with  a  horizontal  transverse  cross-piece  10  or 
12  feet  long  at  the  center.  It  was  trussed  by  a 
short  timber  post  at  right  angles,  to  and  in  the 
plane  of,  the  transverse  piece,  and  by  a  pair 
of  light  Manila  tackles  leading  from  the  top 
of  the  king  post  to  the  ends  of  the  beam  and 
set  up  to  develop  positive  initial  stress.  The 
top  of  the  king  post  was  kneebraced  to  the  ends 
of  the  transverse  timber  and  the  beam  was  slid 
along  on  the  top  flange  of  the  girders.  The 
ends  of  the  transverse  piece  were  anchored  by 
small  tackles  to  the  tops  of  the  columns  and 
the  rear  end  of  the  beam  was  lashed  to  the  com- 
pleted structure. 
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Details  of  Pneumatic  Lock  Used  in  Constructing  the  Harlem  River  Tunnel  of  the  New  York  Rapid  Transit  Railroad. 


The  general  appearance  and  dimensions  ot 
the  lock  are  shown  in  the  side  and  end  elevar 
tions  herewith.  It  consists  essentially  of  three 
chambers.  The  center  chamber  is  of  steel 
plates  riveted  to  inside  vertical  corner  angles 
and  is  reinforced  by  outside  yokes.  The  top 
and  bottom  chambers  are  similar  and  are  each 
made  of  four  castings  flange-bolted  together  and 
fitted  with  horizontally  sliding  doors  operated 
by  racks  and  pinions  commanded  by  exterior 
band  cranks. 

These  outside  yokes  are  made  with  pairs 
of  S-incb  channels  8  inches  apart  at  the  back, 
rlTetad  horizontally  across  the  wide  sides  of 
the  chamber.  Their  ends  project  sufllciently  to 
engace  the  flanges  of  single  8-inch  channels 
riTCtad  acroaa  the  narrow  sides  of  the  chamber. 
Cast-Iron  bearing  plates  are  seated  on  the  ends 
of  the  6-Inch  channels  and  receive  tension  rods 
which,  together  with  those  at  right  angles  to 
them  through  the  ends  of  the  12-inch  channels, 
are  screwed  up  to  considerable  Initial  tension. 
thus  proTldIng  very  stiff  and  solid  reinforce- 
ment In  both  directions. 

The  upper  and  lower  diambers  have  top  and 


having  lever  handles  on  the  upper  side.  These 
bolts  serve  as  buttons,  lock  the  plug  in  position 
and  are  easily  opened  by  a  quick  twist  so  as 
to  allow  the  halves  of  the  plug  to  be  separated 
and  removed  so  as  to  permit  the  hook  to  be 
lowered  through  the  lock  door  without  opening 
the  latter. 

The  lock  was  designed  and  manufactured  by 
the  Cockburn  Barrow  &  Machine  Company,  Jer- 
sey City,  Mr.  William  Mcllvrld,  general  man- 
ager, for  Messrs.  McMullen  &  McBean,  contrac- 
tors for  the  Harlem  crossing. 


The  Effect  of  Low  TEiu'ERAxtiRE  on  Iuon  has 
recently  been  Investigated  by  Professor  Dewar 
and  Mr.  Hadfleld,  using  a  bar  containing  99.89 
per  cent,  of  iron,  which  Is  practically  pure. 
Tests  at  ordinary  temperatures  showed  a  tensile 
strength  of  21  tons  and  an  elongation  of  25  per 
cent,  in  2  Inches.  At  a  temperature  of  —  180  de- 
grees Cent,  the  tensile  strength  was  increased 
to  54  tons  but  the  elongation  was  nil.  The  part 
of  the  bar  that  had  been  subjected  to  extremely 
low  temperature  bent  double  cold  after  it  had 
returned  to  the  normal  temperature. 


When  the  beam  was  in  a  horizontal  position, 
the  forward  end  overhung  the  center  of  the 
next  column  bent,  and  being  longer  and  heavier 
than  the  rear  end,  remained  in  stable  equili- 
brium when  unloaded.  A  six-part  tackle  was 
suspended  from  it  and  raised  and  set  the  trans- 
verse bent,  which  had  previously  been  com- 
pletely assembled  on  the  surface  of  the  ground. 
After  the  bent  was  guyed  in  place,  the  hoisting 
tackle  was  released,  the  anchor  tackles  at  the 
ends  of  the  transverse  beam  were  slacked  a  lit- 
tle, and  the  rear  end  of  the  beam  was  pulled 
down  by  tag  lines  until  the  beam  assumed  an 
inclined  position  with  the  upper  end  approxi- 
mately over  the  center  of  the  incompleted  via- 
duct panel.  The  tag  lines  were  then  made 
fast  to  the  feet  of  the  columns  and  the  main 
girders  were  successively  hoisted  and  fleeted  to 
position  by  hand.  Afterwards  the  cross-frames 
were  put  in  position,  erection  bolts  were  fitted 
and  -the  balance-beam  moved  forward  another 
panel  in  a  very  short  time.  This  method  re- 
quired no  additional  expense  for  constructing 
the  traveler,  which  was  built  with  the  tackles 
ordinarily  used  by  the  erectors  and  timber  bor- 
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rowed  from  the  falsefvork.  It  was  light  and 
easily  handled,  was  operated  by  a  hoisting  en- 
gine, stationary  on  the  ground,  and  was  con- 
sidered very  satisfactory. 

Mr.  Guy  C.  Dunn  was  the  acting  chief  engi- 
neer of  the  Ottawa  &  Gatlneau  Railway  Com- 
pany, for  whom  the  bridge  was  built  by  the 
Dominion  Bridge  Company,  Montreal;  Mr. 
Phelps  Johnson,  manager,  and  Mr.  C.  H.  Dug- 
gan,  chief  engineer.  Mr.  H.  D.  Bush  was  engi- 
neer In  charge  of  erection,  and  Mr.  James  Fin- 
ley  was  the  foreman  of  erection,  who  devised 
and  operated  the  traveler. 


Massachusetts    Institute    of   Technology 
Tape  Apparatus. 

Through  several  seasons  of  experimentation 
and  experience  at  the  summer  schools  of  the 
Massachusetts  Institute  of  Technology  means 
and  methods  for  rapid  and  very  accurate 
measurement  of  base  lines  by  the  use  of  steel 
tapes  have  been  developed  successfully.  Al- 
though this  apparatus  has  been  known  for 
some  time  it  seems  not  to  have  been  adopted 
for  this  class  of  work  to  the  extent  it  deserves. 
The  apparatus  includes  an  automatic  stretch- 
ing device  which  makes  easy  the  securing  of  a 


urement  of  primary  bases  by  the  Coast  and 
Geodetic  Survey.  In  considering  these  tests 
It  should  be  kept  clearly  in  mind  that  results 
of  the  extremely  high  degree  of  accuracy 
which  are  stated  to  have  been  obtained  with 
this  apparatus  are  unnecessary  in  connection 
with  primary  triangulation.  The  base  meas- 
urement is  ordinarily  the  strongest  part  of  the 
work,  and  very  little  accuracy  is*  gained  by 
reducing  the  probable  error  of  a  base  further 
after  a  probable  error  of  one  part  in  500,000 
has  been  obtained.  In  making  the  tests  it  was 
continually  kept  in  mind  that  what  was  wanted 
was  a  method  of  measurement  which  should 
be  as  rapid  as  possible  while  securing  a  prob- 
able error  not  exceeding  one  part  In  500,000. 

The  tests  made  at  Washington  consisted  of 
repeated  readings  on  a  single  tape  length  be- 
tween fixed  points,  the  tape  being  supported  at 
intervals  of  25  meters  on  nails  or  a  wooden 
arm.  One  end  of  the  tape  was  fixed  rigidly, 
and  the  readings  taken  at  the  other  end.  No 
glass  rollers  were  used  to  relieve  the  friction 
at  the  reading  end.  The  conditions  differed 
from  those  ordinarily  encountered  in  the  meas- 
urements by  students  at  the  Massachusetts  In- 
stitute of  Technology,  in  that  the  support  in- 
terval was  changed  from  10  to  25  meters;  that 


Second  Position  of  Traveler  in  Erecting  a   Plate-Girder  Viaduct   near  Ottawa. 


uniform  tension,  the  value  of  which  can  be  de- 
termined to  a  fraction  of  an  ounce,  and  a 
thermophone  adapted  to  indicate  the  expan- 
sion of  the  tape  by  means  of  its  electrical 
resistance  changes.  The  following  descrip- 
tion of  tests  and  comments  on  them  are  taken 
from  papers  by  Prof.  Alfred  E.  Burton  and 
Mr.  John  F'.  Hayford  published  in  "Technology 
Quarterly"  volume  14.  The  thermophone  as 
perfected  by  some  of  the  students  reads  di- 
rectly the  mean  temperature  of  the  tape  to  a 
tenth  of  a  degree  Fahrenheit.  In  1900,  the 
apparatus  was  given  a  test  by  the  United 
States  Coast  and  Geodetic  Survey,  In  which 
many  of  the  minor  appliances  used  to  further 
increase  the  accuracy  of  the  measurements 
were  omitted  as  needlessly  increasing  the  re- 
finement and  thus  uecreasing  the  speed  of  the 
work.  The  measurements  at  the  summer 
school,  however,  have  always  shown  a  smaller 
probable  error  than  was  brought  out  by  the 
test. 

The  object  of  these  tests  of  the  Massachu- 
setts Institute  of  Technology  tape  apparatus 
was  to  determiae  its  adaptability  to  the  meas- 


there  was  considerably  more  friction  at  the 
fixed  nails  or  other  supports  than  with  the 
swinging  hook  supports  ordinarily  used;  and 
that  a  little  extra  friction  was  encountered  at 
the  reading  end.  The  conditions  as  stated 
were  similar  to  those  which  are  allowed  to 
exist  with  the  50-  and  100-meter  tapes  actually 
in  use  during  the  season  in  the  Coast  and 
Geodetic  Survey  base  measurement,  and  it  was 
believed  that  the  desired  accuracy,  namely,  a 
probable  error  of  one  part  In  a  half  million, 
could  be  obtained  under  these  conditions.  On 
each  day  the  temperature  conditions  varied 
greatly,  part  of  the  measurements  being  made 
in  bright  sunlight,  a  part  with  one  portion  of 
the  tape  in  sunlight  and  another  in  shade, 
other  measuremients  being  made  during  day- 
light but  with  the  sun  under  a  cloud,  and  the 
latest  measurements  on  each  day  being  con- 
siderably after  sunset.  The  measurements  all 
being  reduced  to  a  fixed  temperature,  using 
the  known  coefficient  of  expansion  of  the  tape, 
showed  a  total  range  of  2.3  millimeters  on  the 
first  day,  and  2.6  millimeters  on  the  second. 
On   taking  the  sums  of  the  measurements  In 


feuccessive  groups  of  ten,  corresponding  to 
measurements  of  1  kilometer  each,  the  total 
range  was  8  millimeters  on  the  first  day,  and 
7  millimeters  on  the  second.  These  ranges 
are  no  greater  than  are  obtained  in  the  regular 
base  work  of  the  Survey  which  serves  to  give  a 
probable  error  of  one  part  In  a  million  or  less 
on  each  base,  and  therefore  indicate  that  even 
under  these  conditions  the  tape  gave  suflaclent- 
ly  accurate  results  for  the  required  purpose. 

On  December  17  a  section  of  the  Alice  Base 
Line  nominally  %  kilometer  long  was  meas- 
ured six  times,  two  or  more  readings  of  the 
tape  and  thermophone  being  taken  in  each 
position.  During  these  measurements  instru- 
ment tripods,  modified  sllgh'tly  to  adapt  them 
to  the  purpose,  were  used  as  marking  points 
for  the  ends  of  the  tape,  and  the  middle  point 
of  the  tape  was  supported  on  one  of  the  tripods 
ordinarily  used  with  the  base  bars.  The  tape, 
therefore,  hung  In  two  catenaries,  each  50 
meters  long.  At  the  middle  support  the  tape 
rested  across  a  heavy  metallic  roller  which 
ordinarily  supports  one  end  of  a  base  bar. 
This  roller  served  to  relieve  the  friction  to  a 
small  extent,  but  was,  doubtless,  less  effective 
for  that  purpose  than  the  swinging  hook.  The 
tension  was  applied  with  the  Massachusetts 
Institute  of  Technology  tension  apparatus,  and 
was  7.38  kilograms.  The  residuals  from  the 
mean  of  the  six  measures  were  -f-  2.40  milli- 
meters, —  3.12  millimeters,  —  .82  millimeter, 
-f  .37  millimeter,  —  .64  millimeter,  -|-  1.84 
millimeters.  During  the  first  two  measure- 
ments no  friction  rollers  were  used  at  the 
reading  end  of  the  tape.  During  the  remaining 
four  measurements  a  small  roller  was  used  for 
that  purpose,  and  the  residuals  show  clearly 
the  Increased  accuracy  gained  thereby. 

A  study  of  the  results,  and  especially  of  the 
readings  taken  in  quick  succession  with  the 
tape  in  a  given  position,  indicates  that  while 
with  the  50-meter  interval  between  supports 
the  required  degree  of  accuracy  could  probably 
be  obtained  during  perfectly  still  weather,  the 
effect  of  the  wind  upon  the  apparent  length  of 
the  tape  is  so  great  that  under  ordinary  con- 
ditions this  interval  is  too  great  for  safety. 
The  total  time  required  to  make  these  six 
measurements  of  the  half-kilometer  section 
was  250  minutes,  or  83  minutes  per  kilometer, 
in  spite  of  various  delays  due  in  part  to  inex- 
perience with  this  apparatus,  and  in  part  to 
defects  in  the  apparatus  itself  which  may 
easily  be  remedied. 

The  results  of  these  studies  can  he  most 
conveniently  stated  in  a  readable  form  as  an 
opinion  upon  the  apparatus  as  a  whole.  The 
three  principal  advantages  of  the  thermophone 
method  of  determining  the  temperature  of  the 
tape  are: 

1.  That  the  thermophone  gives  a  determina- 
tion of  the  actual  temperature  of  the  tape, 
regardless  of  whether  the  heat  reaches  the  tape 
in  the  radiant  form  or  otherwise;  whereas  the 
ordinary  mercurial  thermometer  receives  at  its 
bulb  less  radiant  heat  than  a  steel  tape  ex- 
posed under  the  same  conditions,  and,  there-  • 
fore,  Indicates  too  low  a  temperature  when 
used  in  daylight.  Attempts  to  get  rid  of 
this  error  by  blackening  the  bulb  of  the  ther- 
mometer or  sheathing  it  with  metal  have 
proved  unsuccessful,  and  it  has,  therefore, 
been  absolutely  necessary  to  use  steel  tapes 
at  night  only  when  results  of  a  sufficient  de- 
gree of  accuracy  for  geodetic  purposes  were 
required. 

2.  The  thermophone  furnishes  an  instanta- 
neous determination  of  the  temperature  of  the 
tape,  whereas  the  mercurial  thermometer  re- 
sponds much  more  slowly  to  changes  of  tem- 
perature than  the  tape,  and  therefore  gives  in- 
dications which  are  considerably  In  error  at 
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any  instAnt  whenever  rapid 'and  irregular  fluc- 
tuations of  temperature  are  in  progress. 

3.  The  thermophone  furnishes  a  measure- 
ment of  the  actual  mean  temperature  of  the 
whole  length  of  the  tape,  whereas  with  mer- 
curial thermometers  all  that  can  be  hoped  for 
under  the  best  possible  conditions  is  a  deter- 
mination of  the  tape  temperature  at  two,  three, 
or  more  points  at  which  thermometers  arei 
placed. 

In  regard  to  the  Massachusetts  Institute  of 
Technology  tape  apparatus  as  a  whole,  the 
following  statements  may  be  made: 

1.  That  with  the  thermophone  apparatus  in 
its  present  form,  and  using  all  refinements, 
measurements  cab  be  made,  even  in  daylight 
and  when  the  temperatures  are  varying  rap- 
idly, with  a  much  higher  degree  of  accuracy 
than  is  possible  with  tapes  and  mercurial 
thermometers  eTen  under  good  conditions  at 
night. 

2.  That  after  the  apparatus  has  been  modi- 
fied and  strengthened  at  certain  points  with 
reference  to  making  it  proof  against  compara- 
tively rough  usage  and  capable  of  quicker 
manipulation,  certain  refinements  being  omit- 
ted, much  more  rapid  measurements  can  be 
made  with  it  than  with  any  form  of  bars,  and 
probably  more  rapid  th&n  with  the  present 
form  of  tape  apparatus,  if  the  tripod  method 
rather  than  the  stake  method  is  used. 

3.  That  it  can  be  used  efliciently  with  no 
more  previous  preparation  of  the  ground  than 
is  necessary  for  bar  measurement  by  substi- 
tuting tripods  for  the  marking  stakes  at  the 
tape  ends  and  for  the  intermediate  supports. 

If  the  Massachusetts  Institute  of  Technology 
tape  apparatus  is  used  upon  stakes,  no  time 
can  be  saved  in  the  measurement,  and  the  only 
thing  that  will  be  gained  by  substituting  it  for 
the  tape  apparatus  in  use  in  the  Survey,  using 
mercurial  thermometers,  is  that  the  measure- 
ments may  be  made  in  daylight,  instead  of  at 
night.  If  tripods  are  substituted  for  stakes, 
however,  the  only  previous  preparation  of  the 
ground  other  than  clearing  it,  is  a  very  rough 
preliminary  measurement  made  with  a  tape 
liragged  upon  the  ground,  requiring,  say,  45 
minutes  per  kilometer  for  a  party  of  three 
men;  and  this  rough  measurement  is  necessary 
even  when  bars  are  used.  It  is  to  the  Massa- 
chusetts Institute  of  Technology  tape  appar- 
atus used  upon  tripods  or  other  temporary 
supports,  rather  than  upon  stakes,  that  one 
must  look  for  gain  in  time  over,  the  tape 
methods  in  use  in  this  Survey. 


Letters  to  the  Editor. 


Mi'xiciPAL  Wateb  Softening  Plants. 

Sir: — I  note  with  considerable  interest  the 
article  in  your  issue  of  February  13  on  "Munici- 
pal Water  Softening  Plants"  and  am  thoroughly 
Id  a<-cord  with  it,  except  that  the  advantages  to 
be  gained  are  hardly -as  strongly  emphasized  as 
they  should  be.  While  the  desirability  of  soft 
water  for  practically  all  industrial  and  domes- 
tic purposes  is,  and  always  has  been,  readily  ac- 
knowledged; and  where  hard  water  is  the  only 
supply  available,  the  necessity  of  iu  use  is  be- 
wailed by  manufacturers  and  housewives  alike; 
yet  there  has  been  a  lamentable  lack  of  appre- 
ciation of  efforts  to  overcome  these  troubles. 

It  is  now  some  seven  or  eight  years  since 
the  first  installation  of  a  water  softening  plant 
(Clark  process,  used  by  all  manufacturers)  as 
a  commercial  product  in  this  country,  although 
in  Europe  there  were  previous  to  that  date 
thousands  of  plants  in  operation.  For  the  first 
Ore  years  the  development  of  water  softening  as 
a  business  was  one  continual  fight  against  skep- 
ticism and  the  flood  of  cheap  makeshifts  that 
bad  for  years  attracted  the  attention  of  engi- 


neers in  one  form  or  another  with  guarantees 
of  results  by  impossible  methods,  a  mere  glance 
at  which  should  have  been  sufBcient  to  condemn 
them.  Repeated  failures  apparently  detracted 
not  in  the  least  from  their  attractiveness,  pro- 
vided only  a  new  guarantee  or  change  in  name 
was  forthcoming.  One  line  of  these,  being  so- 
called  mechanical  purifiers,  the  long  establishea 
price  of  which  (applied  to  industrial  works), 
was  on  an  average  about  J150  per  boiler,  had 
come  to  be  accepted  as  a  standard.  On  the 
other  hand,  the  numberless  nostrums  or  com- 
pounds, representing  only  an  apparently  small 
supply  charge,  while  acknowledged  as  of  doubt-* 
ful  value,  were  accepted  as  better  than  nothing. 

This  was  the  condition  of  affairs  at  the  time 
of  the  writer's  first  connection  with  the  busi- 
ness. It  was  not  a  question  of  selling  an  ap- 
paratus, but  of  demonstrating  to  a  man  the 
necessity,  and  successful  operation  of  the  ap- 
paratus, and  that  he  would  make  a  profit  on 
his  investment  by  purchasing;  and  a  hard 
proposition  this  demonstration  was  in  the  start. 
To  the  engineer  It  was  a  combination  of  me- 
chanical apparatus  and  compound;  the  plant 
taking  considerable  space  and  adding  propor- 
tionately to  his  labors  with  no  compensation. 
To  the  owner,  a  large  apparatus  costing  several 
times  as  much  as  any  other  purifier  he  had  in- 
vestigated and  not  making  any  better  guaran- 
tees, nor  as  good  in  many  eases.  It  was  a  case 
of  making  the  market  and  carrying  it  for  some 
time,  and  many  plants  were  installed  on  a  con- 
tract to  remove  and  replace  all  broken  con- 
nections, in  case  of  failure  to  give  specified  re- 
sults; all  rights  practically  b<  ^e;  In  the  pur- 
chasers' bands.  In  the  face  of  tu^s  engineers 
and  even  good  chemists  refused  to  commend,  or 
even  accept,  for  a  long  time,  water  softening  as 
a  commercial  proposition.  During  the  writer's 
connection  with  the  water  softening  business  he 
has  been  concerned  in  the  selling  and  design- 
ing of  probably  one  hundred  and  fifty  plants, 
with  an  aggregate  total  capacity  (daily)  of  fif- 
teen or  twenty  million  gallons  ot  soft  water. 

You  are  wrong  in  your  statement  that  the 
railroads  have  been  pioneers  In  water  softening 
in  this  country.  There  were  in  use  in  indus- 
trial plants  millions  of  gallons  daily  before  a 
single  railroad  plant  was  erected;  In  fact,  it  is 
only  in  the  last  three  years  that  the  railroads 
have  to  any  extent  taken  the  matter  up  and, 
even  now,  they  are  doing  so  very  conservative- 
ly. The  reason  for  this  is  rather  unaccountable. 
Not  long  ago  I  was  advised  by  a  division  engi- 
neer on  one  of  our  systems  that,  figuring  on  a 
reasonable  basis,  the  saving  In  motive  depart- 
ment on  a  certain  division  would  pay  the  cost 
of  establishing  water  softening  plants  on  the 
entire  division  within  a  year.  Yet  this  was 
over  a  year  ago  and  no  plants  have  been  built 
there  yet.  However,  the  main  thing  is  that  it 
is  now  fully  acknowledged  by  engineers,  chem- 
ists, manufacturers,  railroads  and  others  that 
water  softening  is  not  only  practicable  but  that 
it  pays,  which  is  more  to  the  point;  and  if  it 
pays  to  soften  water  for  railroad  and  industrial 
purposes,  so  will  it  pay  to  do  so  for  munici- 
pal purposes. 

At  this  point  I  must  again  disagree  with  you 
on  your  assertion  regarding  consumption  of 
soap.  My  observation  and  experience  satisfies 
me  that  there  is  a  very  large  difference  in  the 
quantity  of  soap  used  for  domestic  purposes  by 
families  using  hard  water  and  soft  water — 
a  difference  that  would  nearly  approximate  the 
theoretical  difference  required.  In  the  matter 
of  soap  saving,  I  have  before  me  letters  from 
two  laundries  using  well  waters,  who  after  in- 
stallation of  softening  plants  show  a  saving  ot 
more  than  one-half  of  their  soap.  This  not 
theoretical,  but  from  bills  for  supplies  extend- 
ing over  several  months.    In  one  case  the  cost 


of  the  plant  was  saved  in  soap  in  seven  months. 
This  in  addition  to  more  satisfactory  work  and 
saving  in  fabrics.  Therefore,  while  the  soap 
saving  is  undoubtedly  large  (and  in  the  case 
of  a  municipality  If  only  a  dollar  or  two  a  year 
to  a^  family,  would  amount  to  thousands),  it  is 
by  no  means  the  greatest  item.  The  economy 
of  a  municipality  furnishing  softened  water  is 
divided,  of  course,  between  the  domestic  and 
industrial  consumption,  but  is  very  large  for 
either  purpose.  In  domestic  uses  the  saving 
would  be  percentage  of  soap,  all  compounds  of 
soda,  borax,  etc.;  repairs  to  hot  water  pipes, 
range  backs  and  tanks;  fuel,  extra  wear  and 
tear  on  wearing  apparel  and  household  linens; 
more  satisfactory  results  and  less  lalior  in» 
laundry.  In  the  industries  the  saving  would 
be  felt  in  almost  every  line:  in  the  laundries 
soap,  labor  and  material;  in  steam  plants  fuel, 
repairs,  labor  and  increased  life  of  boilers,  hot 
water  pipes  and  tanks;  breweries,  in  making  of 
beer;  paper  mills,  dyeing  and  bleaching.  Also 
in  ice  factories,  tanneries,  cotton  and  woolen 
mills,  hotels,  etc.,  it  Is  so  absolute  that  it  is 
possible  to  figure  an  amount  in  dollars  and 
cents,  within  a  reasonable  limit,  that  could  be 
saved  by  softening  the  water;  and  I  venture  the 
assertion  that  there  are  very  few  investments 
that  can  be  made  by  a  municipality  that  will 
return  as  large  or  sure  dividends  to  the  com- 
munity, individually  and  collectively,  as  the 
installation  of  a  softening  plant  for  a  bard 
water  supply. 

Many  cities  are  prevented  from  adding  to 
their  wealth  and  population  by  reason  of  their 
inability  to  offer  manufacturers  a  suitable  water 
for  their  purpose;  the  water  supply,  both  quan- 
tity and  quality,  being  one  of  the  first  consid- 
erations in  locating  a  new  industry.  Nor  is 
this  all:  a  hard  water,  it  secured  from  wells, 
may  be  free  from  disease  producing  bacteria, 
but  it  is  far  from  an  ideal  water  for  constant 
use  for  drinking  purposes,  or  even  for  bathing 
(besides  being  disagreeable  to  bathe  in,  the  hair 
and  skin  become  harsh  and  rough  by  its  use). 
Taken  internally  continuously,  it  is  a  cause  of 
rheumatism,  calculus,  stiffness  of  the  joints, 
disorders  of  digestive  organs  and  other  ills  of 
similar  characer. 

While  it  is  possible  that  it  will  be  some  time 
yet  before  the  hard  water  municipalities 
awaken  to  the  advantages  of  softening  water 
for  general  use,  it  is  gratifying  to  note  the  in- 
creasing interest  manifested  In  all  quarters; 
and  when  a  more  thorough  acquaintance  with 
the  process  has  dispelled  the  somewhat  general 
idea  that  there  is  some  mystery  attached  to  it,  we 
may  look  to  see  these  plants  as  generally  used 
for  municipal  purposes  as  sanitary  filtration 
now;  the  construction  and  arrangement  of  a 
plant  for  this  purpose  being  very  similar  to 
that  of  the  sanitary  plant,  and  the  operation 
comparatively  simpler — requiring  rather  more 
care  and  intelligence  than  technical  knowledge. 

There  is  now  about  completed  a  small  plant 
for  softening  the  supply  of  Oberlin,  Ohio.  This 
plant,  while  not  ideal  in  arrangement,  is  the 
best  that  could  be  made  under  the  circum- 
stances; and  the  results  at  this,  the  initial  plant 
in  this  country,  will  undoubtedly  be  interesting 
to  other  municipalities  and  will,  at  the  proper 
time,  be  fully  described  and  illustrated. 

While  the  cost  of  softening  water  is  not  large, 
it  is,  of  course,  sufficient  to  make  strongly  ad- 
visable the  reduction  of  waste  to  a  minimum; 
and  meters  should  he  used  entirely  on  a  supply 
thus  treated.  This  Is,  however,  in  any  event, 
the  only  true  and  fair  way  of  selling  water;  as 
besides  returning  to  the  works  proper  remuner- 
ation for  supplies  furnished,  it  means  an  aver- 
age reduction  to  consumers  of  from  twenty-five 
to  fifty  per  cent,  in  their  water  bills — leaving 
to  the  few  who  feel  the  exertion  of  closing  a 
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faucet  after  use  too  laborious,  the  privilege  of 
continuing  their  operations  if  they  so  desire, 
the  only  difference  being  that  they  pay  the  bill 
instead   of  their  neighbors  doing  so. 

Trusting  that  your  opening  of  this  subject 
may  lead  to  further  discussion  and  interest,  I 
am. 

Yours  very  truly,  F.  B.  Leopold. 

New  'Vork,  February  20. 


Further   Details   of   Fibkpboof   Buildings   in 

THE   BaLTIMOBE   FiBE. 

Sir: — In  your  comment  on  the  writer's  arti- 
cle in  your  February  20  issue,  you  speak  of  in- 
cluding in  the  list  of  buildings  that  remained 
proof  against  the  Baltimore  fire,  four  others,  as 
follows : 

First — The  Alex.  Brown  &  Sons  Bank  Build- 
ing, about  40x60  feet,  one  story  high.  This 
building  had  a  street  on  the  north  and  east 
sides  and  a  solid  Are  wall  on  the  west  (wind- 
ward) side.  In  the  unprotected  windows  in  the 
east  side  not  a  single  pane  of  glass  was  broken. 
The  fire  entered  through  the  rear  windows, 
which  had  no  shutters,  and  burned  out  the  sta- 
tionery and  mailing  departments  and  consumed 
the  woodwork.    The  counters  in  the  main  bank- 


fire  went  down  through  the  skylight.  Even  so, 
the  draught  across  the  building,  through  the 
broken  transom  windows,  must  have  made  the 
fire  more  intense.  It  is  also  more  reasonable 
to  suppose  that  the  fire  entered  horizontally 
through  these  windows  on  the  west  side. 

Third — The  U.  S.  "Warehouse  No.  1.  This 
building  was  sheltered  by  the  new  Customs 
House,  directly  northwest.  It  also  had  a  street 
on  the  north  and  west  sides.  On  the  west  side 
the  paint  on  the  brick  walls  is  not  even  blis- 
tered or  discolored.  There  seems  to  have  been 
a  rather  hot  fire  on  the  east  (leeward)  side  of 
this  building,  about  half  of  the  window  panes 
on  that  side  being  broken  and  the  outer  wall 
blackened.  Your  article,  page  207,  states  that 
fire*  entered  this  building  through  the  monitor 
windows,  damaging  the  building  $2,000  and  des- 
troying $20,000  worth  of  contents.  This  build- 
ing and  the  Mercantile  Trust  building  seem  to 
teach  the  lesson  that  all  windows,  no  matter 
how  small  or  hard  to  get  at  should  have 
shutters. 

Fourth — The  new  power  house  of  the  United 
Railways.  This  was  certainly  not  much  tested 
by  fire.  There  is  an  open  space  150  feet  wide 
east  and  west  of  this  building,  the  center  and 


Safe  Deposit  and  Trust  Company's  Building,  Baltimore,  from  Northwest,   or  Windward,  Side. 


ing  room  are  of  marble,  and  there  was  little  in 
that  room  to  burn.  A  prominent  building 
firm  advertises  that  it  is  now  manufacturing 
materials  for  the  restoration  of  this  building. 
If  the  wind  had  been  against  its  east  windows 
there  would  have  been  nothing  combustible  left 
inside.  This  building  was  subjected  to  very 
little  heat  and  did  not  remain  proof  against  it. 
It  was  both  small  and  lucky.  A  very  small  per- 
centage of  its  cost  would  have  paid  for  fireproof 
shutters. 

Second — The  Mercantile  Trust  Company's 
Building.  Your  picture  on  page  217  shows  the 
shutters  closed  in  all  but  one  window  on  one- 
half  of  the  south  front.  There  was  a  row  of 
square  transom  windows  across  the  whole  of 
the  west  (windward)  front  and  a  few  on  the 
south  front.  These  small  windows  were  un- 
protected and  the  glass  was  broken  in  them, 
giving  the  fire  a  chance  to  sweep  through  the 
building,  in  whicK  practically  everything  com- 
bustible was  burned.  There  was  a  skylight,  in 
the  root  of  this  building,  broken  by  sash 
weights  dropping  from  the  burning  windows  of 
the  Continental  Trust  building.  The  owners 
of  the  Mercantile  Trust  building  say  that  the 


more  than  halt  the  width  of  each  space  being 
waterway  for  coal  boats  and  bay  craft.  The 
fire  on  the  north  side  of  this  building  was  only 
from  the  wooden  roof  sheathing  of  the  adjoin- 
ing power  house.  The  picture  of  the  wrecked 
power  house,  on  page-  218,  Is  taken  from  the 
east  (leeward)  side.  The  east  wall  was  evi- 
dently pulled  down  by  the  roof  trusses  shown 
in  the  picture,  still  firmly  anchored  to  the  west 
wall  of  new  power  house.  There  was  Surely 
very  little  of  an  inflammable  nature  in  the 
wrecked  power  house  to  test  the  one  which 
escaped.  It  may  be  fair,  however,  to  admit  this 
building  to  our  Class  III.,  but  certainb  not  the 
others. 

Please  note  herewith  a  picture  of  the  ex- 
terior of  the  Safe  Deposit  and  Trust  building 
taken  from  the  northwest  (windward)  side  and 
showing  the  outside  of  the  windows  on  the 
north  of  the  building,  the  same  windows  shown 
in  the  interior  view  on  page  219.  The  build- 
ing adjacent  to  these  windows,  separated  by 
an  8-foot  alley,  was  the  "Sun"  (daily  news- 
paper) building.  This  building,  all  who  saw 
it  burn  said,  furnished  one  of  the  hottest  fires 
witnessed.     The  piinting  presses  were  in  the 


basement,  the  floor  of  this  being  16  feet  below 
the  street  level.  In  this  basement  was  a  great 
quantity  of  news  paper.  Now  this  building 
and  contents,  and  the  paper  in  the  basement, 
burned  with  an  intense  heat,  driven  towards 
and  rising  up  against  the  windows  of  the  Safe 
Deposit  and  Trust  building.  It  is  difficult  to 
conceive  of  a  severer  test  against  the  shutters 
in  these  windows. 

The  interior  view  printed  last  week  shows 
how  slightly  they  warped.  The  bricks  found 
on  the  roof  of  the  Safe  Deposit  and  Tnist 
building  counted  5,000  as  they  were  thrown  off. 
Observers  who  were  high  enough  say  the  roof 
of  this  building,  including  the  wire  glass  sky- 
light, was  covered  with  blazing  coals.  The 
wisdom  of  the  owners  of  this  building  in  mak- 
ing it  really  fireproof  is  more  apparent  when 
it  is  known  what  a  moral  effect  the  safety  of 
this  building  had.  Securities  were  received 
here  until  10.30  Sunday  night,  or  until  within 
less  than  two  hours  of  the  time  when  the  fire 
reached  this  building.  The  city  and  county 
money  was  deposited  here  and  It  is  said  that 
two-thirds  of  the  vaulted  wealth  of  Baltimore 
was  in  the  vaults  of  this  building  during  the 
fire.  Several  of  the  employes  of  the  trust  com- 
pany begged  to  be  allowed  to  stay  in  it,  such 
was  their  faith  in  its  fl re-proof ness. 

The  columns  and  other  ornamental  stone 
work  in  the  front  of  this  building  are  of  blue 
stone,  which  is  only  slightly  chipped  from  the 
heat.  The  ease  with  which  granite  spalls  off 
under  a  comparatively  slight  heat  is  strikingly 
shown  in  the  new  Customs  Hoiise.  Immense 
damage  was  done  to  the  granite  in  the  lower 
portion  of  this  building  by  the  burning  of  the 
board  fence,  which  the  contractors  had  erect- 
ed, on  the  curb  line,  entirely  around  the  build- 
ing. The  wooden  stiff  leg  derricks  on  top  of 
the  masonry,  now  about  50  feet  high,  are  ap- 
parently uninjured,  only  one  of  them  showing 
even  a  discoloration  of  the  paint.  If  this  mas- 
sive granite  wall  had  had  the  "Sun"  building 
against  it,  think  what  its  appearance  would  be 
as  compared  with  the  brick  wall  of  the  Safe 
Deposit  and  Trust  building,  shown  in  the  pho- 
tograph herewith. 

One  of  the  lessons  of  the  fire,  previously 
taught  in  other  fires,  is:  Use  -nothing  but 
brick  in  outer  walls;  also  avoid  square  win- 
dows too  small  and  round  topped  windows  too 
difficult  to  be  shuttered.  Mr.  George  S.  Mor- 
ison  gave  a  new  and  large  meaning  to  an  old 
and  small  word,  the  word  tool.  He  called  a 
great  bridge  a  tool.  A  sixteen-story  office 
building  which  permits  its  contents  to  be  en- 
tirely consumed  in  thirty  fiery  minutes  is  a 
poor  kind  of  a  tool  for  the  transaction  of  busi- 
ness. 

Yours  truly,  H.  D.  Busu. 

Baltimore,  February  22. 


The  Union  Engineering  Building. 

Sir: — Although  it  is  probably  too  late  to  in- 
fluence any  of  the  voters  in  the  matter  of  the 
new  Union  Building  proposition,  still,  as  my 
name  has  appeared  attached  to  a  circular  op- 
posing the  proposition,  I  desire  to  say  one 
further  word  explaining  why  it  so  appears. 
I  wish  to  say  emphatically  that  I  have  no  sym- 
pathy with  any  discussion  of  the  admission  re- 
quirements of  the  various  societies;  they  are 
all  made  up  of  men  as  able  and  as  honorable  as 
we  believe  ourselves  to  be.  I  have  no  sympathy 
with  any  questioning  of  the  financial  standing 
of  any  of  the' societies,  because  we  all  know 
that  each  is  capable  of  taking  care  of  its  share 
of  this  matter,  and,  being  accredited  with  a 
proper  degree  of  honor,  there  should  be  no 
question  of  this  kind. 

But  there  are  two  points  that  seem  to  me  to 
be  of  some  consequence;   one  of  very  little  Im- 
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portaaM.  the  outcome  either  way  likely  to  be 
about  the  same:  the  second  is  vital.  (1)  There 
has  been  a  sreat  deal  said  about  "Breadth," 
"Tlie  broad  view,"  etc.  Now  if  the  proposition 
la  to  make  one  great  Engineering  Society  o{ 
America  with  appropriate  special  chapters 
gaocraphicaily  arranged.  I  can  see  breadth,  and 
tbaJX  be  more  than  glad  to  be  one  in  the  move- 
ment: but  what  is  there  of  breadth  in  becom- 
ing tenants  in  common  with  a  number  of  allied 
soeietiea?  I  am  afraid  that  if  there  is  anything 
in  this,  my  own  breadth  of  view  is  very  limited. 
(2)  The  whole  proposition  is  simply  co-dpera- 
tire  housekeeping,  and  co-operative  housekeep- 
ing has  neTer  succeeded  since  the  world  began, 
and  never  will  so  long  as  men  are  cast  in  dif- 
ferent moulda  And  when  it  fails  in  this  case, 
who  is  to  suffer?  Who  but  the  only  member 
of  the  co-operative  establishment  that  has  a 
home  of  its  own  in  the  beginning,  which  it 
gives  up  to  Join  the  crowd  of  which  it  is  to  be 
a  minority. 

These  are  some  of  my  reasons  for  oppos- 
ing this  movement:  I  can  see  nothing  broad, 
nothing  ennobling  to  any  of  the  professions, 
nothing  for  the  American  Society  of  Civil  Engi- 
neers to  gain,  everything  for  it  to  lose. 

The  idea  was  the  inspiration  of  a  moment;  it 
was  bom  of  a  good  purpose;  but  to  me  it  seems 
like  many  other  unconsidered  impressions,  un- 
wise. 

This  matter  is  of  such  vital  importance  that 
if  anyone  wishes  to  change  a  vote  already  oast 
either  way.  he  is  warranted  In  using  the 
telegraph. 

Yours  truly.  Wm.  G.  Raymo.nd. 

M.  Am.  Soc.  C.  E. 

Troy,  N.  Y.,  Februao'  23. 


National  Aid  for  Goou  Roads. 

Sir: — I  have  read  with  much  interest  the  vari- 
ous contributions  on  the  subject  of  highway  im- 
provements that  have  appeared  in  The  Engi- 
neering Record  from  time  to  time,  and  feel  that 
to  have  a  periodical  of  such  standing  as  The 
Record  enlisted  in  this  cause  means  much  in  at- 
taining the  object  sought,  namely,  the  elevation 
and  refinement  of  the  masses,  and  there  is  no 
more  potent  factor  that  could  be  employed  than 
to  provide  means  whereby  the  common  classes 
of  the  rural  districts  can  be  brought  in  touch 
with  the  outside  world,  thereby  giving  them  the 
ideas  and  progress  of  their  fellow  man. 

Thus  far  I  feel  all  are  agreed  and  are  ready 
to  say  Amen:  but  the  great  question  that  we 
have  to  confront  Is:  How  can  this  great  object 
be  attained,  and  what  are  the  best  means  to 
employ?  Shall  it  be  a  grand  national  affair,  as 
Is  proposed  in  a  measure  by  the  Brownlow  bill, 
or  shall  it  be  confined  to  States  and  localities? 
There  can  in  my  opinion  be  but  one  answer, 
which  is:  While  the  proposed  bill  is  a  grand 
one,  and  will  no  doubt  do  much,  as  it  has  al- 
ready done,  to  enthuse  and  enliven  the  interest 
in  the  cause,  yet  when  all  is  said,  from  fifteen 
years'  observation  and  experience  in  this  work, 
I  feel  that  the  success  of  the  scheme  must  and 
will  depend  on  the  individual  efforts  of  the 
boroughs  or  counties  of  the  various  States,  and 
while  any  help  received  from  the  coffers  of 
the  public  treasury  of  the  general  government 
will  be  received  with  outstretched  hand,  I  am 
satisfied  that  soon  the  cry  of  equal  rights  to 
all  and  special  privileges  to  none  will  be 
heard,  and  bickerings  and  contentions  will  be- 
gin which  will  break  to  fragments  this  grand 
scheme,  and  It  will  fall  to  pieces  on  account 
of  its  anwieldlness. 

There  Is  no  more  trite  saying  than  this  tru- 
ism: "Nothing  succeeds  like  success;"  and 
this  can  be  asserted  without  fear  of  contradic- 
tion so  far  at  least  as  one  county  In  North 
Carolina  is  concerned ;  for  literally  there  is  be- 


ing constructed  as  magnificent  a  system  of 
macadam  roads  In  Mecklenburg  County  as  can 
be  found  in  any  part  of  the  Union.  The  work 
is  being  done  without  State  or  national  aid, 
and  principally  by  convict  labor — and  this,  by 
the  way,  is  the  best  solution  of  the  problem  as 
to  what  is  best  to  be  done  with  the  convict. 
He  is  here  In  spite  of  himself,  forced  to  build 
up  the  interests  of  his  country,  as  well  as  meet 
the  ends  of  Justice,  and  being  placed,  as  he  is, 
directly  under  the  supervision  of  the  County 
authorities,  he  is  not  subject  to  the  brutalities 
of  the  over-exacting  contractor. 

Having  been  the  engineer  in  charge  of 
the  work  for  many  years.  I  can  assert,  with- 
out a  doubt,  that  ninety  per  cent,  of  the  con- 
victs leave  the  work  in  far  better  condftlon 
than  when  sentenced,  because  the  enforced 
habits  of  diet,  etc.,  lead  to  improvement.  No 
doubt  the  question  has  already  entered  the 
minds  of  some:  Is  it  practicable  for  other  coun- 
ties to  do  what  the  above  named  county  has 
done,  and  what  will  It  cost?  The  answer  is 
in  the  affirmative:  It  costs  but  little  more  to 
provide  for  and  work  the  criminal  on  the  pub- 
lic roads  than  it  does  to  keep  him  in  the  coun- 
ty Jail.  And  under  the  Judicious  management 
of  a  few  skilled  men,  as  guards  and  foremen, 
the  work  will  succeed,  and  you  will  have  ac- 
complished a  task  that  has  nothing  of  pater- 
nalism in  it.  and  can  feel  the  true  spirit  of  the 
independent  American  that  you  are.  It  is  no 
purpose  of  mine  to  antagonize  the  spirit  that 
prompts  this  movement  for  better  roads,  but 
simply  call  attention  to  the  fact  that  with  a  lit- 
tle well  directed  effort  you  can  accomplish 
more  than  Congressman  Brownlow  will  do,  for 
judging  from  past  history  his  scheme  is  not 
a  new  one,  and  in  all  probability  will  result 
as  have  the  other  schemes  that  have  been  set 
going  by  Congress  in  the  past. 

Yours  truly,  C.  A.  Spratt. 

Charlotte,  N.  C,  January  25. 


Tests  of  Firepboof  Building  Construction. 

Sir: — The  problem  of  fireproof  construction 
is  one  which  concerns  the  interests  of  the  engi- 
neering world  in  a  large  measure,  and  to-day 
it  is  brought  into  the  foreground  with  great 
emphasis  by  the  conflagration  in  Baltimore, 
where,  according  to  the  newspaper  accounts, 
skyscrapers  were  destroyed  by  the  flames  like 
grass  in  a  prairie  fire.  Under  these  circum- 
stances it  will  surely  be  of  great  interest  to  the 
architectural  and  engineering  world  to  know 
that  a  fire  test  will  be  conducted  under  the  aus- 
pices of  the  University  of  Cincinnati  to  deter- 
mine the  relative  value  of  ferro-concrete  and 
fireproof  steel-frame  construction  in  the  erec- 
tion of  large  buildings. 

The  test  will  be  made  on  two  buildings,  one 
of  ferro-concrete  to  be  erected  by  ferro-con- 
crete contractors,  and  another  of  fireproof  steel- 
frame  construction  to  be  erected  by  contractors 
using  this  method  of  construction.  The  fire- 
proof steel  and  the  ferro-concrete  interests  are 
each  represented  by  a  distinct  committee. 
Bach  committee  will  make  recommendations  as 
to  size,  details  and  requirements  of  buildings 
to  be  tested.  The  advisory  committee,  consist- 
ing of  two  architects,  Messrs.  Harry  Hake, 
chairman,  and  Harvey  Hannaford,  city  build- 
ing inspector,  Mr.  Charles  Tooker,  a  represen- 
tative of  the  National  Board  of  Underwriters, 
and  Professor  C.  W.  Marx,  of  the  University  of 
Cincinnati,  as  expert  engineer,  will  pass  upon 
these  various  details  and  prescribe  the  size, 
requirements  and  other  details  which  each  in- 
terest must  comply  with  in  the  erection. 

Cincinnati  is  the  very  center  of  the  ferro- 
concrete Interests,  and  It  is  the  intention  to 
make  this  test  as  exhaustive  and  conclusive  as 
possible  In  order  to  determine  the  relative  fire- 


resisting  properties  of  both  constructions.  In 
order  to  have  the  test  as  impartial  as  possible 
the  above  committee  was  elected  by  the  organ- 
ization, and  it  was  deemed  best  to  have  the 
university  take  charge  of  the  matter.  As  a 
member  of  said  committee  I  will  be  pleased  to 
receive  suggestions  by  letter  from  all  persons 
interested  in  this  effort  to  determine  the  rela- 
tive values  of  these  different  types  of  flre- 
proofing  as  to  their  resistance  to  Are  and 
water. 

Very  truly  yours,  C.  W.  Mar.x. 
Cincinnati,  February  11. 


Marietta  Bridge  Erection. 
Sir: — I  notice  an  error  in  your  description 
of  the  Marietta  long  span  highway  bridge.  In 
the  second  column  of  page  43,  issue  of  January 
9,  1904,  the  eleventh  line  from  bottom  should 
read:  "Wooden  struts  were  used  during  erec- 
tion to  form  an  anchorage  to  this  pier  later- 
ally," Instead  of  "were  provided  to  brace  the 
pier." 

Yours  truly,  C.  L.  Steobel, 

Consulting  Engineer. 
Chicago,  February  18. 


What  is  the  Proper  Curvature  of  a  Bubble 
.Tube? 

Sir: — In  an  ordinary  leveling  instrument, 
what  should  be  the  relation  between  the  mag- 
nifying power  of  the  telescope  and  the  radius 
of  the  bubble  tube?  When  the  instrument  is 
properly  leveled  and  the  cross-hairs  focussed  on 
some  distinct  and  distant  object,  should  it  not 
be  possible  to  displace  the  bubble  a  perceptible 
amount  before  any  vertical  movement  of  the 
cross-hairs  can  be  detected?  If  not,  the  ob- 
server can  never  be  sure  that  the  line  of  col- 
limation  may  not  vary  from  the  horizontal  by 
an  amount  at  least  as  great  as  his  probable  max- 
imum error  of  observation  so  that  any  great 
care  in  sighting  Is  likely  to  be  wasted.  Now 
the  question  is.  how  to  ensure  the  proper  condi- 
tions. For  example,  with  a  magnifying  power 
of,  say,  thirty  diameters,  what  should  be  the  ra- 
dius of  the  bubble  tube?  I  have  not  been  able 
to  find  the  answer  to  this  question  in  the  cata- 
logue of  any  Instrument  maker  or  in  any  work 
on  surveying  that  I  have  consulted. 

Very  truly  yours,  D.  O.  Tell. 

February  22,  1904. 


Salt  Water  for  Street  Sprinkling. 

Sir: — The  salt  water  mains,  which  it  is  now 
proposed  to  lay  in  Manhattan  for  flre  protection, 
may  also  serve  another  good  purpose,  that  of 
street  sprinkling.  Salt  water  is  not  only  much 
cheaper,  but  more  effective,  as  it  has  a  tendency 
to  cake  the  dust,  while  its  hygroscopic  qualities 
prevent  it  from  drying  so  rapidly  and  hence 
prolong  the  benefit  of  each  application.  I  have 
observed  these  effects  in  Cambridge,  Mass., 
where  the  streets  used  to  be,  and  perhaps  are, 
sprinkled  with  salt  water  from  the  Charles 
River.  The  salt  may  also  have  some  antiseptic 
and  sanitary  value  and  the  surface  of  a  street 
60  sprinkled  would  not  freeze  as  readily  as  if 
fresh  water  were  used.  Incidentally,  the  fre- 
quent use  of  the  pumps,  which  sprinkling 
would  require,  would  serve  to  keep  them  In 
constant  readiness  for  fire  purposes. 

1  must  say,  however,  in  behalf  of  horses, 
cyclists  and  automobilists,  to  whom  wet  asphalt 
is  a  very  serious  annoyance  and  often  a  positive 
danger,  that  asphalted  streets  should  not  be 
sprinkled  at  all.  The  money  it  costs  to  sprinkle 
them  were  far  better  expended  In  keeping  them 
cleaner  and  so  free  from  dust  as  to  render 
sprinkling  unnecessary. 

Very  truly  yours,  H.  W.  Brinckerhoff. 

February  22,  1904. 
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At  the  regular  meeting  of  the  American  So- 
ciety of  Civil  Engineers  held  March  2  the  let- 
ter ballots  on  the  acceptance  of  Mr.  Carnegie's 
gift  for  a  union  building  for  the  four  national 
engineering  societies  and  the  Engineers'  Club 
were  opened.  There  were  1,801  votes  entitled 
to  be  counted,  and  of  these  1,139  were  against 
and  662  for  the  project.  The  large  number  of 
affirmative  votes  were  cast  because  of  the  feel- 
ing that  the  Society  should  do  nothing  to  pre- 
vent the  other  organizations  from  receiving 
Mr.  Carnegie's  aid.  Had  the  ballot  been  taken 
six  months  ago  the  number  of  negative  votes 
would  unquestionably  have  been  much  larger. 
Readers  of  The  Engineering  Record  have  had 
the  facts  of  this  matter,  as  it  appears  to  the 
members  of  the  American  Society  of  Civil  En- 
gineers, set  before  them  clearly  from  the  incep- 
tion of  the  union  building  project,  although  for 
some  inexplicable  reason  no  other  journal  has 
seen  fit  to  ascertain  the  truth  or  to  print  il 
if  learned. 

This  paper  has  consistently  refrained  from 
talcing  sides  for  or  against  the  acceptance  of 
the  proposal  by  the  American  Society  of  Civil 
■  Engineers,  for  the  excellent  condition  of  that 
organization  is  proof  of  the  ability  01  the  mem- 
bers to  manage  their  affairs  with  success.  It 
has  simply  urged  a  careful  consideration  of 
the  project  before  coming  to  a  decision,  a 
course  which  ordinary  business  prudence  dic- 
tates with  special  force  in  connection  with  the 
affairs  of  such  a  cumbersome  organization  as  a 
national  society.  For  talcing  this  position.  The 
Engineering  Record  has  received  ail  sorts  of 
slander  in  the  columns  of  esteemed  contempor- 
aries which  are  so  childish  in  this  matter  as 
to  merit  the  sarcastic  reproof  of  Job  to  some  of 
his  critics:  "Surely  ye  be  the  people  and  wis- 
dom shall  die  with  you." 

The  lesson  that  this  vote  teaches  -is  mainly 
to  the  technical  press  of  the  country.  It  is  the 
absolute  necessity  of  reporting  facts  on  a  sub- 
ject of  such  importance  and  of  recognizing  fully 
the  feelings  of  people  to  whom  an  argument  Is 
addressed  before  making  an  appeal  to  them.  In 
the  early  state  of  this  project  the  American 
Society  of  Civil  Engineers  was  asked  to  subor- 
dinate itself  in  a  considerable  measure  to  a 
local  social  club  and  to  accept  a  financial 
scheme  which  was  entirely  impracticable.  When 
the  members  of  the  Society  hesitated  very  nat- 
urally at  such  a  course,  they  were  told  in  the 
columns  of  various  technical  journals  claiming 
to  represent  the  members  of  other  national  en- 
gineering societies  •  that  it  did  not  matter 
whether  the  civil  engineers  came  into  the  pro- 
ject or  not,  for  the  others  could  get  along  with- 
out them.  In  all  this  unfortunate  journalistic 
floundering  there  was  little  regard  paid  to  the 
distinguished  position  of  the  American  Society 
of  Civil  Engineers  in  this  country  and  abroad, 
and  its  well-tried  and  successful  methods  of  con- 
ducting Important  affairs  were  either  overlook- 
ed or  ridiculed.  The  Engineering  Record  has 
been  the  only  technical  paper  in  the  country 
which  has  told  the  truth  about  the  opinions 
held  by  the  members  of  the  Society,  but  in- 
stead of  heeding  its  warnings  its  esteemed  con- 
temporaries adopted  a  course  extremely  preju- 
dicial to  the  cause  they  claimed  to  be  advocat- 
ing. 

The  situation  which  faces  the  three  younger 
societies  can  hardly  be  serioi\p.  They  have 
great  resources  which  have  not  yet  been  called 
upon,  and  even  without  Mr.  Carnegie's  aid  are 
able  to  put  up  a  joint  home  creditable  to  their 
high  position  among  professional  organizations. 
It  would  probably  be  better  for  them  to  put  up 


265 

a  building  without  Mr.  Carnegie's  aid  than  with 
it,  for  the  decision  of  the  American  Society  of 
Civil  Engineers  has  already  added  greatly  to 
its  standing  in  the  eyes  of  men  of  affairs.  Sure- 
ly the  other  three  national  organizations  are 
able  to  accomplish  what  one  similar  society  has 
done.  If  the  members  of  these  societies  care  to 
accept  a  building  from  Mr.  Carnegie  it  is  cer- 
tainly to  be  hoped  he  will  give  It  to  them;  the 
fact  that  seems  to  be  overlooked  Is  the  practi- 
cability of  constructing  an  adequate  home  with- 
out any  greater  assistance  from  him  than  many 
other  men  formerly  connected  with  mechanical, 
electrical  and  mining  engineering  will  be  glad 
to  give.  And  in  this  connection  The  Engineer- 
ing Record  is  cohfldent  that  such  a  project 
would  have  the  assistance  of  many  members 
of  the  American  Society  of  Civil  Engineers  who 
have  been  unwilling  to  see  that  organization 
do  anything  which,  in  their  opinion,  would  cause 
it  to  lose  any  measure  of  its  independence. 

Engineers  in  Contracting  Work. 


Like  all  other  matters  related  in  any  way 
to  engineering,  contracting  has  experienced  a 
remarkable  development  in  many  directions 
during  the  past  twenty  years.  In  the  early 
days  of  large  public  works  in  this  country,  as 
well  as  in  such  large  corporate  works  as  rail- 
roads and  canals,  the  contractor  was  a  man 
necessarily  of  strong  character,  of  decision  and 
resolution,  but  who  seldom  had  received  other 
preparation  for  his  work  than  that  which  was 
acquired  in  actual  construction  from  the  con- 
tracting side.  His  part  of  the  performance  was 
eminently  important,  but  it  did  not  involve  any 
technical  knowledge  of  the  materials  dealt 
with  nor  of  the  principles  of  design,  nor  even 
of  conditions  requisite  for  the  stability  of  the 
completed  work.  Indeed,  even  the  chief  engi- 
neers of  the  older  works  possessed  what  would 
now  be  regarded  as  an  exceedingly  small 
amount  of  exact  knowledge  of  engineering  sci- 
ence. The  operations  of  design  and  computa- 
tions for  stability  were  reduced  to  about  the 
smallest  proportions  compatible  with  any  recog- 
nition of  the  fundamental  principles  of  engi- 
neering knowledge,  as  it  is  now  possessed  by 
trained  engineers.  The  business  of  the  contrac- 
tor was  to  make  his  excavations  and  fills,  dis- 
pose of  surplus  or  waste  where  necessary,  se- 
cure his  timber  and  stone  or  other  materials  as 
best  he  could  without  a  degree  of  inspection 
which  gave  him  any  serious  difliculty,  and  com- 
plete his  contract  as  quickly  as  possible.  It 
was  not  a  complicated  service  to  perform,  al- 
though it  involved  difficulties  that  were  some- 
times exceedingly  serious.  Whatever  else  was 
required,  however,  the  contractor  was  relieved 
from  the  possession  of  engineering  qualifica- 
tions, and,  as  a  matter  of  fact,  the  designing 
and  supervising  engineer  himself  possessed  no 
superfluity  of  such  attainments. 

With  the  growth  of  communities  and  the  in- 
creasing demands  of  all  kinds  resulting  from 
it,  the  performance  of  contracting  work  ac- 
quired a  more  diverse  and  complicated  charac- 
ter. While  it  is,  and  was,  always  supposed  that 
the  plans  and  specifications  of  the  chief  engi- 
neer indicate  with  sufficient  clearness  and  full- 
ness the  requirements  of  every  case,  it  grad- 
ually became  apparent  that  a  more  technical 
and  adequate  appreciation  of  plans  and  specifi- 
cations was  necessary  even  on  the  part  of  the 
contractor.  Advancing  knowledge  as  to  the 
qualities  of  natural  materials  and  the  rapidly 
increasing  demand  for  such  manufactured  ma- 
terials as  iron  and  steel  required  a  correspond- 
ing Increase  of  technical  knowledge  not  only  in 
the  engineering  organization  of  any  great  work, 
public  or  private,  but  also  on  the  part  of  the 
contractor  to  secure  with  certainty  and  facil- 
ity the  desired  results. 
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Br«n  at  the  besinnlns  of  iron  bridge  build 
lug  a  Add  perhaps  in  which  these  obaervaUons 
jniinii  Bost  marked  signiflcance.  a  knowledge 
of  mill  and  shop  operations  inTOlved  eo  much 
of  a  technical  nature  and  was  so  eesential  to 
the  construction  of  satisfactory  bridges  and 
other  structures,  that  contractors  actually  pos- 
aaMed  more  technical  knowledge  of  the  materi- 
als Involved  and  methods  to  be  employed  than 
•nglneers  themselves.  In  general,  the  great' 
buaiiMaa  of  contracting  in  iron  and  ste«l  has 
from  the  venr  first  necessitated  on  the  part  of 
the  contractor  an  amount  of  professional 
knowledge  and  skill  rarely  possessed  by  the 
designing  and  supervising  engineer  himself, 
and  this  observation  has  continued  to  gain 
force  even  to  the  present  time  until  engineers 
have  actually  been  obliged  to  go  to  contractors 
for  much  of  the  technical  knowledge  required 
for  the  best  performance  of  their  own  work.  The 
relative  condition  of  structural  steelwork  in 
Great  Britain  and  the  United  States  clearly 
proves  the  good  results  of  the  general  recogni- 
tion of  this  fact  by  American  engineers. 

While  there  are  fields  of  engineering  construc- 
tion which  show  somewhat  less  prominent  fea- 
tnres  of  this  character  than  iron  and  steel 
bridge  building,  yet  the  general  principles  still 
hold  if  we  pass  to  such  lines  of  engineering 
work  as  great  masonry  constructions,  modern 
canal  works,  engine  building  and  the  new  de- 
velopments in  electric  light  and  power.  It  is 
no  exaggeration  to  state  that  in  every  such 
branch  of  engineering  activity  the  actual  ad- 
vances in  the  production  of  materials  as  well 
as  In  their  use,  and  the  evolution  of  economic 
and  rapid  methods  of  construction  have  gener- 
ally proceeded  from  the  contracting  side  of  the 
works.  It  has  been  of  the  utmost  importance 
to  contractors  to  reach  with  the  highest  degree 
of  efficiency  and  economy  In  labor  and  materials 
the  ends  specified  to  be  accomplished  under 
their  contracts,  and  therein  lies  the  great  stim- 
nhis  for  development  in  their  portion  of  the 
work.  On  the  other  hand,  it  is  equally  true  that 
with  advances  in  engineering  science  and  in 
the  professional  training  of  engineers,  they  have 
constantly  pushed  forward  their  requirements 
in  design  and  construction  Just  as  rapidly  as 
the  material  gains  in  mill,  shop  and  field  oper- 
ations of  the  contractors  have  been  realized, 
and  sometimes  even  more  so.  It  is  obviously 
a  perfectly  rational  process  that  the  engineer 
and  the  contractor  should  be  mutually  stimu- 
lated to  advance,  each  by  the  progress  made  by 
the  other. 

It  is  equally  obvious  that  these  Increasing 
demands  flowing  from  the  constantly  increas- 
ing excellence  not  only  in  the  quality  of  all  ma- 
torials  employed  but  also  of  all  the  processes 
BOCMsary  for  the  completion  of  a  great  engi- 
neering work,  should  induce  the  engineer  grad- 
ually to  become  the  contractor,  or  If  it  is  pre- 
ferred, should  Induce  the  contractor  gradually 
to  become  also  the  skilled  technical  man,  and 
that  is  precisely  what  has  taken  place  at  the 
present  time.  This  result  was  probably  found 
first  in  the  fields  of  Iron  and  steel  construc- 
tion for  reasons  that  have  already  been  set 
forth,  but  precisely  the  same  evolutionary  forces 
have  been  at  work  in  other  fields  of  engineer- 
ing activity.  Technical  knowledge  and  profes- 
sional skill  have  become  absolutely  essential, 
not  only  for  the  design  of  work  and  the  elabor- 
ation of  proper  specifications  and  contracts  but 
also  for  the  production  of  materials  and  their 
proper  handling  In  construction,  until  at  the 
present  time  there  is  no  better  englnf!ering 
talent  or  engineering  experience  found  than 
that  engaged  in  or  connected  with  the  great 
contracting  firms  of  this  country.  This  is  just 
as  true  of  excavation  and  construction  in  great 
railroad  and  canal  works  as  In  the  more  ob- 
scnre  and  refined  operations  of  the  steel  mill 


and  the  bridge  shop,  or  in  the  building  of  ships 
and  engines,  or  in  the  great  modern  electrical 
works.  Probably  no  higher  grade  of  engineer- 
ing skill  is  required  than  in  the  development  of 
proper  machinery  plant  and  methods  ot  opera- 
tion In  such  great  works  of  excavation  as  that 
of  the  Chicago  drainage  canal  and  that  which 
will  be  found  in  the  construction  of  the  Panama 
ship  canal  about  to  be  built,  or  In  the  design 
and  construction  of  a  great  public  water  supply 
system.  The  most  refined  mathematical,  chem- 
ical and  physical  applications  known  in  engi- 
neering work  are  those  employed  In  the  electri- 
cal and  metallurgical  operations  of  great  in- 
dustrial establishments  like  those  at  Schenec- 
tady and  Pittsburg.  Yet  these  are  all  contract- 
ing plants.  They  are  possessed  by  contractors 
and  are  operated  for  contracting  purposes.  All 
such  plants  necessarily  are  the  product  of  the 
highest  type  of  engineering  talent  developed  and 
trained  by  the  best  professional  education  at- 
tainable in  the  world  at  the  present  time. 

The  result  of  all  this  evolution  in  contracting 
has  been  the  development  of  the  eminent  engi- 
neering contracting  firms  of  the  present  time. 
The  greatest  public  and  private  works  ever 
known  are  constructed  and  Installed  by  contract- 
ing engineers  or  engineer  contractors  whose 
professional  attainments,  business  capacity,  and 
constructive  skill  have  certainly  never  been  ex- 
celled even  by  the  professional  engineers  who 
design  and  supervise  the  completed  work.  The 
natural  result  ot  this  condition  of  things  is  not 
in  the  slightest  degree  a  reflection  upon  the 
professional  engineer,  because  the  demand  upon 
his  skill  and  judgment  is  correspondingly 
great  and  constantly  increasing,  but  It  simply 
indicates  that  the  actual  construction  of  great 
engineering  works  requires  the  exercise  of  Just 
about  the  same  engineering  qualities  as  their 
design  and  supervision. 

The  resulting  relations  between  the  contrac- 
tor and  the  supervising  engineer  are  necessari- 
ly on  a  higher  plane  than  formerly;  they  be- 
come more  nearly  like  those  between  profession- 
al men,  or,  at  any  rate  they  should  become  so. 
They  can  and  ought  to  be  mutually  helpful.  The 
time  has  gone  by  for  either  the  contractor  to  at- 
tempt to  "get  the  best"  of  the  engineer,  or  for 
the  latter  to  "catch"  the  contractor.  The  pros- 
pective profit  of  the  contractor  is  no  element  in 
the  engineer's  care  or  thoroughness  of  inspec- 
tion or  in  the  discharge  of  any  other  profession- 
al duty.  They  are  both  engaged  in  a  common 
purpose,  although  starting  from  different  points, 
and  their  highest  interests  are  best  served  by 
reasonable   co-operation. 


Water  Purification  at  Pittsburg. 

The  purification  of  the  Pittaburg  water  supply 
Is  so  Imperatively  necessary  that  the  repbrt  on 
the  subject  made  last  week  by  Col.  A.  M.  Miller 
and  Messrs.  Rudolph  Hering  and  John  W.  Hill 
ought  to  be  followed  by  the  speedy  construction 
of  the  necessary  works.  These  three  engineers 
were  retained  to  report  on  the  character  and 
size  of  the  plant  required  to  supply  the  entire 
city,  and  on  the  correctness  of  the  estimates  of 
cost  of  works  prepared  by  the  local  officers.  In  a 
general  way  the  report  approves  the  designs 
and  estimates  of  the  Department  of  Public 
Works.  These  called  for  forty-five  covered  fil- 
ters of  an  acre  each,  while  the  report  states 
that  forty  will  probably  be  ample,  and  there 
Is  a  corresponding  slight  reduction  In  many 
other  features  of  the  plans.  The  report  esti- 
mates the  cost  of  the  works  at  $6,750,000,  while 
the  Department's  estimate  was  $7,150,000.  The 
three  consulting  engineers  state  that  the  pro- 
posed size  of  works  is  based  on  a  consumption 
of  200  and  250  gallons  per  capita,  depending  on 
the  part  of  the  city  considered.  The  introduc- 
tion of  meters  cannot  be  safely  estimated  to 


reduce  these  figures  below  160  and  200  gallons 
respectively,  the  report  states,  because  a  ma- 
terial cause  of  the  waste  of  water  in  the  city 
is  the  leakage  from  street  mains,  which  can  be 
remedied  but  slowly.  These  figures  all  refer 
to  a  plant  large  enough  for  the  requirements  of 
the  city  in  1907.  when  it  can  be  finished  if  con- 
struction is  begun  immediately.  With  waste 
curtailed,  It  may  be  adequate  for  the  demands 
until  1918.  What  it  will  be  desirable  to  do  in 
the  way  of  extending  the  works  for  the  greater 
requirements  of  succeeding  years  can  be  best 
determined  later,  when  the  result  of  introducing 
meters  has  been  ascertained  and  the  experience 
with  preliminary  filtration  at  Philadelphia  and 
elsewhere  is  sufficiently  extensive  to  furnish 
accurate  data  as  to  its  efficiency. 

This  subject  of  preliminary  filtration  was  in- 
troduced at  the  meeting  of  the  joint  council- 
manic  committee  called  to  receive  the  report 
as  a  sort  of  supplementary  suggestion  by  Mr. 
Hill.  In  his  opinion  preliminary  filtration  at 
the  Philadelphia  plants  under  his  charge  was 
so  successful  that  It  might  well  be  adopted  in 
Pittsburg,  thereby  reducing  the  first  cost  of  the 
works  about  $720,000,  and  the  annual  mainten- 
ance charges  about  $12,000.  Colonel  Miller  and 
Mr.  Hering  strongly  contradicted  these  state- 
ments, asserting  that  the  Philadelphia  roughing 
filters  had  not  yet  been  tried  with  water  at  all 
difficult  to  purify  and  it  would  be  running  al- 
together too  serious  chances  of  failure  to  in- 
troduce them  at  Pittsburg  before  more  com- 
plete information  concerning  them  was  ob- 
•p.ined.  The  lack  of  success  with  such  filters 
abroa.1  was  pointed  out,  and  the  majority  of 
the  commission  emphatically  protested  against 
a  definite  adoption  of  them  until  the  experience 
with  them  at  Philadelphia  had  been  sufficiently 
long  to  furnish  definite  data. 

This  Is  manifestly  sound  advice.  The  city 
of  Philadelphia  was  forced  to  adopt  preliminary 
filters  or  ask  the  people  to  authorize  a  very 
large  sum  for  purification  works  in  addition  to 
that  voted  several  years  ago.  A  discussion  of 
the  causes  of  this  state  of  affairs  is  not  perti- 
nent to  the  present  subject.  The  roughing  filters 
have  been  doing  good  work,  but  they  have  y^t 
to  prove  their  value  with  turbid  water.  Every 
engineer  hopes  the  experiment  will  be  success-  - 
ful  and  many  are  confident  that  such  will  be 
the  case.  If  the  test  is  successful  it  will  in- 
troduce another  valuable  aid  in  water  purifi- 
cation, but  even  if  the  results  at  Philadelphia 
are  satisfactory,  it  by  no  means  follows  that  the 
same  system  will  be  suitable  for  the  Pittsburg 
water  supply.  The  purifications  works  adapted 
for  one  water  may  be  useless  for  another;  the 
magnificent  systems  of  London  or  Hamburg 
would  fail  completely  at  St.  Louis  or  New 
Orleans. 

The  only  safe  course  to  be  followed  at  Pitts- 
burg is  to  build  the  filters  on  the  plans  of  the 
Department  of  Public  Works,  as  modified  by 
the  commission  of  experts  who  reported  last 
week.  In  this  way  the  city  will  be  certain  to 
obtain  a  plant  which  will  furnish  a  good  supply 
under  proper  management.  These  works  will 
be  only  large  enough  to  answer  the  demands 
for  water  for  a  few  years  after  their  completion. 
While  they  are  being  constructed  the  Philadel- 
phia roughing  filters  will  have  had  a  good  test, 
and.  if  successful,  there  will  still  be  ample  time 
to  run  thorough  tests  at  Pittsburg  to  determine 
the  applicability  of  such  preliminary  filtration 
to  the  water  of  that  city.  If  such  experimental 
filters  prove  successful,  the  slight  additional 
cost  of  the  roughing  filters  will  be  justified. 
If  the  preliminary  filters  were  installed  as  a 
part  of  the  permanent  works  at  the  outset  and 
should  prove  unsuccessful,  as  may  be  the  case, 
the  city  might  as  well  be  without  filters  alto- 
gether until  works  such  as  are  now  recom- 
mended  are   built.     Pittsburg  surely   has   suf- 
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flcient  resources  to  follow  the  first  plan,  and 
cease  juggling  with  the  lives  of  its  citizens.  It 
is  only  good  fortune  which  keeps  the  city  from 
experiencing  on  a  terribly  great  scale  the  re- 
cent epidemics  at  Buffalo,  Ithaca  and  Water- 
town. 


Special  Fire  Protection  Water- Works. 

Although  it  is  now  a  number  of  years  since 
special  systems  of  high-pressure  street  mains 
for  fire  protection  purposes  were  first  installed 
at  Providence  and  Cleveland,  the  introduction 
of  such  systems  elsewhere  has  been  very  slow. 
Perhaps  one  reason  for  this  is  to  be  found  in 
the  fact  that  the  ideal  water  supply  Is  one  in 
which  the  street  mains  are  large  and  a  work- 
ing pressure  of  80  to  90  pounds  per  square 
inch  is  kept  on  them  all  the  time.  Such  a  sys- 
tem, with  hydrants  so  placed  that  no  line  of 
hose  need  exceed  500  feet  in  length,  gives  to 
each  hose  line  a  value  almost  equal  to  that  of 
an  ordinary  steam  fire  engine  as  commonly  run. 
Since  five  to  ten  thousand  feet  of  hose  is  not 
a  particularly  expensive  reserve  to  maintain, 
with  plenty  of  volunteers  to  man  the  lines  in 
an  emergency,  a  city  so  equipped  has  an  asset 
for  fire  fighting  vastly  superior  to  the  ability  to 
telegraph  for  aid  to  neighboring  cities.  The 
experience  of  Pall  River,  Syracuse  and  other 
cities  abundantly  demonstrates  that  this  high 
pressure  on  mains  and  plumbing  does  not  cause 
the  extra  waste  of  water  which  might  be  ex- 
pected from  a  superficial  study.  One  of  the 
most  important  features  of  the  works  recom- 
mended recently  by  the  Commission  on  Addi- 
tional Water  Supply  for  New  York  is  the  mag- 
nificent pressure  the  proposed  supply  would 
furnish  in  all  parts  of  the  city.  While  this  is 
the  ideal  method  of  supply,  it  by  no  means  fol- 
lows that  the  alternative  plan  of  independent 
fire  mains  is  less  important.  As  a  matter  of 
fact  such  mains  are  possibly  better  under  cer- 
tain circumstances,  and  it  is  not  surprising 
that  Chicago.  New  York,  Baltimore,  Brooklyn 
and  other  .large  cities  are  now  actively  investi- 
gating their  advantages  and  drawbacks. 

On  account  of  the  importance  of  the  subject, 
the  earlier  articles  in  The  Engineering  Record 
on  the  Philadelphia  fire-protection  water-works 
are  supplemented  elsewhere  in  this  issue  by  a 
complete  description  of  the  pumping  station. 
These  works  represent  the  highest  type  devised 
up  to  the  present  time.  Their  capacity  is  best 
shown  by  the  fact  that  at  one  trial  twelve 
standard  fire  streams  of  exceptional  force  were 
played  from  one  street  corner,  a  concentration 
of  fire-fighting  power  worthy  of  careful  consid- 
eration. The  advantages  of  such  special  works 
are  two-fold;  they  enable  the  nearest  source  of 
supply  to  be  utilized,  irrespective  of  the  pota- 
ble character  of  the  water,  and  the  mains  can 
be  made  heavy  enough  to  withstand  a  very 
heavy  pressure.  These  two  advantages  gen- 
erally render  the  works  relatively  inexpensive 
when  compared  with  those  for  regular  supply, 
but  they  introduce  one  element  which  was  re- 
garded for  a  time  with  much  disfavor. 

The  method  of  supplying  the  mains  with 
water  was  the  feature  of  special  fire-protection 
works  which  led  to  unfavorable  comment.  The 
gravity  supply  used  in  Providence  is  rarely 
possible.  In  other  cities  it  is  necessary  to  use 
either  flre-boats  plying  along  the  water-front 
or  construct  pumping  stations  fpr  this  purpose 
alone.  In  the  case  of  flre-boats,  provision  is 
made  for  connecting  the  boats  to  the  mains  at 
various  places,  but  it  takes  considerable  time 
to  run  a  boat  to  the  proper  place  and  make  the 
connection.  This  is  specially  true  in  winter, 
and  in  any  case  the  delay  occurs  at  the  begin- 
ning of  the  fire  when  the  water  is  most  useful. 
Small  stationary  pumping  plants  have  been 
looked  upon  with  disfavor  for  several  reasons. 


Their  first  cost  is  high,  when  measured  by  the 
time  they  are  actually  in  service,  and  altheugb 
this  is  an  incorrect  method  of  estimating  their 
value,  it  is  commonly  followed.  A  steam  plant 
is  expensive  in  operation,  for  the  fires  must  be 
kept  up  all  the  time.  An  electrically  operated 
plant  may  be  rendered  inoperative  through  var; 
ious  injuries  to  the  central  power  station  and 
the  lines.  A  gas  engine  plant  has  rarely  been 
considered  desirable  on  account  of  the  feeling 
that  the  gas  engine  would  prove  unreliable. 
As  a  matter  of  fact,  a  pumping  plant  operated 
by  electric  motors  or  gas  engines  can  be 
made  reasonably  safe  in  any  city.  It  often 
happens  that  electric  current  can  be  obtained 
from  two  independent  sources  over  under- 
ground lines,  and  it  is  difficult  to  see  any  rea- 
sonable objection  to  such  a  system  of  opera- 
tion. It  is  equally  possible  in  many  cases  to 
obtain  gas  from  two  holders,  and  here  again 
reasonable  safety  is  assured. 

The  Philadelphia  plant  has  proved  the  prac- 
ticability and  reliability  of  the  gas  engine  sta- 
tion. The  seemingly  complicated  system  of 
valves  and  connections  in  that  plant  is  really 
very  simple,  and  the  actual  operation  of  the 
plant  every  day  shows  that  it  will  furnish  am- 
ple water  under  heavy  pressure  just  as  soon  as 
the  firemen  are  ready  to  use  it.  The  various 
manipulations  needed  to  start  the  units  of  the 
plant  are  easily  and  quickly  performed,  a 
trained  operating  force  ought  to  perform  them 
without  hesitation  or  confusion,  and  it  is  diflS- 
cult  to  foresee  any  cause  of  failure.  The  large 
number  of  small  units  in  the  station  makes  it 
possible  to  repair  any  one  of  them  without 
affecting  the  efficiency  of  the  plant. 

Attention  is  particularly  called  to  the  des- 
cription of  this  station  because  of  the  very 
pronounced  feeling  in  several  cities  that  some- 
thing pt  the  sort  should  be  provided  in  other 
danger  districts  than  that  of  Philadelphia.  Mr. 
George  W.  Jackson  has  recently  reported  in 
favor  of  a  similar  system  on  a  much  larger 
scale  for  Chicago,  and  it  is  interesting  to  notice 
that  his  plans  call  for  a  gas  engine  station. 
The  water  supply  is  to  be  drawn  from  one  of 
the  tunnels  of  the  city  water-works  and  not 
independently  from  the  river  or  lake,  although 
at  a  later  date  such  an  exclusive  supply  may 
become  desirable.  The  river  is  considered  un- 
available on  account  of  the  sediment  it  con- 
tains, which  it  is  feared  would  cut  the  cylinders 
and  valves.  The  large  main  piping  is  to  be  laid 
in  tunnels  driven  about  70  feet  below  the  river 
surface,  and  connected  with  the  8-lnch  street 
pipes  by  vertical  pipes  in  shafts.  In  such  re- 
spects the  project  is  unusual,  which  .inay  be 
due  to  its  author's  experience  in  building -the 
telephone  subways  in  the  city.  Indeed  the  plan 
is  so  novel  that  considerable  study  of  local  con- 
ditions would  be  necessary  to  pass  on  its  merits 
compared  with  other  possible  arrangements. 
The  general  details  of  the  project,  however, 
seem  possible  now  that  the  Philadelphia  plant 
has  proved  its  effectiveness,  and  here  again  the 
marked  educational  value  of  that  plant  becomes 
evident.  Its  installation  is  a  highly  creditable 
piece  of  engineering  on  the  part  of  the  Bureau 
of  Water  and  the  designers  of  the  machinery 
and  the  attention  it  is  now  receiving  from  the 
officials  of  many  cities  is  not  surprising  in  view 
of  the  facts  given  in  the  article  elsewhere  in 
this  issue. 


them  conform  with  the  final  plans  for  the  yard 
and  viaducts  over  it.  This  article  is  printed 
solely  to  make  clear  the  methods  of  conducting 
work  now  being  followed  by  the  contractor, 
and  it  should  be  clearly  understood  that  It 
does  dot  present  accurately  the  details  of  the 
proposed  improvements. 


Notes  and  Comments. 


Thk  Effect  of  Firk  in  Buildinus  is  some- 
times greatly  exaggerated  by  the  peculiar  con- 
struction of  the  parts  reached  by  the  flames.  A 
good  instance  of  this  is  afforded  by  the  view 
of  a  corridor  in  the  Continental  Trust  Build- 
ing at  Baltimore,  printed  on  page  214  of  The 
Engineering  Record  of  February  20.  The  tile 
ceiling  of  this  corridor  appears  in  pretty  bad 
shape,  although  the  ceiling  of  adjoining  rooms 
is  in  far  better  condition.  An  explanation  of 
this  fact  is  given  by  the  George  A,  Fuller  Com. 
pany.  The  corridor  was  provided  with  a  mar- 
ble ceiling,  and  when  it  was  put  up  the  work- 
men were  forced  to  chip  the  tile  in  many  places 
to  fasten  the  marble.  This  accounts  for  the  ap- 
pearance of  the  flreprpoflng  in  the  corridor, 
which,  it  should  be  added,  is  in  much  worse 
condition  than  that  elsewhere  on  that  floor. 


The  Rochester  Fire  last  week  is  mainly  Im- 
portant for  its  duplication  of  the  proof  of  the 
value  of  hollow  tile  fireprooflng  which  was  first 
thoroughly  demonstrated  at  Baltimore.  The 
Rochester  fire  was  peculiar  from  the  fact  that 
a  twelve-story  fireproof  building  acted  as  a 
chimney  for  two  others.  One  of  these  had  been 
connected  with  it  by  removing  the  division  wall 
between  the  two  structures  at  the  first  floor,  and 
the  other  was  joined  by  a  passageway  below  a 
narrow  street  separating  the  buildings.  The 
other  buildings  in  the  neighborhood  were  ordi- 
nary structures,  no  better  or  worse  than  the 
usual  mercantile  stores.  A  fire  started  between 
4  and  5  o'clock  in  the  morning  In  one  of  them 
which  speedily  reached  the  structures  connect- 
ed with  the  high  building,  known  as  the  Gran- 
ite Building.  The  flames  soon  passed  through 
the  openings  in  its  walls  and  burned  out  the 
offices  in  all  the  stories,  with  a  few  unexplained 
exceptions.  The  marble  wainscoting  in  the 
building  was  destroyed  but  the  tile  and  slate 
withstood  the  intense  heat  with  trifling  Injury, 
completely  protecting  the  cast-iron  columns 
and  steel  beams.  In  one  of  the  adjoining  struc- 
tures, where  the  floors  were  of  brick  turned 
between  unprotected  steel  beams,  the  latter  are 
warped,  the  brick  fallen  and  the  building  a 
wreck,  although  it  is  questionable  If  the  heat 
was  any  greater  than  in  the  Granite 'Building. 
One  of  the  brick  walls  of  the  latter  structure, 
which  was  exposed  to  the  intense  heat  of  the 
adjacent  low  building,  as  well  as  the  flames 
in  the  interior,  was  somewhat  cracked  and  may 
have  to  be  taken  out. 


The  Grand  Central  Tebminai,  Improvements 
in  New  York  of  the  New  York  Central  &  Hud- 
son River  Railroad  Company  are  not  yet  en- 
tirely determined  in  some  respects,  and  for  this 
reason  the  article  elsewhere  in  this  issue  on  the 
work  actually  in  progress  contains  numerous 
statements  which  may  require  change  to  make 


Uniform  Building  Laws  are  proposed  by  the 
International  Society  of  State  and  Municipal 
Building  Commissioners,  which  was  organized 
at  Washington  last  week.  Mr.  F.  W.  Fifzpat- 
rlck,  of  that  city,  the  Society's  secretary,  was 
the  leading  spirit  in  its  formation.  It  goes 
without  saying  that  the  lack  of  even  approxi- 
mate uniformity  in  building  regulations  is  an 
unfortunate  condition.  There  is  no  peculiarity 
of  climate  or  of  environment  which  will  make 
a  steel  beam  carry  safely  a  greater  load  in  one 
locality  than  another,  and  It  Is  difficult  to  un- 
derstand why  the  system  of  fire  protection 
which  Is  adequate  In  one  city  is  unsafe  In 
another.  It  is  too  much  to  expect  complete  * 
uniformity  in  these  laws,  but  there  is  no  rea- 
son why  the  many  great  differences  that  now 
exist  should  not  be  reduced.  If  the  new  society 
intelligently  and  tactfully  works  to  accomplish 
this  end  it  will  be  doing  most  praiseworthy 
work. 
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Progress  on  the  Wachusett  Dam  of  the 

Metropolitan    Water    Works, 

Massachusetts. 


Tbe  larat  awaonrj  dam,  known  as  the  Wa- 
ohnaett  dam.  acroa*  the  south  fork  o(  the 
Nashua  River  at  Clinton,  Mass.,  for  the  Metro- 
politan Water  Works  of  Boston  and  its  sub- 
ttrba,  has  been  mentioned  so  many  times  in 
thoae  vmgn  that  the  readers  of  this  Journal  are 
(ainlUar  with  It.  at  least  in  a  general  way.  A 
eooiplete  lllustnUsd  general  description  of  the 
dam  and  its  anwaory  structnres  was  printed 
8«pt«mber  8  and  15,  1900.  and  a  detailed  account 
ot  th*  contractor's  extensive  plant  and  effective 
raa  given  April  5,  1902.  Tbe  necee- 
protaetlTe  works  for  controlling  the  river 
daring  construction  and  the  progress  of  the 
operations  have  also  been  described.  By  way 
ot  reminder,  however,  the  following  figures  re- 
lating to  the  dam  may  be  given:  Total  length 
of  dam  on   (op  1.500  feet,  includini;  the  waste 


ter,  to  lengthen  the  span  of  both  cableways 
from  1,150  to  1,250  feet,  the  head  towers  being 
moved  back  so  that  the  masonry  of  the  dam 
can  be  built  where  these  towers  were  previously 
located.  The  excavation  of  earth  and  rook  has 
also  been  in  progress  whenever  the  weather  per- 
mitted, and  it  is  expected  that  the  excavation 
from  the  trench  for  the  dam  will  be  completed 
before  the  masonry  work  is  resumed  in  the 
spring.  At  the  beginning  of  1903,  the  masonry 
of  the  dam  extended  475  feet  across  the  lower 
part  of  the  valley,  and  its  top  was  about  35  feet 
above  the  bed  of  the  river.  During  the  year, 
the  masonry  has  been  increased  in  height  about 
41  feet  and  it  now  extends  for  about  740  feel 
across  the  lower  part  of  the  valley.  The  top  of 
the  masonry  is  about  76  feet  above  the  bed  of 
the  river,  about  137  feet  above  the  bottom  of 
the  foundation  (not  in  the  cut-off  trench),  and 
about  15S  feet  above  the  lowest  point  In  the  cut- 
off trench.  The  top  of  the  finished  dam  is  to 
be  about  70  feet  above  the  present  elevation  of 
the  masonry. 


and  is  operated  by  an  engine  having  three 
(^rums,  by  means  of  which  the  engineer  is  able 
to  swing  the  derrick  and  raise  and  lower  the 
load,  also  the  boom  of  the  diarrlck.  These  der- 
ricks can  lift  about  3  cubic  yards  of  stone,  or 
about  7  tons.  The  derricks  are  moved  from  one 
working  position  to  another  by  the  cableways, 
the  two  cableways  being  used  together  for  mov- 
ing a  derrick.  When  a  derrick  is  moved,  the 
stone  which  is  piled  in  the  weight  boxes  is  taken 
oft,  but  the  derrick,  including  the  engine  and 
other  rigging,  is  moved  at  one  operation  as  one 
piece.  The  derricks  during  the  past  season 
have  been  largely  located  on  the  masonry.  Some 
of  them  have,  however,  been  put  on  cribs  along- 
side of  the  masonry  where  possible  to  do  so. 

To  pass  the  spring  floods  of  1903  over  the  ma- 
sonry, a  gap  about  40  feet  wide,  with  its  bottom 
20  feet  lower  than  the  remainder  of  the  ma- 
sonry, was  left  through  the  dam,  but  at  the  end 
of  1903  the  masonry  was  built  to  practically 
a  uniform  height,  as  no  trouble  is  anticipated 
from  the  spring  floods  of  1904.  because  of  the 


Wachnsett  Dam,  August  First:     Mortar  Mixing  Plant  at  Left,  Lower  Gate  Chamber  near  Center,  and  Waste  Conduits  in  Foreground. 


w«ir  450  feet  long  and  a  short  core  wall  extend- 
ing Into  the  hill  at  one  end;  maximum  height, 
228  feet:  maximum  thickness,  about  176  feet; 
thickness  at  top,  22.5  feet;  earth  excavation,  ap- 
proximately 270,000  cubic  yards;  rock  excava- 
tion, about  100,000  cubic  yards;  masonry,  all 
<;laaae«.  290,000  cubic  yards.  95  per  cent  being 
granite  rubble  with  granite  ashlar  on  the  ex- 
poaed  faces.  A  considerable  proportion  of  the 
excavated  earth  and  rock  has  been  removed, 
and  most  of  the  materials  for  the  masonry  have 
been  placed  by  the  aid  of  two  Lldgerwood  cable- 
ways  with  traveling  towers,  which  span  the 
gorge  at  tbe  dam  site. 

After  the  usual  winter's  interruption,  the  lay- 
ing of  masonry  at  tbe  dam  was  resumed  on 
March  21.  1903,  and  continoed  until  December 
8.  when  this  work  was  suspended  again  because 
of  cold  weather.  Advantage  baa  been  taken  of 
(he  saspension  of  masonry  work  the  past  wln- 


The  maximum  amount  of  masonry  built  in 
any  week  during  1903  was  2,612  cubic  yards. 
The  average  amount  built  per  mason  per  hour 
has  been  1.29  cubic  yards,  and  per  derrick  5.56 
cubic  yards,  the  average  number  of  masons 
worked  at  each  derrick  being  4.3.  The  derricks 
used  on  the  dam  during  1903  have  been  mostly 
A-frame  or  self-contained  stiff-leg  derricks,  re- 
quiring no  guys.  The  bases  on  which  the  masts 
of  these  derricks  rest  are  built  of  timber  each 
in  the  form  of  an  isoscTeles  triangle,  the  mast 
t>eing  placed  at  the  Junction  of  the  sides  of 
equal  length,  which  are  41  feet  long,  the  third 
side  being  56  feet  long.  Timber  struts  run  from 
the  top  of  the  mast  to  weight  boxes  located  at 
the  ends  of  the  third  side,  which  are  loaded 
with  stone.  The  masts  are  about  3S  feet  high, 
and  the  booms  about  55  feet  long.  Each  der- 
rick has  a  bull,  or  swinging,  wheel  12  feet  in 
diameter  attached  near  the  bottom  of  the  mast, 


large  storage  in  the  reservoir  above  the  dam, 
now  amounting  to  over  16,000,000,000  gallons, 
or  one-quarter  of  the  total  capacity  of  the  res- 
ervoir when  completed.  Of  this  storage  it  is 
intended  to  utilize  about  9,000,000,000  gallons 
for  the  storage  ot  water  for  consumption,  leav- 
ing about  7,000,000,000  gallons  of  storage  avail- 
able for  controlling  the  floods.  With  the  head 
which  will  be  available,  about  1,200,000,000  gal- 
lons per  24  hours  can  be  passed  through  the 
dam  by  means  of  the  four  48-inch  pipes,  built 
into  the  masonry  131  feet  below  the  elevation 
of  the  top  of  the  dam.  The  flow  of  the  largest 
flood  in  the  Nashua  River  of  which  there  is  rec- 
ord, that  of  February  13,  1900,  was  4,130,000,- 
000   gallons  per   24  hours. 

The  48-inch  pipes  through  the  dam  and  lower 
gate  chamber,  as  described  in  preceding  articles, 
are  prolonged  by  flaring  riveted  steel  pipes, 
which    connect  them    to   four   10-foot   concrete 


March  5,  1904. 

conduits  placed  side  by  side  to  form  one  struc- 
ture. These  conduits  end  beneatli  a  circular 
concrete  pool,  and  the  water  to  be  wasted  rises 
through  openings  in  the  tops  of  the  conduits 
into  the  pool,  from  which  it  overflows  into  the 
river  channel  below  the  dam.  The  concrete  for 
the  conduits  and  pool  is  composed  of  1  part  of 
Portland  cement  to  2%  parts  of  sand  and  4% 
parts  of  screened  gravel  stone.  The  conduits 
were  mostly  built  in  1902,  and  the  concrete  was 
mi.xed  in  a  cubical  mixer,  4  feet  on  a  side,  made 
by  Kaltenbach  &  Griess,  of  Cleveland,  Ohio,  the 
work  being  done  usually  in  the  night  time  when 
the  mixer  was  not  in  use  for  mixing  mortar  for 
the  dam. 

Much  the  larger  part  of  the  concrete  for 
the  pool  was  put  in  place  during  1903;  it 
was  mixed  by  hand,  the  mortar  mixer  not  being 
accessible.  The  concrete  has  been  mixed  quite 
wet,  but  not  so  wet  but  that  some  ramming 
could  be  done.  The  floor  of  the  outer  pool, 
which  is  circular  and  has  a  diameter  of  about 
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character  of  the  ashlar  masonry  in  the  down- 
stream face  of  the  dam,  the  pool  and  conduits 
in  course  of  construction  and  tne  derricks  and 
cableways   mentioned   above. 

Large  quantities  of  the  earth  and  some  of 
the  rock  excavated  from  the  trench  for  the  dam 
have  been  used  for  filling  against  and  near  both 
the  upstream  and  downstream  faces  of  the  ma- 
sonry. Considerable  portions  of  these  materials 
have  been  transported  by  the  cableways  at 
times  when  they  were  not  required  for  the  ma- 
sonry work,  and  whenever  feasible  the  skips 
have  been  dumped  without  lowering  to  the 
ground  by  making  use  of  the  aerial  tripping  de- 
vice with  which  the  cableways  were  fitted. 
Against  the  lower  part  of  the  upstream  face  of 
the  dam  a  backing  of  selected  boulder  clay,  free 
from  large  stones,  was  placed.  This  material 
was  taken  from  the  trench  for  the  easterly  end 
of  the  dam  (left  side  of  picture)  and  much  of 
it  was  shoveled  into  the  cableway  skips  as  it 
was  excavated.     The  skips  were  then  conveyed 


269 

through  the  dam,  these  outlets  being  governed 
by  24-inch  hydraulic-lift  valves.  Although  con- 
siderable quantities  of  wiater  can  be  wasted 
through  the  48-inch  pipes  and  the  pool,  after  the 
completion  of  the  reservoir,  the  principal  out- 
let for  surplus  waters  of  freshets  will  be  over 
the  main  waste  weir  into  a  large  channel  ex- 
cavated in  a  natural  gully  around  the  hill  which 
limits  the  views  at  the  right  side.  The  waste 
weir  closes  the  depression  between  this  hill 
and  the  higher  hill  which  rises  just  beyond. 

The  successive  steps  In  building  the  waste 
conduits  and  pool  are  suggested  by  the  pictures. 
The  wooden  forms  for  the  more  dilBcult  por- 
tions were  gotten  out  at  a  planning  mill  under 
the  supervision  of  a  member  of  the  engineering 
staff. 

The  Wachusett  dam,  as  well  as  the  other  parts 
of  the  extensive  Metropolitan  Water-Works 
system,  is  being  constructed  under  the  general 
direction  of  Mr.  Frederic  P.  Stearns,  chief  en- 
gineer of  the  Metropolitan  Water  &  Sewerage 
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Wachusett  Dam,  November  Second:     Showing  Cableways  and  Derricks;  Pool  over  Ends  of  Waste  Conduits  in  Foreground. 


145  feet,  was  divided  on  radial  lines  into  blocks 
16  feet  wide  at  the  outer  circumference,  and 
again  divided  on  chord  lines  15  feet  apart.  This 
was  done  in  order  to  localize  the  expansion 
cracks.  The  curved  wall  surrounding  the  outer 
pool,  which  is  7  feet  high,  has  been  built  of 
concrete  faced  with  coursed  granite  masonry, 
the  exposed  face  of  which  is  fine  pointed. 

Most  of  the  stone  used  during  the  past  year  for 
ashlar  and  dimension  stone  masonry  has  been 
obtained  from  a  quarry  situated  In  West  Chelms- 
ford, Mass.,  but  the  granite  stone  for  the  rub- 
ble masonry  has  been  obtained  from  the  quarry 
situated  about  1V_.  miles  from  the  dam.  The 
two  excellent  photographs  reproduced  herewith 
show  the  main  damas  it  appeared  near  the  end 
of  last  season  and  indicate  clearly  the  progress 
in  the  laying  of  masonry  made  during  the  three 
months  from  August  1,  when  the  earlier  view 
was  taken,  to  November  2,  the  date  of  the  sec- 
ond picture.     In   these  views  may  be  seen  the 


by  the  cableways  to  the  derricks  on  or  near  the 
dam,  by  means  of  which  the  clay  was  dumped 
in  the  desired  place. 

Near  the  right  side  of  the  view  of  August 
first  can  be  seen  the  head-house  of  the  large 
fiume  which  in  the  earlier  years  of  construc- 
tion carried  the  surplus  water  of  the  river 
across  the  main  excavation.  Later  in  the  sea- 
son this  was  dismantled  and  largely  removed 
there  being  no  longer  any  use  for  this  flume,  as 
explained  above.  The  upper  protective  dam  is 
now  submerged.  At  the  left  of  the  middle  of 
both  pictures  there  appears  a  small  wooden 
house,  at  the  easterly  end  of  the  lower  gate 
chamber.  This  Is  a  temporary  shelter  over  the 
controlling  gates  at  the  entrance  to  the  Wa- 
chusett aqueduct,  which  pierces  the  hill  in  a 
tunnel  and  through  which  the  water  is  sent  to- 
ward the  Metropolitan  district.  Water  for  the 
aqueduct  is  admitted  to  the  lower  gate  cham- 
ber through   side  outlets  on  the  48-inch  pipes 


Board.  Mr.  Thomas  P.  Richardson,  as  engineer 
of  the  Dam  and  Aqueduct  Department,  has  im- 
mediate supervision  of  the  work  described,  and 
it  is  through  his  courtesy  that  the  materials 
for  this  article  were  obtained.  The  contract  for 
the  dam  was  awarded  to  the  McArthur  Bros. 
Company,  of  Chicago,  but  the  work  is  being  ex- 
ecuted by  Winston  &  Company  and  Locher,  a 
partnership  of  the  McArthur  Bros.  Company, 
Winston  &  Company  and  C.  H.  Locher.  Messrs. 
J.  O.  Winston  and  C.  H.  Locher  have  directed 
operations  for  the  contractors. 


Cast-Ihok  Tools  for  working  metal  in  lathes 
were  used  thirty  years  ago,  according  to  Mr. 
J.  E.  Stead.  When  a  particularly  hard  material 
had  to  be  turned  an  acquaintance  had  em- 
ployed a  cutting  tool  of  white  cast-iron  and  had 
succeeded  with  it  where  hardened  steel  failed. 
Such  tools  have  also  been  used  at  the  Altoona 
shops  of  the  Pennsylvania  Railroad. 
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A  Concrete-Steel-Construction  Filtration 

Plant  for  the  New  Haven  Water 

Company — I. 


New  Haven.  Conn.,  "and  two  or  tnree  adjoining 
towns  are  supplied  with  water  by  thi'  New 
Haven  Water  Company,  of  whii-h  Mr.  Ell  Whit- 
ney Is  president.  The  company  owns  six  sup- 
plies from  streams  and  lakes,  with  impounding 
naervoirs,  but  one  of  the  sources  is  held  in  re- 
serve and  not  ordinarily  used.  -Two  supplies 
are  pumped,  but  the  others  are  from  sources  at 
sufflcient  elevations  to  give  satisfactory  pres- 
sures hj  gravity.  The  distances,  elevations  and 
pumping  pressures  of  the  various  supplies  are 
such  that  with  one  exception,  which  is  reserved 
for  high-level  service,  they  all  are  connected 
with  the  city  distribution  system,  without  the 
intervention  of  pressure  regulators  or  other  de- 
vices for  separating  different  districts.  The 
average  dally  consumption  is  about  15,000,000 
gallons. 

In  order  to  protect  the  water  from  harmful 
pollution  the  company  has  for  some  time  been 
purchasing  the  lands  on  its  watersheds  and  now 
owns  a  considerable  proportion  of  their  areas. 


signed  and  is  partially  constructed.  This  plant 
cojslsts  of  twelve  covered  Biter  beds,  an  operat- 
ing gallery,  a  laboratory  and  a  clear-water  res- 
ervoir. There  are  no  courts  for  the  storage  and 
washing  of  sand  and  no  regulating  houses;  the 
former  are  dispensed  with  because  of  the  ingen- 
ious method,  involving  the  use  of  ejectors,  for 
handling  the  sand,  without  storage  outside  the 
filter  beds,  and  the  functions  of  the  latter  are 
performed  by  the  operating  gallery  (on  either 
side  of  which  the  filters  are  arranged  in  two 
rows  of  six  each),  which  is  of  the  type  used  In 
some  mechanical  filter  plants  and  resembles  the 
operating  galleries  at  the  well-known  filtration 
works  of  the  East  Jersey  Water  Company,  at 
hittle  Falls,  N.  J. 

The  filter  beds  and  the  clear-water  reservoir 
are  covered  with  flat  slab-and-beam  construction 
concrete-steel  roofs,  with  unusually  long  spans, 
supported  by  concrete  columns;  and  have  invert- 
ed grolned-arch  floors.  Thin  walls  were  adopted 
and  resist  lateral  pressures  principally  by  beam 
action  between  the  floors  and  roof.  Above  the 
surface  of  the  filtering  sand  the  beds  have  an 
unusual  height,  and  the  earth  filling  against  the 
outside  walls  is  not  carried  above  the  water 
level,  although  the  roofs  have  2  feet  of  earth  on 


necessitating  the  shutting  down  of  the  plant, 
unfiltered  water  can  be  pumped.  By  opening 
one  valve  and  shutting  two  others  the  filters 
can  be  cut  out  and  water  drawn  directly  from 
the  lake  as  at  present.  The  10  inch  biow-off  is 
for  the  purpose  of  draining  the  clear  water  res- 
ervoir for  inspection  or  repairs.  As  Indicated, 
the  filter  and  the  operating  gallery  together 
form  a  rectangular  building  about  385x505  feet 
in  plan,  with  a  one-story  superstructure,  6  feet 
8  inches  high  above  ground  level,  over  the 
filters;  over  the  pipe  gallery  there  is  a  second 
story,  and  at  the  center  of  the  gallery,  a  third 
story  50  feet  long,  providing  space  for  the  labor- 
atory and  office.  Each  filter  is  82  1/3x180  feet 
inside  at  the  level  of  the  sand  surface,  and  has 
a  net  filtering  area  of  l/3^acre.  Practically  the 
whole  filter  structure,  excepting  the  exterior 
walls  above  ground  level,  is  of  Portland  cement 
concrete. 

The  exposed  portions  of  the  exterior  walls 
are  of  red  bricks,  12  inches  thick  with  2-inch 
air  spaces,  except  at  the  buttresses,  which  are  16 
inches  thick.  These  buttresses  are  2  feet  wide 
and  in  the  north  and  south  walls  are  12  feet 
apart  on  centers,  coming  at  the  ends  of  the  roof 
girders;    in  the  east  and   west  walls  they  are 


New  Haven  Filters:    Arrangement  of  Contractor's  Plant  for  Building  Floor  and  Walls  of  one  Filter;  the  Concrete  Mixer. 


A  system  of  sanitary  inspection  Is  maintained, 
fallen  leaves  are  raked  up  and  burned,  and  the 
droppings  of  animals  are  removed  from  the 
roads.  But  owing  to  the  extent  of  the  manufac- 
turing interests  along  Mill  River  from  which 
the  Whitneyvllle  supply,  averaging  8,000,000 
gallons  per  day,  is  pumped.  It  cannot  be. suffi- 
ciently controlled  to  preclude  all  danger  of  con- 
tamination; and  so  it  has  become  necessary  to 
Alter  this  water.  Desiring  to  secure  an  up-to- 
date  flltration  plant,  the  company  decided  to  ob- 
tain the  advice  of  engineers  expert  in  filter  de- 
sign.   The  works  are  unusually  interesting. 

The  filters  are  located  on  a  tract  of  land  about 
1%  miles  from  the  center  of  the  city,  near  the 
Lalce  Whitney  dam,  and,  although  topographi- 
cally it  was  not  so  suitable  for  a  filter  site  as 
might  have  been  desired,  a  variety  of  reasons 
led  to  its  selection.  A  slow  sand  filter  plant, 
baring  an  aggregate  area  of  four  acres,  of  12,- 
000,000  gallons  per  day  nominal  capacity,  ar- 
ranged with  the  view  of  having  it  capable  of 
yielding  18,000,000  gallons  per  day,  the  capacity 
of  the  pumping  stations,  or  even  a  little  more 
during  short  periods  if  needed,   has  l>een  de- 


them.  This  arrangement  permits  the  upper 
parts  of  the  exterior  walls  to  be  pierced  by  a 
number  of  large  windows.  In  order  to  afford 
ample  ventilation  and  sufficient  natural  light  for 
sand  scraping  and  other  work  inside  the  filters 
and  to  avoid  the  incandescent  lighting  system 
or  other  artificial  means  of  illumination 
which  have  been  used  in  some  filter  plants. 
There  are  none  of  the  sand  entrances  and  runs 
which  have  been  familiar  features  of  covered 
slow  sand  filtration  plants  heretofore,  and  there 
are  only  two  ventilators  or  manholes  in  the 
roof  of  each  filter.  The  collector  and  piping 
systems  also  have  features  of  interest. 

An  accompanying  general  plan  shows  the  ar- 
rangement of  the  filter  plant  and  its  principal 
pipe  connections,  while  other  drawings  repro- 
duced herewith,  or  to  be  reproduced  with  the 
second  part  of  this  description,  give 
many  details  of  the  design.  The  piece 
of  30-Inch  raw  water  pipe  connecting  the 
36-inch  raw  water  main  to  the  30-inch 
effluent  suction  main  leading  to  the 
pumps,  has  been  put  in  so  that  m  case  of  ac- 
cident to  the  filters  or  clear  water  reservoir. 


spaced  20  feet  2  inches  on  centers.  In  the  north 
and  south  walls  there  are  two  windows,  each 
glazed  with  twelve  lights  of  10x1 2-inch  glass,  in 
each  panel,  but  in  the  east  and  west  walls  there 
Is  only  one  such  window,  in  the  middle  of  each 
panel.  Each  window  has  two  sashes  made  to 
slide  vertically,  and  the  frames  are  made  for 
double  windows,  so  that  a  second  pair  of  sashes 
may  be  put  In  if  found  necessary  in  order  to 
maintain  a  proper  temperature  inside  the  filters 
in  winter.  Indirect  light  also  is  admitted  to 
the  filters  through  window  openings  in  the  walls 
next  to  the  operating  gallery.  The  exterior 
walls  have  a  base  course  of  concrete  blocks  cast 
in  molds  and  a  molded  cornice  formed  in  place 
in  connection  with  the  roof.  Accompanying 
drawings  show  the  forms  and  dimensions  of 
the  concrete  walls,  floors  and  roofs  so  plainly 
that  they  need  but  little  description.  All  walls 
are  notched  to  the  fioors  and  are  rabbeted  at 
their  tops  to  receive  the  roofs,  so  as  to  furnish 
sufficeint  reactions  for  the  beam  action  of  the 
walls  previously  mentioned. 

The  concrete  walls  are  not  reinforced,  but  the 
floors  and  roofs  are  reinforced  with  Ransome 
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<;old-twisted  square  steel  rods  of  various  sizes, 
furnished  by  the  Aberthaw  Construction  Com- 
pany, of  Boston,  some  928,000  pounds  being  re- 
quired In  all.  In  the  filter  floors  there  is  a  net- 
work of  14-inch  rods  spaced  6  inches  center  to 
center  "each  way,  1  inch  above  the  bottom.  As 
shown,  the  arrangement  of  the  floor  groins  is 
slightly  different  from  that  frequently  used,  the 
distance  between  column  footings  being  greater 
longitudinally  than  transversely.  The  roof  of 
each  bed  is  divided  into  seven  bays  11  feet  wide 
by  six  longitudinal  girders  12  feet  apart  on  cen- 
ters, the  concrete  slab  being  6  inches  thick,  ex- 
cept in  the  bays' next  to  the  exterior  walls,  where 
it  is  7  inches  thicK,  and  around  the  manholes, 
where  it  is  8  inches  thick  in  a  square  of  8  feet. 
The  reinforcement  in  the  slab  consists  of  %- 
inch  rods  transverse  to  the  girders,  spaced  5% 
inches  center  to  center  in  the  outside  bays  and 
6  inches  in  the  others,  and  %-inch  rods  parallel 
to  the  girders,  five  in  each  bay. 

All  the  roof  girders  are  12  inches  wide  and 
20  inches  deep  below  the  under  side  of  the'  slab, 
and  are  reinforced  in  the  manner  clearly  shown 
in  one  of  the  detail  drawings.  Each  girder  is 
supported  by  eight  columns  spaced  20  feet  2 
inches  apart  center  to  center.     Hence  there  are 


grading  except  placing  the  earth  on  top  of  the 
filters  and  clear- water  reservoir;  it  is  furnish- 
ing the  cast-iron  and  vitrified  pipes  and  valves 
and  laying  all  pipes  except  those  built  into  the 


Wall  Form  with  Through  Bolts. 


and  a  ten-ton  steam  roller.  The  material  in 
the  embankment  is  a  mixture  of  very  fine  sand, 
boulder  hardpan  and  sand  from  various  parts 
of  the  excavation.  This  grading  was  done  a 
year  in  advance  so  that  the  fill  passed  through 
a  winter  before  any  masonry  was  built  on  it, 
and  about  half  the  area  of  the  fill,  including 
the  higher  portion,  is  standing  through  a  se<y 
ond  winter  before  the  remaining  filters-  will  b8 
built.  After  the  fill  was  built  a  low  dike 
was  made  around  it  and  water  from  the  springs 
and  hillside  allowed  to  flood  it,  so  that  it  stood 
from  fall  to  spring  under  water.  When  the 
contractors  began  to  work,  after  removing  the 
few  inches  of  surplus^  earth,  the  embankment 
was  found  in  satisfactory  condition.  Very  little 
further  settlement  under  the  load  of  the  fllters 
and  water  is  anticipated.  If  any  settlement 
should  occur,  it  is  confidently  expected  that  it 
will  not  cause  any  trouble  as  the  depth  of  fill 
increases  gradually  from  one  side  to  the  other. 
Concrete  has  been  mixed  wet,  of  one  part 
Portland  cement  and  not  more  than  eight  parts 
sand  and  gravel  or  broken  stone,  in  such  pro- 
portions as  to  give  a  dense  mass.  For  the  con- 
crete of  the  roof  the  mixture  is  1:2:4;  for  the 
floor  l:2%:4i/4,  and  for  the  walls  the  same  mix- 


New   Haven   Filters:     Floor   of   Clear- Water  Reservoir   and   Inlet   Well;  Walls  and  Roof  of  a  Filter  during  Construction. 


forty-eight  columns  in  each  filter,  14  feet  2 
dnches  high  from  floor  co  soffit  of  roof.  The 
Joints  in  the  girders  are  made  in  the  tops  of 
the  columns  with  four  %-inch  rods  7  feet  long 
•embedded  an  equal  distance  in  each  part  of  the 
girder,  as  shown.  The  columns  are  eight-sided, 
the  cross-section  of  the  shaft  above  the  normal 
sand  level  being  a  19-inch  square  with  its  cor- 
ners truncated  so  as  to  make  the  broader  faces 
12  inches  wide.  Each  column  is  reinforced 
only  by  an  18-inch  ring  made  of  a  '/4-inch  rod  6 
feet  long  embedded  horizontally  2  inches  below 
the  bottom  of  the  girder.  Columns  and  walls 
alike  have  decided  batters  below  the  normal 
level  of  the  sand,  which  is  4  feet  2  inches  above 
the  high  points  of  the  floor. 

A  contract  for  building  the  masonry  struc- 
tures and  performing  certain  parts  of  the  work 
incident  thereto  was  made  with  Messrs.  Eglee 
&  Bunting,  of  Boston,  in  May,  1903,  for  a  lump 
sum,  with  stipulated  unit  prices  for  additional 
■quantities  of  various  items.  This  contract  calls 
for  the  completion  of  the  work  by  September 
1,  1904.  The  water  company  did  the  prelim- 
inary grading  of  the  site  and  is  to  do  all  other 


concrete,  which  are  being  set  by  the  contract- 
ors; it  will  furnish  and  place  the  filter  sand 
and  gravel,  furnish  and  set  the  operating  ma- 
chinery and  do  all  the  plumbing.  Alpha  Port- 
land cement  is  being  used  for  the  concrete; 
it  is  supplied  by  the  contractors  and  paid  for 
by  the  company  at  a  contract  price  per  barrel. 
The  cast-iron  pipes  were  obtained  from  the 
Warren  Foundry  &  Machine  Company,  of  New 
York;  the  Builders'  Iron  Foundry,  of  Provi- 
dence, furnished  the  Globe  special  castings, 
and  the  gates  were  made  by  the  Chapman 
Valve  Company,  of  Boston,  and  the  Coffin  Valve 
Company,  also  of  Boston. 

The  filter  site  was  occupied  partly  by  the 
slope  of  a  hill  and  partly  by  a  springy  marsh, 
which  latter  gave  much  trouble  on  account  of 
the  quicksand  and  water  which  it  contained. 
By  spreading  dry  coarse  sand  over  the  wet 
quicksand  it  was  made  possible  to  work  over 
the  marshy  part  of  the  area.  The  site  was 
leveled  by  digging  down  the  hill  to  a  maxi- 
mum cut  of  30  feet  and  filling  the  marsh  to  a 
maximum  height  of  16  feet  in  layers  6  to  12 
inches  thick  rolled   with  horse  grooved   rollers 


ture  as  for  floor  with  one  part  of  tailings  from 
crusher  added,  or  about  1:21^:514.  A  Smith  re- 
volving mixer  has  been  used.  That  the  con- 
crete in  the  structures  so  far  built  is  dense  Is 
attested  by  one  or  two  holes  cut  for  pipes 
through  the  walls,  as  well  as  by  other  evi- 
dences. Good  sand  is  obtained  from  a  bank 
about  1%  miles  distant,  owned  by  the  com- 
pany, and  gravel  suitable  for  concrete  can  be 
gotten  from  the  same  place.  However, 
a  sub-contractor  bid  such  a  low  price 
for  furnishing  crushed  trap  rock  from 
a  quarry  only  a  few  hundred  feet  from  the 
filter  site,  also  owned  by  the  company,  that  this 
has  been  used  for  the  concrete  in  preference  to 
gravel.  To  furnish  the  broken  stone  two  rock 
crushers  of  the  Blake  type,  made  by  the  Parrell 
Foundry  &  Machine  Company,  of  New  York, 
and  the  necessary  revolving  screen,  belt  and 
bucket  conveyor  and  bins  for  storing  and  load- 
ing the  stone  were  installed  near  the  north- 
westerly corner  of  the  filter  beds.  At  first  "run 
bf  the  crusher"  was  used,  but  it  was  found  that 
the  larger  fragments  of  stone  tended  to  sep- 
arate somewhat  from  the  finer  as  the  crushed 
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stone  was  draws  Uirough  the  hopper  bottom  of 
the  bins,  so  that  in  one  cartload  the  larger 
sizes  of  stone  would  predominate,  while  the 
next  load  would  contain  an  undue  proportion 
of  dust.  Hence,  in  the  ordinary  course  of 
eTcnts,  it  was  not  Ihe  "run  of  the  crusher" 
which  came  to  the  mixer.  To  remedy  this  trou- 
ble the  screen  was  used  to  separate  out  the 
stone  ranging  from  ^  to  2  inches.  The  dust 
was  mixed  with  the  sand  In  the  proportion  of 
about  1:S,  and  was  used  exclusively  for  the 
water  table  blocks  cast  In  molds,  for  the  lower 
surfaces  of  concrete  roofs,  the  lower  parts  of 
the  roof  girders  and  in  similar  places.  The 
tailings  from  the  screen  up  to  5  or  6  inches 
long  were  embedded  in  the  walls. 

The  forms  were  made  of  spruce  boards 
planed  on  the  side  next  the  concrete  and  were 
usually  taken  down  at  the  end  of  about  twenty- 
four  hours  in  warm  weather,  but  were  left  In 
place  about  two  days  In  the  colder  weather  of 
the  late  fall.  Concrete  work  was  suspended 
soon  after  freezing  weather  commenced.  Spe- 
cial pains  are  taken  to  secure  smooth  surfaces 
and  the  efforts  in  this  direction  have  been  suc- 
cessful. The  2-inch  boards  for  the  wall  forms 
are  slightly  beveled  on  their  edges,  so  that  they 
can  be  driven  close  together,  and  the  joints  are 
calked.  If  necessary,  with  rags  or  jute  to  pre- 
Tent  the  leakage  of  water  and  cement  while 
the  concrete  is  being  deposited.  The  upright 
timbers  are  cut  to  fit  the  profile  of  the  wall.  As 
soon  as  the  forms  are  removed  any  porous 
places  discovered  are  promptly  troweled  with 
mortar  and  the  surfaces  of  the  walls  are  fin- 
ished with  cement  grout  rubbed  with  wooden 
floats.  New  concrete  has  been  covered  with 
burlap  kept  moist  to  Insure  satisfactory  setting 
of  the  cement. 

The  walls  are  built  In  alternate  monolithic 
aecUons  20  feet  long  of  the  full  height.  In 
the  ends  of  sections  which  do  not  come  against 
previously  placed  concrete  a  groove  Is  formed 
about  6  Inches  wide  and  6  Inches  deep.  These 
grooves  are  smeared  with  asphalt  pipe  paint 
to  prevent  the  adhesion  of  the  concrete  of  the 
next  section,  so  as  to  make  sure  that  any  crack 
caused  by  shrinkage  due  to  the  setting  of  the 
cement  or  changes  of  temperature  will  be 
formed  at  these  places  and  will  occur  without 
breaking  through  the  tongue  of  the  next  section 
and  thus  making  a  through  passage  for  water. 
The  thin  parts  of  the  walla  forming  the  sides 
of  the  grooves  and  the  corresponding  tongues 
are  reinforced  with  twisted  rods.  Almost  all 
these  joints  in  the  walls  built  during  the  past 
season  have  opened  slightly,  but  during  the 
leakage  tests  have  passed  only  minute  quanti- 
ties of  water.  None  of  these  joints,  however, 
were  made  at  comers,  but  all  corners  are  built 
monolithic  with  a  portion  of  the  walls  extend- 
ing In  each  direction. 

The  wall  forms  were  at  first  braced  with 
wooden  stmts  in  the  usual  way  to  hold  them 
In  place,  but  they  fioated  up  slightly,  opening  a 
crack  at  the  bottom,  through  which  the  mortar 
of  the  concrete  could  escape.  To  counteract 
this  tendency  the  form  for  each  section  was 
weighted  with  two  large  boxes  filled  with 
stones.  Then  the  braces  were  dispensed  with 
and  through  bolts  used  to  hold  the  sides  of  the 
forms  against  spreading.  As  an  Improvement 
bolts  with  a  short  hook  section  at  each  end, 
which  could  be  taken  out  when  the  forms  were 
removed,  were  tried.  Later  %-lnch  bolts  made 
in  three  pieces  united  by  two  square  cast-Iron 
sleeve  nuts  placed  1%  to  2',4  Inches  in  from  the 
face  of  the  wall  were  adopted  and  are  now 
nsed.  The  two  short  outer  pieces  are  easily  un- 
screwed and  taken  out  while  the  concrete  Is 
green,  and  the  sleeve  nuts  act  as  cut-offs  to 
prevent  the  water  following  along  the  bolt  and 
through  the  wall.     Of  course,  the  small  holes 


made  In  the  faces  of  the  walls  are  promptly 
filled  with-  mortar.  This  method  of  wall  con- 
struction is  shown  in  one  of  the  Illustrations. 

The  concrete  for  the  floors  of  the  filters  and 
the  clear-water  reservoir  is  placed  In  two  lay- 
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any  part  of  the  floors  the  second  course  is  not 
laid  until  all  the  blocks  of  the  first  course  have 
been  in  place  at  least  three  days.  Before  plac- 
ing the  second  course  the  surface  of  the  lower 

blocks  is  thoroughly  cleaned  with  stiff  brooms 
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ers.  The  lower  layer,  5  inches  thick,  is  laid  in 
alternate  blocks,  each  the  size  of  one  bay  with 
its  comers  at  the  centers  of  columns,  and 
the  Intermediate  blocks  are  not  placed  until  the 
first  blocks  have  set  at  least  three  days.     In 


and  a  strong  jet  of  water.  The  upper  blocks 
are  laid  so  as  to  break  joints  with  the  lower 
layer.  Both  layers  of  blocks  are  floated  and 
troweled  to  a  smooth  surface,  excepting  the 
portions  of  the  upper  blocks  under  the  columns. 


March  5,  1904. 

The  concrete-steel  roofs  are  built  In  alternate 
monolithic  sections,  each  the  size  of  one  bay 
across  the  bed,  the  joints  being  made  at  the 
center  lines  of  the  transverse  rows  of  columns. 
The  molds  are  not  taken  down  until  after  the 
intermediate  sections  have  been  built  and  al- 
lowed to  set  to  the  satisfaction  of  the  engineer. 
Only  men  skilled  in  this  class  of  concrete-steel 
construction  are  allowed  to  be  employed  on  this 
part  of  the  work.  After  a  section  of  roof  has 
become  hard,  it  is  covered  with  a  layer  of 
earth  at  least  3  inches  thick,  which  is  kept  wet 
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10  inches.  Each  opening  is  2%  feet  In  diameter 
at  the  top  and  has  a  cast-iron  frame  and  top 
cover  with  a  second  cover  6  inches  below  of  %- 
inch  steel  plate. '  The  manholes  are  in  the  mid- 
dle of  the  length  of  the  bed  and  12  feet  each 
side  of  the  longitudinal  center  line.  Between 
them,  and  also  60  feet  each  way  from  the  trans- 
verse center  line,  there  is  a  pair  of  beams 
formed  on  top  of  the  roof,  spanning  the  middle 
bay  from  girder  to  girder,  as  shown.  The  beams 
of  each  pair  are  4  feet  11  inches  apart  on  cen- 
ters, 13   feet  long,  18  inches  wide  and  project 
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tacles  for  washed  sand,  to  be  mentioned  more  at 
length  later,  and  the  beams  are  intended  to  dia- 
tribute  this  concentrated  load  and  transmit  it  to 
the  girders. 

The  contractors'  method  for  constructing  the 
floors  and  walls  of  the  filters  has  been,  as  in- 
dicated in  one  of  the  views,  to  set  up  the  mixer 
near  the  middle  of  a  bed  and  to  erect  two  60- 
foot-boom  guyed  derricks  about  the  middle  of 
each  half.  These  derricks  were  driven  by  two 
Lambert  hoisting  engines  and  could  handle  the 
concrete  from  the  mixer  to  any  part  of  the  floor 
or  walls  as  well  as  taking  skips  of  sand  or  stone 
from  teams  to  the  mixer.  For  delivering  the 
concrete  into  the  forms  a  drop-bottom  bucket 
made  by  the  Cyclopean  Steel  Company,  of  Jer- 
sey City,  was  used.  The  spaces  occupied  by 
the  derricks  and  mixer  were  filled  in  after  the 
plant  had  been  moved. 

Mr.  George  W.  Fuller,  of  New  York,  is  the 
consulting  engineer  for  this  plant,  and  the  pre- 
liminary studies  for  the  filters  were  made  in 
his  office  by  Messrs.  William  B.  Fuller  and  John 
H.  Gregory.  Mr.  Albert  B.  Hill,  of  New  Haven, 
is  the  chief  engineer  of  the  New  Haven  Water 
Company  and  the  detail  design  and  execution  of 
the  work  is  under  his  direction.  Mr.  Charles 
A.  Ferry  is  the  resident  engineer  in  charge  of 
construction,  and  Mr.  E.  M.  T.  Ryder  elabor- 
ated the  details  and  made  the  contract  draw- 
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for    a    sufficient    length    of    time    to    furnish 
moisture  for  the  setting  of  the  cement. 

The  walls  of  the  two  manholes  in  each  filter 
roof  are  of  reinforced  concrete  6  Inches  thick, 
built  up  from  the  roof  slab  for  a  height  of  1  foot 


18  inches  above  the  top  of  the  roof.  A  %-inch 
eye-bolt  with  a  9-inch  square  washer  is  em- 
bedded 314  feet  from  each  end  of  each  beam  so 
that  the  eye  projects  just  below  the  roof.  These 
bolts  are  provided  In  order  to  support  the  recep- 


ings.    All  the  grading  and  pipe  work  has  been 
done  by  Mr.  Edward  Dillon,  superintendent  of 
the  water  company,  and  he  has  also  had  charge 
of  the  inspecting  of  the  contract  work. 
(To  be  continued.) 
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The  Erection  of  the  Wall  Street  Exchange 
Building,  New  York. 

The  Wall  Street  Exchange  is  a  ste«I  cage 
building  about  100  feet  square  and  Zi'  feet 
high  from  sidewalk  to  top  of  roof  beams.  The 
brick  work  extends  about  14  feet  higher,  and 
the  cellar  excavation  has  a  total  depth  of  about 
3C  feet  below  the  curb;  there  are  two  stories- 
below  street  level  and  twenty-five  stories  above 
street  level.  The  basement  and  the  sub-base- 
ment are  chiefly  occupied  by  the  power  plant, 
mechanical  installation  and  large  safe  deposit 
Taults,  but  contain  a  few  tenants.  The  upper 
stories  are  intended  for  banks  and  general  office 
imipaees.  The  3,300-ton  framework  has 
twenty-seven  main  rectangular  steel  columns 
erected  In  two-story  lengths  and  seated  on  steel 
beam  grillages  or  cantilever  girders  supported 
by  concrete  foundation  piers  with  pneumatic 
rslwion  foundation.  The  main  floor  girders  are 
■inKle  20-inch  I-beams  carrying  12-inch  I-beam 
floorbeams  5H  f^et  apart.  The  exterior  walls 
are  carried  independently  of  the  floor  on  12  and 
IS-inch  I-beams  bracketed  out  from  the  col- 
nmns.  All  field  connections  of  floorbeams,  gir- 
ders, columns  and  column  splices  were  made 
with  bolts  instead  of  rivets  and  although  the 
kneebraces  were  bolted  in  position  as  fast  as 
the  framework  was  erected,  the  building  was  so 
tall  and  exposed  to  such  heavy  wind  pressures 
that  it  was  considered  wise  also  to  provide  tem- 
porary wind  bracing  of  diagonal  timbers  be- 
tween wall  columns. 

The  beams  carry  12-inch  hollow  tile  flat 
arches  supporting  concrete  floors,  which  are 
not  covered  with  wood.  In  the  offices  they  have 
a  granolithic  finish  with  wooden  plugs 
around  the  edges  to  receive  the  carpet  nails. 
In  the  corridors  the  floors  are  paved  with  tiles 
or  mosaic.  The  partitions  are  of  4-lnch  hollow 
tiles  and  the  walls  are  of  ordinary  brick  with 
special  face  brick,  and  average  about  16  Inches 
in  thickness.  The  beams  and  girders  are  fire- 
proofed  by  being  entirely  enclosed  in  the  wall 
and  floor  masonry  and  the  columns  are  pro- 
tected by  hollow  tile  jackets  and  plaster.  The 
building  is  of  special  interest  on  account  of 
the  great  rapidity  with  which  it  was  construct- 
ed, enabling  the  flrst  tenants  to  take  possession 
within  ten  months  of  the  time  that  the  build- 
ings formerly  occupying  Its  site  was  vacated. 

As  the  building  which  previously  occupied  the 
site  had  no  cellar  and  the  adjacent  tall  build- 
ings had  .comparatively  shallow  foundations,  it 
was  flrst  necessary  to  underpin  them,  and  some 
very  Interesting  work  was  done,  as  described 
in  The  Engineering  Record  of  September  27  and 
November  1,  1902.  One  90-foot  wall  35  feet 
long  was  supported  on  needle  beams  and  jack 
screws  while  longitudinal  girders  and  jack 
screws  were  inserted  in  the  lower  part  of  the 
wall  to  carry  It  from  the  old  fuotings  and  pro- 
ride  adjustments  to  compensate  for  settlement 
dnring  the  time  the  new  foundations  were  be- 
ing built  alongside.  Afterwards  these  girders 
and  Jack  screws  were  removed  and  the  wall 
again  supported  on  needle  beams  until  the  new 
footings  had  been  built  alongside  the  foundation 
caissons.  The  flve-story  wall  of  another  building 
was  underpinned  in  a  similar  manner  by  the 
use  of  permanent  concrete  cylinder  piers  sunk 
through  the  basement  floor  in  a  narrow  hallway 
to  support  the  ends  of  the  needle  girders.  These 
piers  were  sunk  by  jacking  against  reactions 
connected  to  heavily  loaded  platforms.  In  both 
tmildlngs  the  work  was  complicated  by  the 
necessity  of  arrang^ing  the  needlebeams  to  clear 
the  caissons  for  the  new  foundation  piers. 

After  the  old  building  was  razed,  the  site  was 
excavated  to  a  depth  of  about  6  feet  below  the 
enrb,  sheet  piles  were  driven  to  form  a  retain- 
tag  wall  on  the  street  side  and  the  excavation 
was  braced  by  lines  of  horizontal  timber  struts 


at  right  angles  to  each  other,  which  were  sup- 
ported at  intersections  and  divided  the  area  into 
panels  from  8  to  20  feet  in  width,  so  arranged 
that  the  braces  cleared  the  positions  of  the 
foundation  piers.  The  upper  tier  of  braces  was 
decked  over  to  form  a  working  and  storage 
platform,  and  a  traveling  derrick  with  four  50- 
foot  10-ton  booms  was  installed  on  it  to  handle 
the  wooden  caissons  and  construction  materials. 
The  caissons  and  cofferdams  were  delivered 
whole  at  night  on  trucks  and  had  maximum 
weights  of  10  tons.  They  were  sunk  to  hard 
pan  at  a  depth  of  from  39  to  46  feet  below  the 
curb.  The  greatest  speed  of  sinking  attained 
was  2  feet  an  hour,  and  the  thirty  caissons  were 
sunk  in  about  40  working  days,  including  the 
delays  occasioned  by  the  shoring  and  under- 
pinning of  adjacent  buildings.  The  caisson  work 


derricks  with  72-toot  masts  aud  tia-foot  booms, 
having  a  capacity  of  nearly  20  tons.  The  masts 
were  each  secured  by  nine  steel  rope  guys  at- 
tached to  the  tops  of  the  columns  witli  chains 
and  turntable  adjustments.  Together  they 
commanded  the  entire  area  of  the  building,  han- 
dling 10-ton  pieces  at  full  radius.  They  were 
operated  by  separate  two-drum  hoisting  engines 
with  attached  boilers,  one  of  them  built  by  the 
Lidgerwood  Manufacturing  Company  and  the 
other  by  the  American  Hoist  &  Derrick  Com- 
pany. They  were  permanently  located,  one  on 
the  flrst  floor  and  the  other  originally  on  the 
first  floor  and  afterwards  on  the  fourth  floor 
where  it  was  moved  to  be  more  out  of  the  way. 
Each  derrick  was  served  by  a  gang  of  about 
fifteen  men,  and  its  operation  was  directed  by 
electric   signals   transmitted   from    the   derrick 


Wall  Street  Exchange:     Showing  Method  of  Using  Bricklayers'  Scaffold. 


was  done  by  three  eight-hour  shifts  of  12  men 
each,  who  made  about  3,0000  cubic  yards  of 
excavation.  The  excavation  outside  of  the  cais- 
sons amounted  to  about  4,000  cubic  yards  and 
there  were  2,000  cubic  yards  of  hand-mixed 
concrete  In  the  foundation  piers.  The  caisson 
work  and  the  general  character  of  the  steel 
superstructure  were  Illustrated  in  this  journal 
September  13,  1902. 

The  steel  grillage  beams  were  set  on  the 
foundation  piers  in  December,  1902,  but  the 
erection  of  the  framework  was  not  commenced 
until  January.  The  steel  framework  was  erected 
from  the  curb  level  to  the  top  in  about  seven 
weeks,  and  the  brick  work  was  commenced  in 
the  basement  In  January  and  completed  March 
19.     All   the  stetl   work  was  handled  by   two 


to  the  engine  man.  The  derricks  were  moved  at 
every  second  tier,  the  boom  being  unshipped 
and  guyed  in  a  vertical  position  to  serve  as  a 
gin  pole  for  erecting  the  mast  in  the  usual 
manner.  One  derrick  was  moved  up  two  stories 
wiin  an  Interruption  to  its  service  of  only  2  hours 
and  10  minutes,  although  the  average  time  was 
about  3  hours.  The  guys  were  adjusted  so  as  to 
leave  about  6  inches  play  to  the  top  of  the 
mast  and  great  care  was  taken  to  avoid  ad- 
justing them  too  tightly  in   cold  weather. 

The  concrete  was  mixed  by  hand,  and,  to- 
gether with  bricks,  mortar  and  other  supplies, 
was  raised  to  the  required  level  by  five  Thomas 
&  Buckley  material  hoists  established  in  the 
elevator  shaft  and  extended  as  the  erection  ad- 
vanced.    The    floor   arch    builders,    concreters. 
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flreproofers,  plasterers  and  carpenters  succes- 
sively followed  the  bricklayers  and  a  large  num- 
ber of  them  were  simultaneously  at  work,  the 
plasterers  being  well  advanced  betore  the  erec- 
tion of  the  steel  work  was  completed.  In  many 
tall  buildings  where  the  walls  aie  supported  on 
girders  at  each  story,  the  construction  has  been 
expedited  by  tarrying  on  simultaneous  brick- 
laying at  several  intermediate  stories,  usually 
separated  by  one  or  two  fioors.  In  this  case  it 
was  deemed  better  to  build  the  brick  work 
from  the  bottom  up,  as  in  ordinary  buildings,  and 
it  as  accomplished  in  about  ten  weeks  by  80 
bricklayers  working  8  to  10  hours  a  day. 

The  work  was  greatly  facilitated  by  the  use 
of  Clark's  patent  scaffolding,  which  was  sus- 
pended on  all  sides  of  the  building  from  the 
steel  framework  above  the  points  to  which  the 
walls  had  been  carried,  and  afforded  continu- 
ous platforms  around  tile  building  without  ob- 
structing the  streets  or  involving  the  use  of 
heavy  timber  or  long  poles.  On  it  the  bricklay- 
ers all  worked  at  the  same  level  on  three  sides 
of  the  building,  advancing  to  the  fourth  side 
while  the  platform  on  the  first  side  was  being 


feet  above  and  they  resumed  work  without  in- 
terruption at  the  same  relative  height  as  the 
previous  course  had  been  constructed,  and  so 
on.  In  this  way  one  course  of  brifckwork  aver- 
aging 16  inches  in  thickness  was  built  to  a 
height  of  41^  feet  around  the  four  sides  of  the 
building  in  an  average  time  of  about  2% 
hours.  When  the  weather  was  very  cold  or 
stormy  the  sides  of  the  platform  were  enclosed 
with  canvas,  but  it  v/as  not  found  necessary  to 
use  salamanders  there,  although  the  contractors 
have  done  so  in  other  buildings. 

The  scaffold  has  a  series  of  horizontal  canti- 
levers about  8  feet  apart  on  centers  which  pro- 
ject 5  feet  beyond  the  face  of  the  brickwork. 
From  them  are  suspended  pairs  of  vertical  steel 
bars,  4  feet  apart,  which  carry  the  transverse 
beams,  or  putlogs,  supporting  the  platform 
planks.  Each  cantilever  is  made  of  two  3x10- 
inch  planks  about  18  feet  long,  which  are  sup- 
ported across  the  top  flanges  of  the  wall  girders 
and  are  anchored  with  a  %-inch  U-bolt  to  an  in- 
terior floorbeam.  The  vertical  suspenders  are 
3x%-inch  bars,  which  pass  between  the  canti- 
lever timbers  and  are  secured  to  them  by  single 


jects  farther  beyond  the  wall  vertical  than  the 
others  do,  so  a  to  take  bearing  against  the 
face  of  the  brickwork.  This  throws  the  lower 
end  of  the  inner  suspender  12  inches  away  from 
the  wall,  while  the  upper  end,  pivoted  to  the 
cantilever,  is  only  9  inches  from  the  wall,  thus 
providing  lor  a  gravity  bearing  at  the  foot  of 
the  framework  and  securing  clearance  for  all 
the  upper  putlogs  so  as  to  avoid  the  possibility 
of  thrust  against  the  wall  before  the  mortar  has 
set.  The  putlogs  support  a  platform  of  loose 
2x9-inch  planks  which  are  moved  from  the 
lower  to  the  upper  putlogs  as  the  work  pro- 
gresses. This  is  done  so  rapidly  that  a  section 
of  the  floor  100  feet  long  extending  across  the 
full  width  of  the  building  was  raised  in  only  15 
minutes. 

The  projecting  ends  of  the  cantilever  beams 
are  covered  with  a  solid  deck  of  3-inch  planks 
which  form  a  convenient  working  platform,  but 
are  especially  provided  to  protect  the  bricklay- 
ers from  danger  of  being  struck  by  falling  ob- 
jects. This  scaffold  is  very  light,  strong  and 
simple;  it  is  easily  handled  and  secured,  and  is 
considered  very  safe  and  satisfactory  in  its 
operation.  It  was  patented  by  Mr.  C.  J.  Clark 
and  has  been  used  advantageously  on  a  num- 
ber of  tall  buildings  in  this  city,  in  Chicago  and 
elsewhere.     The  first  story  banking  rooms  and 
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raised  and  so  progressing  continuously  in  a 
spiral  around  the  building  from  bottom  to  top 
without  any  delay  for  building  the  scaffold. 
Each  setting  of  the  scaffold  framework  pro- 
vided for  the  support  of  working  platforms 
covering  a  vertical  height  of  wall  of  about  22 
feet.  This  was  usually  divided  into  five  spaces, 
at  each  of  which  horizontal  supports  were  set 
from  which  the  floor  planks  could  be  rapidly 
moved  from  the  lower  to  the  upper  ones  suc- 
cessively. The  platforms  were  set  about  2% 
feet  below  the  upper  edge  of  the  brickwork  so 
that  the  men  could  commence  bricklaying  at 
each  stage  in  the  most  advantageous  position. 
After  building  a  course  of  4Vi  feet  high,  as  far 
as  they  ould  conveniently  reach,  the  platform 
■was   shifted  to  the  next  set  of   supports  2% 


■;4-inch  bolts.  The  bars  have  holes  punched 
in  them  9  inches  apart  from  end  to  end  and 
%-inch  bolts  through  these  holes  support  the 
horizontal  putlogs  4%  feet  apart  on  centers. 
The  putlogs  are  made  with  pairs  of  2x4-inch 
timbers  bolted  together  with  %-inch  separators. 
The  vertical  suspenders  pass  between  the 
timbers  of  each  putlog  and  the  latter  project  by 
them  about  1  inch  at  the  outer  ends  and  about 
9  inches  at  the  wall  ends.  They  are  merely 
supported  on  the  bolts  without  being  rigidly 
fastened  and  in  oruer  to  remove  them  it  is 
necessary  to  revolve  them  vertically  in  the 
planes  of  the  suspenders  around  the  bolt  nearest 
the  wall  as  a  center,  until  the  outer  end  clears 
the  inner  edge  of  the  outer  suspender,  when  they 
can  be  easily  removed.     The  lower  putlog  pro- 


most  of  the  otuer  rooms  below  the  seventeenth 
floor  were  ready  for  occupancy  May  2,  or  less 
than  four  months  after  bricklaying  was  com- 
menced. The  maximum  force  of  men  employed 
on  the  construction  of  the  building  was  about 
500,  nearly  all  of  them  working  only  8  or  a 
hours  a  day. 

Messrs.  Clinton  &  Russell  were  the  architects 
of  the  building  and. Mr.  J.  Hollis  Wells  consult- 
ing engineer.  The  George  A.  Fuller  Company 
was  the  general  contractor  for  the  building, 
which  was  erected  under  the  supervision  of 
Mr.  C.  J.  Clark.  The  structural  steel  was  fur- 
nished by  the  Carnegie  Steel  Company.  The 
Foundation  and  Contracting  Company,  of  New 
York  City,  did  all  the  pneumatic  caisson 
work. 
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The  Erection  of  the  Monongahela  River 
Bridge,  Pittsburg. 

Pa«t  I. — GcxcKAL  Keati-res,  Falsework.  Oes- 

KICKS  AXD  KSEITIOX  OF  .\M-|IOR  ABMS. 

The  double-tniok  bridge  across  the  Mononga- 
hela River,  at  Pittsburg,  for  the  Pittsburg.  Car- 
tMKie  ft  Western  Railroad,  is  1.504  feet  long,  be- 
tween centers  of  anchorages,  and  has  a  chan- 
nel span  $13  feet  long  on  centers  of  main  piers. 
It  Is  a  through  pin-connected  structure  of  the 
cantilever  type  with  secondary  panels  and 
truases  from  6u  to  186>4  fe«t  deep  and  about 
70  f*et  in  clear  height  above  low  water.  It  is 
the  largest  and  longest  span  of  this  type  ever 
built,  and  forms  a  part  of  the  extensive  bridge 
construction  of  the  Wabash  system's  entrance 
to  Pittsburg.  The  design  of  the  substructure 
and  superstructure  and  the  construction  uf  the 
former  were  fully  illustrated  In  The  Engineer- 
ing Record  of  January  3.  1903.  The  bridge  pre- 
sents many  features  of  interest  and  shows  spe- 
cial details  and  applications  of  advanced  prac- 
tice on  large-scale  work.  The  bridge  has  the 
longest  truss  span  yet  built  on  this  continent 
and  there  are  only  two  truss  spans  in  the  world 
which  are  longer,  both  of  them  being  of  an 
entirely  different  character  with  riveted  con- 
nections, and  erected  by  very  much  slower, 
more  costly  and  less  accurate  methods.  The 
1.710-foot  spans  of  the  Forth  Bridge  were 
largely  manufactured  at  the  site  and  erected 
piece-meal  by  dangerous  and  difficult  methods. 
The  820-foot  span  of  the  Lansdown  Bridge,  In- 
dia, had  its  p;-incipal.  members  partly  built  up 
In  the  field  and  partly  assembled  with  an  elab- 
orate system  of  falsework,  boats  and  cableways. 
The  Monongahela  Bridge  was  manufactured 
complete  at  the  shops  and  was  built  entirely  of 
standard  structural  shapes,  except  some  of  the 
eye-bars,  of  which  the  14x1  25-32-inch  bars  are 
the  largest  ever  made.  The  finished  members 
were  erected  whole,  assembled  and  pin-con- 
nected by  the  general  methods  usually  em- 
ployed In  this  country  for  similar  shorter  spans, 
but  there  was  considerable  departure  from  or- 
dinary practice  in  the  application  of  these  meth- 
ods and  the  details  of  the  special  erection  plant. 

The  Monongahela  Bridge  Is  notable  for  its 
dimensions;  for  the  peculiarities  of  design  de- 
scribed in  the  previous  article;  for  the  great 
size  of  its  separate  members;  for  the  devices 
used  in  making  the  erection  adjustments;  for 
the  large  steel  travelers  of  novel  pattern  used 
in  the  erection;  for  the  special  tools  and  other 
plant  used  in  assembling  it;  and  for  the  very 
complete  and  thorough  analysis  prepared  before 
the  erection  was  commenced  and  accompanied 
by  detail  plans  and  instructions  directing  every 
important  step  of  the  erection  and  providing  in 
advance  for  the  details  of  the  important  opera- 
tions. In  erecting  the  lever  arms  and  the  sus- 
pended span,  the  chief  difference  from  ordinary 
practice  lay  In  the  use  of  steel  travelers  run- 
ning on  the  bridge  fioor.  The  usual  overhead 
traveler,  moving  on  the  top  chords  of  the  span 
in  process  of  erection,  could  not  be  employed 
here,  owing  to  the  exceedingly  heavy  loads  to 
be  lifted  which  would  have  required  much 
heavier  bridge  truss  members,  in  some  cases, 
and  owing  to  the  sharp  inclination  of  the  top 
chords.  Consequently,  travelers  running  inside 
the  trusses  on  the  bridge  floor  were  used,  and 
on  account  of  their  necessarily  g;reat  height 
and  capacity,  they  were  made  of  steel. 

The  8ui>er8tnicture  weighs  about  14,000,000 
ponnds,  including  the  2,175,800  pound  center 
span  360  feet  long.  The  riveted  members  were 
made  at  Penycod,  Pa.,  and  the  large  forged  bars 
at  Ambridge,  Pa.  All  the  steel  work  was  de- 
livered by  rail  to  a  storage  yard  about  two 
miles  up  stream,  classified  and  piled  in  reverse 
order  to  Its  sequence  of  erection,   so  that  It 


did  not  require  extra  handling  or  sorting.  From 
the  yard  the  members  were  shipped  to  the  site 
on  barges  and  hoisted  directly  to  the  falsework 
or  cantilever  arms  as  required.  This  method 
was  adopted  because  on  the  side  of  the  river 
where  the  materials  could  have  been  delivered 
by  rail,  there  was  no  space  for  storage,  and  on 
the  other  side  where  it  could  be  stored,  there 
were  no  tracks  for  its  delivery.  The  largest 
■members  had  a  maximum  length  of  nearly  130 
feet  over  all,  and  a  weight  of  about  101,000 
pounds  for  the  main  vertical  posts.  These, 
however,  were  shipped  in  two  sections  each,  the 
largest  single  member  handled  being  the  lower 
chord  section  5-L  7-L,  which  is  about  61  feet 
long  and  weighs  72.000  pounds. 

Anchor  Arm  Falsework. — Very  heavy  false- 
work was  built  between  the  anchor  and  main 
piers  on  both  sides  of  the  river  to  support  the 
anchor  arms  during  erection.  Work  was  com- 
menced at  the  anchor  piers  where  the  shortest 
bents  occurred.  They  were  framed  and  bolted 
together  horizontally  on  the  ground,  and  the 
first  three  of  them  were  revolved  into  a  ver- 
tical position  by  means  of  tackles  attached  to 
their  caps  and  passing  over  the  top  of  the 
anchor  pier.  After  they  had  been  braced  to- 
gether to  form  a  stable  tower  a  wooden  traveler 
was  built  on  top  of  them,  and  with  it  the  sue- 


No  piles  were  used  in  the  falsework,  all  bents 
having  transverse  bottom  sills  supported  on 
longitudinal  and  transverse  sleepers  bedded  on 
the  leveled  surface  of  the  ground  or  in  shallow 
excavations.  In  general,  the  regular  bents  had 
two  inclined  posts,  battered  6:1  and  ten  ver- 
tical posts  in  two  separate  groups  supporting 
each  truss  and  traveler  track.  The  sills  and 
top  and  intermediate  cap  timbers  were  made 
in  two  pieces  spliced  on  the  center  line  of  the 
bent  so  as  to  be  continuous,  and,  with  the  two 
stories  of  transverse  X-bracing,  united  the  other- 
wise independent  halves  to  make  a  single  wide 
bent.  There  was  an  exception  to  this  rule 
where  the  slag  pile  extended  under  one  side  of 
ihe  falsework  to  within  about  8  feet  of  the  cen- 
ter line  of  the  bridge.  Here,  on  the  opposite 
sides,  two  similar  bents,  5  and  6,  were  used  to 
carry  one  truss  and  track,  and  only  the  oppo- 
site truss  and  track  were  supported  on  the 
plate-girder  span.  Bents  3  and  4  were  located 
so  near  the  walls  of  buildings  that  there  was 
not  clearance  for  the  standard  construction,  and 
it  was  necessary  to  modify  them  by  the  omis- 
sion of  the  batter  posts  so  that  they  were  only 
52  feet  wide  over  all  instead  of  72  feel  as  in 
other  cases. 

The  vertical  and  batter  posts,  sills,  grillage 
timbers  and  caps  were  made  of  12xl2-inch  yel- 


Monongahela  River  Bridge:    Travelers  at   Middle  of  Suspended  Span. 


ceeding  bents  were  erected.  On  the  south  side 
of  the  river  the  falsework  for  the  346-foot  an- 
chor arm  had  to  be  arranged  to  clear  eight 
tracks  of  the  Pittsburgh  &  Lake  Erie  Railroad, 
which  were  nearly  at  right  angles  to  it,  besides 
a  trestle  and  slag  pile  of  the  Clinton  Iron  & 
Steel  Company.  This  was  accomplished  by  in- 
troducing 80-foot  plate-girder  spans  supported 
on  wooden  trestles,  and  involved  special  fram- 
ing of  those  bents.  The  bents  were  spaced  30 
and  40  feet  apart  on  centers  to  conform  with 
the  panel  points  and  were  braced  together  by 
numerous  lines  of  horizontal  longitudinal 
pieces,  and,  where  practicable,  by  longitudinal 
X-bracing,  forming  several  towers,  as  indicated 
in  the  general  elevation.  Comparatively  light 
bents  were  set  against  the  faces  of  the  piers; 
the  intermediate  bents  were  made  much  heavier 
and  were  framed  to  correspond  in  general  with 
the  special  bents  here  shown.  Three  kinds  of 
bents  were  used,  single  bents  under  the  30-foot 
panels  at  the  shore  end  of  the  span,  where  the 
weights  to  be  supported  were  the  smallest, 
double  bents  under  the  40-foot  panels  at  the 
river  end  where  the  maximum  loads  occurred 
and  special  auxiliary  bents  under  the  ends  of 
the  plate-girder  spans.  Besides  these  there 
were  pony  bents  carrying  the  stringers  over  the 
plate-girders  which  spanned  the  railroad  tracks. 


low  pine  timber.  The  SxlO-inch  longitudinal 
timbers  were  32  feet  long.  All  diagonals  were 
made  of  4x8-inch  timber  from  28  to  38  feet  long. 

The  scabs  are  made  of  3x1 2-inch  planks  4  feet 
long,  except  at  the  ends  of  the  batter  posts, 
where  3xV4-inch  steel  plates  are  used.  All  con- 
nections were  made  by  %-inch  bolts.  The  mid- 
dle caps  are  not  properly  caps  at  all,  but  are 
pairs  of  6xl2-inch  timbers  bolted  on  outside 
the  scabs  which  splice  the  continuous  sections 
of  the  vertical  and  battered  posts.  At  the  tops 
of  the  posts  there  are  double  caps,  the  lower 
one  being  made  of  oak  and  reaching  only  across 
the  group  of  vertcial  posts  and  the  upper  one 
being  much  longer  and  extending  from  the 
batter  post  to  the  center  of  the  bent.  Similarly 
oak  timbers  IC  feet  long  are  interposed  between 
the  tops  of  the  bottom  sills  and  the  lower  ends 
of  the  vertical  posts.  Twelve  lines  of  20-inch 
6C-pound  I-beams  were  used  as  stringers  for  the 
traveler  tracks  and  to  support  the  trusses. 
These  were  seated  on  1-inch  steel  bearing 
plates  and  lapped  past  each  other  at  every 
bent.  The  upper  stories  of  all  corresponding 
bents  were  made  alike  and  the  lower  stories 
were  modified  to  correspond  with  the  irregulari- 
ties In  the  surface  of  the  ground. 

The  falsework  timber  was  not  mortised  or 
framed  except  by  cutting  the  square  and  bev- 
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eled  ends  to  exact  length,  and  being  of  commer- 
cial sizes  and  long  lengths  will  be  valuable  for 
future  use. 

The  plate  girders  over  the  railroad  tracks 
are  supported  on  single  bents  bolted  to 
the  faces  of  the  double  bents  8  and  11,  as  shown 
in  the  semi-elevation.  They  have  single  caps 
carrying  pairs  of  12-inch  transverse  I-beams  on 
which  the  ends  of  the  girders  are  seated.  The 
girders  are  sway-braced  together  in  two  pairs 
under  each  truss,  and  are  connected  at  panel 


commenced,  but  the  floorbeams  were  in  no  case 
connected  to  the  trusses  until  fill  the  chord 
pins  had  been  driven.  Afterwards,  when  the 
anchor  arm  had  been  coupled  up  and  all  splices 
filled  with  bolts  or  drift  pins,  pairs  of  100-ton 
hydraulic  jacks  were  inserted  in  the  spaces  left 
between  the  camber  blockings  and  wedges  and 
were  operated  to  take  up  settlement  and  lift 
th*  lower  chord  pins  to  the  line  of  no  stress, 
after  which  the  floor-beam  connections  were 
riveted  to  the  trusses. 
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at  the  anchorage  to  57  feet  at  the  river  pier. 

Derricks  and  Travelers. — On  account  of  the 
large  number  of  members  in  the  main  span,  It 
was  necessary  to  arrange  them  in  the  storage 
yard  so  that  they  could  be  delivered  rapidly 
to  the  bridge  site.  They  were  stored  In  large 
and  high  piles  and  were  handled  in  the  yard 
and  at  the  site  by  powerful  derricks  with  long 
reach.  Some  steel  boom  derricks  of  standard 
construction  previously  adapted  for  heavy 
erection  work  were  used,  and  special  wooden 
derricks  were  built  for  this  work  and  made 
so  as  to  be  also  suitable  for  future  extra  heavy 
work.  The  materials  were  handled  at  the  stor- 
age yards  by  a  special  34-ton  wooden  derrick 
on  the  wharf.  Timber  platforms  were  built  on 
the  extremities  of  the  sills  at  the  foot  of  each 
stiff-leg  and  were  loaded  with  35  tons  of  counter- 
weight. The  stiff-legs  were  connected  to  the 
sills  by  4-inch  pins  and  pairs  of  i^-inch  jaw 
plates  thoroughly  bolted  to  both  members.  Each 
stiff-leg  was  made,  as  shown,  of  two  overlap- 
ping pieces  spliced  by  thirty-five  %-inch  bolts 
through  %-inch  washer  plates.  The  sills  were 
also  made  in  two  pieces  spliced  with  pairs  of 
8x1 6-inch  wooden  fish  plates  6  feet  long.  The 
top  of  the  mast  was  fitted  with  a  riveted  steel 
box  which  provided  for  the  connections  there 
without  cutting  the  timber,  except  to  receive 
the  5-inch  gudgeon  pin.  Special  links  and 
loops  were  made  for  the  connections  of  the 
tackles  to  the  boom  and  mast  and  two  sets  of 
thirteen-part  tackles  were  provided, both  of  them 
rigged  with  %-inch  steel  rope,  reeved  through 
special  steel  blocks  with  larga  sljeaves.  The 
loot  of  the  boom  was  beveled  to  clear  the  mast 
at  an  acute  angle  and  had  jaw  plates  engaging 
the  3-inch  pin  through  lugs  on  a  riveted  base 
plate  bolted  to  the  foot  of  the  mast. 

The  falsework  traveler  had  a  horizontal  plat- 


points  by  pairs  of  12xl2-inch  timbers  spliced  at 
the  center  to  have  a  total  length  of  56  feet,  giv- 
ing an  overhang  of  about  9  feet  at  each  end. 
These  timbers  are  secured  against  longitudinal 
movement  by  chocks  bolted  to  their  under  sides 
so  as  to  engage  the  girder  flanges,  and  their 
cantilever  ends  are  kneebraced  to  the  lower 
flanges  of  the  outside  girders.  At  each  panel 
there  are  two  of  these  transverse  timbers  6  feet 
apart  which  serve  as  sills  for  the  pony  bents 
for  short  towers  which  carry  the  main  stringers. 
The  intermediate  vertical  posts  in  these  bents 
are  seated  on  groups  of  short  longitudinal  I- 
beams  which  distribute  the  loads  over  grillages 
to  transverse  timbers  covering  about  12  feet  in 
length  of  the  girder  flanges. 

Over  the  slag  heap  and  tracks  of  the  Clinton 
Iron  &  Steel  Company  the  position  of  the  plate- 
girder  spans  is  such  that  the  top  flanges  are 
flush  with  those  of  the  main  stringers,  and  no 
pony  bents  are  needed  above  them.  Four  gird- 
ers are  used  in  this  span  to  carry  one  side  of 
the  bridge  and  traveler.  Two  of  them  are  con- 
nected by  sway-bracing  and  the  other  two  are 
spaced  closely  together  and  separated  by  trans- 
verse timber  struts,  all  of  them  being  enclosed 
in  a  timber  yoke  T'hich  projects  on  one  side  to 
carry  a  cantilever  material  track.  The  false- 
work has  a  maximum  height  of  about  50  feet, 
from  bottom  of  grillage  to  top  of  stringer,  and 
Is  built  to  correspond  with  the  l-per  cent,  grade. 
The  erector  was  furnished  with  diagrams  of 
elevations  for  the  falsework  caps,  blocking, 
clearance  of  steel  work,  center  line  of  pins 
under  dead  load,  center  line  of  pins  under  no 
stress  and  center  line  of  pins  elevated  to  allow 
for  probable  settlement  in  the  falsework.  These 
showed  the  positions  of  the  camber  curve  and 
provided  for  a  maximum  settlement  of  2  inches 
at  the  center  of  the  span.  The  floor-beams  and 
stringers  were  assembled  and  connected  to- 
gether before  the  erection   of  the   trusses  was 


North  Cantilever  Arm    and  End  of  Suspended  Span. 


The  falsework  for  the  north  anchor  arm  cor- 
responded to  that  for  the  south  anchor  arm, 
except  that  there  were  no  plate-girder  spans  in 
it  and  it  was  composed  of  six  regular  double 
bents  and  five  single  bents,  besides  the  bents 
adjacent  to  the  piers.  There  was  no  longi- 
tudinal X-bracing  between  either  single  or  dou- 
ble bents,  except  in  the  second  and  third  panels 
from  the  anchor  pier,  and  there  was  only  one 
tier  of  horizontal  longitudinal  struts.  The 
hight  to  base  of  rail  varied  from  about  32  feet 


form  of  heavy  timbers  mounted  on  wheels  and 
provided  with  a  vertical  transverse  bent  in 
front,  on  which  were  erected  two  50-foot  booms. 
The  traveler  moved  on  several  lines  of  riveted 
stringers,  which  later  formed  the  permanent 
floor  of  the  bridge  and  carried  one  four-spool 
hoisting  engine.  Two  special  steel  derricks 
were  erected  on  the  falsework  to  hoist  steel 
from  the  barges;  one  of  them,  of  30  tons  capa- 
city, had  a  44-foot  mast  and  25-foot  boom, 
operated  by  a  60-horse-power  hoisting  engine. 
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TlM  other,  of  12  tons  capacity,  had  a  30-(oot 
mast  and  SO-foot  boom  and  was  operated  by  a 
SS-horse-power  hoisting  engine. 

The  floor-beams  and  stringers  were  assembled 
OD  blocking  at  panel  points  by  the  wooden 
falsework  traveler.  Afterwards  the  wooden 
trareler  was  moved  close  to  the  12-ton  steel  der- 
rick and  both  together  erected  the  main  steel 
traveler  as  high  as  they  could  reach.  The  upper 


built  on  top  ol  the  tower  to  extend  it  sufficient- 
ly to  assemble  the  upper  part  of  the  main  pier 
vertical  posts  which  could  not  be  handled  from 
the  overhang.  It  was  left  in  position  during 
the  erection  of  the  bridge  so  as  to  be  ready  for 
use  in  taking  the  traveler  down.  As  the  traveler 
had  a  total  height  of  about  150  feet  and  was 
assembled  on  a  comparatively  narrow  base  over 
100  feet  above  the  water,  exposed  to  high  winds 


ers,  etc.  The  traveler  and  rigging  weighed 
about  228  tons,  and  had  an  84-foot  wheel  base; 
although  not  guyed  it  was  found  perfectly 
stable  in  the  strongest  winds.  The  strain  sheets 
specifications  and  drawings  for  it  correspond 
to  those  for  high  class  railroad  bridge  work; 
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part  of  its  tower  was,  however,  assembled  by 
a  gin  pole,  and  when  it  was  completed  a  wooden 
boom  derrick  of  12  tons  capacity  was  set  on 
top.  This  derrick  erected  singly  the  10-ton 
tnuses  of  the  overhanging  arm,  which  were 
assembled  complete  in  a  horizontal  plane  on 
the  top  of  the  falsework,  hoisted  up  and  sup- 
ported until  the  connections  to  the  tower  were 
bolted.  This  derrick  waa  also  used  to  erect  the 
fonr  transverse  timber  bents  about  40  feet  high. 


and  not  susceptible  of  being  readily  guyed,  its 
erection  was  a  somewhat  difficult  task,  but  was 
successfully  accomplished. 

The  traveler  had  a  Z-shaped  outline  with  a 
22x31-foot  steel  tower  about  109  feet  high,  an 
upper  arm  overhanging  about  63  feet  in  front 
to  carry  the  numerous  tackles  for  assembling 
and  supporting  the  truss  members  and  a  cor- 
responding bottom  arm  on  the  rear  which  was 
counterweighted  by  the  hoisting  engines,  boil- 


special  steel  was  ordered  for  it  and  it  was  pro- 
portioned for  a  large  factor  of  safety  for  the 
maximum  loads. 

Erection  of  the  Anchor  Arms. — The  erection 
foreman  was  provided  with  complete  diagrams 
of  every  position  of  the  traveler  from  the  an- 
chorage to  the  center  of  the  river,  which  showed 
the  number  and  order  of  members  to  be  lifted 
at  each  position  and  gave  necessary  instruc- 
tions for  special  requirements  or   precautions 


March  5,  1904. 


THE    ENGINEERING    RECORD 


379 


to  be  observed.  The  members  for  the  anchor 
arm  trusses  were  distributed  on  the  falsework 
by  push  cars  on  tracks  outside  the  center  lines 
of  the  trusses.  The  traveler  commenced  erect- 
ing the  anchor  arm  at  the  anchor  pier,  and, 
moving  between  its  trusses,  finished  the  span 
complete  behind  it  as  it  advanced  to  the  main 
pier,  special  provision  being  made  to  prevent 
any  omission  of  temporary  sway-bracing  in 
advance  of  the  traveler  or  as  it  was  in  transit. 
Members  assembled  in  advance  of  the  traveler 
were  generally  handled  by  two  sets  of  falls  sus- 
pended from  the  upper  transverse  girders  or 
from  the  bracket  girders  of  the  overhang.  The 
top  lateral  bracing  could  not  be  assembled  until 
after  the  traveler  had  passed  out  of  its  panel 
and  was  handled  by  tackles  suspended  from 
the  rear  overhang. 

Beyond  the  main  pier  the  truss  members  were 
principally  hoisted  by  the  traveler  directly  from 
barges  in  the  river  as  they  were  required  for 
assembling,  but  some  of  them  were  hoisted  by 
the  derrick  to  the  top  of  the  falsework  and 
delivered  by  push  cars  on  a  material  track  laid 
on  the  bridge  floor  between  the  traveler  tracks. 
The  cantilever  arm  was  assembled  without  false 
work  by  the  traveler  assembling  a  panel  and  a 
half  of  the  trusses  and  one  panel  of  the  floor 
system  in  advance  of  its  wheel  base  on  the  com- 
pleted structure  and  then  advancing  on  jt,  and 
so  on  until  the  cantilever  arm  and  one-half  of 
the  suspended  span  was  finished  and  the  trusses 
from  opposite  sides  of  the  river  met. 

On  account  of  the  large  number  and  unusual 
size  of  the  members  at  some  of  the  panel  points 
it  would  have  been  diflicult  to  drive  the  pins 
by  the  ordinary  method  and  so  they  were  as- 
sembled on  temporary  pins  of  reduced  diameter 
which  were  connected  to  the  permanent  pins 
■with  sectional  pilot  nuts.  Temporary  sub- 
diagonals  with  special  wedge  adjustments 
were  used  for  supporting  the  first  panels  of  the 
cantilever  arms  and  thus  enabled  the  traveler 
to  assemble  the  trusses  with  a  one  and  one-half- 


novel  design,  commanding  panels  of  false  top 
chords  at  the  ends  of  the  suspended  span.  They 
were  simple  and  economical  and  their  opera- 
tion was  satisfactory  and  rapid. 

The  erection  on  the  south  side  of  the  river 
was  like  that  on  the  north  side  and  was  car- 
ried on  simultaneously,  the  plant  being  the 
same  as  on  the  north  side  except  that  the 
wooden  viaduct  traveler  there  had  a  revolving 
instead  of  a  fixed  mast.  The  traveler  on  the 
south  side  of  the  river  set  its  half  of  the  bridge 
without  event.  On  the  north,  or  Pittsburg  side, 
however,  the  traveler  sustained  an  unfortunate 
accident   which    resulted   in   the   death   of   ten 


probably  from  the  2-ton  steel  ram,  used  in  driv- 
ing pins.  This  apparently  buckled  some  of  the 
lattice  bars  and  forced  the  chord  out  of  posi- 
tion, so  that  when  it  was  subjected  to  live  load 
the  stress  was  greatly  increased  by  the  eccen- 
tricity and  the  member  failed  under  a  static 
load  well  within  its  normal  capacity  and  much 
less  than  was  safely  sustained  before  and  after- 
wards by  it  and  by  the  duplicate  traveler  on  the 
other  side  of  the  river.  The  bridge  Itself  was 
entirely  uninjured  by  the  accident  and  the 
traveler  sustained  little  damage  except  in  the 
overhanging  arm.  The  work  of  removing  the 
wreckage  was  very  difficult  and  expensive,  and 
considerable  trouble  was  experienced  in  secur- 
ing men  to  perform  it.  This  mishap  caused  a 
delay  of  several  weeks  in  the  erection  of  the 
bridge,  which  was  suspended  on  the  other  side 
of  the  river  until  the  traveler  was  again  In  com- 
mission. Work  was  actively  resumed  on  the 
erection  about  the  first  of  January  this  year,  the 
final  connection  was  made  February  6  and  the 
span  was  swung  February  11. 

The  Monongahela  bridge  was  designed  by 
Messrs.  Boiler  and  Hodge,  consulting  engineers, 
of  New  York,  and  was  fabricated  by  the  Ameri- 
can Bridge  Company.  The  erection  was  per- 
formed by  the  American  Bridge  Company  of 
New  York,  of  which  Mr.  S.  P.  Mitchell  is  chief 
engineer,  Mr.  H.  A.  Greene,  manager,  Pittsburg 
division,  and  Mr.  J.  A.  Sheedy,  superintendent. 
(To  be  continued.) 
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CoNSTEUCTiNG  ENGINEERS  are  deslred  by  the 
Reclamation  Service,  U.  S.  Geological  Survey, 
and  an  examination  of  candidates  will  be  held 
on  April  1  by  the  U.  S.  Civil  Service  Commis- 
sion. The  positions  pay  from  $3,600  to  $4,800 
a  year.  The  subjects  of  the  examination  and 
their  relative  weights  are  as  follows:  Educa- 
tion and  technical  training,  10;  professional 
experience  in  general  engineering,  20;  profes- 
sional experience  in  construction,  50;  detailed 
technical  description  of    the    most    important 
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Monongahela  River  Bridge:   General  Elevation  and  Elevation  of  Falsework  under  South  Anchor  Arm. 


panel  overhang  when  a  two  and  one-half  panel 
overhang  would  otherwise  have  been  necessary, 
but  would  have  been  very  objectionable  on 
account  of  the  great  length  and  heavy  loads  to 
be  supported  at  the  extremity.  The  erection 
adjustments  for  the  final  connection  at  mid-span 
of  the  ends  of  the  opposite  cantilever  krms  in 
the  center  panel  of  the  suspended  span  con- 
sisted of  screw  operated  wedge  apparatus 
in  the  lower  chord,  and   of  screw  toggles  of 


bridge  men,  as  described  in  The  Engineering 
Record  of  October  31,  1903.  On  October  19, 
while  the  traveler  was  working  well  within  Its 
capacity,  the  lower  chord  of  the  cantilever  truss 
collapsed  and  the  overhang  revolved  downwards 
against  the  bridge  trusses.  After  careful  Inves- 
tigation the  only  reason  to  which  failure  can  be 
ascribed  Is  that  the  bottom  chord  of  the  over- 
hang In  the  panel  next  the  traveler  tower  had 
become  Injured  a  short  time  before  by  a  blow, 


piece  of  engineering  work  done  under  the 
competitor's  supervision,  20.  The  examination 
can  be  taken  anywhere.  It  is  hoped  to  fill  the 
positions  with  engineers  of  wide  professional 
reputation,  and  in  rating  the  examination 
papers  the  Commission  will  be  assisted  by  a 
board  of  eminent  engineers.  Engineers  de- 
sirous of  taking  the  examination  should  write 
at  once  to  the  U.  S.  Civil  Service  Commission, 
Washington,  for  form  304  and  special  form. 
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Construction    of    a    Joint   Trunk  Sewer 

System  in  the  Valleys  of  the  Rah- 

way  and  Elizabeth  Rivers,  New 

Jersey. 


The  Joint  trunk  sewer,  constructed  for  the 
benefit  of  the  municipalities  of  Summit.  South 
Or«nse.  West  Orange,  Vailsburgh,  Irvington, 
MlUbum.  Roselle  Park,  a  portion  of  the  city  of 
Newark  and  the  city  of  Elizabeth,  all  in  the 
drainage  basins  of  the  Rahway  and  Elizabeth 
rivers  in  the  northeastern  part  of  the  State  of 
New  Jersey,  is  completed  with  the  exception  of 
300  feet  of  a  3.73fr-foot  tunnel  through  the  di- 
Tide  between  the  two  river  valleys.  The  sewer 
was  made  large  enough  for  the  admission  of 
Morristown,  Madison,  Chatham  and  Morris 
Plains,  which,  with  the  major  portion  of  Sum- 
mit, will  have  access  to  the  sewer  by  a  tunnel 
two  miles  long  through  Hobarts  Notch. 

The  territory  which  is  served  and  the 
various  branches  of  this  sewer  system  are 
shown  on  an  accompanying  map.  The  Irving- 
ton-Newark  branch  has  been  completed  for  sev- 
eral months,  and  this  portion  of  the  sewer  is 
now  being  used  by  Irvington,  Vailsburgh,  and  a 
portion  of  Newark  and  South  Orange.  It  is 
hoped  to  have  the  entire  sewer  in  operation  by 
the  end  of  this  month.  The  scheme  is  said  to 
have  originated  with  the  town  of  South  Orange 
In  1896,  then  one  by  one  other  municipalities 
desired  to  come  in,  thus  necessitating  restudy, 
additional  surveys  and  re-design  some  eight 
times  or  more  before  the  system  as  built  was 
Anally  determined  upon.  The  total  territory 
for  which  the  constructed  sewer  provides  has 
an  area  of  about  51  square  miles,  with  a  pres- 
ent population  of  nearly  40,000,  while  the 
proposed  branch  to  Morristown,  shown  on  the 
map,  will  drain  an  additional  15  square  miles. 
The  total  cost  of  the  system,  exclusive  of  the 
lateral  sewers  built  in  each  town,  will  be  ap- 
proximately 1750,000.  The  joint  trunk  sewer 
with  its  branches  constitutes  a  high-level  grav- 
ity system,  with  only  one  siphon,  on 
one  of  the  smaller  branches,  and  this  has 
only  a  small  drop,  as  shown  by  one  of  the 
drawings.  Above  Elizabeth  all  the  contributing 
lateral  sewers  have  been  built  on  the  separate 
system,  but,  owing  to  local  conditions,  provision 
had  to  be  made  in  the  joint  sewer  for  taking 
off  storm  water  also  from  Elizabeth.  The  joint 
sewer  was  designed  to  allow  about  one-third  of 
its  capacity  for  the  infiltration  of  ground  water, 
but  measurements  indicate,  now  that  the  sys- 
tem is  nearly  built,  that  this  contribution  will 
probably  not  be  more  than  15  per  cent,  of  the 
capacity.  Located,  as  shown  on  the  map,  the 
outlet  end  of  the  sewer  is  1%  feet  above  low- 
water  level  and  discharges  into  22  feet  of  water 
in  Staten  Island  Sound  at  a  point  where  favor- 
able currents  carry  the  sewage  out  into  the  bay. 
On  one  side  of  the  outlet  there  are  copperas 
works,  and  on  the  other  a  fertilizer  factory, 
neighbors  whose  contributions  to  the  sound 
are  such  as  to  mask  the  fresh  sewage  and  from 
whom  there  is  small  likelihood  of  complaints. 

The  organization  effected  to  construct  this 
sewer  had  many  points  of  originality  about  it. 
A  general  law,  introduced  on  behalf  of  the  muni- 
cipalities in  interest,  was  passed  authorizing 
two  or  more  municipalities  to  build  and  main- 
tain a  joint  outlet  or  trunk  sewer  and  permit- 
ting each  town  to  issue  bonds  to  the  extent  of 
10  per  cent,  of  its  assessed  valuation  to  pro- 
vide payment  for  the  Joint  trunk  sewer  and  the 
lateral  sewers  in  the  municipalities  themselves. 
The  law  was  not  mandatory  upon  any  of  the 
towns  interested  and  the  early  struggles  and 
preliminary  work  in  getting  so  many  munic- 
ipalities with  conflicting  interests  to  agree 
upon  an  acceptable  basis  of  procedure  would 


make  an  interesting  tale,  but  it  is  beside  our 
purpose  to  discuss  this  side  of  the  question. 

Mr.  Alexander  Potter,  consulting  engineer,  of 
New  York  City,  has  been  identified  with  the 
scheme  from  its  inception,  as  chief  engineer,  and 
the  plan  of  apportioning  the  cost  of  construc- 
tion recommended  by  him  was  adopted.  He 
sugg<;sted  the  capacity  which  each  town  should 
have  in  the  outlet  sewer,  and  with  few  modifi- 
cations, the  proportions  suggested  were  adopt- 
ed. The  method  of  apportioning  the  cost  was 
determined  on  the  basis  of  the  assumptions  that 
each  town  build  its  own  independent  line 
to  a  common  outlet  at  tide  water;  that  where- 
ever  the  sewage  of  two,  three  or  more  towns 
could  be  merged  into  one  sewer,  the  munic- 
ipalities using  the  sewer  join  in  the  payment 
of  the  cost  of  that  sewer  in  proportion  to  the 
capacity  each  had  reserved  therein;  and,  fur- 
thermore, that  the  ownership  of  the  capacity  re- 
served by  each  town  be  vested  In  that  town  as 
absolutely  as  If  It  built  an  Independent  line. 
This  scheme  recognized  the  advantage  of  lo- 
cation. Each  municipality  contributed  to  the 
payment  of  only  such  sewers  as  it  could  use, 
and  only  In  proportion  to  the  capacity  made 
available  for  its  service.  This  basis  of  appor- 
tionment disposed  of  the  inequalities  Introduced 
by  the  method  of  paying  In  proportion  to  the 
assessed  valuation.  All  the  municipalities  de- 
sired  sewerage  facilities  which  could   not  be 


In  Mllburn  Township,  and  the  securing  of  new 
water  supplies  for  farms,  all  of  which  were  In 
part  considerations  for  rights  of  way.  Be- 
sides these  direct  expenditures,  rights  were  also 
granted  certain  other  municipalities  and  pri- 
vate Individuals  to  make  use  of  the  sewer  with- 
out compensation,  to  the  extent  of  2  per  cent. 
of  its  capacity.  With  other  contingent  ex- 
penses the  cost  of  the  right  of  way  was  brought 
up  to  $83,000,  or  an  average  of  74  cents  a  foot 
over  the  entire  line. 

The  total  length  of  sewers  constructed  con- 
jointly, not  Including  the  systems  of  lateral 
sewers  built  by  each  municipality  within  Its 
own  boundaries,  was  a  little  over  23  miles,  and 
consisted  of  the  following  sizes  and  lengths: 

2,275  feet,  3  ring  brick,  72-Inch 

1.145  ••  3rlng      "  eeinch 

3.754  "  2-r!ng      •'        (tunnel)  48-lnch 

29,770  "  2rlng      "  42-lnch 

590  '•  2-rlng      "  '  38x56-lnch 

9,282  "  2rlng      "  38-lnch 

1,625  ••  cast-iron  pipe,  36-Inch 

5,778  "  2rlng  brick,  30-lnch 

26,444  "  Titrlfled  pipe,  24-lncb 

8,201  "                    "  22-lnch 

4,406  "                    "  20-Inch 

1,715  "                    "  ISInch 

7,514  "                     •'  IS-lnch 

8,507  •'                    "  12-Inch 

10,717  ■•                    "  10-lnch 

Construction  was  commenced  in  May,  1902. 
The  work  was  divided  into  six  sections. 

Section  1  included  the  construction  of  2,275 
feet  of,  72-inch  circular  brick  sewer,  1,135  feet 
66-inch  sewer,  and  15,613  feet  of  42-inch  circular 
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secured  without  the  cooperation  of  the  others. 
Little  opposition  or  delay  was  occasioned  in 
the  discussion  of  the  advantages  or  disadvan- 
tages of  the  various  methods  of  assessing  the 
expense  of  construction.  The  board  having  ex- 
ecutive control  of  the  work  was  legally  made 
up  of  the  boards  of  aldermen  and  the  councils 
of  the  various  communities,  but  practically  each 
of  these  bodies  was  represented  by  one  of  its 
members. 

Although  the  cooperating  municipalities  were 
clothed  with  ample  powers  of  condemnation  for 
right  of  way  across  private  land  and  through 
foreign  municipalities,  counsel  advised  against 
hastily  invoking  the  law,  which  possibly  might 
jeopardize  the  success  of  the  scheme  by  in- 
junction and  certiorari  proceedings,  the  end  of 
which  might  have  been  to  tie  up  the  work  in- 
definitely, involving  as  they  would  the  question 
of  the  constitutionality  of  the  act  under  the 
authority  of  which  the  work  was  undertaken. 
Under  this  procedure  rights  of  way  cost  more 
than  the  preliminary  estimates.  The  cost  of 
the  right  of  way  In  cash  was  $40,000,  In  addi- 
tion to  which  $30,000  was  expended  In  increases 
in  the  size  of  the  sewer  for  the  benefit  of  Eliza- 
beth, the  construction  of  roads  in  Union  Town- 
ship, the  building  of  new  roads  over  the  sewer 


brick  sewer.  The  72-inch  sewer  extends  to 
within  30  feet  of  the  dock  line  established  by 
the  Riparian  Commission,  and  is  prolonged  by 
a  36-inch  cast-iron  pipe  carried  down  below  low 
water  mark,  which  conveys  the  normal  sewage 
flow  to  the  end  of  the  dock,  where  a  strong  cur- 
rent is  always  running.  The  principal  feature 
in  connection  with  the  construction  of  this 
section  was  the  use  of  a  steam  shovel  to  do  the 
excavating  for  about  two-thirds  of  the  trench. 
A  Victor  steam  shovel,  made  by  the  Toledo 
Foundry  &  Machine  Company,  Toledo,  O.,  of  1 
cubic  yard  capacity  was  mounted  on  a  platform 
on  wooden  rollers,  which  straddled  the  ditch. 
The  shovel  pulled  itself  ahead  by  means  of  a 
%-inch  steel  rope  running  through  a  block, 
fastened  to  a  deadman  ahead.  A  modification 
of  the  cross-section  of  the  sewer  was  neces- 
sary where  one  of  the  streets  crossed  beneath 
a  railroad.  Bayway,  at  the  crossing  of  the 
Pennsylvania  Railroad,  is  so  depressed  that  it 
was  impossible  to  maintain  the  regular  sewer 
section  without  lowering  the  flow  line  of  the 
sewer,  and  so  a  concrete-steel  section  6  feet 
wide  by  18  inches  high  was  substituted,  for  a 
distance  of  150  feet,  with  proper  approaches  on 
either  end.  The  contractor  for  this  section  was 
Mr.  Thomas  J.  Shea,  of  Quincy,  III. 
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On  section  2  the  principal  point  of  interest  is 
the  crossing  of  the  Elizabeth  River.  The  line 
■was  kept  out  of  the  river  bottom  on  this  sec- 
tion. From  the  point  where  the  two  main 
branches  of  the  sewer  come  together  the  grade 
selected  is  such  as  to  gain  on  the  fall  of  the  river 
a  sufficient  elevation  to  carry  the  sewer  by 
gravity  to  a  deep  water  channel,  which,  along 
any  other  route,  was  difficult  of  attainment. 
This  diversion  of  the  line  from  the  river  bot- 
tom also  reduced  the  amount  of  the  trouble- 
some drift  material  and  quiclcsand  for  which 
this  section  of  New  Jersey  is  most  justly  fa- 
mous. Across  the  river  42-inch  cast-iron  pipes 
were  substituted  for  the  brick  construction,  and 


the  crossing  and  has  a  tributary  territory  six 
times  as  great.  The  crossing  has  been  con- 
structed for  a  year  and  a  half  and  has  not  been 
affected  in  any  way,  notwithstanding  the  fact 
that  there  has  been  in  that  period  a  flood  or  two 
of  almost  unprecedented  volume.  The  contract 
for  this  section  was  awarded  to  the  Harrison 
Construction  Company  of  Newark,  N.  J. 

Section  3  was  by  far  the  most  difficult  section 
to  build  and  is  more  varied  than  any  other  in 
its  constructive  features.  Fully  80  per  cent, 
of  its  open  cut  brick  sewer  was  built  upon  a 
quicksand  foundation,  and  it  embraces  a  tunnel 
3,754  feet  long,  a  1,625-foot  cast-iron  pipe  sewer 
supported  above  the  surface  of  the  ground,  and 


Siphon  across  Elizabeth  River,  Section  5. 


at  an  expense  of  between  $4,000  and  $5,000.  The 
timbering  was  so  badly  displaced  and  twisted 
as  to  be  only  an  obstacle  in  the  way  of  any  fur- 
ther operations  at  that  place.  When  the  utter 
uselessness  of  proceeding  further  by  this  meth- 
od was  realized,  work  on  the  tunnel  was  tem- 
porarily abandoned.  The  suggestion  of  the 
chief  engineer  to  adopt  the  use  of  compressed 
air  was  concurred  in  by  Mr.  W.  M.  Brown,  Jr., 
engineer  of  the  Metropolitan  Sewerage  Works, 
of  Boston,  who  was  called  In  consultation,  and 
the  size  of  the  sewer  was  increased  from  38- 
inch  to  48-inch,  which  allowed  the  brickwork 
to  be  completed  as  the  excavation  advanced, 
thus  simplifying  the  construction.  An  auxiliary 
agreement  was  entered  into  with  the  contractor 
giving  him  an  increase  over  his  original  bid  on 
a  38-inch  tunnel  commensurate  with  the  propor- 
tionate increase  in  the  capacity  of  the  sewer, 
and  a  sub-contract  for  the  compressed-air  work 
was  made  with  Mr.  0.  M.  Haskins,  of  Boston, 
who  installed  the  necessary  plant. 

Since  the  adoption  of  compressed-air  methods, 
the  work  in  the  tunnel  has  been  conducted  from 
two  new  shafts,  one  40  feet  deep,  the  other  22 
feet  deep.  The  former  was  made  by  open  ex- 
cavation to  a  depth  of  25  feet  through  gravel 
Into  compact  material.    A  12-inch  timber  deck 
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massive  concrete  abutments  were  built  on 
either  side  of  the  stream  channel,  which  was 
considerably  widened.  The  pipes  are  supported 
by  posts  of  bent  60-pound  rails  footed  in  large 
blocks  of  Portland  cement  concrete,  as  shown 
in  one  of  the  drawings  herewith.  The  posts  are 
spaced  12.2  feet  apart  so  as  to  place  one  under 
each  pipe  near  its  bell.  The  use  of  rails  was 
resorted  to  in  order  to  give  as  great  a  clearance 
between  supports  as  possible.  The  ends  of  the 
3x%-inch  wrought-iron  bands  around  the  pipe 
are  brought  to  a  H4-inch  square  section  and 
bent  at  right  angles  into  hooks.  A  1-inch  U  bolt 
with  threaded  ends  passes  through  a  hole  in  the 
rail  and  through  holes  in  a  6x2%-inch  plate 
placed  over  each  bent  end  of  each  band  and  is 
bolted  down  tight.  It  is  possible  with  this  de- 
vice to  take  up  any  slack  occurring  fronj 
time  to  time.  The  river  was  widened  to  give 
a  clearance  under  the  pipe  sufficient  for  the 
volume  of  the  flood  passing  down  the  river.  The 
tributary  watershed  at  the  point  of  crossing  is 
about  600  acres,  jyhile  in  times  of  freshets  the 
water  rises  nearly  to  the  top  of  the  pipe,  there 
Is  little  impact  against  the  structure,  because 
during  such  times  the  high  water  is  caused  by 
the  damming  up  of  this  branch  of  the  river  by 
the  east  branch   which  Joins  it  300  feet  below 


a  river  crossing  with  the  flow  line  of  the  sewer 
having  a  clearance  of  18  inches  above  the  nor- 
mal water  level  of  the  river.  The  sizes  of  the 
sewer  on  this  section  are  48-inch,  38-inch  and 
36-inch.  It  is  upon  this  section  that  the  sewage 
is  carried  through  the  divide  from  the  valley  of 
the  Rahway  River  into  the  valley  of  the  Eliza- 
beth River.  The  borings  along  the  line  orig- 
inally surveyed  for  the  sewer  convinced  the  en- 
gineer that  the  excavation  would  prove  to  be 
of  the  most  difficult  nature,  a  large  proportion 
of  the  material  being  a  drift  composed  of  clay, 
sand,  quicksand,  boulders  of  a  great  variety  of 
sizes,  and  water,  in  varying  percentages,  some- 
times differing  widely  in  character  within  short 
distances.  The  line  was  changed,  therefore,  to 
reduce  as  much  as  possible  the  excavation  of  a 
greater  depth  than  22  feet,  considered  in  this 
case  to  be  the  economical  limit  of  tunnel  con- 
struction, although  by  so  doing  the  length  of 
sewer  was  somewhat  increased.  The  wisdom 
of  this  change  was  clearly  demonstrated  when 
work  was  started  on  the  tunnel  by  the  open 
heading  method. 

The  contractor  sank  a  shaft  and  attempted  to 
drive  a  heading  from  it  by  the  ordinary  meth- 
ods for  timbering  in  soft  ground,  but  in  four 
months  excavated  only  about  30  feet  of  tunnel. 


was  constructed  at  this  level,  upon  which  was 
bolted  a  4-foot  steel  cylinder,  extending  to 
the  surface,  to  the  upper  end  of  which  a  T- 
shaped,  double  chambered  air  lock  was  at- 
tached. The  deck  was  cut  out  inside  the  cyl- 
inder, and  when  air  was  admitted  a  brick 
casing  was  carried  down  under  the  deck  to 
the  level  of  the  sewer.  The  major  portion  of 
the  plant  was  located  at  the  deeper  shaft  and 
a  5  and  6-inch  line  of  pipe  for  compressed  air 
was  run  to  the  second  shaft.  The  plant  at  the 
main  shaft  consisted  of  the  following  ma- 
chinery: 

A  75-horse-power  upright  and  a  60  horse- 
power horizontal  boiler,  a  6x4x6-inch  Worthing- 
ton  feed  pump,  a  6x8-inch  automatic  engine,  a 
General  Electric  Company's  30-kilowatt  gen- 
erator for  lighting,  a  Davidson  10xl6x 
16-inch  compressor,  an  Ingersoll-Sergeant  16 
x20x24-inch  spray  compressor,  a  Knowles 
12xl6x8-inch  water-jacketed  compressor,  an 
air  receiver,  a  6x8-inch  double-drum  Flory 
hoisting  engine,  and  a  6x4x6-inch  Worth- 
ington  pump.  This  shaft  was  fitted  with  a 
5x5xl2-foot  T-shaped  steel  plate  lock,  with  two 
chambers.  The  machinery  at  shaft  No.  2  com- 
prised a  20-horse-power  Mundy  boiler,  a  6x8- 
inch     Flory    single-drum     hoisting     engine,     a 
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4Hx2%x6-tiich  Blake  pump  and  a  10x20x24-111011 
Knowles  compressor.  On  this  shaft  there  was 
a  Tertical,  single-chamber  cylindrical  air-lock 
6  feet  in  diameter  with  a  door  in  its  bottom 
opening  direcUy  into  the  top  of  the  shaft. 
Through  this  door  cTlindrical  buckets  of  6 
cubic  feet  capacity  were  lowered  and  hoisted  to 
convey  the  spoil  from  the  excavation  and  the 
materials  forthe  tunnel  lining.  Work  was  started 
at  the  first  shaft  in  June,  1903,  and  at  the  sec-- 
ond  shaft  in  October,  1903.  Up  to  the  flrst  of 
this  month  2,400  feet  of  completed  sewers  were 
built  from  the  first  shaft,  and  1,040  feet  from 
the  second  shaft,  the  progress  averaging  12 
feet  for  each  working  day. 

Where  the  tunnel  went  through  drift  the  ma- 
terial was  so  homogeneous  that  the  air  losses 
were  small,  and  the  excavation  proceeded  with- 
out the  use  of  plates  or  shields,  excepting 
where  quicksand  was  encountered,  and  then 
roof  plates  were  necessary.  These  were  made 
of  H-inch  sheet  steel  and  were  stiffened  on 
their  edges  with  l%xl%-inch  angles,  which  also 
■erred  as  flanges  and  had  bolt  holes  spaced  6 
Inches  apart.  Elach  plate  is  1  foot  wide  by  2^ 
feet  long.  Alternately  two  and  three  plates 
were  used  in  a  course  in  the  roof  of  the  head- 
ing, the  longitudinal  Joints  being  staggered  and 
the  spaces  at  the  ends  of  the  two-plate  courses 
filled  with  small  pieces  of  thin  board.  These 
plates  were  temporarily  held  in  place  by  exten- 
sion braces,  the  bottoms  of  which  rested  on 
timber  blocking.  As  rapidly  as  the  plates  were 
placed  all  Joints  between  them  were  bolted  and 
then  covered  with  blue  clay,  of  the  consistency 
of  putty  smeared  on  by  hand,  to  prevent  air 
leakage.  The  roof  of  the  tunnel  at  one  point 
comes  to  within  10  feet  of  the  surface  and  the 
air  was  held  at  this  place  with  extreme  diffi- 
culty. Wherever  possible  the  plates  were  re- 
moved as  the  lining  was  built;  in  other  places 
the  brickwork  was  built  against  them. 

The  air  pressure  required  varied  from  10  to 
15  pounds  per  square  inch.  This  expelled  the 
ground  water  so  thoroughly  that  the  materials 
which  had  given  such  insuperable  difficulty 
when  atUcked  by  the  open-heading  method 
could  now  be  excavated  comfortably  and  ex- 
peditiously, much  of  the  time  not  even  requiring 
boards  at  the  faces  of  the  headings,  although 
the  diameter  of  the  excavations  was  about  5% 
feet  However,  nests  of  boulders  gave  some 
trouble  and  occasionally  an  unusually  large 
boulder  had  to  be  blasted.  The  spoil  and  the 
materials  for  the  lining  were  transported  to  and 
from  the  shafts  in  small  cars,  pushed  by  hand 
along  a  narrow-gauge  track.  Near  each  shaft 
the  vertical  diameter  of  the  lined  tunnel  was 
made  slightly  greater  than  4  feet  as  a  matter  of 
convenience  during  construction.  Excepting  the 
bricklayers,  the  men  employed  In  the  tunnel 
were  colored  laborers  and  worked  in  two  twelve- 
hour  shifts.  Excavation  and  lining  followed 
each  other  successively  in  each  heading  in  alter- 
nate shifts.  When  the  work  was  well  organ- 
Ixed  and  no  unusual  difficulties  were  encount- 
ered, from  15  to  20  feet  of  tunnel  were  exca- 
vated and  lined  in  each  heading  per  day.  The 
tunnel  was  illuminated  with  incandescent  elec- 
tric lights.  This  method  of  tunneling  has 
proved  so  successful  that  this  portion  of  the 
■ewer  has  been  built  more  expeditiously  and 
economically  than  some  of  the  portions  In  deep 
open  cut. 

TTie  quicksand  encountered,  locally  known 
as  bull's  liver  on  account  of  its  dark  red  color 
and  Its  characteristic  quaking  when  Jarred,  is 
a  treacherous  and  deceptive  material.  Trenches 
can  be  cut  In  It  nearly  vertically  If  the  water 
has  been  properly  drained  out  In  advance  of  ex- 
cavation and  provided  no  large  boulders  are  en- 
countered, the  removal  of  which  will  cause  Jar- 
ring.    The  sides  of  such  trenches  will  some- 


times stand  tor  hours  unsupported  if  kept  prop- 
erly drained  and  not  disturbed,  but  it  was  found 
that  for  safety  it  is  absolutely  necessary  to 
sheet  and  brace  them  promptly,  for  if  water 
were  allowed  to  act  on  this  material,  or  if  it 
were  severely  Jarred,  it  would  run  almost  like  a 
liquid.  The  specifications  for  the  various  sec- 
tions provided  that  an  additional  payment  of 
$1.25  should  be  made  for  the  excavation  of  all 
material  classed  by  the  engineer  as  quicksand. 

The  open-cut  work  immediately  east  of  the 
tunnel  proved  to  be  so  difficult  that  when  grade 
was  reached  it  was  decided  to  construct  the 
sewer  of  a  capacity  equal  to  that  of  the  tunnel. 
This  was  done  without  widening  the  trench  by 
building  18-inch  vertical  walls  above  the  spring- 
ing line  of  the  Invert  before  setting  the 
arch. 

Fifteen  hundred  feet  west  of  the  tunnel  the 
sewer  comes  to  the  surface  and  crosses  the  land 
of  the  Elizabeth  Water  Company  above  the  sur- 
face. The  sewer  Is  built  of  cast-iron  pipe  sup- 
ported on  concrete  piers  with  sufficient  water- 
way under  the  pipe  to  take  about  one-half  the 
flood  volume  of  tlie  Rahway  River.    The  reason 


phon  line  was  considered  to  be  so  great  tliat  it 
should  be  constructed,  even  should  it  afterward 
be  found  necessary  to  replace  It  with  a  siphon 
on  account  of  the  obstructiou  to  the  waterway 
and  the  failure  of  the  flood  volume  to  peacefully 
seek  the  path  laid  out  for  it  by  the  engineer. 
Some  details  of  this  river  crossing  are  shown 
in  an  accompanying  drawing.  The  river  chan- 
nel was  widened  and  somewhat  rectified  in  the 
vicinity  of  the  crossing,  and  its  bed  was  paved 
as  indicated  for  a  distance  of  25  feet  upstream 
and  downstream  from  the  line  of  the  sewer. 
With  good  gravel  within  100  feet  of  the  work, 
the  foundations  for  the  piers  were  made  heavier 
than  originally  proposed.  The  entire  space 
within  the  timber  crib  work  was  filled  ith  con- 
crete up  to  the  level  of  the  bottom  of  the  river, 
since  this  was  less  costly  than  building  forms 
inside  the  cribs.  The  contractors  for  section  3 
as  the  Costa  Construction  Company,  of  Summit, 
N.  J. 

Section  4  extends  along  the  Rahway  River 
through  South  Orange  township  and  village  and 
up  to  the  line  of  the  town  of  West  Orange.  It 
is  built  of  24-inoh  and  22-inch  pipe  laid  with 
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for  the  adoption  of  this  grade  elevation  is  that 
although  the  sewer  intercepts  the  river  channel 
about  9  Inches  below  the  tops  of  its  banks  and 
about  18  inches  above  the  normal  river  level, 
across  the  valley,  2,000  feet  from  the  river,  the 
ground  is  4  feet  lower  than  the  bank  of  the 
river.  Dependence  is  placed  for  the  safety  of 
the  crossing  upon  the  fact  that  when  bank  high 
the  river  is  not  confined  to  its  channel,  but  is 
spread  out  for  a  width  of  2,000  feet,  so  that 
a  large  part  of  the  flood  volume  passes  under 
the  long  line  of  cast-iroil  pipe.  The  river  cross- 
ing itself  was  not  completed  in  time  to  be  test- 
ed by  the  flood  of  October  8,  1903,  but  the  spring 
flood  should  demonstrate  the  proflciency  of  the 
structure  as  planned  by  the  engineer.  Another 
reason  for  this  type  of  construction  was  the 
necessity  for  keeping  all  sewage  out  of  the 
water  company's  land,  which  contains  many 
driven  wells.  Two  plans  presented  themselves, 
one  the  construction  of  an  inverted  siphon 
across  the  river,  the  other  the  lowering  of  the 
grade  of  the  sewer  to  pass  under  the  river.  As 
the  sewer  Is  constructed  on  a  minimum  grade 
for  2%  miles  below  the  river  crossing  the  deep- 
ening of  the  sewer  at  least  6  feet  would  have 
Involved  an  additional  outlay  of  $60,000.  The 
advantage  of  the  gravity  flow  line  over  the  si- 


tar  cement  and  double  gasket  cement  Joints. 
It  is  below  the  bed  of  the  river  for  almost  its 
entire  length,  and  in  close  proximity  to  it  on 
account  of  the  numerous  intersecting  streets 
where  connections  will  be  made  to  the  sewer. 
All  siphons  were  thus  avoided  but  the  difficul- 
ties of  construction  were  greatly  increased.  The 
material  encountered  for  almost  the  entire  dis- 
tance was  an  open  gravel,  freely  admitting  the 
water.  Mr.  James  P.  Hall,  of  Jersey  City,  was 
the  contractor  for  this  section. 

Section  5  consists  of  8  miles  of  pipe  sewers 
ranging  in  size  from  24-inch  to  10-inch.  About 
75  per  cent,  of  the  work  on  this  section  was 
constructed  through  rock,  drift  or  quicksand. 
The  trenches  in  the  drift  and  quicksand  were 
excavated  to  a  depth  of  6  inches  below  the  pipe. 
Timber  cradles  each  consisting  of  four  pieces  of 
2x4-inch  lumber  from  12  feet  to  16  feet  long  de- 
pending upon  the  nature  of  the  bottom,  spaced  6 
inches  apart  on  centers  were  employed,  upon 
which  were  nailed  4x4-inch  cross  pieces  of 
lengths  varying  with  the  size  of  the  pipe.  The 
pipe  was  laid  on  these  cross  pieces,  and  the 
spaces  between  the  2x4-inch  longitudinal  pieces 
and  also  the  space  below  the  pipe  acted  as  an 
underdrain  during  the  laying  of  the  pipe.  A 
vitrifled  pipe  underdrain  in  the  soup-like  ma- 
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terial  encountered  could  not  be  kept  alive  for 
more  than  50  to  100  feet  and  did  not  give  as 
continuous  a  foundation  as  was  obtained  by 
the  method  ■  adopted.  Messrs.  Earle  & 
Dougherty,  of  Jersey  City,  were  the  contractors 
for  section  No.  5. 

Section  6  extends  through  Millburn  township, 
and  consists  of  5,778  feet  of  30-inch  double- 
ring  brick  sewer  and  8,627  feet  of  24-inch  pipe 
sewer.  No  special  difficulties  different  from 
those  previously  mentioned  were  encountered 
on  this  contract.  Much  of  the  brick  sewer  was 
built  above  the  surface  of  the  ground  and  much 
quicksand  was  encountered   at  many   parts  of 


been  in  sympathy  with  the  newer  methods  sug- 
gested 'jy  the  engineer,  but  afterwards  he  was 
satisfied  that  in  the  mateinals  traversed  by  the 
sewer  line  the  older  method  was  not  so  suc- 
cessful. 

The  pipe  joints  were  made  with  gaskets  of 
oakum  and  1  to  Hi  Portland  cement  mortar, 
for  the  most  part.  Late  last  autumn,  however, 
Mr.  Potter  tried  some  experiments  with  a  mix- 
ture of  nearly  equal  parts  of  sulphur  and  fine 
sand,  with  a  small  quantity  of  pine  tar,  melted 
together.  These  experiments  were  so  success- 
ful that  this  material  was  adopted  and  used 
in  some  of  the  joints  on  the  large  pipe  sewer 
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the  work.  The  Harrison  Construction  Com- 
pany, of  Newark,  was  the  contractor. 

In  one  deep  and  troublesome  piece  of  trench 
an  excavating  machine  was  tried,  but  the  con- 
tractor preferred  to  cast  out  material  from 
stage  to  stage.  At  one  place  five  men  were  seen 
successively  shoveling  material  from  the  bot- 
tom of  the  trench  to  stages  and  from  the  top 
stage  to  the  spoil  bank  along  the  side.  At  an- 
other place  a  trench  18  feet  deep  was  dug  with 
the  aid  of  one  set  of  16-foot  sheeting  by  exca- 
vating the  upper  2  feet  of  the  trench  to  a  greater 
width  before  starting  the  sheeting,  this  be- 
ing more  economical  than  putting  in  an  addi- 
tional set  of  short  sheeting  and  bracing. 

The  timber  cradles  used  beneath  the  sewer 
in  some  wet  places  made  it  possible  to  put  to- 
gether outside  the  trench  two  or  more  lengths 
of  pipe  and  to  make  their  joints  under  favor- 
able conditions,  thus  considerably  reducing  the 
number  of  joints  to  be  made  under  difficulty  in 
the  bottom  of  the  trench.  This  method  pro- 
duced a  more  rigid  pipe-line,  demanding  more 
uniform  support.  It  was  found  that  quicksand 
or  other  very  fine  sand,  when  carefully  settled 
into  place  with  water,  made  an  excellent  re- 
filling under  and  around  the  pipes,  affording 
a  uniform  and  firm  support,  which  was  far 
cheaper  and  in  some  respects  much  better  than 
concrete.  Concrete,  however,  was  used  in  some 
places  where  the  foundation  was  poor.  Of 
course,  some  breaks  occurred  on  the  pipe  sewer 
lines,  chargeable  partly  to  lack  of  care  and 
partly  to  imperfect  pipes  which  had  passed 
Inspection,  but  altogether  the  breaks  probably 
did  not  exceed  3  per  cent,  of  the  length  of  the 
pipe  sewerts.  The  only  serious  collapse  occurred 
on  a  stretch  of  sewer  laid  with  great  care  ac- 
cording to  the  more  common  practice,  with  an 
underdrain  embedded  in  broken  stone  and  a 
backfilling  of  earth  under  and  around  the  pipes. 
Before  this  occurrence  the  contractor  had  ngt 


lowered  to  position  like  one  pipe  and  set  with 
the  aid  of  a  derrick,  thus  reducing  the  number 
of  joints  to  be  made  under  less  favorable 
conditions. 

For  the  mortar  in  pipe  joints  and  brickwork 
and  for  the  concrete  used  on  various  parts  of 
the  works.  Alpha,  Atlas  and  Vulcanite  Port- 
land cements  were  used.  The  brick  sewers 
were  plastered  all  around  on  the  outside  with 
Portland  cement  mortar.  The  invert  of  brick 
sewers,  including  one-third  of  the  inner  ring, 
was  laid  with  vitrified  bricks.  The  cast-iron 
pipes  used  at  the  various  places  mentioned,  and 
in  a  few  other  difficult  places,  were  furnished 
by  the  Warren  Foundry  &  Machine  Company, 
of  New  York. 

It  is  essential  to  the  management  of  the 
system  that  the  flow  of  sewage  be  measured  at 
various  points  along  the  line  of  the  sewers  to 
determine  the  amount  of  sewage  being  con- 
tributed by  the  different  municipalities  inter- 
ested in  the  project.  These  measurements  are 
to  be  made  at  each  point  by  means  of  a  Dib- 
ble recording  gauge  set  over  a  brick  chambg;; 
about  41/.  feet  square  inside,  built  to  include  a 
short  piece  of  the  sewer,  to  which  it  Is  cott^ 
nected  by  two  small  openings  in  the  side  of  the 
sewer.  The  cross-section  of  the  stream  of  sew- 
age is  not  changed  at  the  chamber,  excepting 
when  the  sewer  is  running  nine-tenths  full,  or 
more,  when  It  is  affected  by  the  opening  made 
in  the  top  of  the  sewer  to  afford  access  to  the 
interior.  There  is  a  recess  left  in  the  chamber 
for  a  weir  over  which  the  exact  flow  in  the 
sewer  can  be  determined  for  different  depths. 
Knowing  the  grade  of  the  sewer  and  its  size, 
the  quantity  of  sewage  passing  can  be  deter- 
mined with  sufficient  accuracy. 

Provision  for  equalizing  tanks,  at  points 
where  it  was  thought  they  might  become  neces- 


Joint  Trunk  Sewers:     Steam  Shovel  Digging  Trench  Twenty  Feet  Deep. 


laid  late  in  the  season.  The  mixture  is  poured 
into  the  joint  hot,  hardens  at  once,  and  thor- 
oughly fills  the  joint  space.  At  a  temperature 
of  230  degrees  Fahrenheit  it  is  about  as 
fluid  as  heavy  petroleum.  Some  briquettes  made 
of  this  mixture  of  sulphur  and  sand  showed  a 
tensile  strength  of  about  700  pounds  per  square 
inch.  In  some  experimental  pipe  joints  which 
were  broken,  the  body  of  the  pipe  or  the  ma- 
terial in  the  joint  could  be  split  more  easily 
than  the  jointing  material  could  be  separated 
from  the  pipe.  At  one  place  sections  consist- 
ing of  two  or  three  24-lnch  vitrified  pipes  were 
made  up  with  this  sulphur-sand  compound, 
either  on  the  ground  beside  the  trench  or  on 
high    blocking   in   the   trench,   and   were   then 


sary  at  some  future  time,  has  been  made  by  in- 
troducing on  each  section  short  pieces  of  sewer 
having  very  steep  grades. 

It  is  of  interest  to  mention  that  the  engineer 
has  carried  these  works  through  to  a  satisfac- 
tory completion  without  creating  trouble  among 
the  various  municipalities  concerned  and  that 
settlements  have  been  made  with  the  contrac- 
tors and  the  former  owners  of  the  rights  of 
way  without  litigation  or  serious  dispute.  This 
has  been  possible  largely  because  of  the  fair- 
minded  policy  of  the  board  representing  the 
communities  and  its  backing  of  the  engineer. 
Mr.  David  Goldfogle  was  principal  assistant  en- 
gineer, and  Mr.  Irving  Hawkins  was  in  charge 
of  the  tunnel  work. 
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Caisson  Foundations  for  a  Large  Steel- 
Cage  Office  Building  on  Broadway, 
New  York. 


Tli«  ste«l-c«c«  office  building  at  No.  40 
Bitwdwmv.  New  Vork,  occupies  a  lot  with  a 
front  of  atMut  114  feet  on  Broadway  and 
reAches  through  to  New  Street,  thus  having  a 
depth  of  about  200  feet.  The  foundations  for 
the  wall  columns  are  twenty-nine  rectangu- 
lar wooden  pneumatic  caissons  carried  down  to 
hardpan  at  an  average  depth  of  from  about  32 
to  35  feet  below  the  New  Street  curb,  which  is 
about  13  feet  above  the  ground  water  level. 
The  caissons  are  from  13  to  2S  feet  in  length 
and  have  a  uniform  width  of  5^  feet,  except 
two  of  7  feet  on  the  Broadway  front.  They 
were  all  built  of  timber,  excepting  a  few  tie- 
bolts  and  connection  angles.  They  were  de- 
Bigned  with  great  simplicity  of  detail  so  that 
their  construction  was  easy  and  rapid  and  was 
precisely  the  same  in  all  cases,  except  for  the 
variation  in  dimensions.  Elach  had  a  working 
chamber  6  fe«t  high  in  the  clear  with  a  roof 


2Hx%-inch  plates.  Adjacent  and  parallel  to 
each  of  them,  a  T^-lnch  tie-rod  passed  through 
the  caisson  and  was  screwed  up  on  outside 
countersunk  washers  so  as  to  produce  initial 
compression  in  the  strut.  The  caissons  were 
made  10  feet  high  and  the  cofferdam  sections 
were  from  12  to  18  feet  high.  Each  of  them 
had  top  and  bottom  cross  frames  made  with 
6xl2-inch  timber  flush  with  the  ends  of  the 
sheathing  and  connected  at  the  corners  by 
inside  vertical  angles.  These  pieces  served  as 
connection  flanges  and  were  pierced  with  holes 
for  %-inch  vertical  bolts  10  inches  apart  to  tie 
the  adjacent  sections  together. 

The  outside  of  the  sheathing  was  planed  and 
was  thoroughly  greased  before  the  caissons 
were   sunk.     The  comers  were   rounded  to   a 


them  to  place  or  loaded  them  on  cars  running 
aiToss  the  lot  from  Broadway  to  New  Street 

When  the  buildings  which  formerly  occu- 
pied the  site  were  removed,  the  existing 
vaults  under  the  Broadway  sidewalks  were  re- 
tained. A  row  of  15-lnch  piles  40  feet  long 
were  driven  about  4  feet  apart  on  centers 
across  the  end  of  the  lot  about  15  feet  within 
the  street  line.  They  were  capped  and  braced 
together  and  longitudinal  and  diagonal  hori- 
zontal struts  were  set  against  them  to  brace 
the  vault  walls.  They  also  served  to  carry 
floor-beams  which  rested  on  the  ground  beyond 
the  vault  walls  and  were  carefully  fitted 
against  the  edges  of  the  Broadway  pavement 
10  feet  beyond  the  curb  line,  a  precaution 
which  was  necessary  because  the  constant  and 
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of  two  solid  crossed  courses  of  8x8-inch  tim- 
bers. The  lower  edge  was  stiffened  by  an  in- 
side frame  of  4xl2-inch  timber  with  the  hori- 
sontal  lower  edge  flush  with  that  of  the  wall 
sheathing  so  as  to  make,  instead  of  the  ordi- 
nary beveled  cutting  edge,  a  flat  surface  8 
inches  wide.  The  bottom  of  the  sheathing  was 
faced  00  the  outside  by  an  8xl-inch  steel  plate 
which  projected  l^i  inches  below  the  lower 
edge  of  the  timber. 

The  sides  of  the  caisson  were  made  of  verti- 
cal 4-Inch  planks  12.  inches  wide  and  were  con- 
tinued above  the  roof  to  form  the  walls  of  the 
cofferdam.  The  sheathing  was  bolted  to  hori- 
zontal intermediate  frames  of  €x8-inch  timbers 
halved  together  at  the  ends,  and  braced  across 
the  caisson  by  6x8-inch  struts  6  feet  apart. 
These  struts  butted  against  the  faces  of  the 
timbers  and  were  secured  bjr  top  and  bottom 


radius  of  4  inches  and  the  joints  were  calked 
with  oakum.  Each  sheathing  plank  was 
fastened  by  two  %-inch  round-headed  bolts 
through  every  cross  timber  with  nuts  inside. 
The  caissons  weighed  about  20  tons  each,  were 
built  in  the  Brooklyn  yards  of  the  sub-contract- 
ors and  were  delivered  to  the  site  by  the  Meade 
Transfer  Company  on  trucks  drawn  by  twelve 
horses  each.  Their  dimensions  and  those  of 
the  cofferdams  were  so  great  that  sufficient 
clearance  could  be  found  in  only  one  place 
down  town  for  them  to  cross  under  the  ele- 
vated railroad  tracks,  and  difficulty  was  en- 
countered In  turning  them  around  the  corners 
of  narrow  streets  where  it  was  sometimes  ne- 
cessary to  push  the  truck  wheels  transversely 
with  hydraulic  jacks.  They  were  delivered  at 
Broadway  and  at  New  Street  to  boom  derricks, 
which  lifted  them  from  the  trucks  and  swung 


heavy  street  traffic  tends  to  force  the  pave- 
ment towards  the  sidewalk.  The  beams  were 
covered  with  two  crossed  solid  courses  of  4- 
Inch  plank.  This  formed  a  platform  at  street 
level  which  served  for  the  sidewalk,  for  load- 
ing and  unloading  wagons,  and  for  receiving 
caissons  and  coffer  dam  sections.  The  platform 
was  about  25  feet  above  the  cellar  floor  of  the 
old  building,  where  large  bins  were  built  for 
stone  and  sand  and  filled  through  chutes  from 
the  street  above.  Opposite  the  middle  point  of 
this  platform,  and  adjacent  to  it,  there  was 
built  on  the  cellar  floor  a  tower  20  feet  high, 
and  on  it  was  set  a  stiff-leg  timber  derrick 
with  a  mast  32  feet  high  and  a  16xl6-inch  boom 
65  feet  long  with  a  capacity  of  20  tons.  This 
boom  unloaded  the  caissons  and  cotter  dams 
from  the  trucks  and  deposited  them  in  place 
through  holes  temporarily  cut  In  the  platform. 
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or  delivered  them  inside  the  platform  to  be  dis- 
tributed alons  the  side  walls  of  the  building. 

At  the  opposite  end  of  the  lot  a  steel  der- 
rick with  a  55-foot  boom  was  seated  on  the 
cellar  floor  and  in  like  manner  commanded  the 
New  Street  front  and  handled  the  larger  num- 
ber of  caiEsons  and  coffer  dams  which  were  de- 
livered there.  Near  each  side  of  the  lot  there 
was  laid  a  pair  of  parallel  standard-gauge 
tracks  19  V-;  feet  apart  on  centers  which  ex- 
tended from  Broadway  to  New  Street.  On 
each  track  there  moved  a  stiff-leg  derrick  with 
a  55-foot,  20-ton  boom  and  a  24-foot  mast.  These 
derricks  either  handled  the  wall  caissons  di- 
rectly from  the  street  derricks  or  received  them 
from  trucks  running  on  the  same  tracks  and 
set  them  in  position  for  sinking.  Each  derrick 
had  a  horizontal  platform  built  of  12xl2-inch 
timbers,  arranged  as  shown  in  the  sketch,  and 
supported  on  four  two-wheeled  trucks,  two  un- 
der the  mast  and  one  under  the  extremity  of 
each  stiff-leg. 

The  derrick  fittings  were  special  and  includ- 
ed a  cast-steel  foot  block  with  eight  vertical 
webs  to   distribute  the  load   from   the  bearing 


Rile  stress  and  to  be  sufficiently  stiffened  for 
compression  by  the  timber  to  which  they  were 
secured  by  %-inch  through-bolts  20  inches 
apart.  The  angles  were  riveted  to  the  cap  and 
base  plates,  as  shown  In  the  detail,  in  «uch  a 
manrer  that  no  cutting  or  framing  was  re- 
quired for  the  timber. 

The  wall  caissons  were  sunk  in  simultaneous 
groups  of  three,  so  arranged  as  not  to  occupy 
consecutive  positions.  They  were  loaded  with 
pig-iron  up  to  about  350  tons  and  were  sunk 
with  a  clearance  of  about  10  inches  between  ad- 
jacent end5.  The  cutting  edge  was  sunk  to 
about  1  foot  below  the  upper  surface  of  the 
hard  pan,  and  the  excavation  was  carried  down 
2  feet  further  and  the  caissons  filled  with  con- 
crete in  the  usual  manner.  After  the  alternate 
cai.=sons  were  sunk,  it  was  intended  to  sink 
the  internieuiate  ones  with  pairs  of  vertical 
tiubeip  bolted  to  the  outsides  of  their  end 
walls  to  facilitate  making  joints  between  the 
caissons.  It  was  found  that  owing  to  the  occa- 
sional deviations  from  the  perpendicular  it 
was  difficult  to  do  this  and  the  ends  of  the  cais- 
sor.s  first  sunk  were   provided  with  a  pair  of 
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9  inches  in  diameter  on  the  horizontal  base 
18  inches  square.  This  block  was  slotted  at 
one  side,  where  a  pair  of  riveted  horizontal 
angle  irons  were  bolted  on  to  carry  the  sheave 
which  received  the  lead  lines  coming  down 
through  the  pivot  of  the  most.  The  boom  point 
was  made,  as  shown  in  the  detail,  with  heavy 
bolted  side  plates  and  double  pairs  of  triangu- 
lar plate  links,  each  of  which  had  separate 
pins  for  the  connections  to  the  shackles  re- 
ceiving the  hoisting  and  topping-lift  tackles. 
The  center  of  the  boom  was  slotted  to  receive  a 
large  shoa\e  on  the  pin  which  connected  the 
links.  This  sheave  was  arranged  so  that  it 
fould  either  take  the  lead  from  the  six-part 
hoistint":  tackle,  or  it  could  recfeive  the  single 
line  used  for  handling  the  caisson  buckets.  It 
was  always  in  iiosition  ready  for  service,  and 
the  s;ha(  kle?  were  very  easily  removed  and  the 
line  changed  so  that  little  trouble  or  delay  was 
required  to  chanpe  from  the  slow  heavy  tackle 
to  the  quick  single  line.  The  mast  was  made 
with  two  3 i/-jx3'/.;X  14-inch  full  length  vertical 
angle?  calculated  to  receive  the  maxlnum  ten- 


vertical  guide  timbers  bolted  to  them  and  sunk 
with  them  as  shown  in  the  detail  of  a  caisson 
joint.  The  adjacent  caissons  were  sunk  as 
close  as  convenient  to  these  projecting  guides 
and  after  they  were  concreted,  a  4-inch  jet  pipe 
was  sunk  to  hardpan  in  the  rectangle  enclosed 
by  the  ends  of  the  adjacent  caissons  and  a  pair 
of  guide  timbers.  This  pipe  was  attached  to  a 
pair  of  vertical  6x6-inch  timbers  spaced  8  inches 
apart  by  horizontal  iron  bars  countersunk  In 
and  bolted  across  them  about  3  feet  apart.  The 
lower  ends  of  these  timbers  were  beveled  so 
as  to  draw  towards  the  caisson  last  sunk  and 
they  were  driven  in  contact  with  it  and  in  en- 
gagement with  the  guide  timbers  fixed  to  the 
adjacent  caisson. 

The  timbers  were  easily  sunk  by  the  water 
jet  and  by  loading  with  a  2.000-pound  pile 
driver  hammer  seated  on  top.  When  they  ap- 
proached the  hardpan.  It  was  sometimes  neces- 
sary to  help  the  sinking  by  striking  them  light 
b'ows  with  the  pile  driver  hammer.  It  was 
found  possible  to  place  these  timbers  in  con- 
tact wi»h  the  fixed  guide  timbers  and  the, other 


<aigsons  throughout  their  entire  length,  so  as 
to  form  a  comparatively  tight  joint  closing  the 
space  between  the  caissons.  When  this  had 
be^n  accomplished,  the  water  was  blown  out  of 
the  jet  pipe  by  compressed  air  and  the  pipe  was 
extended  30  feet  above  the  tops  of  the  cais- 
sons and  filled  to  the  top  with  grout  of  neat 
Portland-  cement.  It  was  at  first  attempted  to 
force  the  csraent  through  the  pipe  by  means 
of  air  pressure,  but  the  cement  blew  out  and 
the  method  with  a  pressure  head,  as  above  de- 
scribed, was  substituted.  When  the  grout  over- 
fiowed  the  top  of  the  pipe,  the  latter  was  lifted 
2  or  3  feet  and  more  grout  poured  In  and  so 
on  until  the  caisson  joint  was  filled  to  the  tops 
of  the  coffer  dams.  After  the  general  excava- 
tion had  been  made,  it  was  found  that  in  some 
cases,  some  of  the  grout  had  escaped,  and,  mix- 
ing with  the  sandy  soil,  formed  a  mass  of  ex- 
cellent concrete,  filling  the  space  between  the 
ends  of  the  caissons  and  extending  beyond  the 
Slide  walls.  In  some  cases  as  much  as  24  bags 
of  cement  were  used  for  one  joint.  Four  men 
and  a  pile  driver  could  finish  one  joint  a  day. 
This  method  produced  a  joint  which,  although 
not  entirely  water-tight  but  absolutely  sand- 
tight  and  was  considered  satisfactory  and  mucli 
cheaper  than  the  joints  made  by  stock  ramming 
in  the  Mutual  Life  Building  and  in  the  Commer- 
cial Cable  Building,  which  were  described  In 
this  paper  April  26,  1902,  and  May  8,  1897. 

The  caisson  sinking  was  commenced  Septem- 
ber 13,  1902,  and  would  have  been  completed  by 
October  20,  except  that  the  sinking  of  four  of 
the  caissons  was  delayed  by  waiting  for  the 
adjacent  building  to  be  underpinned.  The  last 
caisson  was  finished  November  8,  and  the  joints 
between  the  caissons  were  made  as  rapidly  as 
they  were  sunk.  The  principal  quantities  in- 
volved in  the  caisson  contract  were  3,600  cubic 
yards  of  excavation  in  the  caissons,  2,063  cubic 
yards  of  concrete  in  the  caissons  and  coffer 
dams,  286,000  feet,  board  measure,  of  timber 
in  the  wall  caissons,  75,000  linear  feet  of  oak- 
um calking.  The  principal  items  of  the  plant 
installed  for  the  caisson  work  included  one 
Rand  and  one  McKleman  air  compressor,  a 
large  receiving  tank,  an  air  cooling  apparatus, 
three  Worthington  pumps,  four  Lidgerwood 
hoisting  engines,  one  pile  driver  and  engine, 
two  standard-gauge  dump  cars  for  stone  and 
sand,  one  truck  for  distributing  caissons,  six 
%-yard  cylindrical  steel  buckets  for  caisson 
excavation  and  concreting  and  three  1-yard 
square  steel  buckets  for  coffer  dam  concreting. 
The  working  force  included  three  8-hour,  10- 
man  shifts  of  sand-hogs,  two  10-hour,  40-man 
shifts  of  laborers,  three  8-hour,  5-man  shifts  of 
hoisting  engineers,  one  8-houf,  3-man  shift  of 
pile  drivers,  three  8-hour,  5-man  shifts  of  der- 
rick men,  three  Shour,  8-man  shifts  of  car- 
penters, three  8-hour,  15-man  shifts  of  concrete 
mixers,  and  three  8-hour  5-man  shifts  of  pip* 
litters. 

At  sub-grade  coffer  dams  were  built  for  the 
interior  piers.  They  were  forced  down 
by  loading  with  the  granite  blocks  pro- 
vided for  the  pier  masonry.  As  the  wall  cais- 
sons formed  a  continuous  dam  around  the  lot, 
no  fear  was  felt  of  undermining  the  adjacent 
buildings  and  no  danger  resulted  from  the  in- 
flow of  material  in  the  interior  coffer  dams. 
The  first  few  of  these  piers  required  a  large 
amount  of  pumping,  but  the  later  ones  required 
little  pumping.  The  masonry  piers  were  built 
in  the  open  coffer  dams,  and  columns  were  seat- 
ed on  them  in  the  usual  manner. 

Mr.  Sylvauus  Cobb  Is  the  architect  of  the 
building,  and  the  Geo.  A.  Fuller  Company  is 
the  general  contractor.  The  Foundation  A 
Contracting  Company  Is  the  sub-contractor 
for  the  wall  caissons,  which  were  sunk  under 
direction  of  Superintendent,  Mr.  L.  L.  Brown. 
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Concrete     Plant     for    the     New     Union 
Depot,  Washington. 


The  new  union  depot  in  Washington,  D.  C 
will  hare  a  maximum  height  of  about  (our 
■toriee  and  will  cover  an  area  of  760x340  feet. 
Including  the  620-(oot  head  house  120  feet  high, 
described  in  this  Journal  October  31,  1903,  and 
January  30,  this  year.  The  sub-structure  will 
consist  of  many  large  concrete  piers  in  longi- 
tudinal and  transverse  rows  and  in  irregular 
positions.  These  will  be  carried  down  to  about 
6  feet  below  the  surface  of  the  ground  and  will 
extend  from  23  to  40  feet  above  it  A  special 
plant  has  t>een  designed  and  constructed  for 
mixing,  handling  and  conveying  the  15,000  cu- 
bic yards  of  concrete  which  will  be  required  for 
them.  The  general  plan  involves  the  storage  of 
sand  and  broken  stone  in  one  or  more  large 
piles,  where  it  will  be  dumped  from  cars  run- 
ning transversely  across  the  depot  site.  Mast 
and  boom  derricks  will  be  set  so  as  to  deliver 
the  materials  from  the  storage  piles  to  a  con- 
crete track,  running  transversely  across  the  site 
between  rows  of  columns,  which  will  be  shifted 
by  60-(oot  longitudinal  displacements,  equiva- 
lent to  three  rows  of  columns,  as  the  work  prog- 
resses. An  ordinary  flat  car  travels  on  the  con- 
crete track  and  carries  the  storage  bins,  mixing 
machines  and  a  conveyor  which  delivers  the 
concrete  to  the  pier  moulds  as  required.  This 
SQUipment  has  a  capacity  of  600  yards  of  con- 
crete in  10  hours,  with  a  working  force  of 
about  four  men  to  operate  the  machinery,  ex- 
clusive of  those  who  deliver  the  materials  from 
storage  and  those  who  receive  the  concrete. 

The  accompanying  diagrams  of  the  plant  are 
reproduced  from  the  designers'  preliminary 
drawings  and  show  the  general  arrangement 
and  method  of  operation  without  giving  precise 
details.  The  concrete  car  carries  a  wooden 
tower  about  10  feet  square  and  16  feet  high, 
which  supports  an  elevated  bin  9  feet  wide  and 
10  feet  long.  This  has  a  hopper  bottom,  is 
lined  with  thin  steel  plates  and  is  divided  into 
three  compartments  for  the  stone,  sanu  and  ce- 
ment respectively.  The  delivery  from  each  di- 
vision is  commanded  by  a  sliding  gate  which 
may  be  set  to  exact  position  so  as  to  permit  an 
accurate  control  of  the  discharge.  The  gates 
permit   these   materials   to   fall   on   the   upper 


surface  of  a  horizontal  belt  conveyor,  which 
delivers  them  through  a  steel  chute  to 
the  continuous  cylindrical  mixer.  The  mixer 
discharges  through  a  chute  to  a  belt  conveyor 
carried  on  the  boom  of  a  special  derrick.  The 
derrick  is  carried  by  the  concrete  car  and  the 
boom  is  swung  with  the  outer  end  over  the 
mould  which  is  to  be  filled.  The  conveyor  then 
delivers  a  steady  stream  of  concrete  to  the 
mould  and  the  operation  is  continuous,  except 
when  stopped  to  swing  the  derrick  or  move  the 
car  or  when  the  delivery  from  the  mixing  ma- 
chine is  temporarily  interrupted  without  stop- 
ping its  revolution.  The  mixing  machine  is 
gear-driven  by  a  9x9-inch  Orr  &  Sembower  ver- 
tical steam  engine,  class  B,  mounted  on  the 
concrete  car.  This  engine  also  actuates, 
through  sprocket  chains,  the  belt  conveyor  un- 
der the  storage  hopper.  This  conveyor  is  of 
special  construction  made  with  steel  links 
driven  directly  by  a  sprocket  wheel  and  carry- 
ing short  steel  plates  to  receive  the  materials. 
These  plates  are  about  7  inches  wide  and  2  feet 
long  and  are  arranged  in  separate  parallel  lines 
fitting  closely  between  the  side  plates  of  the 
three  chutes.  The  center  plates  are  blocked  up 
2  inches  higher  than  those  on  each  si'le  so  as  to 


carry  the  cement  without  danger  from  moisture. 

The  delivering  derrick  is  of  special  construc- 
tion and  its  foot  block  is  supported  on  a  pair  of 
I-beams  suspended  from  cantilever  girders  on 
the  concrete  car.  The  boom  is  made  with  two 
parallel  timbers  braced  together  about  2  feet 
apart  in  the  clear  and  pivoted  to  an  axle  pass- 
ing through  the  foot  of  the  A-shaped  mast.  It 
is  supported  by  a  three-part  wire  rope  bridle 
attached  to  the  extremity  and  to  two  intermedi- 
ate points  and  reeved  through  sheaves  arranged 
to  secure  a  uniform  stress  throughout.  The 
bridle  is  attached  to  one  block  of  the  topping- 
lift  tackle  so  that  the  boom  can  be  raised  or  low- 
ered by  hand  through  an  angle  of  about  20 
degrees  when  it  is  occasionally  necessary  to 
adjust  it  to  the  height  of  the  pier  moulds.  The 
boom  carries  a  rubber  belt  conveyor  2  feet  wide, 
which  discharges  at  the  upper  end  of  the  boom 
and  is  operated  by  a  sprocket  chain  driven  from 
a  3x5-inch  Orr  &  Sembower  class  B  engine  seat- 
ed on  a  platform  built  over  the  conveyor  and 
supported  by  the  boom. 

The  plant  was  designed  by  the  Ransome  Con- 
crete Machinery  Company,  New  York,  for  the 
Thompson-Starrett  Company,  New  York,  sub- 
contractors for  foundations. 
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Erection    of    the    Westchester    Elevated 
Railway. 

Section  No.  10  of  the  New  York  Rapid  Tran- 
sit Railroad  is  a  three-traclj  plate-girder  via- 
duct extending  from  One  Hundred  and  Forty- 
ninth  Street  about  three  miles  to  Bronx  Park. 
It  is  supported  on  two  lines  of  H-shaped  col- 
umns made  with  a  16-inch  web  plate  ana  tour 
bulb  angles.  The  columns  have  an  average 
spacing  of  about  29  feet  transversely  and  50 
feet  longitudinally.  On  curves  where  the  ir- 
regular distances  require  special  construction, 
they  are  connected  by  long  transverse  lattice 
girders,  but  in  the  regular  sections  they  have 
plate  girders  with  the  end  sections  of  the  web 
extended  over  4  feet  below  their  lower  flanges 
and  riveted  between  the  angles  of  the  columns 
so  as  to  form  also  the  upper  portions  of  the 
column  webs  and  make  solid  kneebraces  giv- 
ing great  transverse  rigidity  to  the  structure. 
Here  the  columns  extend  to  the  top  flanges  of 
the  cross  girders.  In  other  cases  the  columns 
extend  only  to  the  lower  flanges  of  the  cross 
girders,  and  the  girders  are  seated  on  the  tops 
of  the  columns  and  continue  across  them  with 
solid  web  kneebraces  on  both  sides.    The  trans- 


frame  30  feet  high  with  steel  back-stays  and 
guys  to  the  ends  of  its  transverse  sill.  Its  der- 
rick erected  a  second  traveler  on  top  of  the 
elevated  structure,  which  moved  south,  erect- 
ing the  columns  and  girders  one  panel  in  ad- 
vance as  it  proceeded. 

The  large  traveler  has  a  timber  platform 
about  34  feet  wide  and  40  feet  long  mounted  on 
four  single-flange  wheels  with  wide  treads.  At 
the  front  it  has  a  transverse  vertical  frame  30 
feet  high  and  two  I4xl6-inch  booms  65  feet  long, 
each  of  which  can  handle  material  on  either 
side  of  the  street,  and,  revolving  370  degrees, 
can  set  the  hoisting  engines  on  the  rear  plat- 
form. The  14xl4-inch  vertical  posts  of  the 
frame  are  pivoted  top  and  bottom  and.  serve 
as  masts  for  the  booms.  They  are  fitted  with 
Terry's  patent  foot-blocks  and  have  wooden 
framed  braced  bull  wheels,  by  which  they  are 
revolved  from  the  hoisting  engines.  The  stiff- 
legs  and  sills  are.  made  of  12xl2-inch  timber 
and  the  smaller  braces  are  8x8-inch.  The  diag- 
onals in  the  vertical  frame  are  pairs  of  1%- 
inch  sleeve-nut  rods  pin-connected  at  the  upper 
end  and  having  screw  and  nut  bearings  at  the 
lower  ends.  The  principal  connections  are  made 
with  steel  pin-plates  bolted  to  the  timbers.  The 
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Westchester  Viaduct,  Showing  Traveler  Used  for  Erecting  the  Steelwork. 


verse  girders  are  web-connected  to  six  lines  of 
longitudinal  plate  girders,  two  in  the  center 
and  two  at  each  end  of  the  girders.  The  col- 
umns have  an  average  height  of  22  feet  and  a 
maximum  height  of  50  feet,  and  the  girders 
average  5  feet  in  depth.  The  girders  have  a 
lateral  bracing  of  diagonal  angles  riveted  to 
the  top  flanges  only  and  each  span  has  four 
panels  of  vertical  transverse  sway  bracing.  The 
total  weight  of  this  section  of  the  viaduct  is 
about  16,000  tons. 

The  steel  work  was  delivered  by  trucks  from 
the  lighters  and  distributed  along  the  line, 
half  on  each  side  of  the  road  in  the  position 
required  for  erection.  Operations  were  com- 
menced at  bent  108,  where  a  guyed  derrick  with 
a  70-foot  boom  and  85-foot  mast  was  set  up  and 
erected  the  first  panel  of  the  structure,  after- 
wards assembling  on  it  a  timber  traveler,  which 
erected  the  viaduct  northwards  from  this  point. 
After  this  traveler  had  moved  to  the  next  panel, 
the  derrick  erected,  in  its  former  position,  a 
small  traveler  with  a  horizontal  platform  30 
feet  long  having  one  axle  at  each  end.  At  the 
forward    end    the   second    traveler    had    an    A- 


rear  of  the  derrick  has  a  platform  supporting  a 
double-drum  Lidgerwood  hoisting  engine  for 
each  boom,  and  between  them  there  is  a  small 
boom  derrick  projecting  over  the  rear  to  hoist 
lateral  angles,,  sway-brace  frames  and  other 
material.  The  platform  is  provided  with  clamps 
engaging  the  top  fianges  of  the  girders,  operat- 
ed by  the  ordinary  vertical  screw  and  hand- 
wheel  adjustment.  The  traveler  has  stability 
for  safely  lifting  a  3-ton  load  with  each  boom 
without  being  anchored  to  the  girders.  The 
traveler  and  equipment  weighs  about  60  tons 
and  required  a  total  force  of  22  men,  namely: 
one  fireman,  two  engine  men,  five  bridge  men 
for  the  rear  derrick  and  seven  men  for  each  of 
the  two  main  booms.  A  ladder  suspended  from 
the  traveler  moves  with  it  and  constantly  gives 
convenient  access  to  it  from  the  street. 

Just  as  soon  as  one  panel  of  the  viaduct 
structure  is  completed,  the  traveler  is  moved 
forward  by  winding  up  on  a  single  line  attached 
to  the  last  transverse  girder,  and  almost  be- 
fore it  comes  to  a  stop,  the  main  booms  each 
lift  a  column  and  set  It  in  place.  The  wide 
bases   of   these   columns  afford   them   sufficient 


temporary  stability  without  bracing,  and  one 
boom  immediately  picks  up  the  transverse 
girder  and  holds  it  while  it  is  drifted  and  bolt- 
ed to  the  columns.  Meantime  the  other  boorai 
arranges  the  material  in  the  street,  if  neces- 
sary, and  then  both  booms  simultaneously  erect 
the  longitudinal  girders,  which  are  bolted  In 
position  as  fast  as  they  are  set.  Simultaneouslr 
the  lateral  angles  and  sway  braces  have  been 
set  in  place  by  the  rear  derrick.  As  soon  as 
the  steel  is  all  in  position,  the  anchor  clamps 
are  released  and  the  traveler  is  pulled  forward 
to  the  end  of  the  structure  and  the  operation 
repeated,  one  complete  panel  having  been  as- 
sembled in  15  minutes  and  as  many  as  twenty 
panels  having  been  erected  in  one  day.  This  Is 
equivalent  to  about  1,000  tons  of  steel  In  eight 
hours. 

The  traveler  at  the  south  end  of  the  viaduct 
is  of  a  different  type  from  the  one  at  tne  north 
end,  which  is  illustrated  in  the  accompanying 
engraving.  It  has  a  horizontal  timber  plat- 
form about  50  feet  long  and  32  feet  wide,  mount- 
ed on  four  single-flange  wheels  traveling  on 
the  longitudinal  girders.  At  the  front  there  is 
a  vertical  transverse  A-frame  40  feet  high  with 
a  horizontal  cross-piece  about  16  feet  above  the 
sill.  The  ends  of  the  cross-piece  are  directly 
over  the  forward  wheels  and  are  connected  to 
the  sill  by  short  vertical  posts.  A  14xl4-incn 
vertical  mast  is  pivoted  to  the  centers  of  the 
sill  and  the  cross  strut,  and  to  it  is  connected 
a  14xl4-inch  boom  67  feet  long  which  is  king 
post  trussed  on  all  four  sides  with  single  %- 
inch  rods.  The  top  of  the  mast  is,  braced  with  a 
pair  of  stiff-legs  and  a  pair  of  1%-inch  pin-con- 
nected tension  rods  parallel  to  them,  engaging 
the  connection  plate  which  is  bolted  to  the  un- 
der side  of  the  horizontal  strut  and  receives  the 
gudgeon  in  the  top  of  the  mast  The  tops  of 
the  inclined  legs  in  the  A-frame  are  connected 
together  by  short  sections  of  heavy  channels 
bolted  to  the  under  surface  and  having  their 
upper  ends  projecting  beyond  the  timber  and 
bent  into  a  vertical  plane,  where  they  are  bolt- 
ed together  and  receive  the  pin-connection  for 
the  topping-lift  shackle  and  for  the  pair  of  1%- 
inch  back-stay  rods.  This  traveler,  although 
fitted  with  only  a  single  boom,  has  been  found 
efficient  and  satisfactory.  • 

Some  danger  exists  from  two  naked  live  trol- 
ley wires  that  run  parallel  with  the  viaduct 
just  below  the  girders,  and  it  is  necessary  to 
protect  the  steel  work  by  covering  the  lower 
flanges  with  boards  wherever  there  is  danger 
of  contact  with  the  wires,  and  the  workmen, 
of  course,  exercise  great  care  to  avoid  touch- 
ing them  or  swinging  the  tackles  against  them, 
some  of  the  hoisting  rope  having  been  burned 
in  this  manner.  Each  connection  between  the 
transverse  girders  and  the  columns  has  about 
two  hundred  %-inch  field  rivets  and  there  are 
in  all  about  800  field  rivets  In  each  pannel  of 
the  structure.  These  rivets  are  driven  by  eight 
four-men  gangs  following  the  traveler  and 
using  Boyer  pneumatic  hammers.  Each  gang 
drives  about  200  rivets  In  eight  hours.  The 
hammers  are  operated  by  air  at  100  pounds 
pressure  delivered  by  a  surface  main,  which  is 
extended  as  the  work  progresses.  The  air  Is 
compressed  in  a  stationary  IngersoU-Sergeant 
machine  with  a  capacity  of  250  cubic  feet  per 
minute,  using  steam  from  a  60-horse-power  lo- 
comotive boiler. 

The  viaduct  is  being  built  for  the  New  York 
Rapid  Transit  Railroad  Commissioners,  Mr. 
William  Barclay  Parsons,  chief  engineer;  Mr. 
George  S.  Rice,  deputy  chief  engineer;  Mr.  St. 
John  Clark,  general  inspector  of  designs;  Mr. 
Eugene  Klapp,  division  engineer;  and  Mr.  J.  O. 
Reynolds,  assistant  engineer  in  charge  of  this 
section.  The  steel  work  is  built  by  the  Amer- 
ican Bridge  Company,  and  the  Terry  &  Tench 
Company  is  the  contractor  for  its  erection. 


a88 


THE    ENGINEERING    RECORD 


Vou  49,  No.  lo. 


Predging    at    Loch    Raven.    Baltimore. 

By  Alfred  U.  Quick,  Ifater  Enclneer,  Balttmore. 


Loch  Hmven  is  the  impounding  reservoir  on 
the  Gunpowder  River,  the  principal  source  of 
Baltimore's  water  Supply.  It  is  a  narrow 
winding  lalve  following  the  original  course  of 
the  stream  in  a  ralley  with  steep  hills  rising 
Immediately  from  the  banks.  It  is  about  3H. 
miles  long  and  from  150  to  7t>0  feet  wide.  Its 
nominal  capacity  is  about  510.000,000  gallons. 
The  construction  of  the  lake  was  completed  in 
18S0.  and  it  was  put  in  service  shortly  there- 
after. A  watershed  of  about  260  square  miles, 
the  greater  part  of  which  is  cultivated  land, 
drains  to  the  lake:  consequently  every  rain 
washes  large  quantities  of  silt  into  the  lake. 
In  1895  the  silt  had  accumulated  to  such  an  ex- 
tent that  it  had  cut  off  more  than  two-thirds 
of  the  storage  capacity  and  had  banked  up  all 
along  the  shores  to  a  height  of  from  2  to  4 
feet  above  the  level  of  the  dam,  leaving  only 
a  narrow  channeL 

When  the  lake  was  built  the  Water  Depart- 
ment bought  nearly  all  the  land  adjoining  it, 
and  for  some  distance  back  from  its  banks. 
Unfortunately,  however,  at  one  or  two  points 
on  one  side  of  the  lake  near  its  upper  end, 
some  adjoining  land  was  not  acquired.  Conse- 
quently in  addition  to  cutting  off  about  two- 
thirds  of  the  capacity  of  the  lake,  the  accumu- 
lation of  silt  led  to  a  number  of  suits  being 
brought  against  the  Water  Department  by 
people  owning  property  at  the  points  men- 
tioned, for  damage  to  their  land  and  crops  by 
the  lake  overflowing  its  banks  after  heavy 
rains.  The  courts  held  that  the  construction 
of  the  dam  had  caused  the  accumulation  of 
silt  and  consequently  the  flooding  of  the  land, 
and  awarded  heavy  damages  against  the  city. 

To  remedy  this  condition  the  Water  Depart- 


In  1897,  the  Department,  believing  that  it 
could  do  the  dredging  work  itself  for  much 
less  than  it  would  cost  by  contract  with  the 
dredging  company,  purchased  the  dredge  from 
the  company  for  $17,000.  This  dredge  was 
operated  every  year  thereafter,  excepting  in 
1898,  up  to  the  year  1902,  the  following  approxi- 
mate amounts  of  material  being  removed  each 
year:  1897.  80,000  cubic  yards;  1899.  9,000 
cubic  yards;  1900,  130,000  cubic  yards;  1901, 
90,000  cubic  yards;  the  cost  of  dredging  rang- 
ing from  4  to  5.5  cents  per  cubic  yard. 

Shortly  after  being  appoinied  water  engi- 
neer, early  in  the  year  1900,  after  a  thorough 
investigation  of  the  matter  1  found  that,  not- 
withstanding all  the  dredging  work  which  had 
been  done,  the  net  result  had  been  to  keep 
cleared  of  sediment  only  a  small  basin  at  the 
lower  end  of  the  lake.  I  had  a  survey  and 
soundings  made  which  showed  that  there  were 
about  2,500,000  cubic  yards  of  sediment  re- 
maining in  the  lake,  and  that  about  125,000 
cubic  yards  accumulated  there  each  year.  As 
dredging  could  be  carried  on  only  about  200 
days  of  each  year,  on  the  average,  and  as  the 
old  dredge  could  not  remove  under  average 
conditions  over  1,200  cubic  yards  a  day,  it  was 
evident  that  it  would  take  with  that  machine 
over  twenty  years  to  clear  the  lake  of  sedl- 


charge  pipe,  feed  water  heater  and  blacksmith 
shop.  On  the  main  deck  are  the  winding  ma- 
chinery, cutter  engine,  fire  and  feed  pumps, 
dynamo,  machine  shop,  boilers  and  coal  bins. 
On  the  upper  deck  are  the  pilot  house  forward, 
and  the  forced  draft  fan  and  the  captains  and 
engineer's  cabins  aft.  The  main  engine  is  a 
200-horse-power  compound  vertical  engine  made 
by  Brown  &  Miller,  Jersey  City.  N.  J.,  with  16 
and  34-lnch  cylinders  and  18-lnch  stroke,  hav- 
ing a  nominal  speed  of  200  revolutions  per  min- 
ute. This  engine  is  direct-connected  by  a  6'^- 
inch  steel  shaft  to  a  standard  Atlantic,  Gulf 
and  Pacific  centrifugal  pump  having  a  74-inch 
cast-steel  four-arm  runner.  There  are  three 
125-horse-power  Scotch  Intornal-furnace  boilers, 
carrying  a  steam  pressure  of  ICO  pounds,  made 
by  Brown  &  Miller.  The  forced-draft  Ian  is  of 
the  Buffalo  Forge  Company's  niako  and  so  ar- 
ranged as  to  be  driven  either  by  its  own  steam 
engine  or  by  belt  from  the  shop  engine.  The 
winding  and  cutter  engines  are  both  10xl2-inch 
double-cylinder  Lidgerwood  engines.  The  Are 
and  feed  pumps  are  both  7%x4%xl0-lnch  out- 
side-packed plunger  pumps  made  by  the  Buffalo 
Steam  Pump  Company,  The  dynamo  and  shop 
engine  is  a  vertical  single  7x9-inch  engine  of 
the  New  York  Safety  Steam  Power  Company's 
make.     The  dynamo   is    a    9-kllowatt    General 
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ment.  in  1895,  started  to  buy  up  this  land  and 
nlso  awarded  a  contract  to  the  Harbor  &  In- 
land Improvement  Company,  of  Baltimore,  to 
dredge  the  lake  for  about  1,500  feet  of  its 
length  above  the  dam,  and  to  practically  its 
original  average  depth  of  15  feet.  The  contract 
price  for  the  dredging  was  22%  cents  per  cubic 
ymrd.  For  this  work  the  company  built  a  suc- 
tion dredge  at  the  lake  with  a  capacity  of  about 
100  cubic  yards  an  hour.  This  contract  was 
completed  in  1896,  about  300,000  cubic  yards  of 
material  having  been  removed.  All  of  this  ma- 
terial was  discharged  over  the  dam  into  the 
•tream  below.  This  led  to  damage  suits  ag- 
gregating nearly  $200,000  being  brought  against 
the  Dei>artment  by  persona  owning  property 
adjacent  to  the  river  below  the  dam.  These 
■ults  were  compromised  by  buying  one  farm  of 
about  168  acres  immediately  below  the  dam, 
and  by  the  payment  to  other  property  owners 
of  a  large  sum  to  comt>en8ate  them  for  all  fur- 
ther damage. 


ment.  Consequently  an  appropriation  was  ob- 
tained and  plans  were  prepared  for  a  modern 
dredge  of  sufficient  capacity  to  clear  the  lake 
in  two  or  three  years.  The  contract  was  let 
to  the  Atlantic,  Gulf  and  Pacific  Company  in 
1901,  to  build  for  the  Department  at  the  lake 
a  suction  dredge  of  an  average  capacity  of  350 
cubic  yards  an  hour,  with  coal  scow,  gasoline 
launch,  twenty  pontoons  and  about  10,000  feet 
of  22-lnch  discharge  pipe,  for  $98,000.  The  hull 
was  launched  in  December,  1901,  and  the 
dredging  plant  was  completed  in  May,  1902. 
It  was  then  given  a  ten  days'  trial  run  and 
showed  a  capacity  40  per  cent.  In  excess  of  the 
contract  requirement  of  350  cubic  yards  an 
hour.  The  dredge  was  put  in  commission  on 
regular  work  June  17,  1902. 

Description  of  Dredging  Plant. — The  dredge 
has  a  wooden  framed,  hull  122  feet  long,  SV^ 
feet  wide  and  9  feet  deep,  the  forward  end  be- 
ing cut  out  for  the  excavating  ladder.  In  the 
hull  are  the  main  engine,  centrifugal  pump,  dls- 


Electrlc  machine,  furnishing  current  for  seven- 
ty-five 16  candle  power  incandescents,  two  arc 
lights  and  a  search  light.  The  machine  shop 
tools  are  an  18xl4-lnch  engine  lathe,  a  36-inch 
radial  combination  drill  and  a  pipe  cutting  and 
threading  machine.  In  the  blacksmith  shop,  lo- 
cated In  the  starboard  forehold,  are  a  Cham- 
pion forge,  large  anvil,  blacksmith  bench  with 
vise  and  a  full  set  of  blacksmith  tools.  Over 
the  main  engine  and  pump  is  a  traveling  crane 
for  handling  heavy  parts  of  the  machinery. 
Two  coal  bins  having  a  total  capacity  of  about 
forty  tons  are  located  aft  of  the  boilers. 

The  coal  scow  is  fitted  up  with  a  derrick, 
winch  and  buckets,  and  has  a  capacity  of  about 
forty-five  tons.  The  launch  is  33  feet  long,  has 
a  G-horse-power  gasoline  engine,  and  was  built 
by  the  Metropolitan  Boat  &  Launch  Company, 
of  Astoria,  L.  I.  It  is  used  for  towing  the  coal 
scow  from  the  coal  shed  on  shore  to  the  dredge, 
for  shifting  pontoons,  and  for  carrying  men 
and   supplies  to  and  from  the  dredge.     Other 
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parts  of  the  plant  furnished  by  the  Atlantic, 
Gulf  &  Pacific  Company  under  their  contract 
are:  Twenty  pontoons  24x8x2 i/o  feet  in  dimen- 
sions; also  the  following  quantities  of  riveted 
22-inch  discharge  pipe,  viz.:  Twenty  lengths  of 
pontoon  pipe  32  feet  long,  with  flexible  rubber 
joints,  and  625  lengths  of  shore  pipe,  each  16 
feet  long,  with  telescopic  Joints. 

In  order  to  insure  that  the  dredge  could  be 
kept  continuously  in  operation  it  was  necessary 
to  provide  some  arrangements  for  the  transfer 
and  storage  of  coal.  Consequently  a  coal  shed 
was  built  on  the  bank  of  the  lake  about  2,000 
feet  above  the  dam,  to  store  about  100  tons  of 
coal,  or  ahout  two  weeks'  supply,  with  chutes 
on  the  lake  side  of  the  shed  through  which  to 
load  the  coal  scow.  ALso  at  the  nearest  rail- 
road siding  about  three-quarters  of  a  mile 
from  the  dam,  a  coal  pocket  was  built  under- 
neath the  track,  with  a  chute,  so  that  the  coal 


terial  excavated  during  the  month.  Samples 
are  taken  at  frequent  intervals  at  the  end  of 
the  discharge  pipe  to  determine  the  proportion 
of  solid  matter  pumped.  This  propor- 
tion is  found  to  vary  from  about  10  to  60  per 
cent.,  with  an  average  of  about  35  per  cent. 
The  solid  matter  is  composed  of  fine  sharp 
sand  and  silt  in  almost  equal  proportions,  with 
some  stones,  but  no  clay  or  gravel.  Occasion- 
ally a  log  or  dead  tree  branch  is  struck  and  fre- 
quently the  stone  box  has  to  be  emptied  of 
large  stones,  but  so  far  practically  no  damage 
has  been  done  to  the  cutter  or  the  pump  runner. 
About  the  first  of  December  work  has  to  be 
stopped  and  the  dredge  docked  on  account  of 
ice;  dredging  is  resumed  about  the  first  of 
April.  The  dredge  was  operated  about  six 
months  in  1902,  and  during  about  one  month 
of  that  period  it  was  excavating  its  own  dock 
in  the  bank  of  the  lake,  with  space  in  the  dock 


an  objectionable  extent,  the  discharge  was 
turned  on  to  a  low  field  immediately  below  the 
dam,  on  the  farm  bought  at  the  time  the  dam- 
age suits  previously  mentioned  were  Instituted, 
berms  having  been  thrown  up  around  this  field 
to  hold  the  sediment,  with  waste  weirs  to  run 
the  water  off  into  the  river.  As  there  was 
about  a  10-foot  fall  from  the  dam  to  this  field 
the  18-inch  discharge  pipe  from  the  old  dredg- 
ing plant  was  used  to  run  from  the  end  of  the 
22-inch  discharge  pipe  at  the  dam  to  the  point 
of  discharge  on  the  field.  With  about  1,600  feet 
of  this  pipe  added  it  was  found  that  the  pres- 
sure at  the  pump  on  the  dredge  was  increased 
by  about  1%  pounds  over  what  it  was  when 
pumping  over  the  dam  at  the  average  rate. 

The  dredge  is  now  just  about  half-way  up  the 
lake,  and  is  pumping  through  9,165  feet  of  22- 
inch  and  1,632  feet  of  18-inch  discharge  pipe, 
or  a  total  length  of  10,797  feet  of  pipe,  which  is 
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cars  can  be  unloaded  directly  into  the  coal  carts. 
Operation  of  the  Dredge. — The  dredge  is  op- 
erated by  two  crews  working  eight  hours  each, 
from  4  A.  M.  to  8  P.  M.,  the  electric  light  plant 
and  search  light  making  it  feasible  to  operate 
at  night.  Each  crew  consists  of  an  engineer, 
runner,  fireman,  oiler,  mate  and  two  deck  hands. 
In  addition  to  these  men  there  is  a  superin- 
tendent who  has  charge  of  the  whole  work 
and  a  watchman  to  look  after  the  plant  between 
8  P.  M.  and  4  A.  M.,  when  the  dredge  is  not 
running.  Work  was  begun  at  the  dam,  and 
the  dredge  has  worked  its  way-  up  the  lake,  the 
discharge  pipe  being  laid  on  shore  just  above 
the  high-water  line.  Where  the  deposit  of  sedi- 
ment is  continuous  and  sufficient  in  quantity 
the  dredge  makes  a  cut  averaging  150  feet  wide 
and  4  feet  deep.  A  survey  is  made  and  sound- 
ings are  taken  at  the  end  of  every  month  over 
the  ground  covered  by  the  dredge  during  the 
month  and  for  some  distance  ahead  of  the 
dredge,  so  as  to  determine  the  amount  of  ma- 


also  for  the  pontoons  and  coal  scow.  About 
411,000  cubic  yards  were  excavated  In  1902,  at 
an  average  rate  of  about  350  cubic  yards  an 
hour  of  actual  operation  of  the  pump.  In  1903 
the  dredge  was  operated  for  seven  months,  ex- 
cavating about  538,000  cubic  yards  at  an  aver- 
age rate  of  about  323  cubic  yards  per  hour  run. 
Up  to  May,  1903,  the  dredged  material  was 
discharged  over  the  dam  into  the  stream  below, 
with  an  elbow  on  the  end  of  the  dischcrge  pipe 
giving  some  siphon  action.  When  dredging 
down  near  the  dam  with  only  a  few  hundred 
feet  of  pipe  out,  the  pressure  in  the  discharge 
pipe  at  the  pump  was  about  five  or  six  pounds. 
As  the  dredge  worked  up  the  lake  the  pressure 
increased  at  the  rate  of  about  one  pound  for 
every  345  feet  of  additional  discharge  pipe, 
equivalent  to  about  one  foot  additional  friction 
head  for  every  additional  150  feet  of  pipe.  In 
May,  1903,  finding  that  the  dredged  material 
was  filling  up  the  stream  below  the  dam  near 
the  waste  water  outlet  from  the  gate-house  to 


by  far  the  longest  line  of  discharge  pipe  any 
suction  dredge  ever  pumped  through.  The  pres- 
sure on  the  discharge  at  the  pump  is  now 
about  28  pounds.  No  difliculties  have  developed 
except  an  occasional  choking  of  the  discharge 
pipe  with  sediment.  When  this  has  occurred 
and  it  has  been  impossible  to  locate  the  point 
of  stoppage,  the  dredge  has  been  run  down  the 
lake  and  connected  to  the  discharge  pipe  line 
to  blow  out  the  choked  material,  moving  from 
one  point  to  another  until  the  pipe  was  relieved. 
It  is  confidently  expected  that  it  will  be  pos- 
sible to  run  for  about  a  mile  farther  up  the 
lake  and  still  continue  to  pump  the  dredged 
material  to  the  field,  and  It  may  be  found  pos- 
sible to  go  still  farther  up  the  lake  and  pump 
the  material  to  the  lower  end,  by  discharging 
over  the  dam  again  and  putting  a  section  of  pipe 
below  the  elbow  on  the  end  of  the  discharge 
pipe  to  give  the  maximum  possible  siphon  ac- 
tion. While  It  Is  preferable  to  pump  all  the 
material  to  the  lower  end  of  the  lake,  if  pos- 
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■ible,  it  is  not  absolutely  necessary  to  do  this, 
as  there  is  a  sufficient  area  of  low  ground  on 
the  city's  property  at  the  upper  end  of  the  lake 
to  hold  all  the  material  to  be  taken  out  at  that 
esd. 

Co*t  of  Dredging. -^Varlag  the  winter,  sev- 
eral men  from  the  dredging  crew  have  been 
kept  at  work  making  repairs  to  the  dredge, 
aoovs  and  pontoons,  moving  the  discharge  pipe 
from  the  shore  of  the  lake  to  the  top  of  the 
banks,  coating  the  pipe  with  fish  oil,  etc. 
The  cost  of  all  this  work  is  charged  to  the 
dredgiBS.  The  cost  of  dredging  in  1902.  was 
9C.S32.&4  for  labor,  |4,839  for  fuel  and  other 
supplies,  11.025.33  for  insurance  and  $102.91 
for  repairs,  a  toUI  cost  of  $12,499.78,  or  3.04 
cents  per  cubic  yard  for  the  411,000  cubic  yards 
dredised  during  the  year  from  the  time  that  the 
ptaAt  was  accepted  and  work  started  on  June 
17.  During  that  period,  the  dredge  was  in 
actual  operation  in  dredging  the  lake  for  only 
about  five  months.  Also  about  12,000  cubic 
jards  of  the  total  411.000  was  dredged  for  the 
dock  from  the  bank  of  the  lake,  being  of  course 
■inch  harder  cutting,  taking  much  longer  time 
to  excavate  than  it  would  have  taken  to  dredge 
the  same  amount  of  material  from  the  bed  of 
the  lake,  and  consequently  making  the  cost  per 
cubic  yard  a  little  higher  than  it  would  other- 
wise have  been. 

In  1903  the  cost  of  dredging  was  |15,- 
784.75  for  labor.  $8,339.14  for  fuel  and 
other  supplies,  $1,076.33  for  insurance  and 
11.129.28  for  repairs,  a  total  cost  of 
$26,320.50.  or  about  4.89  cents  per  cubic  yard 
for  the  538,000  cubic  yards  dredged  during  the 
year.  The  increase  in  the  cost  of  repairs  was. 
of  course,  due  to  the  additional  year  of  service ; 
the  increase  In  the  cost  of  fuel  was  due  partly 
to  the  greater  amount  of  work  done,  and  to  a 
greater  extent  to  the  increase  in  pressure  be- 
cause of  the  longer  pipe  line.  The  increase  in 
the  cost  of  labor  was  due  in  part  to  the  greater 
amount  of  work  done  and  the  longer  pipe  line. 
and  also  to  the  cost  of  throwing  up  the  berms 
on  the  discbarge  field,  which  was  about  $2,096. 
The  total  cost  of  the  work  done  to  January  1. 
1904.  has  been  $38,820.28  for  about  950,000  cubic 
yards  dredged,  or  about  four  cents  a  cubic  yard. 
The  total  cost  of  the  plant,  including  coal  shed 
at  the  lake  and  coal  pocket  at  the  railroad,  has 
been  $101,084.98.  Including  the  interest  on  this 
amount  at  3*^  per  cent  the  cost  of  dredging 
has  been  about  4.46  cents  per  cubic  yard. 

At  the  time  when  the  matter  of  securing  a 
new  dredging  plant  was  taken  up,  bids  were 
asked  from  dredging  companies  and  dredge 
builders,  both  for  building  a  plant  for  the  de- 
partment to  do  the  work  with,  and  for  building 
a  plant,  dredging  2,500,000  cubic  yards,  and  sell- 
ing the  plant  to  the  city  after  doing  the  work, 
with  either  a  scoop  dredge  or  a  suction  dredge. 
The  lowest  bid  received  on  the  basis  of  the 
contractor's  doing  the  dredging  was  for  a  suc- 
tion dredge,  a  charge  of  13.4  cents  per  cubic 
yard  for  the  dredging  and  15  cents  per  cubic 
yard  for  berms,  and  the  plant  to  be  sold  to  the 
city  for  $15,000  after  completing  the  work.  As 
compared  with  what  the  cost  would  have  been 
under  that  proposition  there  have  been  saved 
on  the  work  already  done  about  $90,000,  and 
on  the  cost  of  dredging  the  whole  lake  there 
should  be  saved  nearly  $200,000,  or  more  than 
double  the  cost  of  the  plant. 


Thk  Coal  Cohbuhftion  of  the  two  munici- 
pal plants  of  Prankfort-on-Maln,  Germany,  was 
as  follows  In  1902:  In  one  case,  3.59  pounds  per 
kilowatt-hour  for  some  15,770,000  kilowatt- 
hours:  and  In  the  other,  3.75  pounds  with  a  nor- 
mal output  of  400  kilowatts  direct  current  and 
1.000  kilowatts  alternating.  The  cost  In  the 
first  case  was  0.72  cents  per  kilowatt-hour. 


Section   Five   A,    Second    Division,    New 
York  Rapid  Transit  Railroad. 

Section  5A  of  the  Rapid  Transit  sub- 
way extends  from  Forty-first  Street  and 
Park  .\venue  about  4,300  feet  to  Forty-seventh 
Street  and  Broadway.  The  structure  was  de- 
signed and  constructed  under  the  direction  of 
Mr.  William  Barclay  Parsons,  chief  engineer  of 
the  Rapid  Transit  Railroad  Commissioners,  and 
Mr.  George  S.  Rice,  deputy  chief  engineer.  Mr. 
Alfred  Craven  was  the  division  engineer,  and 
Mr.  Robert  Ridgway  was  senior  assistant  en- 
gineer until  March,  1903,  when  he  was  suc- 
ceeded by  Mr.  John  H.  Myers.  Mr.  William  E. 
Swift  was  assistant  engineer  in  direct  charge 
of  construction  until  March,  1903,  when  he 
resigned  and  Mr.  Laurence  C.  Brink  was  ap- 
pointed to  succeed  him.  The  Degnon-McLean 
Contracting  Company  was  the  sub-contractor 
for  the  work,  which  was  awarded  to  the  Rapid 
Transit  Subway  Construction  Company,  Mr.  N. 
J.  McDonald,  president;  Mr.  S.  L.  F.  Deyo,  chief 
engineer.  Mr.  H.  C.  Sanford  is  the  chief 
engineer  for  the  Degnon-McLean  Company,  Mr. 
Waldo  Brlggs,  assistant  engineer. 


made  with  steel  beams  and  columns  built  gen- 
erally in  open  cut  to  the  end  of  the  five-track 
section.  Beyond  this  point  the  remainder  of 
section  5A  conforms  in  general  to  the  standard 
four-track  beam  construction.  At  the  crossing 
at  Fifth  Avenue  the  roof  beams  are  made  extra 
heavy  to  carry  the  24  feet  of  cover. 

At  Hotel  Belmont  the  west  track  was  adjacent 
to,  and  just  outside  of,  the  deep  cellar  exca- 
vation which  was  carried  down  about  25  feet 
below  sub-grade  to  a  total  depth  of  about  55 
feet  below  Forty-second  street.  At  this  point 
the  stratified  rock  dipped  sharply  towards  the 
excavation  and  the  side  of  the  latter  was  sup- 
ported by  a  curved  retaining  wall  of  solid  con- 
crete 6  feet  thick.  On  the  subway  side  of  this 
wall  the  tracks  and  roofs  were  supported  on 
columns  and  girders,  which  also  carried  the 
superstructure  for  that  corner  of  the  tall  hotel 
building.  As  it  was  not  deemed  advisable  to 
build  these  column  piers  on  the  upper  surface 
of  the  sloping  rock,  they  were  carried  down  to 
a  depth  of  about  55  feet  in  a  large  open  exca- 
vation, thus  seating  them  at  the  same  level  as 
the  other  columns  in  the  hotel.  On  the  oppo- 
site side  of  the  subway  the  columns  beyond  the 


Excavation  for  Madison  Avenue  Station,  South  Trench  Commanded  by  Cableway. 


At  the  Forty-first  Street  end  the  two  east 
tracks  were  united  to  the  Madison  Avenue  sec- 
tion by  about  75  feet  of  concrete  arch,  having 
spans  from  26  to  30  feet.  The  axis  of  this  arch 
was  curved  to  a  radius  of  less  than  300  feet. 
The  concrete  had  a  thickness  of  2  feet  at  the 
crown  and  3  feet  at  the  sidewalk.  The  excava- 
tion was  an  open  rock  cut  about  30  feet  deep. 
The  two  west  tracks  joined  one  of  the  Park 
Avenue  tunnels  with  a  separate  steel  beam  con- 
struction similar  to  the  standards  previously 
described  for  other  sections  of  the  subway. 
Where  the  four  tracks  swing  from  Forty-second 
Street  Into  Park  Avenue,  they  Intersect  the  sub- 
structure of  the  twenty-two-story  Belmont 
Hotel  and  beyond  it  are  arranged  so  that  two 
of  them  pass  between  and  the  other  two  on  the 
outside  of  island  station  platforms  350  feet  long 
between  the  Grand  Central  Depot  and  Madison 
Avenue.  Beyond  these  platforms  the  tracks 
again  converge  and  a  stub  end  Is  added,  making 
a  set  of  five  tracks  for  a  length  of  several  hun- 
dred feet,  long  enough  to  accommodate  a  full- 
length  train.  There  are  also  at  this  point  cross- 
overs connecting  the  different  tracks,  as  at  all 
express  stations.     The  construction   here  was 


outer  track  of  the  curve  were  replaced  by  a 
heavy  concrete  retaining  wall.  The  1:3:5  con- 
crete for  the  retaining  walls  and  arch  construc- 
tion was  made  with  Giant  Portland  cement, 
mixed  in  a  Ransome  machine  located  several 
blocks  away  on  Forty-second  Street  and  deliv- 
ered to  the  site  in  wagons.  The  arch  being 
built  to  a  transition  curve,  its  cross-section 
varied  at  every  point  and  necessitated  the  use 
of  special  falsework  at  all  places  so  that  none 
of  it  could  be  transferred,  and  the  expense  was 
thus  unusually  large.  The  frames  were  set 
radially  and  spaced  4Vi  feet  apart.  They  were 
covered  with  lagging  cut  in  long  lengths  and 
carefully  sprung  to  the  approximate  curve  of 
the  soflit  and  secured  In  place  by  wedges  driven 
against  the  centers.  The  lagging  was  planed 
on  three  sides  with  beveled  edges  to  allow 
for  swelling  by  moisture  and  much  care  was 
taken  with  it  and  very  satisfactory  results  were 
secured. 

The  excavation  for  most  of  this  section  was 
made,  as  described  in  The  Engineering  Record 
of  July  19,  1902,  with  successive  longitudinal 
and  transverse  cuts  covered  with  temporary 
platforms.    The  construction  of  the  subway  at 
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the  intersection  of  Fifth  Avenue  and  Forty- 
second  Street  was  complicated  by  the  presence 
of  two  48-inch  and  two  36-inch  water  mains 
in  Fifth  Avenue  and  by  the  safe  deposit  vault 
of  the  Columbia  Bank  on  the  southeast  corner 
This  vault  was  a  heavy  masonry  structure  ex- 
tending about  to  the  middle  of  Forty-second 
Street  and  Fifth  Avenue  and  having  a  depth  of 
15  feet  below  the  curb,  so  that  its  foundations 
were  about  4  feet  in  the  clear  above  the  subway 
roof.    Excepting  oyer  the  roof  of  the  vault,  the 


Street  and  in  them  similar  steel  needlebeams 
were  set  and  shored  up  from  the  rock  surface. 
The  rock  was  then  blasted  out  from  the  bottom 
of  the  drifts  to  sub-grade,  and  special  care 
was  taken  to  replace  the  shores  and  set  addi- 
tional ones  to  insure  abundant  support  for  the 
needlebeams  in  case  any  of  the  original  sup- 
ports were  disarranged  by  the  blasting. 

The  excavation  for  the  Madison  Avenue  sta- 
tion was  about  88  feet  wide  and  occupied  nearly 
the  full  width  of  the  street.    It  was  made  with 


Stripping   Sock  Surface  by  Drifts  under   Timber  Deck  Carrying  Street. 


Madison  Avenue  the  surface  of  the  rock  dropped 
nearly  to  sub-grade  and  the  building  there  re- 
quired very  heavy  underpinning.  The  rock  was 
blasted  out  to  sub-grade  in  the  usual  manner, 
care  being  taken  to  use  light  charges  and  pro- 
tect the  blasts  by  rope  mats  and  logs.  After 
the  trenches  had  been  completed,  needlebeams 
were  drifted  across  between  them  to  support 
the  roadway  and  street-car  tracks  and  were  car- 
ried on  vertical  shores  set  on  the  bottoms  of 
the  trenches.  The  earth  and  rock  were  then 
drifted  out  from  between  the  two  trenches,  the 
excavation  completed  and  the  full  cross-section 
of  the  subway  structure  built  at  one  operation. 
Masonry  piers  on  the  roof  were  provided  to 
carry  the  street-car  tracks.  A  48-inch  pipe  on 
Madison  Avenue  was  originally  laid  in  a  narrow 
trench  excavated  to  a  depth  of  about  8  feet 
below  the  surface.  The  subway  excavation  at 
this  point  required  the  hard  rock  to  be  blasted 
on  three  sides  of  the  main  and  very  close  to  It, 
which  was  a  rather  delicate  operation.  The 
pipe  was  suspended  from  two  parallel  A 
trusses,  spanning  one  of  the  subway  tracks, 
which  were  subsequently  replaced  by  two  pairs 
of  24-inch  I-beam  needles  carried  on  vertical 
shores. 

'  At  Sixth  Avenue  and  Forty-second  Street  four 
lines  of  street  railroad  tracks  were  Intersected, 
a  large  number  of  gas  and  water  pipes  were 
encountered  and  two  columns  of  the  elevated 
railroad  tracks  and  two  columns  of  Its  station 
were  undermined  and  had  to  be  temporarily 
supported  during  the  construction  of  the  sub- 
way, thus  making  the  most  difficult  and  com- 
plicated work  on  this  section.  The  method  of 
supporting  the  elevated  railroad  structure  was 
described  in  The  Engineering  Record  of  August 
2,  1902,  and  the  pipe  work  and  other  special 
construction  was  successfully  carried  out  by 
very  careful  and  accurate  operations. 


intersection  of  the  streets  was  covered  by  a 
timber  platform,  laid  at  night,  with  only  suf- 
ficient excavation  to  put  it  at  grade.  The  upper 
part  of  the  excavation  for  the  south  local  track 
was  drifted  in  from  the  west  across  Fifth  Ave- 
nue, the  roof  being  supported  by  lagging  and 
timber  bents  in  the  usual  manner. 

The  caps  were  about  5  feet  below  the  street 
surface,  which  was  not  disturbed,  and  the  exca- 
vation was  carried  down  to  the  surface  of  the 
rock,  giving  the  drift  a  depth  of  about  6  feet. 
Special  care  was  taken  to  support  the  water 
pipes  on  shores  as  they  were  undermined  by 
the  excavation.  After  the  earth  was  thus  re- 
moved, the  excavation  was  blasted  down  to 
sub-grade  in  the  usual  manner  and  the  concrete 
and  steel  work  for  one  track  of  the  subway 
was  completed  before  the  excavation  was  fin- 
ished for  the  adjacent  tracks.  When  the  roof 
was  completed,  a  heavy  masonry  pier  was  built 
on  it  to  permanently  support  the  four  water 
mains  before  mentioned.  After  this  portion  of 
the  structure  was  completed,  the  upper  part  of 
the  excavation  on  the  opposite  side  of  Forty- 
second  Street  under  Fifth  Avenue  was  com- 
menced by  drifting  in  from  the  finished  exca- 
vation on  the  east.  This  drift  was  made  under 
the  timber  platform,  supported  by  vertical 
shores  set  on  .the  surface  of  the  rock  which 
formed  the  bottom  of  the  drift.  As  soon  as  the 
rock  surface  was  thus  stripped  by  the  drifting 
operations,  lines  of  24-inch  I-beams  about  50 
feet  long  and  12  feet  apart  were  set  parallel  to 
Forty-second  Street  underneath  the  water  mains 
and  were  each  supported  by  several  vertical 
shores  seated  on  the  surface  of  the  rock  and 
on  the  bottom  of  the  finished  excavation  at  the 
east  end,  the  water  mains  being  carefully 
wedged  up  on  them.  Simultaneously  drifts 
were  driven  from  this  excavation  south  under 
the   vault    which    projected    into    Forty-second 


Excavation  across  Fifth  Avenue  Ready  for  South  Part  of  Steelwork. 


two  separate  side  trenches  about  25  feet  wide, 
each  of  them  extending  from  the  middle  of  the 
sidewalk  to  the  car  tracks.  These  were  made 
in  open  excavation  and  the  spoil  was  handled 
by  a  Lidgerwood  cableway  about  300  feet  long, 
over  ther'^  'er  line  of  each,  thus  avoiding  any 
obstruct/  he  two  street-car  tracks  between 

the  trenches.  The  sides'  were  sheeted  and 
braced  to  the  surface  of  the  rock,  and  where 
necessary  the  foundation  walls  of  the  buildings 
were  underpinned.     At  the  northeast  corner  of 


At  Forty-second  Street  and  Broadway  the 
excavation  is  enlarged  to  accommodate  a 
curved  station  for  the  local  trains,  the  tracks 
are  carried  at  a  depth  of  about  25  feet  below 
grade  and  special  provision  was  made  below 
them  for  the  construction  of  a  future  Broadway 
branch.  The  tracks  passed  under  the  corner 
building,  which  was  removed  and  restored  after 
they  were  completed.  At  this  point  provision 
was  also  made  for  a  future  tall  building  by 
carrying  the  excavation  to  a  considerable  depth 
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below  sub-grmde  and  building  in  it  a  beavy  con- 
crete retaining  vail  on  tbe  line  of  tbe  Inside 
subway  columns.  Tbe  tracks  also  passed 
tbrougb  one  of  tbe  basement  stories  ot  the  new 
"Times'"  building.  A  lower  basement  story  es- 
tmded  across  tbe  tracks  underneath,  and  special 
amngsments  were  made  here  to  support  tbe 
■ubway  structure  and  tbe  building  with  entirely 
different  and  independent  columns  seated  at  a 
uniform  lerel  in  an  excavation  50  or  60  feet 
below  tbe  level  of  the  street,  thus  preventing 
the  transmission  of  vibrations  from  one  struc- 
ture to  the  other.  These  operations  involved 
the  excavation  of  three  very  deep  pits  separated 
by  compftrmtively  narrow  piers  of  rock,  and 
great  care  waa  taken  in  tbe  shoring  of  the 
■treet  and  the  surface  tracks  to  prevent  any 
settlement. 


which  a  pusher-engine  would  become  unneces- 
sary. Economical  operation  would  be  obvious- 
ly most  completely  attained  by  shortening  the 
pusher  grade  and  reducing  its  maximum  rate 
as  much  as  possible,  as  well  as  by  reducing  the 
heavy  curvature. 

In  tbe  new  location  tbe  pusher  grade  has  had 
its  rate  reduced  to  1.05  per  cent,  or  55  feet  per 


The  change  iu  curvature  between  the  two  lo- 
cations Is  very  great.  The  maximum  curve  has 
been  reduced  from  5  degrees  30  minutes  to  2 
degrees  30  minutes,  and  this  latter  only  occurs 
on  the  out-oft  where  the  central  angle  is  121  de- 
grees. Elsewhere  the  new  maximum  is  2  de- 
grees. In  the  IS  miles  ot  the  old  line  there 
were   73   curves  having  an   aggregate   central 


The  Improvements  on  the  Big  Four  Line 
between  Lawrenceburg  Junction 
and  Sunman. 


The  original  location  of  tbe  portion  of  the 
caiicago  division  of  the  Cleveland,  Cincinnati. 
Chicago  A  St.  Louis  Railway  immediately  west 
of  Cincinnati  was  made  in  1849  and  1850.  The 
work  was  well  done  when  considered  from  the 
point  of  view  of  low  first  cost  regardless  of 
curvature,  but  the  line  was  expensive  to  main- 
tain and  uncomfortable  to  ride  over  with  the 
heavy  traffic  and  high  speeds  of  the  present 
day.  The  accompanying  map  and  profile  give 
the  general  features  of  the  line.  For  22  miles 
west  from  Cincinnati  to  Lawrenceburg  Junc- 
tion it  follows  the  general  level  of  the  Ohio 
Valley;  rectifications  of  this  part  of  the  line 
have  been  planned,  but  need  not  be  considered 
here.- 

Beyond  Lawrenceburg  Junction  the  line 
turns  sharply  to  the  north  and  crosses  by  a 
cut-off  a  low  saddle  in  tbe  hill  Into  the  valley 
of  Tanners  Creek.  This  cut-off  was  built  in 
1877  to  shorten  an  older  location.  It  goes  over 
tbe  hill  with  1  per  cent,  ruling  grades,  with  a 
rise  of  42  feet  and  a  fall  of  35  feet.  Tanners 
Creek  is  confined  in  a  narrow,  crooked  valley 
between  high  hills,  and  is  a  fiashy  stream  sub- 
ject to  sudden  and  violent  floods  during  the 
winter  and  spring,  although  It  can  be  crossed 
dry-shod  at  almost  any  point  in  summer.  Tbe 
road  runs  along  tbe  valley  to  Guilford  without 
rising  more  than  a  few  feet  above  the  level 
of  tbe  line  down  tbe  Ohio  valley.  From  Guil- 
ford the  line  still  follows  Tanners  Creek  In  a 
northwesterly  direction  but  the  grade  is  heavy 
up  to  the  head  of  tbe  creek  and  tbe  level  of  the 
Indiana  plateau,  which  is  reached  one  mile 
east  of  Sunman.  The  grade  along  this  section 
baa  a  ruling  maximum  of  1.25  per  cent,  or  66 
feet  per  mile, .and  the  total  rise  in  11<4  miles 
is  606  feet.  A  pusher-engine  Is  maintained  at 
Guilford  to  help  all  fully  loaded  freight  trains 
and  some  passenger  trains  going  west,  and 
also  some  eastbound  trains  over  the  cut-oft. 

In  preparing  plans  for  tbe  improvement  of 
this  line  It  was  realized  that  no  satisfactory 
reaalt  could  be  obtained  by  making  patchwork 
changes,  but  that  the  situation  had  to  be  ex- 
amined as  a  whole  with  a  view  to  obtaining  the 
best  obtainable  line  for  a  modem  railway,  re- 
gardless of  the  existing  location.  When  the 
new  line  was  finally  selected  it  was  found  to  oc- 
cupy tbe  existing  roadbed  at  but  two  points  and 
for  a  total  length  of  less  than  one  mile  in  the 
entire  length  of  18  miles.  There  were  three 
conditions  governing  the  relocation:  first,  a  dif- 
ference in  elevation  of  about  500  feet  had  to  be 
orercome  between  the  valley  and  the  plateau; 
second.  Tanners  Creek  offered  the  only  route; 
third,  the  topography  did  not  permit  lengthen- 
ing the  long  hill  grade  up  to  Sunman,  so  that 
Its  rate  would  be  reduced  to  an  amount  with 
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mile,  and  Its  length  has  been  reduced  from  11 
to  7  miles,  with  a  total  rise  of  380  feet.  The 
lower  end  of  the  pusher  run  has  been  shifted 
westward  from  Guilford  to  Manchester.  The 
grade  from  about  a  mile  east  of  Guilford  to 
Manchester  Is  0.5  per  cent.  The  latter  rate  is 
also  that  of  the  new  location  of  the  cut-off,  and 
can  be  climbed  without  a  helper  by  any  trains 
which  can  be  hauled  over  the  division. 


angle  of  2,291  degrees,  20  of  these  being  of  5 
degrees  or  more.  The  new  line  has  16  curves 
with  a  total  central  angle  of  781  degrees,  half 
the  lire  being  curved  and  halt  tangents.  The 
reduction  In  curvature  Is  1,510  degrees,  more 
than  four  full  circles. 

The  new  location  crosses  the  present  track 
sixteen  times  and  Is  6,800  feet  shorter.  It 
also  crosses  Tamners  Creek  sixteen  times,  and 
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eight  more  crossings  will  be  avoided  by  mak- 
ing changes  in  the  channel  of  the  stream. 

The  roadbed  and  structures  are  designed  for 
two  tracks  and  permanent  construction.  The 
width  of  the  roadbed  on  enbankments  is  33 
feet  and  in  cuts  39  feet,  with  side  slopes  aver- 
aging li/i;  to  1.  The  heavy  character  of  the 
grading  is  evident  from  the  quantities  given  on 
the  profile.  There  is  over  2,000,000  cubic  yards 
of  excavation,  mostly  in  loose  rock,  and  the 
depths  of  the  larger  cuts  range  from  50  to  85 
feet  at  center  and  over  100  feet  on  upper  slope. 

Over  970  tons  of  cast-iron  pipe  will  be  used 
for  the  minor  culverts.  A  few  of  somewhat 
larger  size  will  be  rail-covered  boxes,  and  one 
of  the  bridges  over  Tanners  Creek  will  prob- 
ably be  steel.  All  other  structures  of  this  class 
will  be  concrete  arches  with  spans  ranging  from 
8  to  68  feet  and  requiring  a  total  of  about  50,- 
000  cubic  yards  of  concrete.  Illustrations  are 
given  of  a  few  of  the  larger  bridges.  No.  163  is 
one  of  the  most  interesting.  It  has  three  68- 
foot  elliptical  spans  of  17  feet  rise,  on  a  skew 
of  45  degrees.  There  are  several  bridges  with 
60-foot  spans,  some  of  them  elliptical  and  some 
semi-circular,  and  with  various  skews.  Pile 
foundations  are  used  for  the  structures  below 
Guilford,    while  the  others   have   rock  or  blue 


_  Excar-ation  198,000- 
'  Embankmtnt lli,000 


pounds  at  7  days  and  200  pounds  at  28  days. 
The  grinding  must  be  such  that  85  per  cent, 
passes  a  100-mesh  sieve.  The  Portland  cement 
tested  neat  must  show  125  pounds  at  1  day,  450 
pounds  at  7  days,  and  25  per  cent,  more  at 
28  than  at  7  days,  the  strength  In  no  case  to  be 
under  560  pounds.  A  very  wet  mixture  is  em- 
ployed, but  no  specially  rich  facing. 

The  work  is  being  done  under  the  general 
direction  of  Mr.  Geo.  W.  Kittredge,  chief  engi- 
neer of  the  Cleveland,  Cincinnati,  Chicago  & 
St.  Louis  Railway.  Mr.  A.  O.  Selby,  assistant 
engineer,  is  in  direct  charge,  and  this  article 
is  based  on  information  furnished  by  him.  The 
Shutt  Improvement  Company,  Houser  Build- 
ing, St.  Louis,  has  the  grading  contract,  while 
the  concrete  bridges  are  being  constructed  by 
the  Moore-Mansfield  Construction  Company, 
Stevenson  Building,  Indianapolis,  and  J.  D. 
Tuttle,  Cleveland. 


Difficulties  and  Methods  of  Plastering  in 
Winter. 

By  I).  L.   Halgh. 


Plastering  In  winter  is  always  attended  with 
more  or  less  unsatisfactory  results.  The  walls 
possibly  do  not  become  hard  or  they  are  dis- 


tained  and  good  sharp  sand  is  at  hand,  the  pro- 
portions that  enter  Into  the  mixture  are  uncer- 
tain and  are  guessed  at  by  the  laborer  who 
does  the  mixing.  This  laborer  is  the  unskilled 
workman  of  the  job,  and  If  he  does  not  properly 
manufacture  the  mortar  all  the  skill  in  the 
world  In  applying  it  to  the  wall  by  skilled  work- 
men will  avail  little. 

This  unsatisfactory  state  of  affairs  in  mak- 
ing plastering  mortar  has  now  been  overcome, 
as  many  manufacturing  plants  have  been  estao- 
lished  throughout  the  country  which  slake  lime 
by  machinery,  dry  the  sand,  card  the  hair,  auto- 
matically weigh  the  proper  proportions  of  each 
and  mix  the  whole  together  thoroughly  by  ma- 
chinery and  deliver  this  mixture  in  a  dry  state 
to  the  building  in  suitable  containers,  usually 
jute  bags.  As  the  material  so  prepared  requires 
only  water  to  be  added  at  the  building  to  make 
it  ready  for  use  it  does  away  with  a  great  many 
of  the  disadvantages  of  the  old  way,  and  has  the 
great  advantage  of  Insuring  a  uniform  plaster- 
ing mortar  of  very  superior  quality  that  is 
easily  handled. 

Plastering  mortars  prepared  In  this  way  can 
be  taken  into  the  building  and  mixed  with 
Water  in  water-tight  boxes  on  the  floor  where 
it  Is  to  be  used,  and  this  avoids  all  chance  of 
freezing  if  the  building  Is  properly  heated,  as 
it  should  be. 

In  the  treatment  of  some  of  the  troubles  en- 
countered in  plastering  In  winter,  we  will  not 
consider  those  met  with  when  plastering  mor- 
tar is  made  at  the  building  in  the  open  in  the 
old  way,  but  will  consider  that  if  the  mortar  is 
made  at  the  building  that  it  is  properly  pro- 
tected as  far  as  its  manufacture  is  concerned. 
With   this   exception   the  following   comments 


Map  and   Profile  of   the  Sunman-Lawrenceburg  Junction  Improvements,  Cleveland,  Cincinnati,  Chicago  &  St.  Louis  Railway. 


clay  foundations.  The  illustrations  show  clear- 
ly the  rather  unusual  fan-shaped  centers  for 
some  of  the  arches.  The  arches  contain  no  re- 
inforcement and  their  monolithic  character  has 
much  simplified  the  design  of  the  skew  spans. 
Care  is  taken  to  have  the  arch  rings  laid  con- 
tinuously. Lehigh  and  Atlas  Portland  cements 
were  used  on  these  bridges. 

The  concrete  work  is  all  executed  under  the 
standard  specifications  of  the  maintenance  of 
way  department  of  the  company.  Masonry  be- 
low ground  is  of  1:2:4  natural  cement  concrete. 
All  masonry  above  ground,  except  in  the  arch 
rings,  is  mixed  l:2i4:5,  using  Portland  cement; 
the  concrete  in  the  rings  has  proportions  of  1: 
2V4:4.  Both  gravel  and  broken  stone  are  used, 
as  the  mixture  seems  to  give  a  more  uniform 
and  homogeneous  concrete  than,  one  with  stone 
alone.  Hard  blue  limestone,  broken  so  that 
no  piece  exceeds  2  inches  in  its  greatest  dimen- 
sion, is  used;  the  stone  is  the  run  of  the  crush- 
er, except  that  dOBt  and  loam  are  separated. 
The  gravel  contains  from  33  to  38  per  cent,  of 
sand  and  is  used  just  as  it  comes  from  the  pit, 
without  screening  out  or  adding  sand.  The 
natural  cement  tested  neat  is  required  to  have 
a  tensile  strength  of  50  pounds,  at  1  day,  100 


figured  by  yellow  stains  or  smoked  a  dark  gray 
color  from  the  fires  used  to  keep  the  house 
warm,  or  there  is  an  unusual  amount  of  crack- 
ing; the  white  or  finish  coat  rubs  off  like  white- 
wash or  most  of  the  plaster  peels  from  the 
walls,  requiring  it  to  be  entirely  replaced.  These 
and  many  other  defects  are  due  to  very  simple 
causes,  which  with  little  care  can  be  easily  rem- 
edied. So  little  attention  has  been  paid  to  the 
question  that  the  causes  of  the  ill  results  In 
winter  plastering  are  little  understood. 

Heretofore  wall  plaster  has  been  a  mixture  of 
varying  proportions  of  slaked  lime,  sand  and 
hair  made  at  the  building,  usually  out  In  the 
open  with  no  protection  from  the  elements.  If 
cold  weather  came  on  the  mixture  would  freeze 
and  could  not  be  used  until  thawed  out,  with 
consequent  injury  to  the  binding  qualities  of 
the  material;  or,  as  often  happens,  the  frozen 
mixture  is  applied  to  the  walls  to  soon  come 
off  as  the  frost  thaws  out.  Then,  too,  the  qual- 
ity of  lime  used  varies  greatly,  and  poor  lime 
is  cheap.  Sand  also  differs  greatly  In  quality, 
and  sand  that  contains  a  large  percentage  of 
loam  requires  less  time  to  bind  it  together;  but 
loamy  sand  makes  a  very  Inferior  plastering 
mortar.     When  lime  of  the  best  quality  is  ob- 


apply  equally  to  all  kinds  of  plastering  mortar. 

Plaster  is  necessarily  applied  in  a  wet  state 
and  the  surplus  water  has  to  evaporate  or  be 
dried  out  of  it.  It  is  this  surplus  water  and 
other  dampness  in  a  new  building  that  are  the 
chief  causes  of  trouble  in  winter  plastering. 

In  winter  when  the  temperature  is  low  evap- 
oration takes  place  slowly  or  not  at  all.  In 
most  cases  the  building  is  cold,  is  not  enclosed, 
or  possibly  the  windows  have  only  muslin 
screens,  but  at  any  rate  the  conditions  are 
usually  bad  for  drying  out  the  moisture  from 
the  plaster  and  from  the  other  parts  of  the 
building.  If  very  cold  weather  comes  on,  the 
damp  plaster  freezes,  and  then  there  is  trouble. 

The  amount  of  dampness  in  a  building  is 
very  much  greater  than  is  usually  supposed.  In 
frame  structures  there  is  moisture  in  pretty 
much  everything  that  enters  into  it,  the  brick 
in  the  chimneys,  the  cement  concrete  in  the  cel- 
lar and  bath  rooms,  even  the  lumber  contains 
much  moisture.  In  the  larger  brick  or  stone 
buildings  with  thick  walls,  concrete  or  tile 
floors  the  amount  of  moisture  is  very  great. 
The  greater  part  of  this  moisture  will  have 
to  be  dried  out  of  the  building  sooner  or  later, 
but  until  this  is  done  it  is  liable  to  be  a  source 
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of  trouble,  and  this  is  particularly  the  case 
in  winter. 

The  methods  used  to  get  rid  of  this  moisture 
are  (or  the  most  part  crude,  and  in  many  cases 
are  the  causes  of  greater  trouble  than  the 
moisture  itself.  In  hardening,  the  plaster  of 
paris  and  lime  in  wall  plaster  combine  chem- 
ically with  some  of  the  water,  either  In  the 
form  of  water  of  crystallization  or  in  forma- 
tion of  hydrates.  Therefore,  all  of  the  water 
added  to  wet  the  plaster  does  not  have  to  dry 
out.  The  so-called  hard  or  patent  plasters  all 
contain  more  or  less  plaster  of  paris,  they  do 
not  require  as  much  water  to  be  dried  out  as 
other  plasters  that  do  not  contain  plaster  of 
paris:  in  other  words  they  dry  quicker.  This 
chemical  change  or  hydration  takes  place  grad- 
ually, and  it  is  not  desirable  to  dry  the  plaster 
so  quickly  as  to  prevent  its  taking  place  prop- 
erly. An  overheated  building  is  quite  if  not 
qiore  injurious  than  an  underheated  one.  The 
majority  of  builders  regard  the  ideal  drying 
conditions  in  winter  an  overheated  tightly 
closed  building  with  no  circulation.  This  is  fur 
from  being  right.  Circulation  of  air  is,  if  any- 
thing, more  important  than  heat,  if  the  outside 
atmosphere  is  above  freezing.  On  such  days  as 
the  atmosphere  outside  is  very  damp  and  moist. 
It  is  better  not  to  open  the  windows. 

The  ideal  condition  is  to  have  a  gentle  heat 
to  keep  the  atmosphere  warm,  and  allow  suf- 
ficient circulation  of  air  to  absorb  and  carry 
off  the  moisture.  It  is  especially  important 
that  the  heat  should  be  kept  up  during  the 
night.  The  proper  way  to  accomplish  this  is 
to  have  the  heating  apparatus  installed  in  a 
building  and  in  working  order  before  any  plas- 
ter is  applied.  Temporary  connections  can  be 
made  and  heaters  placed  in  the  middle  of  the 
room.  By  doing  this  and  observing  the  simple 
precaution  of  opening  the  windows  from  the 
top  during  the  day  time  to  allow  a  free  circu- 


and  the  rest  of  the  work  can  follow  at  once, 
but  the  usual  method  is  ■.-.ot  to  wait  until  the 
heating  apparatus  is  in  order,  but  to  enclose  the 
building  with  muslin  screens  and  use  stoves, 
salamanders  or  open  fires  to  dry  out  the  build- 
ing. Usually  the  fires  are  not  kept  going  at 
night,  and  in  consequence  the  building  (which 
has  probably  been  overheated  in  the  day  time, 
as  is  always  the  case  of  the  ceilings  in  the 
rooms  in  which  the  stoves  or  salamanders  are 
placed),  is  allowed  to  become  cold  at  night. 
The  chances  are,  too,  that  no  precaution  has 
been  taken  during  the  daytime  to  permit  a 
draught  of  air  to  circulate  through  the  rooms 
to  carry  oft  the  moisture.  What  is  the  result? 
The  heat  of  the  day  vaporizes  the  moisture  and 


After  applying  the  finish  coat  of  -plaster  all 
moisture  from  the  under  coats  has  to  dry 
through  the  finish  coat  and  as  the  finish  coat  is 
denser  and  more  compact  than  the  under  coats 
it  takes  very  much  longer  for  the  latter  to  be- 
come dry  after  the  finish  coat  has  been  applied 
than  if  this  drying  had  taken  place  before  the 
application  of  the  last  coat.  The  results  are 
usually  as  follows: 

1.  The  Effect  of  Dampness  Remaining  in 
Plaster. — The  most  serious  effect  of  plaster  re- 
maining damp  and  soggy  and  not  drying  out  in 
proper  time  is  to  cause  it  to  lose  its  set  or 
strength,  and  in  consequence  it  does  not  become 
hard.  In  other  words  the  result  is  the  same  as 
if  the  plaster  has  been  retempered.    It  is  a  well 
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latton  of  air  to  let  the  moisture  out,  the  greater 
part  of  the  troubles  of  winter  plastering  would 
disappear.  No  time  is  gained  by  not  doing 
this,  and  it  is  a  mistake  to  think  that  a  build- 
ing can  be  plastered  quicker  by  starting  the 
work  before  the  building  is  properly  heated.  On 
the  contrary  it  is  much  quicker  to  delay  start- 
ing the  plastering  until  the  heating  apparatus 
Is  in  working  order,  as  the  plaster  dries  out 
within  a  few  days'  time  in  this  case,  whereas 
it  Is  liable  to  be  weeks  and  months  when  this 
is  not  done. 

With  a  temperature  sufficiently  high  to  evap- 
orate the  moisture,  the  plaster  dries  quickly. 


the  cold  of  the  night,  after  the  fires  are  out, 
again  condenses  it  and  it  settles  on  the  plas- 
tered walls  and  Is  absorbed,  or  if  the  tempera- 
ture Is  very  low  the  moisture  freezes  on  the 
face  of  the  plaster,  which  is  found  covered  with 
ice  the  next  morning.  In  many  cases  this  pro- 
cess of  heating  by  day  and  cooling  by  night  is 
kept  up  for  weeks,  with  the  moisture  for  the 
greater  part  still  in  the  building  at  the  end  of 
that  time,  or  possibly  a  sufficient  amount  of  it 
has  been  gotten  out  to  make  the  plaster  appear 
sufficiently  hard  to  finish,  and  the  finish  coat  is 
applied.  Each  coat  should  be  thoroughly  dry 
before  the  next  coat  Is  applied. 


known  fact  that  with  plasters  or  Portland  ce- 
ments when  they  are  retempered  that  their 
strength  is  lost.  As  time  goes  by,  therefore,  the 
plaster  that  has  been  allowed  to  remain  wet 
and  soggy  dries  out,  but  it  is  very  apt  to  fall 
from  the  wall  or  crumble  away  like  so  much 
sand. 

2.  Staining  Due  to  Dampness. — The  scratch 
and  browning  coats  of  plaster  should  be  per- 
fectly dry  before  the  finish  coat  is  applied.  If 
the  finish  coat  is  applied  before  the  scratch  and 
browning  coats  are  dry,  any  staining  from  the 
wood  lath  (sap)  or  from  brick  or  terra  cotta 
walls  will  be  carried  by  the  dampness  through 
to  the  surface  of  the  finish  coat,  leaving  a  dis- 
coloration or  stain.  All  moisture  in  the  scratch 
and  browning  coats,  and  for  that  matter  in  the 
brick  walls  as  well,  dries  out  through  the  fin- 
ish coat,  with  the  result  that  the  latter  remains 
damp  until  all  this  moisture  has  entirely  dried 
out.  This  seriously  injures  the  finish  coat  and 
it  is  liable  to  remain  soft.  In  large  office  build- 
ings where  the  walls  are  massive,  the  damp- 
ness remains  In  the  plaster  for  a  long  time, 
and  beads  of  water  are  frequently  seen  stand- 
ing on  its  surface.  In  case  of  brick  walls  when 
the  water  evaporates  it  leaves  long,  fine  crystals 
of  substances  that  have  been  brought  to  the 
surface  In  solution.  Usually  these  substances 
are  crystals  of  carbonate  of  soda,  chloride  of 
soda  or  other  soluble  salts.  The  use  of  damp- 
proof  paints  on  brick  or  terra  cotta  walls,  be- 
fore plaster  Is  applied,  prevents  much  damp- 
ness coming  through  the  plaster  and  they 
should  he  used  whenever  possible. 

3.  Eftect  ot  Frost  on  Scratch  and  Browning 
Coats  of  Piaster. — The  general  effect  of  frost  on 
plaster  Is  to  seriously  Inaure  its  binding  quali- 
ties or  strength.  The  plaster  becomes  soft  and 
does  not  set  hard,  and  the  plastered  wall  that 
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has  been  frozen,  is  liable  to  fall.  If  the  frost 
has  gotten  into  the  first  or  scratch  coat  of  plas- 
ter and  causes  it  to  lose  its  strength,  it  will  not 
be  strong  enough  to  hold  up  the  two  succeeding 
coats  (browning  and  finish),  even  though  no 
frost  has  gotten  into  these  last  two  coats;  but 
should  the  scratch  coat  not  be  injured  to  such 
an  extent  as  to  cause  it  to  fall,  the  frost  will 
thaw  out  and  in  this  process  push  off  the  brown- 
ing and  finish  coats. 

It  is  not  an  uncommon  thing  to  see  the  brown- 
ing coat  separate  from  the  scratch  coat  in  large 
sheets  where  frost  has  affected  the  latter.  In 
like  manner,  if  frost  gets  into  the  second  or 
browning  coat,  this  will  be  damaged,  as  in  the 
case  of  the   scratch  coat,  and   if  the   third  or 


phur  of  the  coke  and  cause  an  unsightly  wall. 
The  small  furnace  used  by  the  plumber  also 
adds  to  this  yellow  staining.  Coke  pots,  when 
placed  too  near  the  recently  plastered  wall  are 
apt  to  dry  it  too  quickly,  and,  in  consequence, 
draw  the  wood  lath,  causing  the  lath  to  twist  or 
buckle  and   the   plaster   to  crack. 

7.  Decorating  on  Plaster  That  is  Not  Thor- 
oughly Dry. — When  plaster  is  damp,  as  shown 
above,  the  lime  which  is  a  constituent  of  the 
finish  coat  of  all  plasters  (there  is  no  excep- 
tion to  this  rule),  acts  as  a  bleaching  agent. 
Paper  applied  on  damp  plaster,  therefore,  will 
fade  or  discolor,  and  paint  or  kalsomine  will 
be  similarly  affected.  Naturally  the  more  deli- 
cate the  tints  of  paper  or  kalsomine  the  more 


Centeis  for  Three  Sixty-Foot  Spans. 


than  kalsomine  or  paper.  Delicate  shades  of 
either  are  more  liable  to  damage,  but  it  the 
walls  are  properly  sized  they  can  be  decorated 
with  satisfactory  results.  If  very  expensive 
decorations  are  to  be  made  directly  on  the  sur- 
face of  the  plastered  walls  it  is  best  to  allow  the 
walls  to  become  seasoned  for  at  least  one  year. 
When  decorations  are  on  canvas  or  if  burlap  Is 
used  instead  of  wall  paper  little  trouble  is  ex- 
perienced. The  trouble  lies  In  the  mistake  that 
plaster  that  is  hard  and  does  not  feel  wet  to 
the  touch  is  considered  by  most  persons  to  be 
dry,  but  this  is  far  from  the  truth. 

As  poor  drying  conditions  in  winter  are  the 
cause  of  the  troubles  of  plastering  in  winter, 
replace  them  with  proper  drying  conditions  and 
there  will  be  no  trouble.  This  can  be  easily 
brought  about  by  observing  the  following  sim- 
ple precautions: 

First,  a  building  should  be  well  enclosed. 
Nothing  is  gained  in  time  by  starting  plaster- 
ing before  a  building  is  properly  ready  to  be 
plastered. 

Second,  a  building  should  be  well  heated  by 
furnace,  steam  or  hot  water  heat.  Salamanders, 
coke  pots,  stoves  or  open  fires  should  not  be 
used.  They  are  not  necessary  and  their  use 
does  not  hasten  the  work.  If,  however,  they 
are  used  their  bad  effects  can  be  materially  les- 
sened if  care  be  taken  in  their  use.  In  case 
of  coke  pots  or  salamanders  have  them  lighted 
out  of  doors,  so  that  the  first  smoke  will  pass 
away  and  the  coke  become  we\l  Ignited  before 
they  are  placed  In  the  house.  Coke  should 
always  be  used  and  not  coal,  as  there  Is  less 
sulphur  in  coke  and  less  smoke  tlian  in  coal. 

Third,  a  building  should  be  well  ventilated. 
The  windows  should  be  opened  from  the  top 
in  the  daytime  and  closed  at  night.  This  al- 
lows the  current  of  air  to  circulate  through  the 
building  and  carry  out  the  dampness.  It  is  a 
great  mistake  to    keep    the    building    tightly 


finish  coat  is  applied  while  frost  Is  still  in  the 
browning  coat,  the  finish  will  be  pushed  off  in 
sheets  when  the  frost  thaws  out,  just  as  was 
the  case  of  frost  in  the  scratch  coat. 

4.  Effect  of  Frost  on  the  Finish  Coat  of  Plas- 
ter.— Frost  causes  the  finish  coat  of  plaster  to 
become  soft  and  chalky  and  without  strength 
or  hardness.  The  finishing  coat  rubs  off  like 
whitewash  and  is  a  constant  source  of  annoy- 
ance to  the  occupants  of  the  house. 

5.  Plaster  Appears  Dry. — Scratch  and  brown- 
ing coats  of  plaster  appear  to  be  dry  on  the 
surface  when,  in  reality,  underneath  the  sur- 
face they  are  still  wet.  This  appearance  Is 
often  misleading  and  the  finish  coat  is  applied 
too  soon,  with  the  result  of  having  the  finish 
coat  remain  damp  until  all  the  moisture  has 
dried  out  from  the  under  coats.  As  the  finish 
coat  is  less  porous  than  the  scratch  or  browning 
coats,  it  naturally  takes  longer  for  a  wall  to 
dry  that  has  had  the  finish  coat  applied  while 
the  under  coats  are  still  wet,  than  if  the  mois- 
ture in  the  under  coats  were  allowed  to  dry 
out  before  applying  the  finish  coat.  This  damp- 
ness in  plaster  is  the  cause  of  the  disfigure- 
ment of  decorations. 

6.  Staining  and  Cracking  Due  to  Use  of  Sala- 
manders and  Coke  Pots. — The  sulphur  and 
smoke  from  the  coke  or  coal  used  in  the  sala- 
mander disfigure  plaster.  The  smoke  blackens 
the  wall,  but  the  sulphur  of  the  coke  unites 
with  the  lime  in  the  finish  of  the  plaster  and 
forms  sulphide  of  lime,  which  is  yellow.  These 
are  the  yellow  spots  or  blotches  that  appear 
so  often  on  the  surface  of  plaster  that  has  been 
applied  in  winter -time.  As  the  sulphur  only 
unites  with  lime  when  it  is  damp,  these  yellow 
stains  appear  in  round  spots,  the  moisture  dry- 
ing out  in  small  circles,  just  as  if  water  were 
dropped  on  blotting  paper  and  were  allowed  to 
dry.     These  small  damp  spots  absorb  the  sul- 
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liable  they  are  to  be  affected.  Often  rooms  are 
repapered  and  repainted,  and  even  the  second 
application  of  paper  or  paint  is  spoiled.  If  the 
dampness  in  the  wall  is  excessive,  the  paint  is 
pushed  off  from  the  plaster  and  peels  off  in 
spots  several  inches  in  diameter. 

Walls  should  be  thoroughly  dried  before  they 
are  decorated  and  this  takes  time.  If  proper 
care  has  been  taken  in  heating  the  building 
when  the  plaster  was  being  applied,  and  this 
heat  has  been  kept  up  until  the  trim  is  on  and 
the  v/alls  are  hard  and  dry,  there  is  no  reason 
why  with  proper  precaution  the  walls  cannot  be 
decorated.     Paint   is   very    much    less   affected 


closed   during  the  time  it  is  being  plastered. 
Fresh  air  is  a  good  dryer. 

Fourth,  if  the  precautions  in  regard  to  prop- 
erly enclosing,  heating  and  ventilating  a  build- 
ing are  looked  after  carefully,  there  will  be 
little  trouble  with  winter  plastering.  It  is  not 
well  to  paper  or  paint  too  soon  on  new  plas- 
tering. Even  under  the  best  conditions,  the 
plaster  finish  acts  as  a  bleaching  agent,  and  it 
should  be  well  seasoned  before  it  is  decorated. 
When  it  is  necessary  to  decorate  quickly,  the 
precaution  should  be  taken  of  using  canvas  or' 
an  extra  heavy  coat  of  sizing  before  either 
papering  or   painting. 
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The  Construction  of  the  Texas  &  Okla- 
homa Railroad. 

By  Bobert  F.  Powell,  C.   K. 


The  Texas  A  Oklaltpma  Railroad,  technically 
known  as  the  Texas  Di\-ision  of  the  Missouri. 
Kansas  A  Oklahoma  Railroad,  is  a  proprietary 
line  of  the  Missouri,  Kansas  &  Texas  System 
comprising  about  118  miles  of  main  line  and' 
12  miles  of  siding,  extending  from  Oklahoma 
City,  Okla,  Ter.,  via  Shawnee,  to  Coalgate.  Ind. 
It  is  a  connecting  link  between  the  recent  ex- 
tension work  of  this  system  in  Oklahoma  Terri- 
tory and  its  coal  fields  in  the  region  of  Coal- 
gate,  and  when  completed  it  will  be  operated 
by  and  form  a  part  of  the  Missouri.  Kansas  & 
Texas  System.  Most  of  the  country  traversed 
by  this  road  is  agricultural  and  has  unlimited 
possibilities,  though  a  small  part  of  it  is  timber 
and  grazing  land.  That  portion  of  the  road 
lying  in  the  Indian  Territory  comprises  both 
allotted  and  unallotted  lands,  and  the  difficul- 
ties In  procuring  right-of-way  along  this  line 
from  the  migratory  Indian  allottees  have  no 
doubt  caused  the  company's  right-of-way  agents 
many  premature  gray  hairs. 

A  thorough  reconnoisance  was  made  by  the 
chief  engineer,  Mr.  F.  W.  Fratt,  who  has  had 
charge  of  the  Missouri,  Kansas  &  Texas  construc- 
tion work  for  many  years,  and  locating  parties 
were  put  into  the  field,  the  survey  beginning 
at  the  Coalgate  end  of  the  line.  From  Coalgate 
to  Shawnee,  the  line  runs  a  little  west  of  north, 
while  the  drainage  is  short  and  all  toward  the 
east,  which  necessarily  makes  a  satisfactory 
and  economical  line  rather  difficult  to  find 
with  the  grade  used,  which  was  1  per  cent, 
south-bound  and  0.7  per  cent  north-bound,  there 
being  many  summits  to  cross  and  the  divides 
are  high.  For  the  first  30  miles  out  of  Coal- 
gate a  line  was  secured  of  remarkably  long 
tangents  for  that  country,  easy  grades  and  a 
small  percentage  of  curvature,  there  being  no 
curve  sharper  than  3  degrees.  But  this  neces- 
sitated five  steel  bridges,  four  60-foot  deck 
plate  girders  and  three  100-foot  deck  spans  over 
the  North  Fork  of  Clear  Boggy  Creek,  having 
800  feet  of  trestle  approach,  and  a  height  of 
67  feet  from  ground  to  grade  line.  A  special 
design  of  trestle  was  made  for  this  long  bridge 
in  the  office  of  Mr.  Fratt.  and  as  will  be  seen 
from  the  accompanying  plant  it  has  two  cardi- 
nal points  to  commend  it.  "economy  in  its  first 
cost,"  and  "economy  In  maintenance,"  it  being 
a  simple  matter  to  replace  any  timber  in  the 
structure. 

From  this  point  to  Shawnee  the  location  of  a 
satisfactory  line  became  even  more  difficult; 
the  summits  being  more  numerous,  the  divides 
higher  and  the  drainage  shorter.  The  first  line 
adopted,  while  in  some  respects  satisfactory, 
was  entirely  too  expensive,  which  necessitated 
either  a  new  location  or  the  abandonment  of 
the  project;  so  another  line  was  run  which  re- 
duced the  cost  of  construction  but  at  the.  ex- 
pense of  alignment  and  grade.  Rock  being 
found  along  most  of  this  portion  of  the  line  at 
a  depth  of  2  to  5  feet,  the  problem  was  to  keep 
out  of  classified  material  as  much  as  possible, 
and  at  the  same  time  avoid  broken  and  choppy 
grades,  equalizing  cuts  and  fills  being  no  ob- 
ject on  account  of  two-way  specifications.  The 
South  Canadian  River,  45  miles  from  Coalgate, 
is  bridged  with  three  175-foot  pin  spans  on 
three  concrete  piers  sunk  by  pneumatic  pro- 
cess, and  one  concrete  abutment  on  the  north 
side.  Between  this  crossing  and  the  two  cross- 
ings of  the  North  Canadian  River  at  Shawnee, 
the  line  crosses  two  streams  having  a  very 
large  drainage  area  with  practically  no  well  de- 
fined channel,  and  In  times  of  high  water,  over- 
flowing their  bottoms  8  or  9  feet;  the  bottoms 
are  never  less  than  three-quarters  of  a  mile  wide 


and  both  streams  require  a  water  way  of  from 
900  to  1.200  feet;  and  in  the  case  of  one  creek 
there  are  relief  openings  at  the  foot  of  the 
hills  on  each  side. 

From  Shawnee  to  Oklahoma  City  the  line  was 
run  almost  due  west,  crossing  the  Eastern  OKla- 
homa  Railroad  just  out  of  Shawnee  on  a  3U-foot 
shallow  plate  girder.^  Only  one  summit  of  spe- 
cial height  was  encountered,  at  Deer  Creek,  but 
that  one  is  the  highest  on  the  line,  being  about 
600  feet  above  the  elevation  of  grade  at  the 
South  Canadian  River.  This  part  of  the  line 
is  agricultural,  fruit  and  truck  country,  and 
in  season  furnishes  considerable  traffic. 

Our  preliminary  party  consisted  of  the  usual 
force  with  the  addition  of  a  topographer,  assist- 
ant and  draftsman,  and  the  rate  of  progress  was 
from  4%  to  5  miles  per  day.  Topography  was 
taken  with  5-foot  contours  sketched  in  a  book 
and  afterwards  platted  on  a  4-foot  scale  map. 
With  the  aid  of  this  map  and  the  preliminary 
profile,  the  located  line  could  be  laid  very  close- 
ly and  the  necessary  notes  taken  to  run  it  in 
on  the  ground,  but  deviation  from  these  notes 
was  made  wherever  the  nature  of  the  ground 
justified  such  change  in  order  to  get  the  best 
results. 

On  construction,  the  engineering  force  con- 
sisted of  a  chief  engineer,  two  division  and  ten 
resident  engineers  with  the  usual  duties  of  such 


for  empty  and  the  other  for  loaded  cars.  Ten 
trains  of  about  seven  cars  each  are  used,  each 
train  pulled  by  two  mules,  and  each  car  con- 
taining about  2  cubic  yards  of  material.  The 
contractors  have  been  able  to  handle  on  an 
average  of  about  700  cubic  yards  per  day.  some 
twenty-three  or  twenty-four  teams  in  addition 
to  those  used  for  hauling  the  trains  being  neces- 
sary to  do  the  work. 

There  are  one  hundred  and  sixty-flve  bridges 
on  the  entire  line,  comprising  about  four  miles. 
In  design  the  Missouri,  Kansas  &  Texas  stand- 
ard plan  of  pile  and  frame  trestle  was  adopted 
except  at  one  crossing  where  a  special  design 
was  made  which  would  better  meet  the  existing 
conditions.  This  standard  plan  calls  for  a  pile 
bridge  under  a  height  of  24  feet,  over  that 
height  either  a  combination  pile  and  frame  or  a 
frame  trestle  is  required.  Bridging  has  been 
attended  with  considerable  difficulty;  all  of  the 
timber  came  from  Texas  and  Louisiana,  and  all 
the  piling  came  from  Arkansas,  with  the  excep- 
tion of  a  few  sticks  used  in  falsework.  It  was 
particularly  difficult  to  get  piling;  in  the  first 
place  it  was  hard  to  find,  then  cars  could  not  be 
obtained  to  haul  it,  and  even  after  it  was  finally 
loaded  for  shipment  it  was  often  diverted.  It 
was  necessary  for  the  Missouri,  Kansas  &  Texas 
Railroad  to  furnish  cars  in  this  service  for  traf- 
fic which  would  never  touch  Its  line.    After  the 


Map  of  the  Texas  &  Oklahoma  Railroad. 


Layout  of  Oklahoma  Terminal  Yard. 


positions.  The  contract  for  earth  work  for  grad- 
ing and  bridging  on  the  entire  line  was  let  to 
the  McArthur  Brothers  Company,  and  there  has 
been  no  friction  between  the  engineers  and 
contractors. 

The  earthwork  has  averaged  about  38,000 
cubic  yards  per  mile,  and  the  weekly  force  em- 
ployed on  the  Work,  except  on  some  special  ex- 
cavation in  the  city  of  Shawnee,  was  about  1,- 
425  men  and  958  teams.  The  free-haul  limit 
was  600  feet  and  within  this  limit  there  has 
been  considerable  dirt  moved,  but  there  has  not 
been  much  overhaul,  so  the  scraper  plant  has 
consisted  almost  entirely  of  wheel  scrapers  and 
slips.  Below  an  average  cut  of  3  or  4  feet  on 
about  half  the  line,  the  material  was  classified, 
about  two-thirds  of  the  classification  being  solid 
rock. 

One  of  the  most  Interesting  features  of  the 
work  is  the  long  cut  within  the  city  limits  of 
Shawnee.  It  Is  necessary  to  haul  the  material 
from  this  cut  about  2  miles  east  into  an  em- 
bankment at  that  point,  there  being  no  nearer 
place  to  waste  the  material  and  no  place  west  In 
which  It  could  be  wasted.  This  is  a  cut  about 
one  mile  long  and  contains  about  140,000  cubic 
yards,  the  lower  half  of  which  is  classified  ma- 
terial. This  material  is  handled  on  a  double 
tramway  of  63-pound  rails,  about  two  miles 
long.  In  cars  pulled  by  teams;  one  track  Is  used 


timber  and  piling  reached  Its  destination  it  had 
to  be  hauled  by  wagon  over  very  rough  roads, 
in  some  cases  for  a  distance  of  16  or  17  miles, 
to  get  it  on  the  work  for  which  it  was  intended, 
the  bridging  all  being  done  ahead  of  track.  The 
company  did  not  have  an  inspector  at  the  mills, 
preferring  to  hold  the  contractors  responsible 
for  the  quality  of  piling  furnished,  and  it  not  in- 
frequently happened  that  entire  shipments 
were  rejected  at  the  receiving  point. 

With  a  few  exceptions  box  culverts  were 
used,  being  constructed  in  accordance  with  the 
accompanying  plan,  and  where  possible,  pref- 
erence was  given  to  hewed  native  timber. 

The  water  supply  will  be  drawn  from  reser- 
voirs and  wells,  preference  being  given  to  reser- 
voirs where  possible  to  obtain  them.  Two  excel- 
lent basins  have  been  built,  one  at  Rock  Creek, 
21  miles  from  Coalgate,  having  a  drainage  area 
of  3,600  acres,  a  reservoir  area  of  24.6  acres, 
and  a  capacity  of  35,107.000  gallons.  The  other 
one  is  near  Maud,  64  miles  from  Coalgate  and 
has  a  drainage  area  of  400  acres  in  addition  to 
being  spring  fed;  a  reservoir  area  of  20  acres 
and  a  capacity  of  80.000,000  gallons.  When 
necessary  to  use  wells,  the  Cook  patent  well 
points  have  been  installed,  so  far  with  satisfac- 
tory results. 

The  company  is  laying  its  own  track  with  63 
and  66-pound  steel.      The    labor    employed    Is 
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principally  American  and  Mexican  with  excel- 
lent commissary  and  sleeping  provisions.  In 
the  beginning  an  effort  was  made  to  use  negro 
labor  wholly,  but  it  was  found  unsatisiactory, 
as  in  this  country  a  negro  does  not  want  to 
work  as  long  as  he  has  enough  money  to  rat- 
tle, it  matters  not  how  little.  So  only  a  tew  of 
the  most  energetic  ones  have  been  retained, 
living  in  tents  and  drawing  their  supplies  from 
the  commissary,  while  the  American  and  Mexi- 
can labor  use  dining  and  bunk  cars.  The  Rob. 
erts  track-laying  machine  is  used,  and  about 
two  miles  of  track  is  laid  per  day. 

Most  of   the   ties   used  are  of  hewed  native 
timber,  only  about  one-twelfth  of  the  amount 
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from  the  accompanying  plan,  the  roundhouse 
will  accommodate  ten  engines,  and  the  coal 
chute  is  fitted  with  six  pockets  on  each  side, 
the  cars  being  hauled  up  the  incline  by  a  gaso- 
line engine. 

The  cinder  pit  is  70  feet  in  length,  of  rubble 
concrete  construction,  has  a  retaining  wall  300 
feet  in  length  and  10  feet  in  height.  Paving  of 
the  pit  is  of  vitrified  brick  set 
on  edge  and  bedded  in  sand,  with  which 
the  back  fill  is  made.  The  rail  is  sup- 
ported on  east-iron  pedestals  resting  on  con- 
crete piers  and  carrying  inverted  rail  to 
which  the  track  rail  is  bolted.  It  has  been 
found  necessary,  owing  to  the   wide  over-flow 
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the  reason  given  for  its  failure  being  that  the 
screen  was  in  a  pocket,  so  another  well  has 
been  sunk  and  it  is  believed  that  the  quantity 
of  water  It  furnishes  will  fully  meet  the  de- 
mand. Well  water  obtained  at  this  point  Is 
very  well  suited  for  engine  purposes. 

One  of  the  most  vexatious  problems  which 
the  construction  of  this  road  has  presented  has 
been  in  the  matter  of  heavy  classified  cuts. 
Nearly  all  of  the  rock  we  have  encountered  In 
this  country  is  badly  decomposed  and  under- 
laid with  clay,  and  it  is  necessary  to  shoot 
down  the  sides  of  cuts,  as  they  will  not  stand 
at  a  slope  of  %  to  1.  The  town  of  Ada  is  on 
the  top  of  a  summit,  and  just  south  of  the  town 
on  the  slope  of  this  summit  a  ridge  about  1,000 
feet  wide  and  some  25  feet  high  rises  almost 
perpendicular,  through  which  it  was  necessary 
to  cut  in  order  to  reach  Ada.  This  ridge 
seemed  to  be  a  mass  of  earth  and  clay,  under- 
laid with  soapstone,  and  as  fast  as  the  cut  was 
taken  out  this  earth  and  clay  moved  into  the 
cut  something  like  an  avalanche  at  the  rate  of 
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required  being  of  Texas  sawed  pine,  but  as 
these  ties  of  native  timber  are  only  obtainable 
south  of  the  Seminole  Nation,  in  the  Indian  Ter- 
ritory, It  necessitates  a  special  tie  train  to  keep 
the  front  properly  supplied,  which  materially 
adds  to  the  cost  of  ties. 

The  location  and  arrangement  of  the  Okla- 
homa terminal  yard  deserves  special  mention. 
It  was  designed  by  Chief  Engineer  Fratt,  and 
while  not  of  great  capacity,  it  yet  affords  am- 
ple room  and  its  arrangement  is  very  conven- 
ient; also  provision  has  been  made  for  increas- 
ing its  capacity  from  time  to  time  as  thi;  needs 
of  the  company  may  demand.    As  will  be  seen 


of  the  North  Canadian  River,  to  riprap  the  em- 
bankment, which  is  about  seven  feet  high,  be- 
tween the  two  crossings  of  this  river  just  west 
of  the  terminal  yard  for  a  distance  of  about  a 
half  mile. 

The  water  supply  for  the  Oklahoma  City  ter- 
minal yard  will  be  furnished  by  a  patent 
screened  well  which  is  guaranteed  to  supply 
not  less  than  100,000  gallons  daily  during  ten 
hours  of  continuous  pumping.  The  first  well 
sunk  did  not  fulfill  this  guarantee,  giving  only 
about  6,500  gallons.  The  material  removed 
from  this  well,  however,  gave  splendid  Indica- 
tions that  an  adequate  supply  was  obtainable. 


8  or  10  feet  per  day;  it  came  in  faster  than  the 
cut  could  be  taken  out  with  scrapers  and  teams, 
and  adding  to  this  difiiculty  a  heavy  rain  fell 
which  made  the  ground  so  wet  and  boggy  that 
teams  were  unable  to  work.  While  waiting  for 
the  ground  to  dry  out  suflJciently  to  resume 
team  work  a  force  of  shovelers  were  put  in 
to  keep  the  landslide  under  control  and  prevent 
it  entirely  filling  the  cut.  For  a  time  It  looked 
as  if  It  would  be  necessary  to  put  a  portable 
shovel  in  this  cut,  but  by  increasing  the  scraper 
plant  sufHcient  headway  was  made  to  remove 
this  troublesome  sliding  material  after  a  short 
time. 
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Works  of  the  Smith  Premier  Typewriter 
Company,  Syracuse. — L 

The  Smith  Premier  Typewriter  Company 
mored  in  January  into  a  new  plant  in  Syra- 
cnae.  N.  Y..  located  alew  hundred  feet  from  the 
old  establishment  which  it  had  outgrown.  Apart 
from  the  Interest  which  attaches  to  a  descrip- 
tion of  the  works  where  the  well-known  type^ 
writing  machine  of  that  company  is  produced, 
the  new  manufactory  stands  as  an  instructive 
example  of  modern  practice  in  factory  construc- 
tion, equipment  and  power  transmission.  Dur- 
ing the  past  year  the  machines  have  been  built 
at  the  rate  of  100  per  day.  but  the  factory  was 
crowded  to  the  utmost.  While  conditions  might 
have  been  bettered  by  the  erection  of  an  adja- 
cent and  connected  building,  the  best  conditions 
for  the  most  economical  manufacture  of  the 
product,  or  for  the  greatest  convenience  and 
highest  efflciency  of  the  working  force  were 
found  hardly  possible.  It  was  accordingly  de- 
cided to  establish  an  entirely  new  plant  and  in 
the  new  works  now  completed  the  output  can 
quickly  be  raised  to  150  machines  per  day  and 
yet  with  far  less  crowding  than  in  the  old  fac- 
tory, while  in  addition  much  has  been  done 
(or  the  promotion  of  the  health,  comfort  and 
safety  of  the  employes. 

The  new  works  occupy  a  site  bounded  by  Oif- 
ford  and  Dickerson  Streets,  extending  westward 
from  Onondaga  Creek.  They  consist  of  a  seven- 
story,  main  building,  the  factory  proper,  5SV2  by 


some  35,000  square  feet  of  heating  surface  in 
pipe  coils,  equipment  for  28  electric  motors  and 
2,670  electric  lights.  In  preparing  the  site  a 
concrete  retaining  wall  was  built  along  Onon- 
daga Creek,  22  feet  in  total  height,  with  the 
water  low  on  one  side  and  the  ground  level  at 
the  top  on  the  other  side.  The  wall  is  7  feet 
wide  at  the  bottom  and  2  feet  at  the  top,  with 
a  batter  on  the  fill  side  of  12  inches  in  10  feet 
and  on  the  water  side  of  18  inches  In  10  feet. 

The  features  of  interest  to  be  taken  up  in  the 
succeeding  account  comprise  the  construc- 
tion of  the  main  building,  the  equipment  of  the 
power  plant,  the  power  and  lighting  system 
which  is  an  alternating  three-phase  one,  with 
220-volt  incandescent  lamps  for  general  illum- 
ination and  220-volt  induction  motors  for  power, 
and  the  heating  system,  which  is  a  hot-water 
installation,  circulating  water  warmed  by  ex- 
haust steam  in  the  power-house.  The  heating 
system  is.  however,  quite  unusual,  as  the  gen- 
erating engine  is  operated  condensing  by  means 
of  a  jet  condenser  and  the  heaters  are  virtually 
surface  condensers  Interposed  between  engine 
and  jet  condenser. 

Main  Building. — The  factory  building  proper, 
as  stated,  is  of  mill  construction  having  timber 
columns  and  beams  and  brick  walls.  These 
are  set  off  with  pilasters  both  inside  and  out, 
every  8  feet,  or  at  every  line  of  transverse 
beams,  and  the  pilasters  are  noteworthy  from 
the  use  of  bull-nose  brick  at  the  outside  edges 
or  corners,  which  add  much  to  the  appearance 


On  the  rear  of  the  building,  about  50  feet 
from  each  end,  is  an  extension,  the  full  height 
of  the  structure,  in  which,  in  each  case,  is  an 
elevator  well,  a  stairway  and  a  lavatory  on  each 
floor.  This  arrangement  is,  of  course,  similar 
to  that  existing  In  lofty  mill  buildings  where 
it  is  desired  to  minimize  fire  risks  by  avoiding 
the  necessity  of  an  opening  between  floors;  and 
the  advantage  has  been  taken  of  locating  the 
toilets  in  them  where  abundant  light  and  natu- 
ral ventilation  is  possible.  The  use  of  elec- 
tricity for  power  has  further  made  it  unneces- 
sary to  leave  any  openings  on  this  account  be- 
tween stories.  The  elevator  well  at  each  story 
and  each  stairway  hall  is  guarded  by  a  tin- 
covered  door.  At  one  end  of  the  building  is  a 
third  elevator  and  stairway  hall,  this  elevator 
largely  for  shipping,  while  the  others  are  for 
carrying  parts  from  department  to  department 
in  the  process  of  manufacture;  this  extension  la 
similarly  cut  off  from  the  building  proper  by 
fire  doors.  A  sprinkler  system  has  been  in- 
stalled, in  both  the  office  building  and  in  the 
upper  story  of  the  power-house  as  well  as  in 
the  main  building,  and  this  having  city  connec- 
tion with  two  streets,  where  a  relatively  high 
pressure  is  obtainable,  did  not  require  an  ele- 
vated storage  tank  but  only  a  fire  pump,  which 
is  located  in  the  power-house.  The  sprinkler 
distributing  system  includes  a  main  along  one 
outside  wall  at  the  ceiling  of  every  story  with 
lateral  ceiling  branches  in  the  center  of  each 
section  between  the  transverse  beams. 


-PanifBax. 

Smith  Premier  Typewriter  Works:   Plan  of  the  Fourth  Floor,  Showing  the  Wiring  System. 


nearly  380  feet  In  plan,  a  detached,  fireproof 
power-house,  two  stories  in  height  and  96x102 
feet  in  plan,  and  a  detached,  frame  building,  two 
stories  and  an  attic  in  height  and  40x70  feet  in 
plan.  Though  the  main  building  is'  of  slow- 
burning  mill  construction,  the  outside  location 
of  the  power-house  and  the  fireproofing  of  the 
latter  were  determined  on  to  lessen  fire  risks. 
The  second  story  of  the  power  building  is  given 
op  to  the  japanning  department,  which  houses 
a  number  of  baking  ovens,  and  is  on  the  level 
with  the  second  story  of  the  main  building 
to  which  it  is  connected  by  a  fireproof  corridor- 
bridge  some  50  feet  long.  The  office  building 
is  also  connected  with  the  main  building  by  a 
bridge,  which  is  of  frame  under  the  protection 
of  Are  doors  and  a  sprinkler  system.  The  ac- 
companying photograph,  which  is  regarded  as 
a  rear  view  of  the  works,  shows  the  office  build- 
ing in  the  foreground,  the  main  building  at  the 
left,  the  power-bouse  at  the  right  and  the  con- 
necting bridges  from  both  the  power-house  and 
the  offlce. 

On  March  5  of  last  year,  ground  was  broken 
for  the  work,  three  months  later  the  roof  was 
placed  on  the  main  building  and  four  months 
Jater,  October  5.  the  boilers  were  flred.  On 
January  4  the  factory  was  opened  for  produc- 
tion, ten  months  after  the  actual  beginning  of 
the  work  of  construction.  This  record  is  of 
Interest  when  it  Is  stated  that  the  main  building 
contains  some   2,000,000  cubic   feet    of    space, 


of  the  building  besides  actually  giving  a  wider 
angle  of  vision  for  each  window,  or,  in  other 
words,  more  light.  The  building  has  two  long, 
longitudinal  rows  of  columns  between  outside 
walls,  spaced  on  the  8-foot  centers,  and  form- 
ing a  central  aisle  18  feet  8  Inches  wide  on 
centers  of  columns,  and  two  side  aisles 
each  17  feet  11  inches  wide  inside. 
The  columns  are  12x12  inches  through  the  first 
four  stories,  10x10  Inches  through  the  fifth  and 
sixth  stories  and  8x8  Inches  through  the  sev- 
enth. The  beams  are'  all  8x16  inches  in  cross- 
section.  The  outside  walls  are  2  feet  thick 
through  the  first  story,  16  Inches  through  the 
second  and  12  inches  thick  through  the  rest, 
except  at  pilasters,  where  the  thickness  is  in 
steps  from  ZV2  feet  to  16  Inches.  The  general 
height  of  the  stories  is  13  feet,  but  the  first  is 
12  feet  8  inches,  while  the  top  is  12  feet  plus 
the  space  under  a  saw-tooth  roof  which  has 
there  been  provided.  This  is  In  three  sections, 
corresponding  to  the  three  bays,  and  the  glazed 
portions,  facing  the  north  as  usual,  are  set  in 
window  frames  operated  by  the  Lovell  device, 
by  which  a  long  line  can  be  opened  or  closed 
simultaneously  from  a  single  controlling  sta- 
tion. The  rest  of  the  roof  is  covered  with  rub- 
beroid  and  the  building  walls  are  carried  in 
parapets  above  the  general  roof  level.  The 
floors  throughout  are  %-inch  maple  on  3-lnch 
pine  planking  and  the  beams  and  columns  are 
all  Georgia  pine. 


The  proportion  of  window  light  Is  large.  The 
windows  extend  from  3  feet  above  the  floor  to 
the  ceiling  and  roughly  there  is  about  1/5 
square  foot  of  glass  surface  per  square  foot  of 
floor  area,  or  5.4  square  feet  of  glass  area  per 
linear  foot  of  wall.  In  the  top  story,  this  pro- 
portion is,  of  course,  much  larger  owing  to  the 
use  of  the  saw  teeth.  The  effect  of  the  natural 
illumination  is  enhanced  by  the  painting,  which 
Is  white  on  the  brick  walls  and  ceiling,  a  cold- 
water  paint  on  the  upper  part  of  the  walls  and 
enamel  on  the  lower  where  they  are  likely  to 
become  soiled.  The  timber  columns  for  the 
lower  6  feet  are  a  dark  green. 

On  each  floor  toward  each  end  in  the  center 
aisle  is  a  group  of  double  cast-iron  sinks  for 
washing,  and  near  this  is  a  porcelain  drinking 
fountain,  this  of  the  sanitary  type  common  in 
public  parks,  where  the  water  bubbles  from  the 
top  of  the  drinking  orifice.  Temporarily,  the 
water  is  allowed  to  flow  constantly  from  the 
fountain,  but  a  spring  valve  may  be  Inserted 
so  that  water  is  only  delivered  when  wanted,  or 
the  water  may  be  piped  from  the  fountains  and 
collected  for  the  various  uses  to  which  it  can  be 
put.  as  for  flushing. 

Factory  Equipment. — It  will  not  be  possible 
in  this  connection  to  describe  the  processes  of 
manufacture,  which  requires  a  considerable 
number  of  special  machines  for  turning  out  in 
quantity  the  many  small  parts  that  go  to  make 
up  a  flnished   typewriting  machine.     Generally 
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speaking  the  course  of  the  material  through  the 
building  is  upward  from  floor  to  floor,  the  sev- 
enth floor  finding  the  machines  completed,  but 
requiring  testing  for  operation,  correct  align- 
ment, etc.,  this  department  employing  a  sur- 
prisingly large  force  of  men.  On  the  first  floor 
there  is  a  group  of  Bradley  cushion  hammers 
for  upsetting,   bending  and  forming  the  small 


the  turnbuckle  machine,  a  rack  machine  for  the 
racks  for  the  escapement  mechanism  on  the 
typewriters,  the  type-making  machine  and  a 
group  of  so-called  exercisers,  which  are  auto- 
matic affairs  in  which  the  nest  of  the  type 
bars  and  rods,  as  they  are  mounted  in  a  type- 
writer, are  subjected  to  the  action  of  actual  use. 
Each  type-bar  linkage  is  actuated  1,600  times. 


Smith  Premier  Typewriter  Works,  Syracuse,  New  York. 


pared  type-die,  cutting  it  and  forming  the 
shoulder  for  its  emplacement  in  the  type  bar 
and  blowing  off  oil  and  cuttings  by  compressed 
air  after  the  die  impression  has  been  made. 
To  secure  the  impression  the  die  has  to  be 
given  a  kneeding  action  against  the  piece  ot 
iron.    The  type  pieces  are  afterward  tempered. 

The  works  are  operated  on  the  day,  piece 
work  and  contract  system,  the  latter  applying 
largely  to  assembling  work.  A  given  contractor 
has  to  do  with  a  certain  part  only  of  the  as- 
sembling, and,  of  course,  hires  his  own  men  and 
within  limits  employs  his  own  methods  for 
turning  out  his  contract.  This  system  has  proved 
quite  satisfactory.  A  system  of  tags  has  been 
developed  by  which  a  check  is  kept  on  the  out- 
put. One  tag,  having  a  serial  number,  is  given 
to  each  machine  as  soon  as  it  begins  to  assume 
a  distinct  character.  This  tag  carries  a  number 
of  small  pieces  of  cardboard  which  can  be  de- 
tached. Each  of  these  is  numbered  to  corre- 
spond with  a  definite  operation  in  the  process 
of  assemblage,  some  for  piece  work  and  some 
for  contract,  and  normally  lie  folded  against 
the  tag  so  that  before  removal  from  the  tag,  a 
punch  perforation  through  any  one  of  them  by 
an  inspector  goes  through  the  tag  as  well.  A 
contractor  or  piece  worker  gets  paid,  of  course, 
according  to  the  number  of  the  detached  pieces 
he  turns  in. 

Power  Plant. — The  power  plant,  occupying, 
as  stated,  the  lower  part  of  the  detached  fire- 
proof power-house  building,  presents  an  unusu- 
al arrangement  of  rooms.  The  boilers,  three 
in  number,  are  grouped  at  one  end  of  the  boiler 
room,  two  in  one  battery  and  the'  third  single, 
and  the  firing  space  is  continued  the  full  width 
of  the  building  across  the  coal  storage.  Be- 
tween the  latter  and  the  boilers  is  a  pump 
room,  walled  off  in  brick,  and  both  this  and  the 
coal  store  are  in  communication  with  the  boiler 


bars  and  rods  in  the  machine,  the  table  under 
each  hammer  having  a  special  die  or  form  for 
the  work  in  hand.  Small  individual  gas-fired 
furnaces,  supplied  by  the  American  Gas  Fur- 
nace Company,  of  Elizabeth,  tor  working  under 
an  air  blast,  are  used  in  this  work.  There  is 
also  on  this  floor  a  series  of  electroplating 
baths  for  nickeling  various  parts  and  a  long  line 
of  polishing  and  grinding  wheels,  these  equipped 
with  exhaust  hoods  connected  to  an  exhaust 
system  of  ducts  which  are  led  to  a  so-called 
dust  house  outside  the  building.  This  is  a 
small  brick  structure  in  which  is  mounted  a 
Sturtevant  centrifugal  exhauster  driven  from 
an  induction  motor  by  means  of  a  Morse  chain 
operating  at  a  high  linear  speed. 

On  the  second  floor  is  the  tool-making  depart- 
ment which  is  an  extensive  equipment  of  ma- 
chine tools  with  lathes,  milling  machines  and 
the  like  largely  for  manufacturing  dies  for  the 
special  machinery.  This  apparatus  is  located 
mostly  on  the  third  floor,  including  automatic 
screw  machines,  for  making  the  various  lengths 
ot  threaded  bars,  and  stamping  machinery, 
under  which  head  comes  an  ingenious  machine, 
for  making  the  small  turnbuckles  by  which  the 
type  bar  mechanisms  are  connected  to  the  key 
bars.  The  fourth  floor  is  devoted  to  finishing 
the  castings  for  assembling,  including  filing, 
but  the  most  Interesting  department  here  is  the 
type  making.  The  assembling  is  practically  all 
done  on  the  fifth  fioor,  and  the  sixth  is  given 
up  to  shipping,  to  a  department  for  the  repair 
of  typewriters  sent  to  the  works  for  that  pur- 
pose, to  store  rooms  for  typewriter  supplies  and 
to  a  carpenter  shop.  Reference  has  already 
been  made  to  the  occupation  of  the  seventh 
floor. 

Most  of  the  machines,  both  standard  and  spe- 
cial, were  built  outside  of  the  works,  but  some 
were  designed  by  the  company.  These  include 


Third  Floor  of  the  Smith  Premier  Works. 


in  very  rapid  succession,  and  each  linkage  is 
taken  up  in  turn  automatically,  the  exerciser 
serving  to  put  the  joints  in  desirable  working 
order  and  to  wear  off  burrs  that  might  remain 
In  the  process  of  manufacture.  The  type-mak- 
ing machines  are  also  automatic,  receiving 
Norway  iron  1/10.  inch  in  diameter,  heading  it 
preparatory   to    forcing  it   against   a   hand-pre- 


room  through  large  arched  openings.  The  en- 
gine room,  about  46x50  feet  in  size.  Is  situated 
diagonally  across  the  building  from  the  boilers, 
while  immediately  back  of  the  boilers  is  a  room, 
with  a  separate  outside  entrance  which  is  not 
given  up  to  the  power  equipment.  The  engine 
room  is  distinctly  apart  from  the  boiler  room 
while   easily   accessible,  and   the   pumps  have 
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b«en  aSortied  protection  from  the  boiler  room. 
The  coal  store  is  about  32x30  feet  in  plan. 

The  boilers  are  of  the  B&bcock  &  Wilcox 
water-tube  construction,  each  having  72  4-inch 
tubes  18  feet  long,  8  tubes  wide  and '  9  tubes 
high,  and  one  42-inch  flowed-stee]  drum.  They 
were  built  to  carry  SOU  pounds  pressure  and 
a  working  pressure  of  160  to  170  is  maintained. 
They  are  hand  fired  with  pea  coal  held  in  a 
1-ton.  open-sided.  Hunt,  coal  car  run  on  narrow- . 
gauge  tracking  extending  across  the  entrances 
to  the  coal  pocket  and  over  a  weighing  scale. 
The  products  of  combustion  are  carried  otT  by 
natural  draft  through  a  brick  chimney-  165 
feet  high  and  6  feet  in  inside  diameter.  The 
peculiarity  of  this  Is  the  use  of  an  inner  shell 
of  firebrick  rising  independently  for  100  feet. 
The  floors  of  the  boiler  and  accessory  rooms 
are  paved  with  brick  blocks.  Extra  strong  pip- 
ing is  employed  for  the  steam  mains  with  Rain- 
bow gaskets  at  Joints.  Elach  boiler  feeds  into 
the  side  of  the  steam  header,  with  the  usual 
pipe  bend,  and  in  this  there  are  two  valves,  but 
none  in  the  header.  The  latter  before  pass- 
ing through  the  wall  into  the  boiler  room,  is 
provided  with  a  pocket  to  catch  .condensation, 
which  is  drained  by  means  of  a  trap  into  the 
feed-water  heater.  This  is  of  the  Webster 
open  type,  located  in  the  pump  room.  In  this 
room  are  also  a  18x10x1 2-inch  1.000-gallon  feed 
pump  and  two  7M;x5x6-inch  Deane  feed  pumps. 


The  Grand  Central  Depot  Yard  Improve- 
ments, New  York. 

The  four  tracks  of  the  New  York  Central  & 
Hudson  River  Railroad  and  the  New  York, 
New  Haven  &  Hartford  Railroad  enter  the 
Grand  Central  Depot  at  Forty-second  Street 
from  a  tunnel  extending  north  under  Park 
Avenue.  They  emerge  from  the  tunnel  at  Fifty- 
sixth  Street  and  from  Fifty-sixth  to  Fiftieth 
Streets  are  run  at  a  rising  grade  between  heavy 
masonry  retaining  walls  through  a  out  on  the 
center  line  of  Park  Avenue.  The  intersecting 
cross  streets  are  carried  over  the  railroad 
tracks  by  steel  foot-bridges.  At  Forty-ninth 
Street  the  tracks  emerge  at  grade  into  the  yard, 
which  has  a  maximum  width  of  three  blocks, 
or  about  950  feet,  and  contains-turntables,  stor- 
age, repair  shops,  express  and  freight  houses, 
sheds,  switch  tower  and  other  structures.  At 
Forty-flfth  Street  the  yards  join  the  train  shed, 
which,  with  the  station  building,  occupies  a  full 
block  in  width  and  extends  to  Forty-seoond 
Street.  The  terminal  thus  covers  an  area  from 
375  to  950  feet  wide  and  about  1,800  feet  long 
between  Madison  and  Lexington  Avenues  and 
Forty-second  and  Forty-ninth  streets.  Nine- 
teen tracks  enter  the  train  shed  at  grade  and 
extend  a  little  beyond  Forty-third  Street.  Out- 
side the  train  shed  there  are  fifty-three  longitud- 
inal    tracks    between     Forty-fifth     and     Forty- 


and  from  Fiftieth  Street  it  will  be  extended  to 
the  depot  at  Forty-flfth  Street  by  a  plate  girder 
viaduct  100  feet  wide.  From  Fiftieth  to  Forty- 
flfth  streets  the  cross  streets  will  be  carried 
across  the  yards  on  steel  plate  girder  viaducts 
having  solid  floors.  The  deck  carrying  the 
yard  tracks  over  the  subway  and  the  roof  over 
the  yards  and  the  platform  carrying  Park 
Avenue  over  the  tracks  will  be  built  of  steel 
and  concrete,  of  massive  construction,  and  the 
result  will  be  to  abolish  all  surface  tracks  and 
restore  the  lower  end  of  Park  Avenue  to  the 
full  width,  besides  affording  a  two-story  system 
of  express  and  local  lines  into  the  main  depot 
and   sub-station. 

The  steel  structures  consist  of  one  and  two- 
story  platforms  made  with  riveted  columns  and 
longitudinal  and  transverse  plate-girders  hav- 
ing web-connected  ends  and  solid  web  Unee- 
braces.  Over  the  subway  tracks  the  columns 
support  longitudinal  girders  5  feet  deep,  which 
carry  on  their  upper  flanges  transverse  girders 
for  the  solid  floor  of  the  yard  tracks.  The  sec- 
ond tier  of  columns  here  carries  a  correspond- 
ing floor  for  the  Park  Avenue  extension  with  a 
30-foot  roadway  and  two  10-foot  cantilever  side- 
walks. The  street  floor  is  made  with  longitud- 
inal steel  troughs,  and  a  lower  system  of 
troughs  is  secured  to  the  under  flanges  of  the 
transverse  beams  above  the  clearance  for  the 
yard   tracks.     Where   the   tracks  emerge   from 


Present  Approach  to  Grand  Central  Depot,  Park  Avenue  Roadways  Each  Side;  Present  Tracks  and  Foot-Bridge  in  Yard. 


In  the  engine  room  is  located  a  horizontal, 
cross-compound,  condensing,  direct-connected 
steam  engine  and  generator,  with  space  for  a 
second  unit,  the  switchboard  and  electrical  ap- 
paratus and  the  condenser  and  hot-water  heat- 
ing equipment.  The  engine-room  floor  is  some- 
what higher  than  the  general  floor  level,  al- 
lowing the  exhaust  connections  to  be  made  read- 
ily under  it.  The  engine,  which  was  built  by 
the  Ball  Engine  Company,  of  Erie,  Pa.,  has  15 
and  25-Inch  cylinders  with  18-inch  stroke  and 
runs  at  200  revolutions  per  minute.  The  gen- 
erator is  a  General  Electric,  240-volt,  alter- 
nating-current machine  giving  three-phase  cur- 
rent at  60  cycles  per  second.  The  steam  main 
overhead  delivers  to  the  high-pressure  cylinder 
through  a  vertical   Direct  seperator. 

The  condensing  equipment  is,  as  stated,  un- 
usually interesting,  owing  to  the  utilization  of 
the  heat  of  the  exhaust  steam,  though  handled 
at  a  vacuum,  for  heating  water  for  warming  the 
entire  establishment.  As  will  be  explained  the 
exhaust  steam  is  passed  through  two  tubular 
beaters  for  this  purpose,  and  the  steam  that 
is  not  turned  into  water  in  these  is  later  con- 
densed in  a  Jet  condenser. 

(To  be  continued.) 


seventh  streets.  Besides  these  there  are  many 
curved  tracks,  cross-overs  and  transverse  spurs 
and  radial  tracks  to  the  turntables  and  to  the 
express  houses  and  milk  platforms,  altogether 
making  a  very  elaborate  system  of  surface 
tracks. 

The  terminal  improvement  is  designed  to  de- 
press all  these  tracks  below  the  street  level, 
and  to  carry  eight  lines  in  a  subway  from  Fifty- 
second  Street  through  a  sub-station  to  Forty- 
second  Street.  By  this  plan  the  yard  will  be 
entirely  re-arranged  and  considerably  enlarged, 
and  its  whole  area  will  be  at  a  uniform  level 
about  20  feet  below  the  adjacent  streets.  The 
yard  will  be  extended  to  occupy  nearly  all  of 
the  950x1, 250-foot  rectangular  area  between  Lex- 
ington and  Madison  avenues  and  and  Forty-flfth 
and  Fiftieth  streets.  Between  Fiftieth  and 
Fifty-seventh  streets  ten  tracks  will  eventu- 
ally occupy  the  full  140-foot  width  of  Park 
Avenue  and  between  Forty-flfth  and  Forty- 
third  streets  twenty  tracks  will  accupy  the  full 
width  of  nearly  400  feet  of  the  train  shed. 
These  areas  will  be  entirely  enclosed  by  re- 
taining walls,  and  Park  Avenue  will  be  con- 
tinued at  present  grade  full  width  over  the 
tracks   from  Fifty-seventh   to  Fiftieth   streets. 


the  tunnel  at  Fifty-seventh  Street  their  expan- 
sion covers  the  ground  area  with  so  many  in- 
tersecting lines  that  it  is  impracticable  to  sup- 
port the  platform  overhead  on  columns  and  it 
is  carried  on  a  pair  of  lattice-girder  trusses  150 
feet  long  and  26 1/.  feet  apart  on  centers.  These 
trusses  project  above  the  surface  of  the  street 
and  carry  on  their  lower  chords  transverse  24- 
inch  I-beams  which  support  the  pa-vement.  The 
trusses  are  enclosed  in  solid  masses  of  con- 
crete with  moulded  surfaces  and  ornamental 
flnish  which  form  parapet  walls  for  the  street. 
Forty-sixth,  Forty-seventh,  Forty-eighth  and 
Forty-ninth  streets  are  carried  across  the  yards 
on  bridges  which  have  heavy  transverse  plate- 
girders  supported  on  two-column  bents  and 
carry  ten  lines  of  longitudinal  plate-girders  on 
their  upper  flanges.  These  have  30-foot  paved 
roadways  and  two  10-foot  cantilever  sidewalks 
carried  by  very  deep  solid  web  knee-brace 
brackets.  The  columns  are  protected  by  solid 
walls  of  concrete  about  5  feet  high,  which  en- 
close their  bases  and  are  about  40  feet  long  so 
as  to  project  several  feet  beyond  each  column 
and  serve  as  buffers  in  case  of  derailment.  The 
bridges  from  Fiftieth  to  Fifty-sixth  Street,  in- 
clusive, are  similar,  except  that  the  transverse 
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girders  are  supported  on  four  columns  and  are 
much  shallower,  and  the  roadway  and  sidewalk 
are  carried  by  fifteen  lines  of  longitudinal 
stringers.  The  two  columns  on  each  side  of  the 
center  line  have  their  bases  protected  by  con- 
crete walls,  but  these  walls  are  built  in  two 
parts  with  an  open  space  between  them  under 
the  center  of  the  bridge.  Gas  and  water  pipes 
are  carried  under  the  roadway  pavement  be- 
tween the  longitudinal  girders,  on  slabs  of  re-' 
inforced  concrete  supported  on  the  lower  flanges 
of  the  girders.  Electric  mains  are  carried 
across  Park  Avenue  at  Fifty-fourth  Street  in 
3%-inch  iron  pipes  bedded  in  a  solid  mass  of 


The  first  operation  was  to  remove  the  old 
structures  in  a  part  of  the  yard  and  on  adja- 
cent property  acquired  by  the  railroad  com- 
pany for  its  extension.  This  involved  the  raz- 
ing of  about  150  buildings,  including  a  church, 
hospital,  orphan  asylum,  express  buildings, 
store  houses  and  numerous  dwelling  houses 
most  of  them  substantial  brick  buildings  of  two 
to  six  stories  in  height.  These  were  principal- 
ly located  in  the  extension  of  the  yard  towards 
Lexington  Avenue.  Operations  were  com- 
menced in  August,  1903,  and  the  walls,  roofs 
and  fioors  were  demolished  in  the  usual  way 
and   such   materials   as   were   deemed   valuable 
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concrete  33  inches  wide  and  27  inches  high  in  a 
trench  just  below  the  subway  tracks. 

The  subway  is  built  chiefly  in  rock  excava- 
tion and  is  lined  with  concrete  on  the  bottom 
and  sides.  This  concrete  is  built  in  two  layers 
with  waterproofing  between  them.  The  water- 
proofing is  composed  of  several  thicknesses  of 
felt  or  burlap  alternating  with  layers  of  coal 
tar  pitch  or  asphalt.  The  steel  track  fioor 
is  covered  with  concrete  deep  enough  to  cover 
the  inequalities  due  to  rivet  heads,  and  water- 
proofing, like  that  in  the  subway,  is  laid  be- 
tween the  top  of  the  concrete  and  the  track 
ballast.  Many  different  kinds  of  waterproofing 
are  specified  from  which  a  few  will  be  selected 
for  use  under  different  conditions.     ' 

In  order  to  execute  the  work  without  inter- 
fering with  the  continuous  traffic  of  the  termin- 
al, the  yard  is  divided  into  three  longitudinal 
portions  in  which  the  old  structures  are  to  be 
successively  replaced  by  the  new  so  that  enough 
tracks  will  always  remain  undisturbed  to  ac- 
commodate the  trains  without  serious  incon- 
venience. The  first  section  consists  of  the  new 
area  between  the  present  tracks  and  Lexington 
Avenue  and  between  Forty-fifth  and  Fiftieth 
streets.  When  this  section  is  completed  and 
the  new  tracks  laid,  a  temporary  station  will  be 
erected  there  and  the  eastern  or  adjacent  half 
of  the  present  tracks  will  be  abandoned,  thus 
clearing  section  2,  where  the  work  will  be  car- 
ried on  without  interfering  with  train  service. 
When  section  2  is  completed  and  the  new  tracks 
laid  there,  the  remainder  of  the  old  tracks  will 
be  abandoned  and  section  3.  extending  to  Mad- 
ison Avenue,  can  in  like  manner  be  graded  and 
built  without  interference  with  the  traffic.  By 
this  system  the  entire  work  will  be  carried  on 
rapidly  without  at  any  time  being  materially 
hindered  by  the  great  traflfic  of  the  railroads. 


Forty-ninth  and  Fifty-sixth  streets  has  been 
closed  and  the  west  retaining  wall  of  the  cut 
removed;  the  excavation  to  sub-grade  of  exist- 
ing tracks  is  being  widened  to  the  build- 
ing line,  so  that  two  new  tracks  can  be 
laid  and  permit  the  eastern  to  carry 
the  railroad  traffic  and  allow  the  east- 
ern section  to  be  relinquished  wholly  for  the 
removal  of  the  spoil  cars  and  other  require- 
ments of  the  contractor.  Steam  shovels  are 
being  used  in  this  excavation  on  Park  Avenue 
and  considerable  rock  is  encountered,  which  is 
drilled  and  blasted  in  several  places  simultan- 
eously. After  the  west  side  of  the  cut  Is  wid- 
ened, the  same  operation  will  be  carried  out  for 
the  east  side,  but  to  the  grade  of  the  permanent 
new  tracks.  The  present  excavation  in  this  cut 
on  the  westerly  side  is  through  rock  which  re- 
quired very  little  retaining,  and  a  trench  is  be- 
ing carried  down  to  final  sub-grade  so  as  to 
build  in  it  the  face  wall  for  the  side  of  the  sub- 
way and  to  permit  the  construction  In  its  thick- 
ness of  one  of  the  new  sewers,  which  It  is 
necessary  to  complete  before  the  subway  on 
the  eastern  side  can  be  begun. 

In  this  manner  the  excavation  and  re-con- 
struction will  be  executed  by  ordinary  methods 
and  plant  without  involving  unusual  opera- 
tions, but  will  necessitate  extreme  care  and  able 
management  to  perform  it  under  the  difficult 
conditions  and  the  many  restrictions  imposed 
by  the  requirements  of  the  high-grade  residence 
locality  and  the  great  traffic  on  the  congested 
tracks.  These  changes  require  some  corre- 
sponding alterations  in  the  systems  of  gas  and 
water  mains  and  conduits.  The  principal  ones 
are  the  construction  of  new  sewers  and  the 
moving  of  large  pipes.  The  large  sewers  are 
egg-shaped  brick  conduits  about  2  feet  8  inches 
by  4  feet  6  inches  and  are  being  built  In  Madi- 
son and  Vanderbllt  avenues.  Forty-second  and 
Fifty-fourth  streets. 
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were  removed  by  the  contractors.  In  Novem- 
ber, after  the  walls  were  torn  down  to  the  first 
story  or  to  the  ground  level,  three  large  steam 
shovels  were  installed  to  load  the  debris  into 
dump  cars  and  to  dig  up  the  foundations  and 
lower  parts  of  the  walls.  They  also  continued 
the  excavation  to  sul>grade  in  one  or  more 
lifts  as  convenient.  This  work  was  mostly  con- 
fined to  the  first  section  and  was  arranged  so 
as  not  to  disturb  any  of  the  yard  tracks  except 
those  leading  to  the  old  milk  depot. 

The   west  roadway  in  Park  Avenue  between 


A  36-lnch  gas  main  crossed  the  yard  at  Fortyr 
sixth  Street  and  as  it  interfered  with  the  01  • 
erations  of  the  steam  shovels,  it  was  taken  up 
and  carried  under  the  Lexington  Avenue  side- 
walk to  Forty-fifth  Street,  and  there  carried 
across  the  yard  on  an  elevated  bridge  to  Madi- 
son Avenue.  Here  vaults  prevented  it  being 
placed  under  the  sidewalks  and  It  was  carried  in 
a  straight  excavation  back  to  Forty-sixth  Street 
and  there  connected  with  the  original  line,  thus 
making  a  U-shaped  loop  across  the  yards  and  al- 
lowing the  straight  line  to  be  removed.     A  16- 
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Inch  g&s  main  at  Forty-eighth  Screet  was  re- 
placed by  a  12-inch  main,  and  it  and  a  20-inch 
main  at  Forty-ninth  Street  were  earned  under 
tb«  sidewalks  to  Fiftieth  Street,  and. there  tak 
«■  acroes  the  yards  on  a  special  temporary 
wooden  bridge,  then  returned  on  the  opposite 
Bide  to  connect  with  the  original  mains  forming 
loopa  like  the  one  above  described  and  permit- 
Ung  the  original  mains  to  be  removed  where 
they  obstructed  the  steam-shovel  work.  The 
cables  from  the  Manhattan  Elevated  Railroad 
station  and  a  sewer  are  to  be  carried  across  the 
tracks  underneath  the  subway  at  Fifty-fourth 
Street.  The  excavation  for  this  has  been  com- 
menced and  quicksand  and  difficult  ground  have 
been  encountered  which  make  it  probable  that 
the  work  will  present  some  difficulty.  Some  of 
the  street  bridges  across  the  yard  have  been 
removed  and  others  have  been  built  and  either 
vehicular  or  pedestrian  service  or  both  will  be 
maintained  at  Forty-flftb.  Fiftieth,  Fifty-first 
and  Fifty-sixth  streets. 

All  of  the  earth  excavation  is  being  made 
with  steam  shovels  and  by  pick  and  shovel. 
That  which  is  made  by  hand  is  shoveled  into 
st«el  buckets  which  are  emptied  by  traveling 
stiff-leg  derricks  into  30-yard  steel  dump  cars 
which  also  receive  the  material  from  the  steam 
shovels.  These  cars  remove  from  1,000  to  1,300 
cubic  yards  of  spoil  dally.  They  are  drawn 
by  locomotives  to  points  on  the  Hudson  River 
Railroad  or  the  Harlem  Railroad  and  their 
contents  are  dumped  alongside  the  tracks  to 
make  required  fills.  The  average  depth  of  the 
excavation  in  the  yards  and  cut  is  about  20  feet, 
and  the  estimated  quantities  involved  in  the 
improvement  include  1,000,000  cubic  yards  of 
earth  excavation.  500,000  cubic  yards  of  rock  ex- 
csTStion,  100,000  cubic  yards  of  concrete  ma- 
aonry,  with  a  small  amount  of  stone  masonry 
face  work,  and  about  30,000  tons  of  structural 
steel  work.  Many  of  the  buildings  on  Park  Ave- 
nue adjacent  to  the  widened  cut  will  require 
underpinning. 

The  plant  now  installed  includes  st&am  boil<^rs 
and  Rand  air  compressors  at  the  foot  of  Forty- 
first  Street,  which  were  originally  used  on  the 
construction  of  the  Park  Avenue  tunnel  for  the 
Rapid  Transit  Railroad,  and  have  been  pur- 
chased by  the  contractors  from  the  estate  of 
Ira  Shaler.  These  have  a  capacity  of  5,000  cubic 
feet  per  minute  and  supply  air  at  100  pounds 
pressure  through  a  10-lnch  main  with  branches 
and  flexible  connections  to  the  hoisting  engines, 
drills  and  all  other  machinery  except  the  steam 
shovels.  There  are  one  3-yard  Bucynis  shovel, 
one  2^-yard  and  one  3-yard  Marion  shovel  now 
In  operation,  and  a  third  Marion  shovel  with  a 
5H-yard  bucket  has  been  ordered  for  de- 
livery May  1.  The  best  efficiency  attained  by 
a  steam  shovel  under  the  difficult  conditions  of 
this  work  has  been  forty  30-yard  cars  in  10 
hours,  which  is  estimated  to  be  equivalent  to 
about  1.000  cubic  yards  in  place.  Each  shovel 
reqaires  for  its  operation  three  men  on  the 
machine  and  six  men  on  the  ground.  There  are 
forty-five  Rand  rock  drills  and  two  stlfT-leg 
movable  derricks  with  55-foot  booms  and  Lld- 
gerwood  hoisting  engines  having  improved  at- 
tachments for  revolving  the  derrick  masts. 
There  are  sixty-nine  30-yard  steel  Goodwin 
dump  cars,  50,000  feet  of  rails,  switches,  frogs, 
etc.,  supplied  by  the  contractors  and  four  loco- 
motives used  by  the  contractors  and  furnished 
by  the  New  York  Central  Railroad.  Two  of 
these  locomotives  will  be  replaced  by  locomo- 
tives owned  by  the  contractor.  Very  little 
water  has  so  far  been  encountered  in  the  ex- 
cavations; it  has  been  removed  by  two  Cam- 
eron pumps  and  one  Worthlngton  pump  operat- 
ed by  compressed  air.  The  repair  shop  con- 
tains an  800-pound  steam  hammer,  a  drill  press, 
pneumatic  drills,  pneumatic  hammers  and  other 
tools  operated  by  air  pressure.     A  total  force 


of  about  300  men  is  now  employed,  most  of 
whom  work  a  single  10-hour  shift.  Both  the 
number  of  the  men  and  the  amount  of  plant 
will  be  largely  increased  as  the  progress  of  the 
work  permits. 

The  Improvements  were  deslgvied  and  are  be- 
ing conducted  by  the  Engineering  Department 
of  the  New  York  Central  &  Hudson  River  Rail- 
road, under  the  direction  of  Mr.  W.  J.  Wilgus, 
fifth  vice-president;  with  Mr.  A.  B.  Corthell, 
as  terminal  engineer.  In  direct  charge  of  the 
work.  The  statements  concerning  them  in  this 
article  are  subject  to  many  changes  for  the 
plans  have  not  yet  been  finally  approved. 
The  entire  contract  for  excavation,  masonry, 
track  laying  and  steel  work  here  described  was 
awarded  to  the  O'Rourke  Engineering  Construc- 
tion Company,  of  26  Nassau  Street,  New  York. 


Silicate  Stone. 


Silicate  stone  is  the  name  given  in  this  coun- 
try to  an  artificial  stone  manulaetured  accord- 
ing to  a  process  patented  by  Mr.  L.  P.  Ford, 
of  Burton  Tower,  Gresford.  Wales.  It  is  a  com- 
bination of  sand  and  lime  formeil  under  the  ac- 
tion of  heat  and  heavy  pressure,  and  judging 
from  samples  in  the  office  of  the  Silicate  Stone 


admitted  under  pressure.  The  purpose  of  the 
steam  besides  contributing  heat  is  to  lurnish 
moisture  for  slaking  the  lime.  Further  heat  is 
supplied  by  the  slaking  action  and  the  coinci- 
dent expansion  Is  counted  on  to  create  heavy 
pressure  within  the  confining  walls  of  the  mold. 
On  account  of  the  strength  required,  the  mold 
is  cylindrical,  and  the  initial  pressure  when 
the  uncombined  mixture  is  first  Inserted  is  ob- 
tained by  pressing  on  the  circular  cover. 
Molds  6  feet  in  diameter  have  been  used,  giv- 
ing a  block  of  that  diameter  and  6  feet  high, 
and.  It  is  stated,  no  voids  have  been  found,  the 
air  being  removed  in  the  process. 

The  degree  of  the  hardness  of  the  stone  is 
largely  dependent  on  the  proportion  of  the  con- 
stituents, but  Its  limit  is  ordinarily  that  at 
which  carving  may  easily  be  done.  The  oldest 
structure  built  of  the  silicate  stone  is  a  large 
porch  in  Wales,  3  years  old,  which,  it  is  said, 
has  not  shown  any  deterioration.  The  composi- 
tion of  the  stone  is  given  as  follows:  silica 
sand,  78.65  per  cent.;  soluble  silica  and  lime 
combined,  15.12  per  cent.;  lime  uncombined, 
2.29  per  cent.;  alumina,  0.98  per  cent.;  iron,  0.75 
per  cent.;   combined  water,  2.18  per  cent. 

As  to  its  durability,  it  is  stated  that  tests 
have  been  made  with  wetted  samples,  usually 
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Company,  at  39  Wall  Street,  New  York,  has  a 
structure  that  would  ordinarily  be  taken  for  a 
good,  hard,  natural  stone,  having  a  homogen- 
eous texture  on  fracture  without  voids,  cracks 
or  veins.  Several  blocks  trimmed  by  different 
stone  cutters  with  various  styles  of  surface  fin- 
ish had  the  appearance  of  fine  white  stone  such 
as  is  used  for  decorative  purposes  in  building 
construction,  white  sand  having  been  employed 
In  their  manufacture,  as  the  color  depends 
largely  on  the  color  of  the  sand.  A  point  re- 
garding the  production  of  the  stone  that  is  em- 
phasized is  that  it  is  not  made  In  block  forms, 
but  in  a  comparatively  large  mass,  so  that  it 
may  afterward  be  sawed  into  desired  sizes. 

It  appears  that  the  company  mentioned  in- 
tends erecting  a  plant  in  New  York  or  the  im- 
mediate vicinity  to  supply  the  building  trade 
in  the  city  and  outlying  districts.  It  may  also 
erect  other  plants  in  promising  centers  or  li- 
cense local  companies,  so  that  there  is  no  pres- 
ent desire  to  make  public  the  details  of  the 
stone-making  process.  In  general,  however,  90 
to  95  per  cent,  of  silica  sand  Is  mixed  with  5 
to  10  per  cent,  of  lime  and  the  whole  mass 
pressed  Into  a  mold  Into  which  steam  Is  also 


small  cubes,  subjected  to  freezing  and  others  to 
atmospheres  containing  sulphurous,  nitric  and 
carbonic  acids  and  the  specimens  were  unaf- 
fected. Similar  results  were  obtained  with  acid 
tests.  Samples  separately  immersed  in  1  to  2 
per  cent,  solutions  of  sulphuric,  hydrochloric 
and  nitric  acids  were  unaltered  after  a  num- 
ber of  days  submersion.  In  stronger  solutions 
the  stone  was  unaltered  in  both  5  and  10  per 
cent,  solutions  of  sulphuric  and  hydrochloric 
acids,  but  was  slightly  attacked  in  the  same 
strength  solutions  of  nitric  acid,  and  was  also 
slightly  attacked  by  50  per  cent,  solutions  of 
the  sulphuric  and  hydrochloric  acids.  These 
tests  are,  of  course,  very  severe  as  compared 
with  the  action  of  the  usual  exposure  to  at- 
mospheric conditions.  To  show  the  strength 
of  the  stone  the  following  figures  have  been 
taken  from  tests  made  at  the  Watertown  ar- 
senal: Tensile  strength  with  pieces  of  stone 
cut  to  the  dimensions  and  shape  of  a  cement 
briquette,  three  specimens,  709  to  822  pounds 
per  square  inch,  average  781  pounds.  Crush- 
ing strength  with  three  samples  nominally  3 
Inches  on  an  edge,  first  crack,  12,356,  10,479 
and  9,920  pounds  per  square  inch. 
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J.     Whittemore,    LL.D.,    Past-Pres. 
Am.  Soc.  C.  E. 


Among  the  living  past-presidents  of  the  Amer- 
ican Society  of  Civil  Engineers,  there  is  none 
who  has  done  more  to  develop  the  railways  of 
the  country  than  Mr.  D.  J.  Whittemore,  and  it 
is  particularly  fitting  that  a  sketch  of  his  career 
should  appear  in  an  issue  of  The  Engineering 
Record  devoted  mainly  to  construction  prob- 
lems and  methods.  The  great  railway  system  of 
which  he  has  been  chief  engineer  for  forty 
years  is  so  thoroughly  expressive  of  his  ideas 
regarding  railway  building,  that  an  account  of 
its  development  and  a  description  of  the  meth- 
ods of  its  engineering  department  ought,  for 
some  reasons,  to  be  included  in  this  note.  Lim- 
itations of  space  unfortunately  prevent  the 
publication  of  such  an  article  at  this  time,  al- 
though it  is  to  be  hoped  that  before  long  the 
story  of  the  development  of  not  only  the  St. 
Paul  but  also  the  other  large  railway  systems 
will  be  carefully  written.  When  the  importance 
of  American  railways  is  considered, 
the  dearth  of  really  useful  information 
.concerning  other  features  of  their  de- 
velopment than  the  financial  is  sur- 
prising. 

Mr.  Whittemore  was  born  in  Milton, 
VL,  on  December  6,  1830.  He  is  a  de- 
scendant of  Thomas  Whittemore,  whb 
came  to  this  country  about  1640  from 
England  and  eventually  became  owner 
•of  a  farm  in  Chelsea,  Mass.,  which  re- 
mained in  the  possession  of  the  fam- 
ily for  200  years.  Mr.  Whlttemore's 
father  was  an  unusually  well-educated 
lawyer,  who  taught  his  son  at  home 
•until  the  latter  was  old  enough  to  at- 
tend the  Bakersfield  Academy.  When 
he  was  seventeen  years  old,  he  joined 
the  corps  of  engineers  engaged  on  the 
location  of  the  Vermont  &  Canada 
Railroad.  The  thoroughness  of  his  ed- 
ucation no  less  than  his  natural  apti- 
tude for  his  chosen  profession  are 
shown  by  the  fact  that  in  1849,  at  the 
age  of  nineteen,  he  was  appointed  res- 
ident engineer  in  charge  of  the  con- 
struction of  the  part  of  the  road  be- 
tween Swanton,  Vt,  and  Rouse  Point, 
N.  Y.  On  the  completion  of  this  work 
he  was  appointed  resident  engineer  on 
the  construction  of  a  portion  of  the 
Great  Western  Railway  of  Canada 
where  he  remained  until  1852.  In  that 
year  his  father,  who  was  largely  in- 
terested in  the  construction  of  the  Cen- 
tral Ohio  Railway  between  Zanesville 
and  Wheeling,  was  accidentally  killed 
while  inspecting  a  bridge  at  the  former  city. 
The  management  of  his  interests  fell  upon  the 
son  and  the  latter  was  forced  to  resign  his 
work  in  Canada.  While  attending  to  his  busi- 
ness affairs  he  was-  nevertheless  able  to  become 
thp  contractor's  engineer  on  the  Ohio  Central 
■wbrk.    * 

Although  he  was  thus  engaged  \n  .what  was 
then  western  railway  construction',  in  1853  be 
went  to  the  northwest  of  that  date,  as  principal 
assistant  engineer  of  the  La  Crosse  &  Milwau- 
kee Railroad,  then  under  construction.  This 
line  is  now  a  part  of  the  Chicago,  Milwaukee 
&  St.  Paul  Railway,  so  that  it  is  proper  to  say 
that  Mr.  Whittemore's  period  of  service  with 
this  system  is  about  fifty  years.  In  1857  he 
•was  elected  chief  engineer  and  one  of  the  di- 
rectors of  the  Southern  Minnesota  Railway 
■Company,  now  a  part  of  the  St.  Paul  system. 
For  the  next  two  years  he  was  engaged  in  lo- 
•cating  and  constructing  this  road  in  what  was 
-then  a  primitive  wilderness,  and  when  work 
was  suspended,  his  health  had  been  so  under- 


mined by  the  hard  life  he  had  been  compelled 
to  lead,  that  he  sought  a  change  of  climate. 
While  visiting  Cuba,  he  served  for  a  few 
months  as  assistant  chief  engineer  of  the  West- 
ern Railway  on  that  island,  but  in  1860  he  re- 
turned to  Wisconsin  as  principal  assistant  en- 
gineer of  the  La  Crosse  &  Milwaukee  Railroad 
for  a  second  time.  In  1863  this  line  was  merged 
into  the  Chicago,  Milwaukee  &  St.  Paul  Rail- 
way, and  shortly  afterward  he  was  appointed 
its  chief  engineer,  an  office  he  has  held  con- 
tinuously until  the  present  time. 

One  of  the  most  interesting  characteristics 
of  his  methods  of  work  is  to  be  found  in  the 
attention  he  has  always  paid  to  unsuccessful 
enterprises.  To  use  his  own  words:  "The  scrap 
heap — that  inarticulate  witness  of  our  blun- 
ders and  the  sepulchre  of  our  blasted  hopes,  the 
best  but  mcst  humiliating  legacy  we  are  forced 
to  leave  to  our  successors — has  always  to  me 
been  brim  full  of  instruction."  This  is  shown 
in  his  discussions  and  papers  before  engineer- 
ing societies,  and  one  of  these  on  the  form  of 


D.  J.  Whittemore. 

railway  excavations  and  embankments  is  here 
reprinted,  not  only  as  proving  the  value  of  a 
keen  observation  of  unsuccessful  work,  but  also 
as  an  unusual  example  of  brevity.  It  is  paper 
No.  739  of  the  "Transactions"  of  the  Ameri- 
can Society  of  Civil  Engineeis  and. reads  as 
follows:  fi    ,, 

"Nowhere  in  quiescent  Nature*  do  we  find 
earth  surfaces  in  right  line  planes,  or  changes 
in  difection  of  same  made_  by  abrupt,  angles, 
yet  it  is  the  general  practice  in  laying  out  and 
constructing  railway  excavations  and  embank- 
ments to  establish  slopes  on  such  planes  inter- 
secting the  natural  surface  of  the  ground  and 
the  formation  level  of  the  roadway  in  a  well- 
defined  line. 

"These  conditions  are  never,  or  rarely  ever, 
maintained.  Storm  water  breaks  over  the  crest 
thus  formed,  seeking  and  making  channels  of 
least  resistance  down  the  unprotected  slopes, 
bringing  with  it  earth  from  the  crest  and  from 
immediately  below  it,  filling  the  ditches  in  ex- 
cavations.      Embankments     suff?r     charge     of 


form  from  similar  cause;  and  immediately 
after  the  line  of  railway  is  opened  for  trafllc 
the  ditching  train  is  called  into  service  to  re- 
move the  slush  from  ditches  ana  to  widen  em- 
bankments, at  a  cost  of  $1  to  $2  per  cubic  yard; 
and  this  expense  is  continued  year  after  year, 
and  charged  to  operation.  Often  this  expense 
during  the  first  year  of  operation  will  exceed 
the  cost  of  forming  and  protecting  the  slopes  ol 
excavation  on  the  plan  shown  by  the  diagram 
herewith,  which,  with  the  above  remarks,  the 
writer  submits  without  further  comment  to  the 
consideration  and  criticism  of  the  members." 

The  diagrams  showed  a  roadbed  in  excavar 
tlon,  having  the  crest  of  the  slope  rounded  to  a 
15-foot  radius.  The  slope  is  sodded  during  con- 
struction and  is  tangent  to  a  ditch  hav- 
ing a  radius  of  2  feet.  This  ditch  is  paved 
when  the  ballast  is  placed,  and  tile  is  placed 
below  it  in  wet  localities.  For  a  roadbed  on 
embankment  the  slope  ends  below  in  a  curve  of 
10  feet  radius  and  above  in  one  of  6  feet  radius. 
This  brief  paper  brought  out  a  discussion 
which  is  one  of  the  most  important 
and  valuable  in  the  "Transactions"  of 
the  Society.  Although  many  engi- 
neers had  observed  the  same  facts  be- 
fore, none  had  apparently  reasoned  so 
clearly  from  the  defective  results  of 
the  usual  cross-sections  to  the  remedy 
for  them.  The  importance  of  the  sub- 
ject was  well  stated  in  the  discus- 
sion of  the  paper  by  Mr.  J.  F.  Wallace, 
who  said  that  "if  the  ideas  advanced 
by  Mr.  Whittemore  had  been'  put  into 
practice  years  ago,  the  result  would 
have  been  a  saving  of  hundreds  of 
thousands  of  dollars  to  railroads  in 
the  central  and  western  portions  of 
the  United  States.  The  past  and  pres- 
ent practice  of  making  the  cross-sec- 
tion of  railroad  excavation  and  em- 
bankment conform  to  the  theoretical 
lines  laid  down  by  the  earlier  engi- 
neers has  so  far  given  expensive  and 
unsatisfactory  results."  He  went  oa 
to  say  that  he  knew  cases  where  it 
required  as  great  an  expenditure  to 
maintain  a  good  roadbed  through  ex- 
cavations as  it  originally  cost  to  make 
the  cuts,  due  to  the  sloughing-in  of 
the  sides  of  the  excavations,  the  fill- 
ing up  of  the  ditches,  and  the  imper- 
fect drainage  caused  thereby. 

Mr.  Whittemore  occupies  a  leading 
place  among  the  pioneers  of  the  Amer- 
ican cement  industry  as  well  as  in  en- 
gineering. About  1874  his  attention 
was  called  to  the  hydraulic  proper- 
ties of  the  water-lime  rock  at  Milwau- 
kee, which  closely  resembles  the  rock  in 
the  Rosendale  district  in  Ulster  County,  N.  Y. 
He  conducted  a  series  of  experiments  which 
proved  that  an  excellent  hydraulic  cement  could 
be  made  from  this  rock,  and  the  Milwaukee  Ce- 
ment Company,  in  which  he  took  an  interest, 
was  formed  to  do  this.  The  original  works  were 
built  in  1876  and  rebuilt  in  1893,  while  a  sec- 
ond plant  was  put  in  operation  in  1889.  This 
was  fully  described  in  The  Engineering  Rec- 
ord of  April  2,  1898.  Mr.  Whittemore  was  a  di- 
rector of  the  company  until  1891  when  he  re- 
signed to  become  one  of  the  founders  of  the 
Western  Portland  Cement  Company,  of  which 
he  is  now  the  vice-president.  This  company's 
plant  is  located  a  few  miles  west  of  Yankton, 
S.  D.,  and  is  one  of  the  most  interesting  of  the 
wet-process  type  in  the  country  from  a  techni- 
cal point  of  view.  Chalk  and  clay  are  the  raw 
materials  used,  and  the  works  resemble  in  a 
general  way  the  English  plants  on  the  Thames 
and  Medway,  except  that  labor-saving  apparatus 
has  been  adopted  extensively,  and  new  methods 
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of  working  the  slurry  and  securing  uniform 
mixtures  are  employed.  The  burning  was  orig- 
Inally  done  in  six  Johnson  kilns,  with  drying 
chambers  and  a  central  chimney,  but  rotary 
kilns  are  now  being  installed.  The  works  were 
fully  described  in  this  Journal  on  November  19, 
1898. 

Mr.  Whittemore  became  a  member  of  the 
American  Society  of  Civil  Engineers  in  1872;  in 
ISSl  he  was  elected  a  director  and  in  1884  was 
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The  New  York  and  Brooklyn  Tunnel  for 
the  Rapid  Transit  Railroad. — I. 

The  subway  of  the  Broadway  extension  of  the 
Rapid  Transit  Railroad  is  to  be  connected  with 
the  Brooklyn  subway  by  two  parallel  single- 
track  tunnels  crossing  the  East  River  from  the 
Battery  Park  loop  to  Pier  17,  Brooklyn,  and 
thence  under  Joralemon  Street  to  a  connection 
with  the  Fulton  Street  line.  Each  tunnel  has  a 
cylindrical  cast-iron  shell  lined  with  beton,  and 
has  a  clear  inside  diameter  of  15>4  feet.  The 
tubes  are  about  25  feet  apart  on  centers,  and 
have  a  total  length  of  about  6,550  feet  and  a 


On  the  New  York  side  the  excavation  has 
progressed  lor  about  500  leet,  all  of  it  through 
solid  rock  of  variable  character,  some  being 
hard  and  some  soft  or  decomposed,  with  num- 
erous irregularities,  fissures  and  open  seams. 
The  surface  undulates  within  limits  of  about 
10  feet  vertically.  At  present  the  New  York 
headings  have  only  about  2  feel  of  shaky  rock 
over  them,  and  above  the  rock  there  is  only  6 
feet  of  clay,  boulders  and  other  loose  material^ 
thus  making  the  excavation  a  delicate  opera- 
tion. On  the  Brooklyn  side,  while  about  1,200 
feet  of  tunnel  have  been  built  landward,  the 
river   headings   have   advanced   about   500   feet 
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Plan  and  Profile  of  Tunnel  and  Connections. 


dected  president  He  has  presented  five  papers 
before  the  Society  and  has  taken  part  in  many 
Important  discussions.  He  was  a  member  of 
the  committee  which  prepared  the  Society's  fa- 
mous report  on  a  uniform  system  of  cement 
tests  and  has  taken  an  active  part  in  various 
international  engineering  functions.  He  joined 
the  American  Society  of  Mechanical  Engineers 
In  1889  and  the  Institution  of  Civil  Engineers 
in  1885.  The  University  of  Vermont  has  con- 
ferred on  him  the  degree  of  Civil  Engineer  and 
the  University  of  Wisconsin  has  re:cognized  the 
scientific  character  of  much  of  his  work  by  con- 
ferring the  degrees  of  Doctor  of  Philosophy 
and  Doctor  of  Laws.  His  success  he  attributes 
largely  to  the  able  and  considerate  presidents 
and  managers  of  the  corporations  with  which 
he  has  been  connected  and  the  loyal  assistants 
under  him.  Another  explanation  may  be  the 
fact  that  his  prime  ambition  has  always  been 
to  be  esteemed  a  worthy  member  of  the  civil 
engineering  profession,  whose  aim  he  recently 
defined  as  the  consideration  and  determination 
of  the  economic  use  of  time,  power  and  matter 
for  the  uses  of  mankind. 


The  Boilu  Room  of  the  Manchester  street 
power  station  of  the  Rhode  Island  Company,  in 
Providence,  R.  I.,  is  so  utilized  by  the  arrange- 
ment of  plant  that  there  is  about  1.5  square  feet 
ground  area  per  horse-power  of  boiler  capacity. 
The  statement  In  this  paper  on  February  20 
that  only  2/3  square  foot  per  horse-power  was 
needed  was  an  evident  error.  The  importance 
of  this  relation  is  so  great,  however,  that  at- 
tention Is  drawn  particularly  to  the  correct 
ratio.  An  instructive  paper  might  be  written 
on  the  utilization  of  space  in  important  central 
stationa. 


New  York  and  Brooklyn  Tunnel:     Timbering  in  New  York  Heading. 


maximum  depth  of  about  94  feet  from  mean 
high-water  level  to  base  of  rail.  The  maximum 
depth  of  water  is  about  50  feet  and  the  thick- 
ness of  the  roof  above  the  tubes  varies  from 
about  6  to  30  feet.  The  maximum  grades  are 
3.1  per  cent,  and  are  connected  by  a  vertical 
curve  under  the  middle  of  the  river.  The  loca- 
tion and  character  of  the  materials  encountered 
differ  essentially  from  the  indications  afforded 
by  the  preliminary  exploration. 


from  the  shaft  in  one  tube  and  200  feet  in  the 
other,  neither  of  which  have  yet  reached  the 
shore  line.  Here  the  excavation  has  been  wholly 
in  sand  and  gravel,  and  at  present  is  being 
accomplished  with  special  steel  shields  and 
without  air  pressure.  On  the  New  York  side 
no  shields  are  used,  but  the  work  is  being  exe- 
cuted under  a  pressure  of  about  10  pounds, 
equivalent  to  the  hydrostatic  head,  due  to  the 
depth  of  the  river  at  the  headings. 
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The  New  York  headings  are  being  driven 
from  a  53xl5-foot  shaft  about  42  feet  deep, 
braced  and  sheeted  with  timber  in  the  ordinary 
manner.  It  contains  two  separate  elevator 
shafts  and  is  surrounded  by  an  enclosure  which 
reserves  a  portion  of  the  east  end  of  Battery 
Park,  under  the  elevated  railroad  tracks,  for 
the  installation  of  the  surface  plant,  storage  of 
materials,  repair  shops,  offices,  derricks  and 
spoil  tracks.  Both  drifts  are  being  made  with 
ordinary  upper  headings  about  8  feet  high  and 
of  the  full  width  of  the  excavation.  The  rock 
is  so  treacherous  that  the  roof  is  supported,  as 
fast  as  the  excavation  is  made,  with  3-inch 
poling  boards  and  bents  of  arch  timbering  5 
feet  apart  on  centers.  Each  bent  consists  of  a 
horizontal  center  piece  and  two  inclined  end 
posts  with  miter  joints.  Each  piece  is  a  12x14- 
inch  timber  8  feet  long.  Four  IngersoU-Ser- 
geant  and  Rand  rock  drills  are  used  in  each 
heading  to  bore  holes  about  6  feet  deep  by 
means  of  which  the  rock  is  blasted  by  light 
charges  of  dynamite  carefully  proportioned  to 
avoid  lifting  the  thin  roof.  The  upper  holes  for 
the  center  cut  are  drilled  but  not  fired  before 


sure  of  90  pounds  per  square  inch,  thus  making 
a  concrete  sleeve  for  the  shell,  which  would 
have  considerable  strength  if  the  shell  were 
entirely  removed  and  through  which  there  is 
even  now   scarcely  any  leakage. 

The  shell  is  of  the  ordinary  construction  with 
eight  main  segments  about  6%  feet  long  and  a 
crown  segment  or  key  about  1  foot  long.  Each 
segment  is  22  inches  in  width  and  is  made  of 
1%-inch  metal  with  flanges  on  all  sides  7  inches 
deep  over  all.  The  flanges  are  bored  for  three 
1-inch  bolts  in  each  end  and  six  on  each  side; 
they  are  1  %  inches  thick  at  the  edges  and  are 
stiffened  by  knee-brace  webs.  The  segments  are 
put  together  without  gaskets  and  have  bearings 
on  planed  surfaces  5  inches  wide.  The  outer  2 
inches  of  each  flange  are  recessed  so  as  to  make 
calking  spaces  V4  inch  wide.  Each  segment  is 
made  with  a  short  inside  longitudinal  web  in 
the  center,  having  two  bolt  holes  to  facilitate 
handling  it  during  assembling.  There  is  also  a 
IV^-inch  hole  tapped  through  the  web  which  is 
normally  closed  by  a  screw  plug  and  affords 
connection  for  the  1%-lnch  grouting  pipe.  The 
segments  are  delivered  by  boat  to  the  cars  on 


tance  of  from  50  to  100  feet  by  the  grouting 
gang  of  three  men.  The  grout  machine  is  op- 
erated by  an  Ingersoll-Sergeant  three-cylinder 
air  engine.  It  consists  of  a  small  air-tight  cyl- 
inder in  which  six  bags  of  cement  and  crusher 
dust  are  mixed  by  revolving  paddles,  and  from 
which  the  mixture  is  expelled  by  air  pressure. 
About  100  feet  from  the  foot  of  the  shaft 
each  tube  is  closed  by  a  solid  mass  of  brickwork 
about  6  feet  thick  apart.  Built  into  them  are 
the  two  air  locks,  the  lower  one  6%  feet  in 
diameter  and  20  feet  long  is  chiefly  for  the 
passage  of  cars  and  materials.  The  upper  one, 
3  feet  in  diameter  and  32  feet  long,  is  for  the 
passage  of  men  and  to  admit  long  timbers,  rails, 
pipes,  etc.,  without  excessive  loss  of  air.  It  is 
also  designed  to  be  always  available  as  an 
emergency  lock.  The  spoil  is  loaded  at  the 
heading  into  1-yard  steel  cars  having  special 
trucks  of  30-inch  gauge.  Each  axle  is  keyed 
to  one  wheel  and  loose  in  the  other  wheel,  and 
is  enclosed  by  a  sleeve,  the  space  between  the 
axle  and  sleeve  being  filled  with  oil  for  auto- 
matic lubrication.  Both  these  cars  and  the 
platform   cars   run  from  the  foot  of  the  shaft 


Iron  Lining,  Erector  and  Bulkhead  Protection  against  Blasts  in  Heading;  Assembling  Section  of  Lining  with  Erector, — Looking  frcm  Heading. 


the  center  arch  timber  is  set,  because  they  are 
so  near  the  roof  that  the  timber  would  other- 
wise interfere  with  the  drills.  After  these  holes 
are  finished,  the  center  timber  is  temporarily 
supported  on  the  horizontal  arms  of  the  drill 
columns,  and  the  remainder  of  the  holes  are 
drilled.  Afterwards  the  sides  of  the  drift  are 
taken  out  and  the  inclined  side  posts  of  the 
bent  are  inserted.  A  bench  about  12  feet  high 
is  taken  out  in  the  usual  way  and  is  kept  from 
20  to  30  feet  distant  from  the  heading.  Where 
the  roof  is  very  thin,  special  care  is  taken  to 
pack  hay  tightly  in  the  cavities  over  the  for- 
ward ends  of  the  poling  boards  as  fast  as  they 
are  advanced  so  as  to  prevent  the  flow  of  sand 
and  earth  which  crumbles  very  easily.  The  fin- 
ished iron  shell  is  kept  as  close  as  possible  to 
the  end  of  the  finished  excavation,  usually  be- 
ing not  nlore  than  20j;eet  behind  it.  As  fast  as 
the  shell  is  assembled,  all  the  spaces  between  it 
and  the  rock  are  carefully  packed  with  dry 
stone  laid  as  closely  and  solidly  as  possible. 
The  interstices  among  these  stones  are  after- 
wards  thoroughly  filled  with  grout  at  a   pres- 


a  double-track  trestle  which  crosses  Battery 
Park  from  the  water's  edge  to  the  shaft.  There 
they  are  unloaded  by  a  stiff-leg  derrick  and  ■ 
lowered  by  the  elevator  car  in  the  shaft.  Prom 
the  foot  of  the  shaft  they  are  sent  to  the  head- 
ing on  small  platform  cars,  which  deliver  them 
to  a  special  machine  called  an  erector.  The 
erector  has  a  horizontal  platform  about  14  feet 
wide  on  the  center  line  of  the  tunnel  which  is 
movably  supported  on  the  flanges  of  the  shell. 
This  platform  carries  a  radial  arm  which  Is 
revolved  by  an  air  motor  about  a  horizontal 
pivot  in  the  axis  of  the  tunnel.  The  extremity 
of  the  arm  is  bolted  to  the  900-pound  segment 
of  the  shell  and  revolved  into  the  required  posi- 
tion. An  hydraulic  piston  in  the  arm  then 
pushes  the  segment  out  to  place,  and  it  is  bolted 
through  two  flanges;  another  segment  is  added 
and  so  on  until  the  ring  is  complete.  The  erec- 
tor weighs  only  about  3  tons,  is  simple  in  its 
operation  and  is  considered  very  eflicient  and 
satisfactory.  With  it  four  men  can  assemble 
one  ring  of  the  shell  in  about  1  hour. 
The  assembling  gang  is  followed   at  a  dis- 


to  the  heading  by  gravity  and  are  pulled  back 
by  a  steel  wire  cable  operated  by  a  single-drum 
Lidgerwood  hoisting  engine  seated  on  the  over- 
head platform.  Each  tube  is  lighted  by  groups 
of  three  incandescent  lamps  at  intervals  ot 
about  50  feet,  besides  additional  lamps  at  the 
different  machines  and  in  the  heading  and  shaft. 
These  lamps  are  connected  to  a  three-wire  sys- 
tem arranged  with  a  loop  so  that  all  lamps 
may  have  the  same  potential.  A  110-volt  current 
is  used  so  as  to  avoid  all  danger  of  accident 
and  insure  safety  even  in  handling  the  naked 
wires. 

There  is  not  much  water  in  the  heading,  and 
it  is  easily  expelled  through  a  blow-out  tube 
by  the  air  pressure,  thus  avoiding  any  necessity 
for  pumping  there.  The  blow-off  delivers  to  a 
sump  at  the  foot  of  the  shaft,  whence  the  watur 
is  raised  to  the  surface  by  steam  pumps.  (V^ith 
the  exception  of  these  pumps,  all  machinery  in 
the  tunnels  is  operated  by  air  at  90  pounds 
pressure. 

The  principal  quantities  per  linear  foot  ot 
each  tube  which  are  involved  in  the  construe- 
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tion  of  the  tunnel  include  9  cubic  yards  of  ex- 
cavation in  rock  and  S>4  yards  of  earth  in 
shield  work,  120  feet  board  measure  of  timber 
for  rock  excavation,  4,000  pounds  of  cast-iron 
In  the  shell  and  about  21  cubic  f^t  of  1:3:4 
Giant  Portland  cement  concrete  made  with  %• 
inch  stone,  which  Is  used  to  All  between  the 
flanges  of  the  segments.  Prom  9  to  12  men  are 
required  in  each  heading:  about  223  men  in  all 
are  employed  on  the  New  York  side  and  100.  on 
the  Brooklyn  side  in  the  tunnels.  The  work  is 
done  with  three  eight-hour  shifts  daily,  and  a 
maximum  progress  of  12  feet  in  24  hours  has 
been  made  in  the  shield  tunnels  and  3  feet  in 
the  rock  tunnels. . 

The  contractors'  plant  in  the  tunnels  on 
both  sides  of  the  river  includes  fourteen  Rand 
and  Ingersoll-Sergeant  rock  drills,  fifty  1-yard 
mine  cars,  four  Lidgerwood  hoisting  engines, 
ten  Cameron  pumps,  four  shields,  made  by 
Alexander  Miller  &  Bro.,  of  Jersey  City,  six 
erectors,  two  grout  machines,  four  material 
locks  and  four  emergency  locks  made  by  the 
Cockbum  Barrow  &  Machine  Company,  of  Jer- 


inch  Farrell  oO-yard  stone  crusher,  driven  by  a 
9xl0-inch  Vim  engine,  and  a  10-inch  bucket  ele- 
vator 40  feet  long  on  centers  which  delivers  the 
crushed  stone  and  dust  to  10x10x1  l-foot  ele- 
vated bins.  There  is  also  a  buzz-saw  for  cut- 
ting the  arch  timbers  and  some  machine  shop 
tools  for  repair  work,  which  are  driven  by  a  10- 
horse-power  Ames  steam  engine.  On  the  Brook- 
lyn side  power  is  furnished  by  iive  Gem  City 
125-horse-power  horizontal  tubular  boilers  and 
by  a  battery  of  500-horse-power  Heine  boilers. 
There  are  one  large  and  two  small  compressors 
like  those  on  the  New  York  side;  two  Keystone 
direct-connected  32-kilowatt  110-volt  dynamos; 
two  separate  Bacon  hoisting  engines  for  the 
shaft  elevators;  and  small  tools  for  the  repair 
work  similar  lo  those  installed  on  the  New 
York  side. 

The  Brooklyn  headings  have  been  driven  from 
two  24x20-foot  shafts  about  65  feet  deep  and 
50  feet  apart  on  centers  sunk  anil  timbered  as 
described  in  The  Engineering  Record  of  Octo- 
ber 31,  1903.  The  soil  at  this  point  was  found 
to  be  sand  and  gravel  with  small  boulders,  and 


bracing  was  built  in  the  shaft  lining  and  the- 
lower  portion  of  the  sheeting  and  timber  work 
was  cut  out  to  allow  the  shields  to  be  driven 
through  the  walls.  The  first  two  shields  were 
driven  away  from  the  river  to  the  shore  end  of 
this  section  of  the  subway,  where  they  now 
remain  and  may  either  be  utilized  by  the  con- 
tractors for  the  adjacent  section  or  may  be- 
removed.  After  these  shields  had  been  driven 
clear  of  the  shafts,  two  more  shields,  duplicates- 
of  the  first,  were  assembled  in  the  bottoms  of 
the  shafts  and  were  driven  in  the  opposite 
direction  on  the  line  of  the  tunnel  under  the 
river.  These  shields  have  now  been  advanced 
about  500  feet  from  the  shafts,  and  air  locks 
similar  to  those  described  for  the  New  York, 
side  have  been  built  behind  them  about  100 
feet  from  the  shafts.  The  shields  are  driven  In 
the  usual  manner  by  hydraulic  jacks  operated 
by  pumps  carried  on  the  erector  platforms  and' 
worked  by  air  at  100  pounds  pressure. 

The  water  encountered  in  the  headings 
is  pumped  to  a  sump  at  the  foot  of  the  shaft 
and  then  repumped  to  the  surface.    The  lining 
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•ey  City,  and  six  hydraulic  pressure  pumps 
operating  the  erectors,  besides  the  hydraulic 
machinery  for  the  shields,  which  was  made  by 
the  Watson-Stillman  Company,  of  New  York. 
The  surface  plant  at  the  New  York  end  in- 
cludes a  650-horse-power  battery  of  Hogan  boil- 
ers; one  Bacon  hoisting  engine,  driven  by  com- 
pressed air,  operating  the  balanced  cages  in  the 
shaft:  one  SOO-horse-power  Ingersoll-Sergeant 
air  compressor  with  a  capacity  of  3,000  cubic 
feet  of  free  air  per  minute,  fitted  with  an  inter- 
cooler  and  a  6xl5-foot  receiver,  supplying  air  to 
the  heading  under  a  present  pressure  of  about 
10  pounds;  two  Ingersoll-Sergeant  straight  line 
compressors  with  a  capacity  of  1,200  cubic  feet 
of  free  air  per  minute  which  supply  air  at  100 
pounds  pressure  to  operate  the  machinery  in 
the  tnnnel;  one  Oeneral  Electric  Company's  and 
one  Keystone  direct-connected  17-kllowatt  110- 
▼olt  dynamo;  one  direct-connected  Westlng- 
honse  40-kilowatt  lOO-volt  dynamo;  ono  16x10- 


as  it  could  not  be  depended  on  to  stand  up  for 
the  sides  of  the  excavation,  shields  were  in- 
stalled as  soon  as  the  shafts  were  sunk.  These 
shields  are  of  riveted  steel  about  17  feet  in 
diameter  and  9%  feet  long,  including  the  tail- 
piece and  exclusive  of  detachable  hood  and  cen- 
tral platform  extension.  They  differ  in  several 
respects  from  shields  previously  used  for  tun- 
neling and  were  especially  designed  by  Chief 
Engineer  Aims  to  meet  the  conditions  which 
were  expected  to  prevail  in  this  work.  Patents 
on  the  novel  features  have  been  applied  for  and 
Include  the  removable  hood,  special  working 
platforms  and  bracing  in  the  front  of  the  shield 
and  horizontal  sliding  doors  In  the  transverse 
diaphragm,  which  are  operated  by  hydraulic 
cylinders. 

The  cylindrical  Iron  shells  were  delivered 
In  four  sections  each  and  assembled  with  the 
girders  and  diaphragms  at  the  bottoms  of  the 
two  shafts.    When  they  were  completed,  special 


and  grouting  is  carried  on  in  a  manner  similar 
to  that  described  for  the  New  York  side. 

The  design  and  construction  of  the  tunnel  is 
under  the  supervision  of  Mr.  William  Barclay 
Parsons,  chief  engineer  of  the  Rapid  Transit 
Railroad  Commissioners  for  the  city  of  New 
York;  Mr.  George  S.  Rice,  deputy  chief  engi- 
neer, and  Mr.  Robert  Ridgway,  division 
engineer.  The  contract  for  this  section  of  the 
subway  was  awarded  to  the  Rapid  Transit  Sub- 
way Construction  Company,  Mr.  J.  B.  McDonald, 
president;  Mr.  S.  L.  F.  Deyo,  chief  engrineer; 
and  Mr.  Harry  B.  Reed,  division  engineer.  A 
sub-contract  for  the  tunnel  construction  was  let 
to  the  New  York  Tunnel  Company,  Mr.  An- 
drew Onderdonk,  contractor;  Mr.  Walton  I. 
Alms,  chief  engineer;  Mr.  .John  Kergan,  super- 
intendent. Mr.  Bernt  Berger  has  assisted  Mr. 
Aims  in  the  preparation  of  some  of  the  detail 
plans  for  the  structural  work. 

(To   be  continued.) 
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Masonry  Construction  for  the  Blackwell's 
Island  Bridge. 

The  bridge  which  will  be  third  in  order  of 
completion  across  the  East  River,  New  York, 
is  officially  called  Bridge  No.  4,  and  will  have 
a  total  length  of  about  7,636  leei.  reaching 
from  Sixtieth  Street.  Borough  of  Manhattan, 
to  Ravenswood,  Borough  of  Queens.  It  will 
have  long  steel  viaduct  approaches  and  will 
cross  Blackwell's  Island  and  both  channels  of 
the  river  with  five  cantilever  spans  of  from 
459  to  1,182  feet,  aggregating  3,724i^  feet  be- 
tween anchorages.  The  minimum  clear  height 
will  be  118  feet  above  mean  high  water,  and 
there  will  be  a  height  of  135  feet  over  the 
main  channel.  The  bridge  will  have  a  capa- 
city of  two  elevated  railroad  and  four  elec- 
tric car  tracks,  two  carriageways  and  two 
sidewalks.  The  trusses,  to  be  the  second 
longest  of  their  type  and  much  the  heaviest 
ever  built,  are  notable  for  special  features  of 
design  and  for  the  use  of  nickel  steel  eye- 
bars  of  very  large  dimensions.  The  estimated 
cost  of  the  bridge  is  about  $12,500,000.  The 
original    designs    were    made    by    the    Depart- 


ate  depth,  those  of  the  piers  being  close  to 
the  water  line  on  the  shores  of  both  channels. 
All  the  piers  and  anchorages  are  of  similar 
design  and  each  consists  of  two  square  bat-  , 
tered  shafts  with  their  upper  parts  connected 
by  an  arch  of  about  50  feet  span  carrying  a 
transverse  curtain  wall.  They  are  all  built  of 
massive  rock-faced  granite  ashlar,  backed  with 
limestone  masonry  and  concrete  and  trimmed 
with  cut  stone  courses,  quoins  and  deep  mould- 
ings. The  design  was  fully  described  in  The 
Engineering  Record  March  16,  1901;  December 
13,  1902  and  August  22,  1903.  The  principal 
quantities  are  estimated  to  be  about  86,000,000 
pounds  of  steel,  22,800  cubic  yards  of  granite, 
14,000  yards  of  limestone,  17,000  yards  of  con- 
crete, 14,000  yards  of  earth  excavation  and  6,- 
500  yards  of  rock  excavation  for  the  five  main 
spans.  The  contract  price  for  the  six  piers 
and  anchorages  was  $846,000  and  only  about 
$26,000  worth  of  work  now  remains  to  be  done 
to  complete  them.  Piers  2  and  4  and  the  east 
anchorage  are  finished;  all  the  stone  is  cut  for, 
and  only  a  few  hundred  yards  of  masonry  re- 
main to  be  laid  on,  piers  1  and  3,  and  about 
2,000  yards  on  the  west  anchorage. 


automatically  by  elevators  to  storage  bins 
under  an  extension  of  the  dock  platform.  Sand 
was  unloaded  from  boats  and  stored  In  adja- 
cent bins,  and  sand,  stone  and  cement  were 
placed  on  a  long  Robins  belt  and  conveyed  to 
the  concrete  mixer  in  the  tower,  which  had  a 
capacity  of  150  cubic  yards  of  concrete  In  eight 
hours.  The  concrete  buckets  were  delivered  on 
cars  to  the  boom-derricks  which  handled  the 
tower  masonry.  The  towers  were  built  with 
stiff-leg  derricks  seated  on  the  ground  and  on 
the  masonry,  and  on  a  36x36-foot  tower  100  feet 
high,  which  was  moved  across  the  island  from 
one  pier  to  the  other. 

All  the  stone  was  delivered  from  the  contrac- 
tors' quarries  by  schooners  of  from  600  to  800 
tons  burden,  which  made  the  trip  from  Maine 
in  from  48  hours  to  48  days.  The  granite 
quarry,  described  December  13,  1902,  was  equip- 
ped with  men  and  plant  that  quarried  and 
loaded  the  stone  for  nine  schooners  In  nine 
days.  The  stone  is  of  beautiful  quality  and 
large  dimensions  up  to  pieces  of  12  tons  each. 
All  the  stone  was  dressed  on  the  island  by  a 
maximum  force  of  125  stone  cutters.  There 
were  about  5,000  cubic  yards  of  fine  cut  work 
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ment  of  Bridges  of  the  City  of  New  York  when 
Mr.  John  L.  Shea  was  commissioner,  Mr.  S.  R. 
Probasco,  chief  engineer,  and  Mr.  R.  S.  Buck, 
engineer  of  the  bridge.  Mr.  Shea  was  suc- 
ceeded by  Mr.  Gustav  Lindenthal  and  Mr. 
Buck  by  Mr.  H.  A.  Lachicotte,  and  a  commis- 
sion of  engineers  and  architects  was  ap- 
pointed to  report  on  changes  in  the  design 
proposed  by  Mr.  Lindenthal  after  work  on  the 
substructure  was  well  advanced.  The  new  de- 
sign was  adopted,  and  after  considerable 
delay  the  work  was  resumed  and  is  now 
nearly  completed  on  the  substructure  under 
the  direction  of  Mr.  George  E.  Best,  Commis- 
sioner; Mr.  O.  F.  Nichols,  chief  engineer;  Mr. 
R.  S.  Back,  consulting  engineer;  Mr.  H.  A. 
Lachicotte,  assistant  engineer,  and  Mr.  Oscar 
Erlandsen,  assistant  engineer  at  the  site. 

The  substructure  for  the  main  spans  con- 
sists of  four  piers  and  two  anchorages,  all  with 
concrete  foundations  on  solid   rock  at   moder- 


The  substructure  contract  was  let  in  June, 
1901,  to  Messrs.  Ryan  &  Parker,  and  work  was 
immediately  commenced  on  piers  2  and  3,  on 
Blackwell's  Island,  and  afterwards  on  pier  4 
and  the  east  anchorage,  at  Ravenswood,  pier  1 
and  the  Manhattan  anchorage  being  delayed  on 
account  of  obstructions  on  the  site.  The  loca- 
tion and  conditions  made  it  necessary  to  estab- 
lish three  complete  construction  plants,  one  on 
the  Island,  one  at  Ravenswood  and  one  in  Man- 
hattan. These  were  all  of  different  design  with 
special  equipment  for  mixing  and  handling  the 
large  quantities  of  concrete,  and  those  on  the 
island  and  at  Ravenswood  were  Illustrated  in 
this  journal  December  13,  1902. 

The  Blackwell's  Island  plant  consisted  essen- 
tially of  a  receiving  dock,  concrete  machinery, 
power  plant,  falsework  tower,  derricks  and 
stone  yard,  where  all  cut  stone  was  dressed  and 
stored.  The  spawls  and  refuse  from  the  stone 
yard  were  crushed  and  screened  and  delivered 


and  It  was  all  dressed  by  Kotten  pneumatic  ma- 
chines operated  by  air  from  a  Norwich  compres- 
sor supplied  with  steam  by  a  60-horse-power 
boiler.  Small  stones  were  dressed  by  this  ma- 
chine as  they  lay  on  the  ground,  but  it  was  not 
high  enough  to  clear  the  ends  of  coping  stones 
9  feet  long  and  special  provision  was  made  for 
them.  A  pit  5  feet  wide,  5  feet  deep  and  16 
feet  long  was  dug  and  lined  with  concrete. 
Tracks  were  laid  on  the  surface  of  the  ground 
alongside  the  pit  and  the  machines  traveled  on 
them  to  dress  the  upper  ends  of  the  long  stones 
set  vertically  In  the  pit.  The  most  interesting 
use  of  these  machines  was  to  dress  the  21%x 
21%-foot  beds  on  top  of  the  pedestal  stones  in 
position  at  a  height  of  125  feet  above  the  water. 
These  stones  were  set  14  Inch  high  and  were 
required  to  be  faced  with  great  precision,  al- 
though the  truss  shoes  are  to  be  seated  on  them 
with  -^-inch  rust  joints.  The  machines  were 
set  up  on  the  pier  tops  and  dressed  the  beds 
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to  within  1/50  inch,  going  over  the  surface  until 
it  was  so  perfect  that  there  were  no  variations 
KTMter  than  the  thickness  of  a  sheet  of  thick 
paper,  and  no  hollows  could  be  detected  by 
a  leveling  rod  or  by  the  moisture  remaining 
after  a  shower.  ThM  work  took  about  ten  days 
for  each  pedestal. 

At  Ravenswood  the  plant  consisted  of  a  dock, 
a  long  inclined  platform  In  the  bridge  axis, 
reaching  from  It  to  the  pier  and  anchorage; 
storage  bins  and  delivery  tracks  at  a  low  level. 
under  the  platform:  a  concrete  mixiDg  tower 
on  the  platform,  ordinary  boom-derricks  for  un- 
loading boats,  serving  the  concrete  mixer  and 
handling  the  masonry;  a  hoisting  engine  and 
cable  for  hauling  cars  up  the  incline,  and  a  200- 
horse-power  boiler  plant.  Here  the  storage  bins 
discharged  to  cars  underneath  which  delivered 
to  measuring  boxes  hoisted  by  a  derrick  and 
emptied  into  the  mixer.  The  mixer  discharged 
to  buckets  on  cars  on  the  incline,  and  these 
ran  by  gravity  or  were  hauled  by  the  cable  to 
the  pier  and  anchorage,  where  the  contents  of 
the  buckets  were  emptied  by  the  derricks. 
When  work  was  in  progress  on  both  pier  ana 
anchorage  about  350  cubic  yards  of  concrete 
was  mixed  and  laid  in  one  eight-hour  day. 

The  plant  at  the  Manhattan  end  of  the  bridge 
is  installed  on  the  steep  hank  of  the  river  about 
50  feet  above  high  water.  The  coal  dock  of  one 
of  the  power  houses  of  the  New  York  Steam 
Company  extends  in  a  sharp  point  into  the  river 
at  Fifty-ninth  Street,  and  the  privilege  was  ob- 
tained of  setting  on  it  the  mast  and  one  stiff-leg 
of  the  special  unloading  derrick,  which  was 
arranged  so  that  its  platform  was  about  20 
teet  above  the  dock  floor  and  only  a  very  few 
square  feet  of  the  floor  surface  was  occupied, 
causing  practically  no  obstruction  on  the  dock. 
The  derrick  delivered  stone,  sand,  cement  and 
other  materials  from  boats  to  cars  on  an  elevat- 
ed platform  trestled  out  from  the  top  of  the 
bank.  Its  two  tracks  were  carried  to  street 
level  and  thence  ascended  about  10  feet  and  con- 
tinued across  the  shore  side  of  pier  1,  where 
they  terminated  on  the  deck  or  roof  below 
which  were  built  rectangular  storage  bins  hav- 
ing an  aggregate  width  and  length  of  32  and  46 
feet  and  a  depth  of  18  feet.  About  6  feet  above  the 
ground  they  had  flat  bottoms  with  holes  closed 
by  horizontal  sliding  steel  plate  gates  through 
which  the  sand  and  stone,  dumped  from  the 
tracks  above,  were  discharged  into  cars  which 
were  run  over  a  shallow  pit.  The  cars  were  of 
a  special  pattern  designed  by  Mr.  Parker,  and 
had  A-sbaped  bottoms  and  flap  doors,  opening 
outwards  in  the  lower  part  of  the  sides  so  that 
they  would  discharge  the  contents  when  un- 
latched. They  were  made  of  the  exact  size  re- 
quired to  hold  the  proportions  of  sand  and 
stone  for  one  2-yard  batch  of  concrete,  and  dis- 
charged their  contents  to  scale  boxes  in  pits  be- 
tween the  tracks  on  which  sand  and  stone 
cars  were  brought  opposite  each  other. 

With  the  sand  and  stone  nine  bags  of  Lehigh 
Portland  cement  was  delivei-ed  to  the  scale  box 
through  a  chute  from  the  deck  al>ove  for  each 
batch,of  1:2:5  concrete.  The  bucket  was  raised 
by  K  trolley  hoist  on  an  overhead  track  between 
two  combination  Howe  trusses,  8  feet  deep,  75 
feet  long  and  3  feet  apart  on  centers,  which 
are  supported  on  timber  trestles  about  50  feet 
high.  At  the  end  of  the  trolley  track  the  charg- 
ing box  is  discharged  into  the  hopper  of  a  3- 
yard  Carlin's  cubical  mixing  machine.  The 
mixer  is  revolved  a  minute  or  more  until  a 
bucket  is  set  under  It  and  the  concrete  or  mor- 
tar is  discharged  into  It  The  bucket  is  either 
delivered  by  the  derrick  directly  to  pier  1,  or 
the  mixer  is  emptied  into  a  wagon  In  the 
street,  which  is  drawn  by  a  two-horse  team  up 
the  light  grade  to  the  anchorage  600  feet  away 
and  there  dumped  wherever  required.  The 
concrete  may  be  put  on  cars  and  run  out  on  the 


trestle  and  l«ck  to  surface  track  In  a  parallel 
street,  which  also  goes  to  the  anchorage,  but 
at  a  grade  so  much  steeper  that  it  was  not  easy 
to  haul  over.  The  trolley  track  is  Incllnei! 
downwards,  away  from  the  concrete  mixer  just 
enough  so  that  the  slope  would  partly  keep  the 
trolley  stationary  against  the  stress  of  wind- 
ing up  the  hoisting  rope  and  would  return  the 
car  by  gravity  from  the  mixer  to  the  soale-pan 
pit.  It  was,  however,  provided  with  an  endless 
rope  led  around  pulleys  at  both  ends  of  the 
truss  and  to  the  drum  of  the  hoisting  engine,  by 
which  the  trolley  could  be  held  against  the 
hoisting  rope  or  moved  independently  of  the  lat- 
ter. The  wooden  charging  boxes  have  double 
flap  bottoms,  opening  downwards,  held  up  by 
bridle  chains  from  the  hoisting  rope.  The  ten- 
sion on  these  chains  keeps  the  flaps  closed 
while  the  charging  box  is  suspended,  and  when 
it  is  delivered  to  the  charging  hopper  its  ends 
only  are  seated  on   supports  which  clear  the 
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flaps.  Then  when  the  hoist  rope  is  slacked  off 
it  allows  the  flaps  to  open  and  empty  the  con- 
tents. With  this  plant  a  force  of  ten  men  have 
made  and  laid  300  cubic  yards  of  concrete  and 
the  mortar  for  150  yards  of  stone  masonry  in 
one  eight-hour  day  for  the  anchorage  and  pier 
1,  respectively.  The  efficiency  of  the  plant  was 
secured  by  making  all  the  operations  as  nearly 
continuous  as  possible  and  might  have  been 
still  greater  If  it  had  been  practicable  to  take 
the  concrete  from  the  machine  and  put  it  in 
place  more  rapidly.  One  charging  box  was  in 
the  track  pit  being  filled  while  another  was  be- 
ing emptied  Into  the  charging  hopper.  The 
charging  box  was  kept  filled  over  the  concrete 
mixer  while  the  mixer  was  in  operation,  so 
that  it  was  ready  to  deliver  its  contents  the  mo- 
ment the  mixer  discharged  a  batch  of  concrete, 
and  an  empty  bucket  was  kept  waiting  under 
the  concrete  mixer  while  the  full  one  was  being 


delivered  to  the  pier  or  anchorage,  but  as  this 
last  operation  took  more  time  tlian  it  did  to  run 
a  batch  through  the  mixer,  it  limited  the  out- 
put of  the  latter  below  Its  capacity. 

The  foundation  excavations  were  ajl  made  lu 
open  pits  which  were  carried  down  to  a  max- 
imum depth  of  about  40  feet.  The  sides  were 
retained  by  ordinary  sheeting,  and  at  piers  2 
and  3,  where  the  rock  bottom  was  only  a  few 
feet  below  low  tide,  the  water  was  kept  out 
with  sand-bag  coffer  dams.  Very  little  pumping 
was  required  except  at  pier  1,  where  a  6-lnch 
centrifugal  and  a  4-inch  duplex  pump  were  in- 
stalled. All  excavating  was  done  with  pick 
and  shovel  and  the  spoil  was  handled  by  scale 
boxes  and  boom  derricks  and  used  for  fill. 

At  the  Ravenswood  anchorage  test  pits  were 
not  driven  to  rock  and  the  position  of  the  rock 
surface  as  indicated  by  the  profiles  was  wrong. 
The  contractor  was  therefore  obliged  to  exca- 
vate about  12  feet  deeper  than  was  expected; 
difficult  and  expensive  work  in  the  quicksand 
was  encountered  there.  After  the  footings  of 
this  pier  were  finished  and  the  masonry  had 
been  carried  up  to  a  considerable  height  above 
the  surface,  it  was  decided  to  lengthen  the  an- 
chorage in  accordance  with  the  revised  design 
and  the  contractor  was  obliged  to  repeat  the 
difficult  excavation  at  one  end  of  the  pier. 

The  stiff-leg  derrick  on  the  coal  pier  at  the 
Manhattan  end  of  the  bridge  had  a  60-foot  boom 
and  a  40-foot  mast  braced  by  two  stiff-legs  mak- 
ing an  angle  of  about  60  degrees  with  each 
other.  The  mast  was  supported  on  a  single 
trestle  bent  about  20  feet  high,  seated  on  the 
string  piece  bolted  to  the  fender  piles  on  the 
face  of  the  dock  and  therefore  occupied  none  of 
the  dock  floor.  One  of  the  stiff-legs  was  nearly 
in  the  plane  of  the  trestle  bent  and  had  its 
lower  end  seated  on  shore,  where  it  was  secured 
with  a  heavy  load  of  riprap.  The  foot  of  the 
other  stiff-leg  was  secured  to  the  end  of  a  hori- 
zontal sill  about  18  feet  in  the  clear  above  the 
dock  floor.  One  end  of  the  sill  was  supported 
on  the  trestle  and  the  other  end  was  shouldered 
into  the  tops  of  two  vertical  posts  and  braced 
laterally  by  a  timber  stmt  to  the  shore.  A 
heavy  platform  7  feet  square  was  built  on  the 
floor  of  the  dock  and  connected  to  the  feet 
of  the  vertical  posts  and  on  it  was  piled  34 
tons  of  pig-iron,  enclosed  in  a  strong  box  to 
prevent  it  from  being  stolen.  All  the  stiff-leg 
connections  and  those  at  the  feet  of  the  verti- 
cal posts  were  made  with  3-inch  pins  engaging 
the  ends  of  eyebars  which  had  been  saved  from 
a  roof  truss  and  were  drilled  and  bolted  to  the 
ends  of  the  timbers  to  make  jaws.  The  con- 
tractor had  a  large  number  of  these  short  bars 
in  stock  which  make  admirable  tension  connec- 
tions for  timber  and  serve  instead  of  expensive 
special  forgings.  Two  more  10xl4-inch  tim- 
bers were  set  parallel  to  the  sill  and  with  it 
acted  as  beams  to  support  the  hoisting  engine 
platform  with  plenty  of  clearance  below  it  over 
the  dock  floor,  so  that  only  49  square  feet  of  the 
dock  was  required  for  the  derrick.  The  trestle 
under  the  mast  was  thoroughly  braced  and  bolt- 
ed to  the  string  piece  and  piles  so  that  it  re- 
sisted any  displacement  of  the  derrick  in  Ita 
plane,  and  as  the  two  stiff-legs  resisted  any 
kick  in  either  direction  at  right  angles  to  the 
trestle  the  mast  was  secure  on  all  sides  and 
safely  handled  heavy  loads  through  an  arc  of 
270  degrees,  although  the  base  was  a  narrow 
one.  A  stiff-leg  derrick  with  a  78-foot  boom  was 
set  in  the  bridge  axis  at  pier  1  and  commanded 
both  Its  shafts  and  the  concrete  mixer  and  han- 
dled all  materials  for  the  pier  up  to  a  height 
of  about  10  feet  above  the  crown  of  the  arch, 
when  a  guyed  derrick  with  a  'f8-foot  boom  and 
an  85-foot  mast  was  set  in  the  center  of  the 
pier  and  finished  the  work  there,  being  occa- 
sionally shifted  and  raised  to  allow  the  masonry 
under  it  to  be  built  up.    This  was  accomplished 
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by  unshipping  the  boom  and  using  It  as  a  gin- 
pole  to  set  the  mast  in  the  new  position  and 
then  using  the  latter  to  put  the  boom  back  in 
its  seat,  the  whole  operation  throwing  the  der- 
rick out  of  service  only  about  three  hours.  At 
pier  1  and  the  Manhattan  anchorage  the  con- 
tractors did  not  install  any  power  plant,  but 
operated  all  hoisting  engines,  pumps,  and  con- 
crete machinery  by  steam  purchased  by  meter 
from  the  New  York  Steam  Company. 

The  contractors  had  in  all  twenty-two  large 
derricks  on  this  work,  all  of  them  having  booms 
from  60  to  87  feet  long  with  a  capacity  of  at 
least  12  tons.  Four  teams  were  required  to  haul 
the  concrete  from  the  mixer  at  pier  1  to  the 
Manhattan  anchorage  and  a  tug  with  a  capacity 
of  100  passengers  was  employed  constantly  to 
transport  the  men  at  work  on  the  island  and 
handle  scows,  etc.,  other  towing  being  done  by 
the  towing  companies,  as  needed.  The  maxi- 
mum force  employed  was  about  250  men  and 
the  largest  amount  of  masonry  laid  in  one 
month  was  5.400  cubic  yards,  including  2,750 
yards  of  concrete.  The  special  features  of  the 
contractors  plant  were  designed,  the  plant  was 
installed  by   Mr.   A.  McC.   Parker. 


The   Philadelphia   Gas   Engine   Pumping 
Station  for  Fire  Service. 


An  important  development  in  the  application 
.of  gas  power  is  marked  by  the  establishment  of 
the  Philadelphia  high-pressure  pumping  station. 
This  station  supplies  water  at  necessary  pres- 
sure up  to  300  pounds  per  square  inch  to  a  high- 
pressure  pipe  network  covering  the  downtown 
business  district,  which  has  been  designated  by 
the  insurance  companies  the  "congested"  or 
"danger"  district.  The  ultimate  capacity  of 
the  station  is  approximately  3,000  brake  horse- 
power or  12,700  gallons  of  water  per  minute. 
Up  to  the  present  time,  2,200  horse  power  in 
engine  capacity  has  been  installed  and  the 
plant  will  be  extended  in  the  future  when  re- 
quired.    The  establishment  of  the  Philadelphia 


station  was  directly  brought  about  by  the  action 
of  the  insurance  companies  in  raising  rates 
throughout  the  so-called  "danger"  district. 
This  movement  was  necessitated  by  the  severe 
losses  which  have  been  sustained  as  a  result 
of  lack  of  adequate  fire  apparatus. 

The  high-pressure  piping  system  has  been  in- 
stalled about  two  years  and  was  served  by  three 
fire  boats,  plying  along  the  Delaware  river 
front  pending  the  completion  of  the  central 
pumping  station.  With  these  fire  boats,  a  pres- 
sure of  225  pounds  per  square  inch  has  been  ob- 
tained upon  the  system  at  the  most  distant 
point,  and  results  secured  far  superior  to  any 
possible  with  present  portable  fire  fighting  ap- 
paratus. The  aggregate  capacity  of  the  fire 
boat  pumps  is  9,000  gallons  per  minute,  and  the 
three  boats  with  an  average  pressure  of  180 


One  of  the  High-Pressure  Pumps. 
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ponads  at  tbe  pumps,  hare  maintained  twelve 
l^-incli  streams,  covering  a  horixontal  distance 
of  150  feet.  Four  2-inch  streams  were  thrown 
190  feet  with  a  pressure  of  237  pounds  at  the 
pomps,  and  a  single  2-inch  stream  was  thrown 
S15  feet  horixontal  and  230  feet  vertical  dis- 
tance with  a  pressure  of  230  pounds  at  the 
pumps.  A  loss  of  pressure  of  47  per  cent,  witli 
twelve  streams  and  34  per  cent,  with  four 
streams  was  observed  between  Ore  boat  and 
hydrant,  this  loss  occurring  over  a  network  of 
piping  1>4  miles  from  end  to  end.  With  the 
higher  pressure  available  at  the  pumping  sta- 
tion, a  corresponding  increase  in  pressure  at 
the  hydrants  will  be  available,  thus  enabling  a 
much  greater  number  of  streams  to  be  main- 
tained than  before.  Tbe  fire  boat  service  will 
not  be  discontinued  but  will  be  maintained  as 
an  auxiliary  to  the  gas  pumping  station. 

The  comparative  cost  between  a  steam  and  a 
gas  plant  is  well  shown  by  the  following  ex- 
cerpt from  a  report  by  the  chief  of  the  Bureau 
of  Water,  Mr.  F.  L.  Hand: 

ItMBs.                                            Steam.  Gas. 

Nambrr  of  enslnM    .'t  8 

CapadtT.  million  gallons  per 

24  hoora   IS  Iti 

NiUBber   bollera    8  qod<- 

Coat — engines,    boilers    and 

•tack    JHO.000.00  

Coat — engines •  f  150.000.0:1 

Wages,  per  montb   ^O.'SO.OO  $450.01) 

Co«t  coal,  at  $2.00  per  ton.-         500 00  

cost  gas.  at  $1  Ou  per  M 302  00 

Cost  fnel.  per  boor (50.00)  (30.20) 

Oil.  water,  etc.    48.00  48.00 

Bepaire    85.00  85  00 

Rannlog      expenaes      per 

montli    $1,283.00  »975.00 

Cost  per  year (15,396.00       $11,700.00 

Saving  cas  over  steam  plant 24< 

Saving,  basis  equal  caparltj 2Sj( 

In  the  above  figures,  no  fixed  charges  upon 
the  station  have  been  considered.  Assuming 
an  Interest  rate  of  5  per  cent,  and  an  average 
depreciation  of  7V>  per  cent.,  a  further  saving  of 
21  per  cent,  on  this  item  alone  is  realized. 
Thus  a  total  saving  of  50  per  cent,  in  aggregate 


of  comparatively  small  capacity  may  he  em- 
ployed with  the  same  economy  and  reliability 
as  larger  ones,  thus  enabling  the  entire  ca- 
pacity of  the  station  to  be  sub-divided  among 
many  power  units.  Electric  motors  supplied 
from  the  local  electricity  distributing  system 
were  at  first  considered  for  operating  the  pump- 
ing units  in  the  station.  This  arrangement 
would  obviously  provide  the  greatest  con- 
venience of  operation,  but  in  the  present  in- 
stance the  liability  of  accident  to  power  house 


Street  and  Delaware  Avenue,  facing  the  river 
front.  It  is  thus  within  the  area  covered  by  the 
network  and  by  means  of  a  trunk  main  the  five 
feeders  extending  west  into  the  business  district 
are  directly  supplied.  Unexpected  difficulties 
were  encountered  in  the  preparation  of  the 
foundation,  by  reason  of  the  unsubstantial  char- 
acter of  the  sub-soil,  which  proved  to  be  littla 
better  than  river-bed  muck.  The  sub-founda- 
tion is  a  monolithic  concrete  bed  5  feet  thick  on 
which  rests  the  building  and  engine  piers.    The 


The  Philadelphia  Fire  Protection  Pumping  Station. 


Apparatus  in  Basement  of  the  Pumping  Station. 


operating  cost  Is  secured  by  utilizing  gas  power 
Instead  of  steam  power. 

Oa«  engines  were  chosen  for  service  in  the 
ptimplng  station  for  a  number  of  reasons; 
primarily,  the  (luestion  of  expense  Involved  In 
the  maintenance  of  a  steam  station  is  effec- 
tively solved  by  the  use  of  gas  power;  sec- 
ondly, the  operation  of  the  pumping  station  Is 
simplified  to  the  extent  that  a  complete  boiler 
plant  has  been  dispensed  with;  thirdly,  engines 


and  transmission  line,  and  the  fact  that  the  en- 
tire fire  situation  would  then  be  in  the  hands  of 
independent  corporations,  prohibited  the  use  of 
the  motor. 

In  locating  the  ptfmping  station,  the  site  se- 
lected was  considered  most  desirable  even  at 
increased  cost,  on  account  of  the  loss  In  pres- 
sure which  Is  avoided  In  the  pipe  main  connect- 
ing the  station  and  the  distributing  network. 
The  station  Is  located  at  the   comer  of   Race 


maximum  concentrated  load  upon  the  sub- 
foundation  is  about  4,000  pounds  per  square 
foot,  and  the  concrete  was  therefore  reinforced 
by  a  steel  mat  of  one  Inch  round  rods  assembled 
in  layers  near  the  upper  and  lower  surfaces. 

The  building  is  approximately  130x68  feet  In 
interior  dimensions,  of  which  about  115  feet  are 
devoted  to  the  engine  room,  which  is  entirely 
clear  of  columns  or  other  obstructions,  and  Is 
served  by  a  hand-operated  traveling  crane.  Of- 
fices and  lavatories  occupy  the  western  end  of 
the  building,  a  gallery  being  constructed  for 
this  purpose  on  a  level  with  Water  Street.  In 
a  basement  beneath  this  gallery  are  located  the 
air  compressors,  air  storage  tanks.  Igniter  gen- 
erators and  building  heating  apparatus. 

The  general  arrangement  of  the  power  units 
is  shown  In  the  accompanying  plan.  The  en- 
gine room  accommodates  tea  300-horse-power 
units,  of  which  seven  are  at  present  installed, 
also  two  125-horse-poiweir  units  which  form 
part  of  the  present  equipment.  The  two-foot 
concrete  footings  in  the  original  design  for  the 
foundations  had  to  be  changed  when  the  cha:^ 
acter  of  the  sub-soil  was  discovered.  The 
foundations  of  the  engines  are  of  brick  extend- 
ing to  within  12  inches  of  the  floor  level.  At 
this  point,  a  ledge  is  formed  supporting  cross 
beams  between  which  concrete  arches  are 
sprung  for  the  floor  construction. 

On  account  of  the  necessity  of  placing  the 
pumps  entirely  above  the  floor  level,  the  en- 
gines are  mounted  upon  an  extension  to  the 
pier,  28  inches  above  the  floor  level.  Dressed 
stone  caps  12  Inches  in  thickness  are  used  and 
that  part  of  the  piers  extending  above  the  floor 
level  Is  finished  in  glazed  brick.  A  tunnel  6 
feet  wide  and  SVi  feet  in  depth  extends  the  en- 
tire length  of  the  engine  room  and  contains  the 
suction,  discharge  and  over-flow  piping. 
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The  main  pumping  unit  consists  of  an  18x22- 
Inch  300  horse-power  Westinghouse,  three- 
cylinder  gas  engine,  direct-connected  to  a 
ll%xl2-inch  Deane,  single-reduction,  double 
acting,  triplex  pump.  The  pumps  are  located 
on  the  main  aisle  in  order  to  minimize  piping 
and  so  that  the  control  valves  and  indicating 
gauges  may  be  more  readily  accessible  and  kept 
in  constant  view  of  the  operators.  After  the 
engines  are  started  the  entire  manipulation  of 


each  cylinder,  at  every  other  downward  stroke, 
which  mixture  is  in  turn  ignited  at  each  suc- 
ceeding stroke.  This  secures  an  extremely 
uniform  effort  upon  the  crank  shaft. 

A  striking  feature  of  the  equipment  is  the 
provision  of  a  motor-driven  bypass  or  overflow 
valve,  controlling  the  output  of  the  pump.  This 
valve  is  located  in  a  branch  from  the  main 
pump  discharge  ^nd  connects  with  the  overflow 
piping.    It  Is  operated  by  a  simple  series  motor 


View  Showing  Gauge  Board  on  Pumps. 


a  12-inch  outside  screw  and  yoke  valve  pro- 
tected from  back  pressure  by  a  check.  When 
this  valve  is  closed  and  the  bypass  valve 
opened,  water  drawn  from  the  suction  main 
is  delivered  into  the  discharge  main  at  no  pres- 
sure. If  the  bypass  valve  be  then  closed,  the 
pressure  in  the  pump  gradually  rises  to  300 
pounds,  when  if  the  main  valve  is  not  opened 
a  relief  valve  upon  the  rear  water  box  opens, 
again  turning  the  pump  discharge  into  the  over- 
flow. 

The  method  of  operation  Is  as  follows:  While 
the  engine  is  starting,  both  valves  are  opened. 
As  the  work  done  upon  the  pump  is  then  sim- 
ply that  of  mechanical  and  fluid  friction,  prac- 
tically no  load  is  imposed  upon  the  engine  In 
starting.  When  the  normal  speed  is  reached, 
however,  the  switch  controlling  the  bypass 
valve  is  closed  and  the  bypass  discharge  is 
gradually  throttled  until  the  pressure  upon  the 
pump  rises  to  80  pounds,  at  which  pressure 
the  check  valve  in  the  discharge  main  opens 
against  the  city  pressure,  which  is  always  kept 
upon  the  distributing  system.  At  the  opening 
of  this  check,  the  pumps  then  begin  to  deliver 
water  to  the  city  system,  and  if  no  hose  con- 
nections have  been  made  the  pressure  rises 
rapidly  to  300  pounds.  At  this  pressure  the 
relief  valve  comes  into  action  and  the  entire 
pump  discharge  is  turned  into  the  overflow 
until  fire  apparatus  at  some  part  of  the  sys- 
tem is  put  into  service.  As  soon  as  the  de- 
mand for  water  exceeds  the  capacity  of  a 
single  pump,  the  operator  notices  the  pressure 
on  the  system  falling  and  another  unit,  which 
has  in  the  meantime  been  starterd,  is  Immedi- 
ately thrown  into  service,  this  operation  being 
repeated  until  the  demand  for  water  is  met. 
In  the  daily  tests  upon  the  station  equipment 
the  starting  operations  are  regularly  performed 
on  each  unit  in  order  that  the  equipment  may 
be   kept   constantly    in    serviceable    condition. 


the  plant  is  taken  care  of  at  the  pump  end  by 
means  of  these  valves.  The  main  engines  on 
eack  side  of  the  station  are  connected  by  an 
ir»a  gallery  from  which  all  the  valves,  regu- 
lators, igniter  cabinets  and  upper  works  of 
the  engines  are  accessible. 

The  uncertainty  concerning  the  reliability  of 
gas  engines  for  such  service,  at  least  in  the 
Bureau  of  Water,  led  to  the  following  stringent 
requirements  in  the  specifications:  "The  Di- 
rector of  Public  Works  desires  it  to  be  under- 
stood that  he  will  not  try  or  accept  anything 
experimentally  nor  use  the  first  engine  of  its 
kind  built  by  any  manufacturer.  No  bids  will 
bo  considered  on  engines  or  pumps  which  have 
not  demonstrated  their  capacitj  to  operate  in 
the  size  herein  contemplated  in  regular  every 
day  service,  and  each  bidder  is  required  to  sub- 
mit with  his  proposal  a  list  of  the  plants  in 
which  such  size  units  are  in  operation." 

The  pumps  are  connected  to  the  engines  by 
steel  flanged  couplings  and  through  a  gear  re- 
duction of  5  to  1,  giving  relative-normal  speeds 
of  200  and  40  revolutions  per  minute  respec- 
tively. A  gear  casing  surrounds  the  gear  mesh 
in  order  to  protect  workmen.  An  especially 
massive  construction  is  employed  in  the  pumps 
in  order  that  the  high  pressure  may  be  car- 
ried with  a  sufllcient  factor  of  safety.  All  in- 
terior fittings  are  of  composition  bronze,  thus 
conforming  to  underwriters'  pump  construction. 
The  triplex  design  affords  a  uniform  rate  of  dis- 
charge desirable  for  distributing  water  under 
high  pressure,  and,  as  an  extra  precaution,  a 
large  air  chamber  has  been  installed  at  the  end 
of  the  pressure  main.  A  further  important  aid 
in  securing  uniform  discharge  is  the  principle 
of  speed  regulation  employed  in  the  engines. 
The  valve  mechanism  regularly  admits  a  charge 
of   explosive    mixture,    of   uniform    quality,    to 


View  down  Center  Aisle  Showing  Air  Chamber  at  the  End. 


through  a  large  gear  reduction,  so  that,  about 
one  minute  is  required  for  closing  or  opening 
the  valve,  so  that  sudden  shock  upon  the  pipe 
system  due  to  the  quick  closing  of  the  valve 
is  automatically  avoided.  Current  for  the  mo- 
tor is  taken  from  the  station  mains,  with  a 
duplicate  supply  from  the  city  lighting  system 
if  necessary. 
The  main  pump  discharge   Is  controlled  by 


Each  pumping  unit  is  fitted  with  a  gauge 
board,  comprising  a  direct  reading  pressure 
gauge  and  a  direct  reading  suction  gauge  for 
indicating  the  condition  of  the  suction  piping. 
A  stoppage  of  the  intake  or  the  unsealing  of  a 
pump  valve  by  foreign  matter  is  readily  indi- 
cated by  this  suction  gauge.  Daily  rfecords  of 
the  operation  of  each  unit  in  the  station,  the 
time   of   daily   tests,   and,   in   case  of   fire,   the 
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daration  of  the  high  pressure  service,  are  kept 
on  Sle  for  reference.  These  records  are  ob- 
tained br  24-hour  Bristol  recording  pressure 
SMigM  at  the  top  of  the  gauge  boards.  The 
output  of  the  pumping  units  is  determined  by 
speed  counters  mounted  on  the  pump  frame. 
This  instrument  gives  the  plunger  displace- 
ment which,  vith  the  average  discbarge  pres- 
sure shown  by  the  recording  gauges,  furnishes  - 
data  from  which  the  output  of-  the  engine  may 
be  estimated  and  the  gas  consumption  approxi- 
mately determined.  At  present  no  meters  are 
installed  for  measuring  the  gas  consumption, 
as  a  considerable  amount  of  valuable  space 
would  be  taken  up  by  them.  and.  on  account  of 
the  intermittent  service,  the  consumption  can 
be  approximated  with  sufficient  exactness.  In 
order  to  facilitate  the  computation  of  gas  Input 
a  chart  is  used,  based  upon  the  results  of  tests 
of  the  engines  at  the  works  of  the  builders, 
rapreaentlng  the  average  gas  consumption. 

Tke  gas  supply  of  the  plant  is  drawn  from 
a  20-inch  trunk  main  one  block  distant,  which 
connects  two  large  gas  holders  located  respec- 
tively on  the  north  and  south  sides  of  the  city. 
The  gas  is  furnished  by  the  United  Gas  Im- 
provement Company  of  Philadelphia,  from  their 
local  distributing  system,  and  is  the  ordinary 
lllnminating  gas.  The  average  analysis  Is  given 
by  the  chief  inspector  of  meters  in  the  report 
for  1902  of  the  Bureau  of  Gas  as  follows:  Car- 
bon dioxide,  2.89  per  cent.;  oxygen,  0  60;  hydro- 
gen. 32.7;  carbon  monoxide.  21.2;  methane, 
26.3;  nitrogen,  4.7;  illuminants.  11.61.  The 
average  calorific  value  of  the  gas  is  675  British 
thermal  units  per  cubic  foot,  as  determined  by 
both  chemical  and  calorimetrlc  tests  at  the 
United  Gas  Improvement  Company's  labora- 
tory. 

A  valve  located  in  the  16-inch  street  main 
outside  of  the  station  controls  the  entire  sup- 
ply to  the  station.  The  supply  line  to  each 
engine  is  similarly  controlled  by  a  valve  located 
at  the  Juactlon  of  branch  and  station  main,  and 
readily  accessible  from  the  platform.  Gas  Is  sup- 
plied to  the  engines  at  approximately  atmos- 
pheric pressure,  through  automatic  regulators 
inserted  in  each  supply  line.  A  throttle  valve 
at  the  engine  is  ordinarily  used  to  control  its 
operations,  while  the  above-mentioned  valve 
in  the  supply  line  is  left  open  in  order  to  reduce 
the  duties  of  the  operator  in  starting.  A  mix- 
ing valve  behind  the  engine  throttle  controls 
the  proportion  of  gas  and  air,  and  at  the  same 
time  the  quantity  of  mixture  admitted  to  the 
engine  cylinders.  The  definite  proportion  of 
the  mixture  may  be  permanently  adjusted  by 
hand  levers,  the  best  mixture  being  actually 
determined  by  shifting  the  levers  back  and 
forth  when  the  engine  is  running,  when  it  be- 
come* a  simple  matter  to  determine  the  rela- 
tive position  that  gives  an  explosion  of  maxi- 
mum power. 

The  speed  of  the  engine  is  controlled  a  sen- 
sitive centrifugal  governor,  driven  through 
gearing  from  the  main  shaft.  This  governor 
directly  controls  the  quantity  of  mixture  ad- 
mitted to  the  cylinder  by  the  mixing  valve. 
Clause  53  in  the  specifications  indicates  the 
degree  of  regulation  required:  "The  regula- 
tion and  governing  of  the  engines  shall  be  such 
that  in  the  event  of  the  load  being  suddenly 
thrown  off,  such  as  would  be  caused  by  the 
bursting  of  a  water  pipe,  the  speed  of  the  en- 
gine shall  not  increase  more  than  two  per  cent, 
from  its  speed  at  full  load." 

A  duplicate  set  of  igniters  is  supplied  on  en- 
gine cylinders,  so  that  if  one  fails  the  other 
may  be  thrown  Into  service.  Three  sources 
of  Ignition  current  are  available,  viz.:  220-volt 
current  from  a  duplicate  set  of  7%-klIowatt 
generators  belted  to  the  smaller  engines;  220- 
volt  current  from  the  Edison  mains;   and,  fin- 


ally, current  at  8  volts  from  primary  cells.  In 
order  to  reduce  the  voltage  to  that  suitable  for 
igniters,  a  small  motor-generator  Is  mounted 
on  each  Igniter  cabinet  and  controlled  by  auto- 
matic starting  boxes.  No  arrangement  of  the 
switches  will  result  in  interference  between  the 
various  sources  of  supply,  and  a  hasty  closing 
of  one  switch  will  always  result  in  current  at 
the  igniters.  • 

The  engines  are  started  by  compressed  air. 
at  pressures  ranging  from  150  to  200  pounds, 
by  means  of  a  very  complete  system  of  storage 
tanks  located  in  the  basement.  With  the  tanks 
full,  at  200  pounds  pressure,  sufficient  air  is 
available  for  starting  up  the  entire  station  in- 
dependently of  the  compressors.  Air  Is  sup- 
plied to  the  tanks  by  a  duplicate  set  of  Rand 
tw^o-stage  compressors,  each  provided  with  an 
automatic  relief  valve  which  unloads  the  com- 
pressor when  a  discharge  pressure  of  200 
pounds  is  reached.  After  the  valve  operates, 
the  compressor  cylinders  are  bypassed,  so  that 
the  load  falls  to  that  of  friction.  As  soon  as 
the  pressure  falls  below  200  pounds,  however, 
the  valve  again  automatically  places  the  pump 
in  action.  Ordinarily  one  of  the  small  engines 
is  started  after  the  first  or  second  main  unit, 
during  the  wait  for  increased  demand  upon  the 
fire  system.  Part  of  the  storage  system  is  kept 
in   reserve  In  case  of  accidental  loss  of  pres- 


copper  gaskets.  Special  cast-steel  nozzles  are 
also  employed  on  the  discharge  main,  the  pump 
discharges  being  introduced  at  an  angle  of  45 
degrees  in  order  to  avoid  eddies  at  the  junc- 
tion. For  the  purpose  of  absorbing  possible 
shock,  a  large  air  chamber  is  mounted  above  a 
T  in  the  dlsch.arge  piping. 

Through  the  six  weeks  prior  to  the  placing  of 
the  station  in  operation,  systematic  training 
of  attendants  was  carried  on  in  three  shifts  of 
three  hours  per  day,  Sundays  excepted.  Dur- 
ing each  shift  the  alarm  was  sounded  without 
warning  and  several  units  gotten  under  way. 
The  regular  station  operating  force  during  any 
shift  consists  of  two  men — the  engineer  and  his 
assistant,  the  entire  station  being  under  the  di- 
rect charge  of  a  superintendent.  The  total 
number  of  distinct  operations  required  in  start- 
ing each  unit  is  seven,  of  which  five  are  per- 
formed by  the  engineer  and  two  by  his  assist- 
ant, as  follows: 

Knglneer  : 

,. „„  ,.i„,»,,-m      (Close  Ignition  switch, 

Ipper  platform— j  Open  engine  throttle. 


\  Throw  compression  air  valves, 
valves, 
water. 


(  Throw  compression  air 

•platform —  <  Throw  exhaust  valves, 

I  TxiTiL  on  coo11d£  water. 


Assistant : 

\ioin   aiui,>     i  Open  suction  valve, 

Main  aiBie      j  (;.|ogp  motor  switch  on  "hypass"  valve. 

When  it  is  considered,  however,  that  each 
group  may  be  performed  without  either  attend- 
ant moving  more   than   three   feet,   the  opera- 


Ballast  Spreading  Car  Built  by  McArthur  Brothers  Company. 


sure  from  the  remainder  of  the  system.  Start- 
ing one  main  unit  reduces  the  pressure  in  two 
tanks  about  50  pounds,  or  in  one  battery  of  four 
tanks  about  25  pounds,  so  that  the  necessity 
for  the  starting  of  the  compressors  simultan- 
eously with  that  of  the  first  unit  is  not  for  the 
time  being  imperative. 

The  water  suction  and  discharge  mains  were 
specially  designed  for  this  plant.  As  no  pres- 
sure is  carried  on  the  suction  main.  It  consists 
simply  of  a  36-inch  steel  pipe  riveted  and 
calked.  The  connections  to  the  pumps  are  cast 
steel  nozzles  riveted  to  the  top  of  the  pipe,  to 
prevent  sediment  and  foreign  matter  accumu- 
lating in  the  bottom  of  the  suction  main  from 
entering  the  pump  cylinders.  On  each  branch 
to  the  pumps  there  is  located  a  small  air  cham- 
ber. The  36-lnch  suction  main  extends  to  the 
river  bulkhead,  where  it  is  water-sealed  several 
feet  below  low  tide.  An  automatic  check  valve 
located  in  a  large  manhole  prevents  the  main 
from  being  drained. 

The  high-pressure  line  consists  of  21-lnch  spe- 
cial extra  strong  rolled  steel  pipe  approxi- 
mately %  Inch  In  thickness,  with  rolled  steel 
flanges.  The  flanges  are  recessed  and  the  ends 
of  the  pipe  expand  into  this  recess,  the  flange 
being  machined  after  bending.  The  two  sec- 
tions are  then  Joined  by  bolts  with  corrugated 


tions  are  in  reality  reduced  to  three  in  number. 
The  superintendent's  record  of  the  six  weeks' 
trial  show  the  following  results: 

1.  Not  more  than  25  seconds  required  to  ob- 
tain full  speed  at  each  unit. 

2.  Not  more  than  45  seconds  required  to  ob- 
tain full  300  pounds  pressure. 

3.  Seven  minutes  required  for  placing  en- 
tire  seven  units  in  service. 

4.  During  the  36  days'  trial,  out  of  a  total 
of  over  100  alarms,  not  more  than  four  misses 
have  been  made  in  getting  a  single  unit  start- 
ed. In  these  four  cases  the  engineer  neglected 
to  open  the  engine  throttle  or  turn  on  the  Igni- 
tion  current. 

These  results  Indicate  that  even  In  the  ex- 
treme ease  of  a  sudden  demand  for  the  total 
capacity  of  the  station,  the  average  time  re- 
quired for  placing  the  station  in  service  is  60 
seconds  per  unit,  from  the  time  of  signal  from 
Are  headquarters,  and  It  is  thus  evident  that 
one  minute  after  the  alarm  full  pressure  is 
available  at  any  part  of  the  system  or  build- 
ings connected  to  the  system. 

No  complete  trials  of  the  station  and  sys- 
tem have  been  up  to  the  present  time  carried 
out,  as  the  pipe  system  has  already  been  tested 
before  representatives  of  the  Board  of  Under- 
writers, and  the  pumping  station  has  been  so 
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constantly  under  the  observations  of  the  city 
officials  as  to  require  no  official  test.  At  a  pre- 
liminary test  on  December  11,  1903,  lour 
streams  from  2Vi.>-inch  nozzles,  through  50-foot 
lengths  of  3i/4-inch  hose  were  easily  main- 
tained over  a  horizontal  distance  of  approxi- 
mately 250  feet,  with  a  pressure  at  the  station 
of  225  pounds. 

The  pumping  station  was  officially  accepted 
by  the  Bureau  of  Water  at  the  close  of  1903 
from  M.  R.  Muckle,  Jr.  &  Company,  engineers 
of  Philadelphia,  who  designed  and  installed  the 
entire  power  equipment  of  the  station.  The 
engineering  details  and  design  of  the  building 
were  executed  by  Mr.  John  E.  Codman,  chief 
draughtsman  of  the  Bureau  of  Water,  and  car- 
ried out  by  Mr.  John  W.  Weaver,  superintend- 
ent of  construction.  The  execution  of  the  im- 
portant work  of  establishing  the  high  pressure 
fire  system  has  been  accomplished  by  the  Bu- 
reau of  Water,  a  bureau  of  the  Department  of 
Public  Works,  under  the  efficient  management 
of  the  chief  of  the  Bureau,  Mr.  P.  L.  Hand;  while 
the  operation  of  the  pumping  station  and  the 
service  system  is  conducted  by  the  Bureau  of 
Fire,    a    bureau   of   the   Department   of    Public 


company  and  of  two  large  crushing  plants 
where  the  limestone  underlying  the  region  Is 
broken  up  for  contractors'  use.  These  three  es- 
tablishments and  one  house  are  the  only  build- 
ings visible  in  the  place,  but  the  railway's  busi- 
ness done  at  the  station  during  the  building 
season  is  very  heavy. 

The  McArthur  shops  include  a  wood-working 
shop,  machine  shop,  blacksmith  shop,  storage 
sheds,  office  and  a  large  amount  of  open  stor- 
age space  for  carts,  cars,  track  material  and 
the  like.  A  spur  track  from  the  Santa  Fe  road 
runs  into  the  yard  and  a  crane  is  provided  by 
which  carts,  s^all  cars  and  other  equipment  are 
quickly  handled  off  and  on  the  standard  rail- 
road cars.  The  saving  in  labor  and  time  Which 
this  crane  effects  in  the  course  of  a  busy  season 
is  surprising.  The  old  cars  and  wagons  re- 
ceived in  the  shops  are  burned  on  receipt  if  the 
cost  of  repairing  them  is  greater  than  the  ex- 
pense of  new  equipment,  but  it  generally  hap- 
pens that  the  running  gear  is  in  pretty  fair  con- 
dition. In  such  cases  the  woodwork  is  knocked 
off  and  the  frames  sent  to  the  woodworking 
shops,  where  new  bodies  are  put  on  and  other 
repairs  made.    One  very  handy  tool  in  this  shop 


Narrow-Gauge   Contractor's  Locomotive   Used   in   Greentree   Tunnel,   Pittsburg. 


Safety.  Throughout  the  entire  work,  the  clos- 
est co-operation  between  chief  engineer,  his 
assistants,  and  contracting  engineers  was  main- 
tained, with  such  fortunate  results  as  to  have 
already  insured  success  to  an  enterprise  pos- 
Bessing  some  of  the  most  novel  features  in  the 
modern  application  of  modem  power  apparatus. 


The  Repair  Shops  of  a  Large  Contracting 
Company. 

A  company  carrying  on  a  large  contracting 
business  all  over  the  country  accumulates  a 
quantity  of  plant  that  requires  central  repair 
shops  to  keep  it  in  order.  Ordinary  repairs  can 
be  made  at  the  working  site,  .but  extensive  re- 
construction is  not  only  beyond  the  capacity  of 
such  facilities  as  usually  exist  there,  but  would 
also  prove  very  expensive  even  if  it  could  be 
carried  out.  Few  people  realize  the  amount  of 
reconstruction  which  can  be  profitably  done  in 
a  well-equipped  shop  like  the  establishment  of 
the  McArthur  Brothers  Company,  at  McCook, 
111.  McCook  is  a  station  which  has  apparently 
been  put  on  the  map  for  the  business  of  this 


is  a  square  boring  machine,  which  is  used  to  ad- 
vantage in  much  of  the  framing  of  the  car 
bodies. 

Much  of  the  equipment  returned  to  McCook 
is  not  immediately  repaired,  but  is  sent  to  the 
storage  sheds.  Standard  equipment  is  kept  up 
as  completely  as  possible,  while  the  rest  Is  re- 
paired as  opportunity  occurs  or  a  demand 
arises.  The  sheds  contain  many  interesting  sup- 
plies from  notable  works,  among  which  may 
be  mentioned  the  2%-inch  cables  employed  on 
the  suspension  bridge  employed  in  making  fills 
on  the  Union  Pacific  Railway  in  the  manner  de- 
scribed in  The  Engineering  Record  of  February 
2.  1901.  The  sheds  are  an  interesting  muse- 
um of  contractors'  plant,  for  tire  company  re- 
quires a  great  variety  of  equipment  for  the  dif- 
ferent classes  of  work  it  carries  on,  and  sooner 
or  later  a  large  part  of  it  reaches  the  McCook 
shops.  Steam  shovels,  traction  engines,  small 
cars  of  many  types,  carts  of  all  sorts,  scrapers, 
derrick  fittings,  locomotives  and  standard  gauge 
cars  all  come  to  this  place  for  their  repairs,  and 
It  may  be  of  interest  to  state  that  in  repairing 
the  shovels  it  is  generally  found   desirable  to 


strengthen  them  very  materially  as  compared 
witn  their  original  design. 

The  machine  shop  is  a  very  interesting  place, 
and  the  work  done  in  It  is  surprising  to  the 
visitor  acquainted  only  with  large  works  where 
every  stage  of  manufacture  of  the  product  is 
carried  on  by  special  tools.  At  McCook  any- 
thing is  undertaken.  Two  locomotives  were 
under  repair  at  the  time  of  a  recent  visit.  One 
of  them  had  come  in  with  its  frames  badly 
twisted,  and  these  were  straightened  out  by 
heating  the  bends  with  gasoline  torches  and 
pressing  them  back  into  place.  On  the  other 
the  cylinders  were  out  of  order,  and  were  rebor- 
ed  without  taking  them  off  the  frames  by  means 
of  a  home-made  tool  built  from  parts  of  machin- 
ery on  storage  in  the  sheds.  The  star  feed, 
for  example,  was  furnished  by  remodeling  onft 
of  the  parts  of  a  small  gas  engine. 

McArthur  Brothers  have  always  been  noted 
for  the  special  equipment  they  made  for  their 
work,  and  the  accompanying  illustration  shows 
one  of  the  ballast-spreading  cars  built  at  their 
shops  from  the  designs  of  Mr.  J.  C.  Depew,  the 
company's  master  mechanic.  This  car  has  a 
wing  or  plow  which  folds  flat  against  the  side 
of  the  car  when  out  of  service.  When  It  is  to 
be  used,  the  tackle  suspended  from  the  cap 
of  the  gallows  frame  is  loosened.  This  lowers 
the  board  somewhat  and  allows  it  to  swing  out 
into  the  position  shown,  where  it  is  braced  by 
timber  struts.  These  struts  are  hinged  to  the 
sill  and  fit  into  pockets  in  the  back  of  the  board 
when  the  latter  is  swung  out.  This  spreader  is 
low  in  first  cost,  durable  and  easily  repaired 
and  has  proved  very  successful.  In  use  it  Is 
sometimes  necessary  to  weight  the  front  of  the 
car  to  keep  the  forward  truck  on  the  rails  when 
spreading  large  quantities  of  ballast. 


A  Twenty-four-inch  Gauge  Contractor's 
Locomotive. 


For  some  time  the  Wabash  Railroad  has  been 
engaged  in  the  construction  of  several  connect- 
ing links  and  extensions  of  its  lines  which  will 
give  it  access  to  important  industrial  centers 
not  reached  heretofore.  Particularly  persistent 
efforts  have  been  made  to  enter  Pittsburg,  this 
extension  being  known  as  the  Pittsburg,  Car- 
negie &  Western  Railroad.  The  large  canti- 
lever bridge  on  which  this  road  crosses  the 
Monongahela  River  has  already  been  described 
in  these  pages.  Other  interesting  features  of 
the  work  are  the  Mount  Washington  and  Green- 
tree  tunnels,  the  former  3,300  feet  long  and  the 
latter  4,600. 

In  the  construction  of  the  Greentree  tunnel 
the  contractors,  Messrs.  William  Kenefick  & 
Company,  of  Pittsburg,  made  use  of  an  unusual- 
ly narrow-gauge  working  railway,  the  gauge  be- 
ing only  24  inches.  The  locomotive  and  some 
of  the  material  cars  run  on  these  tracks  are 
shown  in  the  accompanying  cut.  The  locomo- 
tive has  7xl2-inch  cylinders,  and  is  equipped 
with  hand  brake,  shaking  grates  and  a  stack 
suitable  for  burning  coke.  This  locomotive  is 
of  somewhat  unusual  interest  owing  to  the  nar- 
row gauge,  the  usual  contractors'  gauge  being 
36  inches.  Although  this  locomotive  is  but  24- 
inch  gauge,  the  general  dimensions  are  much 
the  same  as  for  the  36-inch  gauge,  and  the  cab, 
as  can  be  seen  in  the  illustration,  is  very  roomy. 
The  Vulcan  Iron  Works,  of  Wilkesbarre,  Penn- 
sylvania, the  makers  of  this  locomotive,  are 
building  a  number  of  contractors'  locomotives 
at  the  present  time  of  this  gauge,  and  there  is 
apparently  a  great  deal  of  work  that  can  be 
done  as  well  by  using  the  narrow  gauge  equip- 
ment as  that  for  the  36-inch  gauge.  The  nar- 
rower gauge  makes  lighter  equipment  for  han- 
dling in  transportation  and  in  making  shifts  of 
the  working  track. 
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Some  New  Details  of  the  Reeves  Steam 
Engine. 

An  improrement  in  the  admission  ralre  of  the 
Baerw  stc«m  engine.'and  the  Reeves  automatic 
reToMng  governor  bearing  are  the  subject  o( 
the  accompanying  illustrations,  one  of  which  al- 
lows also  of  examining  the  features  of  the  cyl- 
inder construction    of    the    compound    engine 


Reeres  Compound   Kr^^mr 


ing  no  receiver  employed,  losses  from  free  ex- 
pansion and  condensation  on  that  account  are 
obviated.  The  engines  are  designed  so  that 
either  cylinder  can  be  used,  independently  of 
the  other,  should  necessity  require.  The  cham- 
ber A,  around  the  sleeve  in  which  the  admis- 
sion valve  works,  acts  as  a  separator  and  is 
drained,  as  can  be  seen,  at  the  extreme  lower 
end.  The  sleeve  receives  the  direct  impact  of 
the  steam  instead  of  the  valve  and  the  valve 
Is  balanced,  as  all  its  exposed  surfaces  are 
under  constant  uniform  pressure.  Each  one  of 
the  three  openings  in  the  sleeve  are  larger  than 
the  steam  pipe,  and  the  steam  is  therefore  not 
wire  drawn  by  them  in  passing  to  the  cavity 
inside  the  sleeve. 

The  cubical  capacity  of  chamber  A  together 
with  space  inside  of  sleeve  is  greater  than  the 
amount  of  steam  the  high-pressure  cylinder  can 
take,  up  to  three-quarter  cut-off,  and,  as  a  re- 
sult, the  actual  difference  between  the  initial 
cylinder  pressure  and  pipe  pressure  is  small. 
The  space  formed  by  the  separator  acts  as  a 
storage  from  which  the  engine  draws  its  sup- 
ply of  steam.  The  lower  cylinder  heads  are 
cast  integral  with  the  cylinders  which  reduces 
the  number  of  joints  to  keep  tight.    The  piston 


Cylinder  and    Valve   Construction. 


built  by  the  Reeves  Engine  Company.  The  ad- 
dition to  the  valve  comprises  a  sleeve  in  which 
the  valve  Itself  works  and  its  advantages  are 
diacnssed  in  the  explanation  of  the  engraving 
mentioned. 

This  view  Is  a  vertical  cross-section  through 
cylinders  and  valves  and  shows  the  high-pres- 
sure piston  about  to  start  on  its  downward 
stroke,  the  low  pressure  on  its  upward.  The 
admission  valve  is  moving  upward,  admitting 
steam  on  top  of  the  high-pressure  piston  and 
acroM  through  the  connecting  port  B,  and 
around  the  head  of  the  main  or  center 
valve.  At  the  same  time  the  main  valve  is  mov- 
ing downward,  admitting  steam  under  the  low- 
pressure  piston.  This  is  the  exhaust  steam 
from  the  previous  stroke  of  the  high-pressure 
piston  and  It  passes  through  the  port  B  around 
the  neck  of  the  main  valve  and  through  port  C 
into  the  bottom  of  the  tow-pressure  cylinder. 

When  the  pistons  have  moved  about  three- 
eighths  of  their  stroke,  the  admission  port  has 
been  opened  and  admission  valve  returned  to 
point  of  cutoff.  The  main,  or  center,  valve  is 
now  moving  upward  and  Anally  closes  port  C. 
At  this  point  compression  commenr-es  In  the 
high-pressure  cylinder  and  continues  until  the 
main  valve  opens  port  C  again:  meanwhile  the 
main  valve  closed  the  upper  port  and  compres- 
sion took  place  in  the  low-pressure  cylinder. 

The  steam  distribution  Is  designed  to  give 
practically  an  equal  division  of  work  in  the 
high  and  low-pressure  cylinders,  and  there  be- 


valves  can  be  easily  adjusted,  each  end  inde- 
pendently of  the  other,  and  made  steam  tight 
without  removing  them  from  their  seats  and 
while  steam  is  on  the  engine. 

Another  of  the  illustrations  shows  the  hub 
of  the  governor  wheel  with  the  automatic  re- 
volving bearing  partly  assembled.  The  holes 
for  the  shaft  and  governor  pin  are  bored  at  the 
same  setting,  to  ensure  perfect  alignment,  then 
a  hard  cast-iron  bushing,  which  has  been  care- 
fully reamed  and  ground,  is  pressed  into  the 
cavity  that  is  to  carry  the  pin.  Into  this  bush- 
ing is  Introduced  a  carefully  finished  gun  metal 
sleeve,  constructed  with  connected  lubric  qHR 
grooves,  on  inside  and  outside,  around  and 
lengthwise  of  same,  and  by  means  of  the 
grooves  the  lubricant,  which  is  supplied  by 
force-feed  grease  cups,  is  carried  to  all  the  bear- 
ing surfaces. 

The  governor  is  now  attached  to  the  wheel 
by  Inserting  the  pin,  through  the  gun  metal 
sleeve.  The  shoulder,  on  the  bar,  will  face  the 
finished  surface  on  back  of  wheel  and  the  end 
of  the  pin  win  come  flush  with  the  face  of  the 
sleeve  on  the  front  and  be  held  in  place  by  the 
cap,  shown  In  the  cut.  There  is  a  pawl  on  the 
cap,  and  the  teeth  cut  Into  the  rim  of  the 
sleeve.  When  the  cap  Is  in  place  it  must  move 
with  the  pin  since  it  is  securely  held  by  a 
dowel  and  stud  bolt.  When  the  governor  arm 
moves  away  from  the  stop  on  the  rim  of  the 
wheel,  as  It  Is  sure  to  do  when  the  engine  is 
started,   or   whenever  there    is    any    material 


change  In  load,  the  pawl  on  the  cap  will  pick 
up  a  tooth  and  turn  the  sleeve  a  short  distance 
(always  in  the  same  direction),  and  when  the 
arm  moves  back  another  tooth  will  be  engaged 
and  the  operation  repeated,  thereby  presenting 
continuously  to  the  pin  a  freshly  lubricated 
bearing  surface. 

The  direct-connected  unit  shown  illustrates 
the  general  appearance  and  characteristics  of 
the  engine  and  the  accessibility  of  parts.  This 
engine  has  cylinders  10V4  s^^^d  24  inches  in  di- 
ameter by  14  inches  stroke;  the  shaft  is  6% 
inches  in  diameter  and  is  provided  with  three 
bearings,  the  outside  ones  being  11  and  the 
center  one  10  inches  long. 


Controller   for    Regulating 
versing  Motors. 


and    Re- 


Any  design  of  controller  for  motors  used  on 
cranes  or  in  other  places  where  frequent  stops 
and  reversals  necessitate  sturdiness,  in  order  to 
withstand  the  strain  and  wear  of  constant  mo- 
tion, is  apt  to  be  of  interest.  Accordingly  ref- 
erence is  made  in  this  connection  to  a  type  of 
motor  controller  built  by  the  Westinghouse 
Electric  &  Manufacturing  Company,  in  which 
the  effort  has  been  made  to  produce  a  device 
that  is  simple  and  positive  in  action,  in  order 
to  secure  control  of  both  the  speed  and  direc- 
tion of  rotation  of  the  motor,  with  the  fewest 
possible  movements  of  the  controller  handle. 

The  controller,  as  shown  in  the  accompany- 
ing illustration.  Is  of  the  commutator  type,  and 
is  adapted  for  use  with  direct-current  series, 
shunt  and  compound  motors.     For  convenience 


Revolving  Governor  Bearing. 

in  installation,  it  is  made  in  two  forms.  In 
one  type  the  controlling  mechanism  is  mounted 
on  the  side  of  the  frame  containing  the  re- 
sistance, while  in  the  type  shown  it  Is  mounted 
above  the  resistance.  The  space  available  for 
installing  controllers  for  motors  used  with 
cranes  and  other  machinery  is  usually  greatly 
restricted,  and  this  provision  for  adapting  the 
device  to  the  i)lace  in  which  it  Is  to  be  used  is 
of  corresponding  value. 

The  controlling  mechanism  is  mounted  upon 
a  circular  slab  or  base  of  insulating  material, 
which  provides  insulation  between  adjacent  con- 
tacts and  between  the  contacts  and  ground. 
Both  the  contact  and  finger  tips  can  be  removed 
easily  and  renewed  without  disturbing  the  con- 
nections. The  contacts  are  arranged  in  parallel 
rows  around  the  periphery  of  the  disk,  the  rela- 
tive position  of  the  contacts  and  the  finger  tips 
being  the  same  as  that  of  the  brushes  and  com- 
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mutator  in  a  generator  or  motor,  a  form  which 
has  been  found  desirable  for  this  particular  ser- 
vice. The  same  contacts  are  used  for  applica- 
tion of  tjie  current  in  either  direction  thus  les- 
sening the  number  required,  \shlle  a  magnetic 
blow-out  is  employed  to  break  an  arc  and  pre- 
vent burning  of  the  contacts. 

Each  controller  has  four  brush  holders  mount- 
ed upon  a  rocker  arm  to  which  the  handle  is 
attached  directly,  working  without  gears  or  pin- 
Ions.  A  single  movement  to  right  or  left  ap- 
plies or  reverses  the  current,  and  the  distance 
the  handle  is  moved  determines  the  motor 
speed  by  varying  the  amount  of  resistance  in 
series  with  the  motor  armature.  There  are  16 
steps  in  each  direction  and  a  close  regulation  of 
the  speed  is  thus  obtained.  When  the  controll- 
er is  placed  in  the  rear  of  a  crane  cage,  it  is 
operated  by  a  crank  and  lever  directly  attached 
to  the  spider  which  carries  the  brushes.  The 
controller  mounted  above  the  resistance  is  gen- 
erally employed  for  this  purpose.  All  parts  are 
exposed  to  view,  facilitating  making  con- 
nections. 

The  resistance  used  with  controllers  of  large 
capacity  is  of  the  grid  type.    Per  small  capaci- 


A  New  Concrete  Mixer. 


Motor  Reversing  Controller. 

ties  with  large  ohraic  resistance  a  cell  resist- 
ance Is  employed  with  ventilating  spaces  be- 
tween the  cells,  which  are  separated  by  non- 
combustible  insulating  spreading  blocks.  This 
form  has  been  found  to  provide  good  ven- 
tilation, insulation  and  durability.  The  resist- 
ance is  varied  for  the  different  capacities  and 
uses  of  the  motor  which  the  controller  governs, 
a  different  resistance  being  used  for  crane  con- 
trollers where  a  close  regulation  is  required 
than  is  provided  for  roll  tables  and.soaklng  pits 
where  sudden  and  repeated  starting  and  revers- 
ing is  the  prime  requisite. 

Controllers  of  the  commutator  type  are  made 
regularly  in  capacities  from  2  to  75  horse-power, 
and  can  be  furnished  especially  of  any  capacity 
desired.  For  less  than  10  horse-power,  the 
"Westinghouse  Company  makes  a  face-plate  type 
of  controller  which  contains  many  of  the  fea- 
tures of  the  device  described. 


The  Stanley  prismatic  concrete  mixer  shown 
in  the  accompanying  illustration  is  particularly 
noteworthy  for  the  arrangement  of  deflectors 
within  the  drum.  These  have  been  designed  so 
that  the  material  lifted  to  the  top  of  the  drum 
does  not  fall  in  a  mass  directly  to  the  bottom, 
but  is  thrown  from  side  to  side.  This  action 
increases  the  thoroughness  of  the  mixing  with 
a  given  number  of  revolutions.  The  machine 
runs  continuously  and  is  discharged  by  sim- 
ply throwing  a  lever.  This  lever  actuates  the 
discharge  chute,  which,  when  the  mixing  is 
complete,  is  simply  thrust  into  the  opening  of 
the  drum  to  catch  the  concrete  as  it  drops  from 
the  upper  deflectors.  The  drum  is  mounted  on 
rollers  after  the  fashion  of  tube  mills,  and  is 
driven  by  belt  or  directly  by  a  steam  or  gasoline 
engine  or  electric  motor.  The  supporting  wheels 
run  on  roller  bearings  which  are  designed  par- 
ticularly to  exclude  dust.  Both  rims  of  the 
drum  are  provided  with  a  rack  driven  by  a  pin- 
ion as  shown  in  the  cut;  the  object  of  this  un- 
usual arrangement  is  to  avoid  any  unequal  pres- 
sure on  the  supporting  wheels.     Special  atten- 


A  New  Drum  Concrete  Mixer. 

tion  has  been  paid  to  reducing  the  weight  of  the 
mixer  so  far  as  durability  will  permit.  This 
machine  has  just  been  brought  out  in  four 
sizes  by  the  Contractors  Plant  Company,  37 
Pittsburgh  Street,  Boston,  and  is  intended  for 
uses  to  which  the  company's  gravity  mixer  is 
not  adapted. 


Variable    Speed     Motor     Driving    from 
Single  Voltage  Supply. 

A  system  of  electric  tool  driving  that  allows 
for  a  wide  variation  of  speed  with  any  standard 
two-wire  or  three-wire  direct-current  system, 
has  been  brought  out  by  the  Commercial  Elec- 
tric Company,  of  Indianapolis.  By  means  of  an 
electric  motor  having  two  commutators  and  two 
different  windings  and  a  speed  controller  for 
making  different  combinations  of  the  armature 
windings  and  variations  of  the  field  strength,  a 
range  in  speed  of  four  to  one  in  twelve  uniform- 
ly graded  steps  that  do  not  overlap  has  been  ob- 
tained. From  a  number  of  curves  which  the 
company  has  prepared,  the  following  informa- 
tion has  been  drawn  on  the  characteristics  of 
the  system,  including  the  noteworthy  efficiencies 
obtained  throughout  the  speed  range. 

A  5-horse-power  220-volt  motor  when  develop- 
ing 5  horse-power  showed  an  efliciency  of  80 
to  about  82  per  cent,  from  400  to  675  revolu- 
tions per  minute,  74  to  77  per  cent,  from  800  to 
1,065  revolutions  and  66  to  78  per  cent,  from 
1,200  to  1,600  revolutions,  showing  high  efficien- 
cies on  both  slow  and  medium  ranges.  At  low- 
est speed  and  variable  load  the  efficiencies 
shown  by  a  motor  were  80,  79,  77,  74  and  70  per 
cent,  for  6,5,  4,  3  and  2  horse-power,  respectively. 
The  variation  between  no  load  and  full  load 
on  each  of  the  12  speed  steps  appears  slight. 


On  the  eighth  step,  for  instance,  the  speed  of 
the  5-horse-power  motor  at  no  load  Is  1,110  rev- 
olutions and  at  full  load  is  1,060,  while  on  the 
first  step  the  speed  at  no  load  is  500  revolutions 
and  at  full  load  is  450  and  on  the  second  step 
the  speed  at  no  load  is  520  and  at  full  load  is 
570.  A  15-horse-power  motor  showed  efficiencies 
of  82.5  to  85  per  cent,  throughout  a  range  from 
275  to  1,100  revolutions. 

The  system  has  been  designed  to  secure  great- 
est torque,  or  pulling,  power,  at  slowest  speed, 
so  that  with  direct  attach- 
ment to  a  lathe  pieces  of 
large  diameter  may  be 
turned  with  as  heavy  cuts 
as  smaller  pieces,  to  de- 
velop constant  maximum 
horse-power  at  all  speeds 
and  to  have  practically 
constant  speed  at  all  loads 
when  the  controller  is  set 
at  a  given  point,  as  refer- 
red to  in  the  foregoing 
paragraph.  The  motor  is 
run,  as  stated,  from  the 
same  wires  to  which  a  con- 
stant-speed motor  or  lights 
may  be  connected. 

The  two  windings  of 
motor  armature  are  of  the  same 
conductor  or  same  ampere  capacity. 
The  controller  contains  a  rotary  start- 
ing and  reversing  switch  by  means  of  which  the 
motor  is  started,  stopped  and  reversed  while 
the  speed  control  is  set  at  any  desired  point.  The 
speed  controller  and  starting  switch  are  com- 
bined into  one  piece  of  apparatus,  enclosed  in 
a  compact  case  which  can  be  placed  at  any  de- 
sired point  on  a  driven  tool  or  which  can  be 
mounted  on  a  stand  conveniently  located  by  the 
side  of  the  tool.  The  stand  pattern  of  controller 
having  the  main  switch  included  in  the  equip- 
ment is  shown  in  the  accompanying  illustration. 


Controller. 


the 
size 


Letters  to  the  Editor. 


Light  Stebx  Wobk. 

Sir: — We  have  read  with  much  interest  the 
editorial  in  your  paper  of  February  6  regarding 
the  design  of  light  steel  work,  and  while  we 
agree  with  the  argument  in  some  respects,  still 
we  do  not  think  that  the  advice  is  exactly  cor- 
rect, and  while  we  do  not  wish  to  get  into  a 
newspaper  discussion,  we  think  that  the  im- 
pression given  should  be  modified. 

In  our  opinion  the  design  of  such  construc- 
tion should  be  in  the  hands  of  a  competent  con- 
sulting, engineer  and  by  this  we  mean  an  engi- 
neer who  has  had  experience  in  the  draughting 
room  or  engineering  department  of  one  or  more 
bridge  shops  and  in  the  office  of  consulting 
engineers  who  do  this  class  of  work.  A  num- 
ber of  engineering  firms  have  just  such  men  in 
their  employ,  and  the  results  obtained  are  very 
satisfactory.  A  few  of  the  arguments  which 
we  advance  are  as  follows: 

First. — The  only  way  to  get  true  competition 
is  to  have  all  the  bridge  companies  bid  upon 
one  correct  set  of  detailed  plans.  If  the  plans 
axe  made  showing  details  then  each  bidder  can 
estimate  exactly  the  weight,  and  it  is  then  a 
question  of  individual  costs  and  profits  de- 
sired which  regulate  the  bids.  The  lowest  re- 
sponsible bidder  secures  the  contract  (in  all 
our  arguments  we  consider  that  there  is  no 
collusion  or  favoritism  on  the  part  of  the  bid- 
ders). If  each  bidder  submits  his  own  design, 
then  there  is  no  method  of  comparison,  and  it 
is  often  the  agent  who  can  bring  the  most  in- 
fluence to  bear  that  secures  the  contract.  It 
is  almost  as  difficult  to  check  over  a  set  of 
plans   submitted  by   the  different  bridge  com- 
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puites  and  determine  the  one  which  is  the 
noct  adTkntageous  to  accept,  as  It  Is  to  pre- 
pare correct  plans  in  the  flrst  plac^. 

Second. — An  engineer  who  is  experienced  in 
Baking  such  detailed  plans  will  get  a  design 
which  exactly  meets  the  requirements  and  at 
the  same  time  will  be  the  most  economical.  If 
general  Information  only  is  given,  then  the 
bridge  company  has  to  prepare  plans  which 
will  be  in  competition  with  every  other  plan. 
In  order  to  get  a  satisfactory  plan  and  bid  he 
most  either  have  some  especially  attractive  de- 
sign or  have  one  of  the  lowest  possible  weight. 
Strength  is  often  sacriflced.  and  it  is  often  the 
man  who  has  the  most  confidence  in  the  ma- 
terial he  sells  who  gets  the  contract.  Very 
rarely  do  the  bidder's  plans  show  the  details, 
but  merely  the  size  of  the  members,  and  if  he 
gets  the  Job  then  it  is  a  question  of  skinning 
the  details  to  a  minimum  in  order  to  make  the 
profits  a  maximum.  When  it  is  considered  that 
the  details  of  such  construction  sometimes 
amount  to  as  much  as  50  per  cent,  of  the  main 
members  it  is  easily  seen  how  a  profit  can  be 
made  by  skinning  the  details.  In  our  experience 
this  is  the  greatest  trouble,  and  we  have  found 
that  the  strength  of  a  building  is  often  reduced 
50  per  cent,  or  more  by  the  details  not  being 
•qual  to  the  main  members. 

Third. — The  best  and  most  economical  de- 
sign is  not  always  obtained  by  having 
each  bridge  comi>any  prepare  its  own  plan.  Of 
course  the  cheapest  design  may  be  obtained 
but  rarely  is  it  the  best.  Suppose  there  are  ten 
bidders  upon  a  piece  of  work,  everything  else 
being  equal;  each  bidder  has  one  chance  in  ten 
of  getting  the  contract,  or  he  has  to  make  ten 
different  designs  in  order  to  get  one  contract. 
Can  he  devote  as  much  care  to  preparing  this 
one  plan  as  an  experienced  engineer  who  has 
in  mind  getting  the  design  which  best  suits  the 
requirements  and  at  the  same  time  being  the 
most  economical?  The  bridge  man  cannot  go 
Into  the  fine  points  as  closely  as  the  engineer, 
and  the  result  is  that  while  the  building  may 
be  good  enough,  still  it  is  not  the  best  for  the 
particular  case. 

We  have  in  mind  one  instance  where  the  con- 
tract was  about  to  be  awarded  on  a  plan  sub- 
mitted by  a  bridge  company.  In  some  respects 
It  did  not  exactly  suit  the  purchaser,  and  be- 
fore awarding  the  contract  he  submitted  It  to 
an  experienced  consulting  engineer  for  exam- 
ination. The  defects  were  pointed  out  and  the 
engineer  was  requested  to  prepare  .new  designs 
which  exactly  suited  the  case  and  get  new  bids. 
The  result  was  a  building  better  in  all  re- 
spects as  to  arrangement,  strength,  rigidity, 
etc.,  and  at  the  same  time  resulted  in  a  saving 
of  $10,000  to  the  purchaser.  Such  instances 
are  numerous. 

Fourth. — Again  did  you  ever  stop  to  consider 
that  it  costs  each  of  the  ten  bidders  something 
to  prepare  his  plan  and  that  someone  has  to 
pay  for  them?  Each  bidder  has  to  add  to  his 
bid  a  price  to  Include  not  only  the  cost  he  Is 
put  to  on  this  one  design,  but  the  cost  of  the 
nine  other  plans  on  which  he  was  unsuccessful. 
Why  not  save  this  expense  to  the  bridge  com- 
panies and  at  the  same  time  to  the  owners  by 
baring  plans  prepared  by  an  experienced  and 
disinterested  engineer,  disinterested  except  in 
getting  the  best  possible  designs  for  the  place. 
We  know  that  the  bridge  companies  would  pre- 
fer to  bid  upon  good  detailed  plans  prepared  by 
consulting  engineers,  and  we  feel  confident 
that  if  such  a  plan  was  adopted  by  all  cities, 
railroads  and  corporations,  that  much  lower 
prices  wauld  be  obtained  for  such  construc- 
tion. Those  cities  and  corporations  which  fol- 
low out  this  plan  do  secure  the  best  prices. 
Tours  very  truly,  Co.itkacti.no  E.noikeeb. 

FThis  letter  emphasizes  the  point  made  in 


the  editorial  referred  to,  which  reads:  "The 
work  is  routine  designing  .  .  .  best  done 
.  .  .  in  the  offices  of  bridge  companies  or 
engineers  making  a  specialty  of  mill  architec- 
ture and  employing  designers  trained  in  bridge 
shops."  This  latter  part  of  the  article  has  evi- 
dently been  overlooked  by  the  writer  of  the 
above  letter.  The  point  made  in  the  editorial 
Is  that  it  is  better  to  have  light  steelwork  de- 
signed in  bridge  shops  than  by  people  not  ac- 
quainted with  such  design,  where  it  is  not  con- 
sidered possible  to  retain  an  independent  ex- 
perienced engineer  for  the  purpose.] 


Tin  Roofs  in  the  Baltimokg  Fire. 

Sir: — A  number  of  witnesses  of  the  recent 
fire  at  Baltimore  have  called  our  attention  to 
the  fact  that  tin  roofs  were  instrumental  in  pre- 
venting the  still  further  spread  of  the  flames, 
and  that,  even  in  the  fire  belt,  the  buildings 
roofed  with  tin  held  out  much  longer  than  those 
covered  by  other  kinds  of  roofing  material. 
Composition  tar  and  gravel  roofs  literally  burst 
into  flames  from  the  Intense  heat  before  the 
fire  reached  them,  and  in  distant  parts  of  the 
city  the  greatest  trouble  from  the  sparks  car- 
ried by  the  wind  was  with  roofs  of  this  char- 
acter, those  covered  with  tin  requiring  almost 
no  attention.  It  is  significant  that,  profiting  by 
this  experience,  the  architects  in  charge  of  new 
construction  at  Baltimore  are,  in  the  major- 
ity of  instances,  calling  for  tin  to  be  used  on 
the  roofs. 

Very  truly  yours,  N.  &  G.  T.wloh  Company. 

Philadelphia,  February  23. 


Estimating  Weights  of  Rail-s. 

Sir: — Referring  to  Mr.  Du  Mazuel's  letter  in 
the  Record  of  Feb.  20  giving  factors  for  the 
total  weight  of  rails  in  a  given  length  of  track, 
the  old-fashioned  method  used  by  many  track- 
men and  by  some  engineers  may  be  cited  to  ad- 
vantage, as  follows:  To  find  tons  per  mile  of 
track  multiply  pounds  per  yard  of  rail  by  11/7. 
Thus  it  is  seen  at  a  glance  that  56-pound  rails 
weigh  88  tons  per  mile;  and,  with  a  little  more 
effort,  that  100-pound  rails  weigh  157  1/7  tons. 
This  one  fraction  applies  to  all  weights  of  rails, 
is  easily  memorized,  and  then  enables  an  engi- 
neer to  answer  almost  instantly  a  question  fre- 
quently asked  him  by  railway  oflicials  on  in- 
spection trips  and  at  other  times  when  he  is 
away  from  his  oflice  data. 

Yours  truly,  John  W.  Burke. 

New  York,  February  23. 


Steel-Core  Dams. 

Sir: — My  friend,  Mr.  A.  McL.  Hawks,  has 
asked  me  to  corroborate  the  statement  in  his 
letter,  which  you  published  in  your  issue  of  the 
6th  Inst.,  to  the  effect  that  as  long  ago  as  May, 
1891,  he  evolved  the  "steel-core  dam,"  and  con- 
sulted me  about  it.  I  have  looked  up  Mr. 
Hawks'  letter,  dated  May  26th,  1891,  and  beg  to 
quote  you  therefrom  as  follows: 

"While  I  was  down  in  Arizona  building  my 
new  form  of  curved  crib  dam  I  had  a  good  op- 
portunity to  study,  and  there  I  completed  the 
evolution  in  my  own  mind  of  what  I  wanted  to 
make  a  perfect,  quickly  erected,  and  substantial 
structure.  The  foundations  have  always  been 
my  bugbear,  but  now  I  see  how  to  accomplish 
that  portion  of  the  work  with  considerable  ease, 
and  wish  you  to  give  me  your  opinion  on  the 
metal  portion  of  the  structure.  It  consists  es- 
sentially of  a  curved  framed  structure  of  steel 
I  or  deck-beams,  divided  by  the  braces  into  rec- 
tangles of  say  eight  or  ten  feet  square.  This 
shell  is  the  arch  that  carries  the  total  load  and 
delivers  it  to  the  rock  abutments  at  each  end. 
And  the  squares  are  filled  with  6x6-inch,  or  8x 
8-inch  timbers  and  then  cross-sheathed  with  2- 
Inch  plank  to  make  It  water-tight     In  appear- 


ance it  would  then  not  differ  from  the  bottom 
of  a  vessel  and  would  have  all  of  the  inherent 
qualities  of  strength  that  a  ship's  side  possesses. 
The  resemblance  would  perhaps  be  more  of  a 
shield  planted  point  down  in  the  river  channel 
and  curving  slightly  in  both  directions  so  that 
the  strain  would  always  be  transmitted  to  the 
cliffs   and   in   a  slightly    downward    direction." 

Mr.  Hawks  is  correct  in  his  statement  that  I 
discouraged  his  project  mainly  because  of  the 
high  price  of  steel  at  that  time. 

Very  respectfully  yours,  J.  A.  L.  Waduell. 

Kansas  City,  February  26. 


The   Proi>ortions   ok   Concrete. 

Sir: — In  the  article  in  your  issue  of  February 
6  entitled  "More  Light  on  the  Theory  of  Con- 
crete," there  is  a  misleading  statement  in  the 
following  lines:  "The  lowest  proportion  of 
voids  obtained  with  the  gravel  and  sand  used 
in  the  above  experiments  was  19.1  per  cent. 
Addition  of  this  proportion  of  cement  would 
give  a  very  rich  and  expensive  concrete,  about 
1  to  5,  far  beyond  anything  that  could  be  re- 
quired for  any  use  except  watertight  work." 
The  customary  meaning  of  the  ratios  1:5,  1:7, 
1:9,  etc.,  in  describing  concrete  is,  I  think,  the 
volume  of  cement  divided  by  tlie  sum  of  the 
volumes  of  sand  and  gravel,  measured  sepa- 
rately. The  writer  of  the  above  article,  how- 
ever, measures  his  sand  and  gravel  together; 
and  the  resulting  volume  is  probably  very  little 
greater  than  the  volume  of  the  gravel  alone. 
His  1:5  concrete  is  not  by  any  means  1:2:3 
concrete,  but  perhaps  about  1:2:5,  which  is  not 
excessively  "rich  and  expensive." 

Yours  truly,  Henry  H.  Fox. 

Cambridge,  Mass.,  February  8. 


Sir: — Replying  to  the  comment  of  Mr. 
Henry  H.  Fox  in  reference  to  the  statement  of 
the  proportions  of  concrete  In  my  paper  printed 
In  your  issue  of  February  6,  I  would  say  that 
the  full  text  of  my  article  shows  that  In  the 
experiment  mentioned  the  materials  used  were: 
Coarse  gravel,  weighing  101.2  pounds  per  cubic 
foot,  with  38.7  per  cent,  voids,  and  sand,  20  to 
40  mesh,  weighing  105.8  pounds  per  cubic  foot, 
and  containing  35.9  per  cent,  voids,  a  mixture 
of  two  volumes  gravel  with  one  volume  sand 
weighed  133.7  pounds  per  cubic  foot  and  con- 
tained 19.1  per  cent,  voids.  Addition  of  the 
volume  of  cement  theoretically  required  to  fill 
these  voids  would  give  a  mixture  of  nearly  1 
cement  to  5  of  mixed  sand  and  gravel.  By 
calculation  we  find  that  to  produce  these  five 
parts  there  would  be  required  2.18  parts  sand 
and  4.35  parts  gravel,  or  a  total  of  6.53.  Mr. 
Fox  is,  therefore,  quite  correct  in  pointing  out 
that  a  "1  to  5  concrete"  Is  by  no  means  so  rich 
as  a  "1:2:3  mixture."  It  seems,  however, 
that  a  concrete  composed  of  one  part  cement 
to  five  parts  mixed  sand  and  gravel  would  be 
considered  more  "rich  and  expensive"  than  is 
necessary  for  ordinary  purposes,  especially  if 
the  mixed  materials  showed  a  low  proportion 
of  voids.  The  chief  purpose  of  my  paper  was 
to  show,  by  practical  examples,  that  it  is  Im- 
possible to  judge  of  the  richness  or  poverty 
of  a  concrete  from  the  proportions  used,  un- 
less the  amount  of  voids  in  the  mixture  is  de^ 
termined. 

Very  truly  yours,  S.  B.  Newbebbt. 

Sandusky,  Ohio,  February  13. 


The  Fall  or  the  Steelwork  of  an  eleven- 
story  hotel  under  construction  in  New  York, 
which  occurred  on  Wednesday,  remains  un- 
explalnable  up  to  the  time  of  going  to  press. 
Some  details  of  the  steel  and  cast-iron  work 
as  planned  were  condemned  by  the  Building 
Department. 


March  12,  1904. 
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Cast-iron  Columns  in  Buildings. 


The  Darlington  Hotel  disaster  on  West  Poriy- 
sixth  Street,  New  York  City,  described  else- 
where in  this  issue,  is  one  more  of  a  long  list  of 
building  wrecks  whose  precise  origin  will  prob- 
ably never  be  known.  This  wreck,  like  others, 
has  its  peculiar  features,  no  two  of  such  a  class 
being  identical  in  all  respects;  the  common 
characteristic  is  the  absence  of  well  de- 
fined evidence  regarding  the  weak  or  defective 
point  of  construction  which  first  failed  and 
then  caused  the  destruction  of  the  entire  frame- 
work. Whether  the  detail  or  the  main  features 
are  like,  or  different  from,  those  of  previous 
building  disasters,  there  are  certain  fundamen- 
tal and  valuably  instructive  facts  that  should 
be  most  carefully  borne  in*mind. 

Tall  iron  and  steel  frame  buildings  have  now 
been  constructed  in  considerable  numbers  annu- 
ally for  a  period  of  15  or  20  years.  During  this 
period  there  has  not  occurred  one  instance, 
within  the  limits  of  the  information  possessed 


by  this  journal,  in  which  a  wrought-iron  or 
steel  frame  has  collapted  either  before  or  after 
completion,  excluding  those  cases,  if  there  be 
any,  in  which  defective  foundations  have  pro- 
duced failure.  On  the  other  hand,  whether  the 
fact  is  with  or  without  significance,  a  number 
of  buildings  with  cast-iron  columns  have  failed 
ant!  have  produced  building  disasters  of  no  or- 
dinary magnitude,  involving  not  only  loss  of 
property  but  large  loss  of  life.  It  is  not  the 
purpose  of  this  comment  upon  building  failures 
to  make  any  sweeping  condemnation  of  proper- 
ly designed  cast-iron  columns,  but  the  facts 
as  they  stand  should  be  recognized.  Whether 
those  facts  are  of  such  a  character  as  to  teach 
a  lesson  in  the  design  of  iron  buildings  must 
rest  largely  with  the  individual  judgment  of 
parties  in  interest,  but  an  engineering  consid- 
eration of  such  a  question  compels  a  recogni- 
tion of  the  situation  as  it  is. 

There  is  a  practice  in  building  construction, 
altogether  too  common,  of  running  up  tier  upon 
tier  of  floors  of  high  buildings  loaded  more  or 
less,  supported  by  vertical  series  of  columns, 
whether  of  steel  or  cast-iron,  without  any  lat- 
eral bracing  whatever.  A  little  stiffness  of  ex- 
ceedingly uncertain  value  is  given  to  such  an 
incomplete  skeleton  by  bolted  joints  between 
the  floorbeams  and  the  columns  at  each  story. 
Immunity  from  many  serious  accidents  in  such 
cases  has  appeared  to  justify  hazards  which 
prudent  engineers  do  not  care  to  take.  In  case 
of  riveted  joints  between  steel  columns  and 
steel  floorbeams  with  heavy  gussets  or  brackets 
the  lateral  stability  is  entirely  satisfactory;  it 
is  capable  of  closely  approximate  computation 
with  the  highest  wind  pressures  which  have 
been  observed,  and  no  criticism  can  justly  be 
made  of  such  structural  features.  Where,  how- 
ever, the  joints  between  columns  and  floor- 
beams  are  made  by  resting  the  ends  of  the  lat- 
ter upon  brackets  on  the  former  and  loosely 
bolting  them  to  the  columns,  the  stiffening  ef- 
fect is  so  small  that  it  cannot  be  even  roughly 
approximated  by  computation.  This  latter  class 
of  joints  is  that  which  characterizes  all  cast- 
iron  column  construction,  and  it  was  used  in 
the  frame  of  the  Darlington  Hotel. 

Again,  a  vertical  series  of  cast-iron  columns 
has  only  the  continuity  at  each  story  possessed 
by  an  abutting  fianged  joint  held  together  by 
a  few  loosely  fitting  bolts.  Even  if  the  ends  of 
such  columns  are  carefully  faced,  the  series 
will  not  constitute  a  truly  continuous  mem- 
ber as  in  the  case  of  steel  columns  with  riveted 
splice  joints  and  with  the  solidly  riveted  floor 
connections  at  every  story.  The  details  of  such 
steel  joints  can  be  made  perfectly  satisfactory 
in  every  respect,  and  in  all  first-class  designs 
they  are  so  made.  No  failure  is  possible  ex- 
cept by  gradual  distortion  of  members,  which 
usually  gives  ample  warning  and  affords  abund- 
ant time  for  the  execution  of  protective  meas- 
ures if  they  are  needed.  In  the  case  of  cast- 
iron  columns  and  corresponding  details  of 
shelf  brackets  and  bolts,  no  degree  of  true  con- 
tinuity can  be  attained,  and  the  treacherous 
character  of  the  material  always  exists  as  a 
menace  to  the  safety  of  the  work.  The  details 
are  Invariably  such  as  to  cause  the  load  applied 
to  the  columns  at  each  story  to  act  with  a  con- 
siderable lever  arm,  thus  producing  heavy  bend- 
ing in  the  columns  in  addition  to  the  disturb- 
ing influence  of  abutting  joints.  Under  Such 
circumstances  it  is  simply  impossible  to  avoid 
a  constantly  increasing  bending  effect  upon 
cast-iron  columns  in  passing  downward  from 
the  top  of  the  building  to  its  foundation,  so 
that  even  if  there  were  no  defects  in  the  ma- 
terial there  would  be  a  strong  tendency  to 
throw  the  columns  out  of  line,  and  it  would  not 
be  a  matter  of  surprise  if  that  tendency  were 
at  times  sufiBcient  to  throw  them  out  of  place 
and  wreck  the  structure. 


Besides  these  considerations,  which  exist  In- 
dependently of  the  quality  of  the  material,  it 
is  one  of  the  great  merits  of  the  production  of 
steel  members  that  the  quality  of  metal  is 
under  complete  control  In  all  stages  of  manu- 
facture from  the  furnace  up  to  the  shipment  of 
completed  members.  On  the  other  hand,  the 
unreliable  character  of  cast-iron  as  a  structur- 
al metal  has  been  so  well  known  that  engineers 
have  excluded  cast-iron  columns  from  all  bridge 
construction  whatever  for  more  than  25  years. 
It  has  been  perfectly  well  known  that  castings 
from  the  grades  of  cast-iron  ordinarily  used 
for  engineering  purposes  are  liable  to  be  af- 
fected in  all  parts  by  blow  holes,  cinder  spots 
and  other  defects,  seriously  impairing  their 
carrying  capacity  and  safety.  It  matters  little 
how  many  drill  holes  may  be  made  in  a  cast- 
iron  column  to  determine  the  thickness  of  the 
metal  or  its  character.  Such  holes  may  show 
satisfactory  results  in  every  particular,  while 
alongside  of  any  one  of  them  there  may  be 
such  a  defect  as  to  make  the  column  unfit  for 
use,  and  that  sort  of  a  feature  may  be  found  at 
almost  any  number  of  points.  When  these  de- 
fects are  liable  to  take  place  not  only  in  the 
body  of  the  column  but  also  in  the  brackets 
and  other  details,  the  hazardous  character  of 
cast-iron  members  of  this  class  may  easily  be 
realized. 

It  will  be  observed,  of  course,  that  there  are 
many  buildings  with  cast-iron  columns  that 
have  stood  with  an  apparently  satisfactory  per- 
formance of  duties  for  many  years,  and  no  in- 
telligent person  will  attempt  to  controvert  that 
observation.  At  the  same  time  there  is  no  rea- 
sonable ground  for  supposing  that  even  such 
cast-iron  columns  are  carrying  their  loads  with 
anything  like  the  factor  of  safety  that  nomi- 
nally belongs  to  them.  Indeed  the  last  and  most 
extensive  series  of  full-size  column  tests  shows 
that  the  formula  commonly  used  has  greatly 
over-estimated  the  carrying  capacity  of  cast- 
iron  columns.  When  this  fact  is  coupled  with 
the  certainty  of  defective  and  weakened  spots 
in  columns  and  their  details,  there  can  be  lit- 
tle satisfaction  in  contemplating  what  margin 
of  safety  may  exist. 

Such  wrecks  as  that  of  the  Darlington 
Hotel,  in  which  cast-iron  columns  have  been 
used,  should  bring  home  to  building  owners 
and  to  the  building  departments  of  cities  the 
question  of  permitting  cast-iron  columns  to  be 
used  at  all.  Extended  experience  with  wrought- 
iron  and  steel  columns  indicates  with  reason- 
able certainty  that  under  ordinarily  good  de- 
sign such  wrecks  would  be  impossible  with 
them,  as  the  defects  characterizing  a  brittle 
metal  like  cast-iron  would  be  entirely  avoided. 
It  is  a  fact,  moreover,  that  in  tall  buildings  at 
least,  cast-iron  columns  of  equal  strength  with 
those  of  steel  yield  no  economy  whatever  over 
a  well  designed  steel  frame.  While  some  econ- 
omy Is  claimed  for  cast-iron  in  low  buildings, 
it  can  at  most  amount  to  but  little  and  may  be 
imaginary.  The  question  arises  then  whether 
the  time  has  not  come  for  cast-iron  columns  to 
be  relegated  to  disuse  in  buildings  precisely  as 
they  have  been  excluded  from  bridge  work  for 
a  quarter  of  a  century.  However  much  may 
be  said  in  their  favor,  the  broad  question  still 
asserts  itself:  Is  it  worth  while  to  imperil  life 
and  property  by  the  use  of  a  class  of  members 
that  have  failed  repeatedly  and  are  likely  to 
fail  at  any  time  in  the  future,  when  all  such 
danger  may  be  eliminated  by  the  use  of  a 
stronger  and  more  ductile  material  possessing 
better  qualities  of  every  kind  without  excep- 
tion, and  which  can  be  used  with  equal  econ- 
omy? Good  business  and  a  proper  regard  for 
past  experience  indicates  that  municipaJ  build- 
ing departments  should  take  the  position  which 
engineers  assumed  so  many  years  ago,  and  have 
never  regretted. 


318 


THE    ENGINEERING    RECORD 


Vol.  49,  No.  ii. 


The    Association   of   Portland     Cement 
Manufacturers. 


To  anrone  haring  mucli  acquaintance  with 
the  national  associations  of  men  in  tlie  steel 
industry,  the  manufacture  of  engines,  the  pulp 
and  paper  making  business,  the  foundry  inter- 
eata  and  other  manufacturing  branches  of  an 
important  character,  the  quarterly  meeting  of 
th«  Association  of  Portland  Cement  Manufac- 
tiuvn  at  Philadelphia  this  week  was  particu- 
larly interesting.  A  report  of  the  pro- 
ceedings is  printed  on  '  page  342  of  this 
issue.  It  is  pretty  well  shown  by  ex- 
perience that  if  a  strong  initial  meeting  is 
held  for  organisation  purposes,  such  a  society 
will  run  along  for  a  year  before  there  is  much 
flagging  in  the  interest  But  little  weakness 
will  develop  until  the  second  year.  The  cement 
makers'  organization  held  the  first  quarterly 
meeting  of  Its  second  year  this  week,  and  it 
was  ao  ancceesfnl  that  the  future  of  the  socie- 
ty seems  assured.  The  American  Portland  ce- 
ment industry  is  so  new,  in  comparison  with 
others  of  the  same  financial  importance,  that 
the  idea  of  an  association  of  its  competing 
members  is  probably  a  little  novel  to  many, 
although  it  is  an  old  idea  with  manufacturers 
in  many  other  industries.  Nevertheless  an  as- 
sociation so  young  and  undeveloped  which  will 
bring  together  for  a  two-days'  meeting  repre- 
sentatives from  the  Pacific  Ck>ast,  Michigan, 
Illinois,  Virginia,  Ohio  and  the  North  Atlantic 
States,  certainly  has  the  elements  of  great 
strength.  It  already  represents  a  manufactur- 
ing capacity  about  the  same  as  that  of  the 
members  of  the  famous  Society  of  German  Port- 
land Cement  Manufacturers,  and  its  representa- 
tives are  associated  with  those  of  national  en- 
gineering societies  on  joint  committees  investi- 
gating uniform  tests  of  cement  and  the  design 
and  execution  of  concrete-steel  works.  In  a 
business  way  it  Is  understood  that  the  Associa- 
tion has  proved  of  considerable  service  to  Its 
members. 

It  is  not  probable  that  all  the  members  of  the 
organization  appreciate  the  attitude  of  the  en- 
gineering profession  toward  the  Association  or 
recognize  the  satisfaction  that  Is  felt  among 
engineers  over  its  continuous  success.  Within 
a  very  few  years  the  average  engineer,  even 
though  be  might  l>e  a  large  consumer,  could 
only  enter  many  American  cement  plants  by 
means  of  a  dark  lantern  and  a  jimmy.  A  cloak 
of  mystery  hung  over  the  works  and  a  high 
board  fence  enclosed  them.  To-day  the  condi- 
tions are  very  different  The  processes  of  man- 
nfacture  are  well  known  and  very  few  plants 
refuse  admittance  to  a  properly  accredited  vis- 
itor. All  this  Is  very  pleasing  to  the  engineer, 
whose  training  renders  him  curious  about  the 
methods  of  producing  the  materials  he  employs. 
He  recognizes  that  as  soon  as  manufacturers 
show  their  works  to  each  other  they  will  show 
them  to  him,  and  he  is  correspondingly  grati- 
fied at  all  Indications  of  harmony  in  the  indus- 
try. His  experience  with  cement  manufactur- 
ers in  the  past  has  not  been  wholly  satisfactory 
largely  because  he  was  kept  in  Ignorance  of  the 
difllcultles  of  the  manufacturers  In  producing 
a  sound  uniform  product  It  has  not  been 
wholly  his  fault  that  the  varieties  of  cement 
specifications  have  been  legion  and  their  qual- 
ity correspondingly  diverse.  This  has  not  been 
the  case  with  steel  specifications  largely  be- 
caose  the  structural  steel  makers  have  made  no 
secret  of  their  methods.  Cement  Is  assuming 
a  position  In  engineering  construction  of  al- 
most equal  Importance  with  steel,  and  the  more 
Information  the  engineer  can  secure  concerning 
Its  properties,  the  less  liable  he  is  to  mn  after 
false  ideals  in  his  specifications.  It  really 
nutkec  no  difference  to  him  whether  the  cement 
Is  made  In  a  rotary  Mln  or  a  cook  stove,  so 


long  as  It  will  answer  his  requirements,  but 
there  are  many  features  of  manufacture  which 
are  directly  influenced  by  his  specifications  and 
about  these  he  has  reason  for  showing  curios- 
ity. Until  a  short  time  ago,  this  curiosity 
could  only  be  satisfied  by  a  study  of  the  pub- 
lications of  the  Society  of  German  Portland  Ce- 
ment Manufacturers.  It  was  to  satisfy  this 
curiosity  that  The  Engineering  Record  secured 
from  Mr.  P.  H.  Lewis,  the  valuable  series  of 
papers  on  foreign  and  American  cement  plants 
which  was  published  six  years  ago.  Now  that 
the  manufacturers  of  Portland  cement  are  in- 
terchanging data,  the  engineer  has  every  rea- 
son to  expect  them  to  co-operate  with  him  more 
completely  than  in  the  past,  a  procedure  which 
he  knows  will  result  in  better  results  in  the 
structures  under  his  charge. 

For  another  reason,  also,  the  engineer  is  fol- 
lowing with  interest  ihe  development  of  this 
Association.  It  Is  acknowledged  openly  by  ce- 
ment manufacturers  that  Improvements  in 
plant  and  in  methods  are  coming  along  rapid- 
ly. Thestf  mean  both  a  lower  average  price  of 
cement  and  an  improvement  In  its  quality.  So 
far  as  cost  Is  concerned,  every  experienced  en- 
gineer expects  the  manufacturers  to  make  a 
reasonable  profit.  History  shows,  however,  that 
no  Important  improvement  in  manufacture  has 
ever  been  made  which  has  not  been  followed 
eventually  by  a  lower  price  for  the  product.  The 
raising  of  the  quality  of  the  cement  by  better 
manufacturing  plant  and  methods  Is  likewise  a 
subject  In  which  the  engineer  Is  vitally  Inter- 
ested, and  the  value  of  a  society  of  manufac- 
turers which  will  speedily  circulate  the  news  of 
such  improvements  throughout  the  country  is 
perfectly  recognized  by  him.  It  is  self-evident 
that  the  developments  In  the  cement  industry 
must  be  followed  by  changes  in  the  cost  and 
quality  of  the  product.  In  short,  the  Associa- 
tion of  Portland  Cement  Manufacturers  repre- 
sents to  the  engineer  who  buys  cement  a  defi- 
nite organization  for  assisting  him  in  an  indi- 
rect but  by  no  means  unimportant  manner. 


The  Pitot  Tube. 


In  1732  Pltot  described  before  the  French 
Academy  of  Sciences  the  tube  for  gauging  the 
velocity  of  fiulds  which  has  since  borne  his 
name.  The  apparatus  he  employed  was  a  small 
piece  of  wood  behind  which  two  tubes  were 
attached.  One  of  these  was  vertical;  the  other 
was  vertical  at  its  upper  end  while  Its  lower 
portion  was  bent  around  the  block  and  brought 
to  Its  face.  In  the  hands  of  the  Inventor  this 
device  yielded  surprisingly  accurate  results. 
Evidently  he  made  a  thorough  study  of  the  in- 
fiuences  affecting  its  accuracy,  so  far  as  the 
facilities  at  his  command  permitted.  The  men 
who  took  up  its  use  after  him  were  far  less 
painstaking  for  a  time.  In  their  hands  It  gave 
results  of  a  very  Imperfect  character.  Little 
by  little  the  favor  In  which  the  Instrument  was 
held  during  Pilot's  lifetime  lapsed  into  dis- 
favor. The  device  came  to  be  regarded  as  an 
extremely  Inaccurate  one,  although  In  the 
work  of  a  few  of  Pilot's  countrymen  it  found 
favor  and  regained  In  a  measure  Its  good  name. 
Dupr6  conducted  some  ingenious  experiments 
nearly  half  a  century  ago,  using  the  tubes  to 
measure  the  velocity  of  air  currents.  At  a 
later  date  Darcy  took  up  the  subject  In  a  thor- 
ough manner.  He  investigated  Its  best  form, 
showed  how  the  change  in  this  form  affected 
Its  reliability,  and  pointed  out  the  Importance 
of  keeping  the  current  to  be  measured  free 
from  disturbance. 

Unfortunately,  a  very  large  part  of  the  really 
valuable  work  done  with  Pltot  tubes  Is  de- 
scribed In  French  papers  Inaccessible  to  all  but 
a  few  Investigators.  This  is  particularly  true 
with  respect  to  descriptions  of  accurate  work. 


Most  of  the  early  investigations  concerning 
the  accuracy  of  the  instrument  were  conducted 
with  water,  and  it  is  largely  to  American  ex- 
periments that  the  public  rehabilitation  of  the 
tube  as  an  accurate  water-gauging  device  is 
due.  Mr.  Hiram  F.  Mills  conducted  some  very 
Important  experiments  of  this  nature  a  num- 
ber of  years  ago,  but  these  are,  unfortunately, 
unknown  to  most  engineers.  The  same  is  true 
of  the  less  extensive  work  of  a  few  other  hy- 
draulic specialists.  It  unquestionably  re- 
mained for  Professor  Gardner  S.  Williams  and 
his  former  associates  on  the  Detroit  water 
works  to  demonstrate  the  value  of  the  Pitot 
tube  In  the  hands  of  experimenters  acquainted 
with  the  sensitiveness  of  the  device  and  the 
best  methods  of  employing  it.  Mr.  Cole  has 
since  proved  by  his  experiments  in  many  cities 
that  it  is  an  instrument  of  large  practical  value 
In  the  commercial  operation  of  water  works. 
As  before  stated,  all  this  work  has  been  done  to 
a  large  extent  in  gauging  the  flow  of  water, 
and  it  is  only  recently  that  the  value  of  the 
Pltot  tube  for  similar  work  with  gases  has 
been  fully  established.  It  is  necessary  to  look 
to  Great  Britain  for  the  most  important  papers 
on  this  subject. 

Messrs.  Heenan  and  Gilbert  have  shown  In  a 
paper  published  in  the  "Proceedings"  of  the 
Institution  of  Civil  Engineers  that  in  gauging 
the  flow  of  gases  certain  simple  arrangements 
of  the  apparatus  will  satisfy  some  of  the  con- 
ditions of  accuracy.  Dr.  Stanton  has  given 
some  results  in  a  paper  before  the  same  society 
on  the  resistance  of  plane  surfaces  In  a  uni- 
form current  of  air,  which  were  obtained  by 
Pitot  tube  experiments  at  the  National  Physi- 
cal Laboratory  under  the  direction  of  Dr. 
Glazebrook.  I^ast  month  a  still  more  elaborate 
contribution  to  the  literature  of  the  gauging 
of  gases  with  the  device  was  made  by  Mr. 
Richard  Threlfall,  F.  R.  S.,  in  a  paper  on  the 
motion  of  gases  in  pipes  read  before  the  In- 
stitution of  Mechanical  Engineers.  It  is  inter- 
esting to  notice  in  this  paper  as  well  as  In  the 
discussion  It  elicited  that  the  same  uncertain- 
ty arose  respecting  the  true  theory  of  the  In- 
strument that  has  been  a  source  of  controversy 
In  this  country.  It  may  be  recalled  that  at  a 
meeting  of  the  American  Society  of  Mechanical 
Engineers  a  few  years  ago  the  accuracy  of  the 
apparatus  in  gauging  water  was  relegated  to  a 
minor  position  as  compared  with  its  theory, 
and  this  controversy  led  to  a  number  of  short 
papers  on  the  subject.  Fortunately,  as  Profes- 
sor Williams  has  pointed  out  in  this  country 
and  several  of  the  members  of  the  Institution 
of  Mechanical  Engineers  in  Great  Britain,  the 
value  of  the  instrument,  the  best  form  to  give 
It  for  a  definite  purpose,  and  the  proper  meth- 
ods of  using  it,  can  all  be  studied  without  ref- 
erence to  the  theory  of  Its  action,  while  the  two 
theories  which  are  advanced  to  explain  this 
action  lead  eventually  to  similar  formulas. 

The  paper  presented  last  moiith  by  Mr.  Threl- 
fall Is  altogether  too  voluminous  to  be  re- 
printed In  this  journal.  It  takes  up  in  turn  the 
construction  of  a  suitable  manometer  for  ob- 
serving the  small  differences  of  pressure  which 
are  dealt  with  in  gauging  the  flow  of  gases  and 
render  the  use  of  the  Instrhment  for  such  pur- 
poses far  more  delicate  than  with  water,  the 
influence  of  the  shape  of  the  tip  of  the  Pitot 
tube  on  the  pressure,  the  reliability  of  side 
gauges  In  indicating  the  pressure  of  the  gas, 
the  relation  between  the  velocity  of  the  air  cur- 
rents and  the  pressures  developed  in  the  tubes, 
and  the  distribution  of  velocity  of  gas  streams 
In  the  pipes.  These  divisions  of  the  subject 
are  discussed  In  an  unusually  Interesting  man- 
ner, but  the  result  which  outweighs  In  Im- 
portance all  others  given  In  the  paper  Is  the 
proof  of  the  reliability  of  the  Instrument  for 
measuring  the  velocity  of  gases.  The  work  dur- 
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ing  the  last  eighteen  months  in  the  National 
!  Physical  Laboratory  furnishes  an  excellent 
check  on  that  of  Mr.  Threlfall.  The  two  sets 
of  experiments  were  made  with  different  gases, 
one  with  dry  clean  air  and  the  other  with  blast 
furnace  gas.  They  agree  within  about  5  per 
cent.,  which  is  within  .the  limits  of  accuracy 
it  is  reasonable  to  expect  in  such  investiga- 
tions, and  they  prove  that  the  method  of  meas- 
uring velocities  of  gases  up  to  about  3,000  feet 
per  minute  by  the  Pilot  tube  is  one  which  may 
be    safely    adopted. 

The  return  to  good  standing  which  is  given 
the  Pitot  tube  by  experiments  on  both  sides 
of  the  Atlantic  should  be  a  matter  of  congrat- 
ulation among  engineers.  Not  only  is  it  im- 
portant in  itself  that  this  simple  apparatus 
should  be  proved  an  accurate  one  when  prop- 
erly made  and  employed,  but  it  is  equally  im- 
portant as  indicating  the  possible  value  of 
other  simple  instruments  known  for  many 
years  but  still  under  the  ban  of  the  scientific 
experimenter.  It  is  an  interesting  fact  that 
many  important  investigations  are  conducted 
in  which  use  is  made  of  some  of  these  little- 
esteemed  instruments  or  methods,  but  because 
of  their  lack  of  reputation  the  men  in  charge 
of  the  experiments  often  prefer  to  remain  si- 
lent concerning  the  successful  use  of  such  ap- 
paratus or  procedures.  They  prefer  to  avoid 
criticism  by  giving  no  opportunity  for  it.  This 
is  to  be  regretted  because  it  is  now  a  fairly 
well  accepted  fact  that  considerable  improve- 
ment can  be  made  in  the  conduct  of  experi- 
mental work  by  a  thorough  investigation  of 
the  capabilities  of  methods  which  received  the 
unmerited  stamp  of  disapproval  many  years 
ago  when  the  facilities  for  such  work  were  not 
so  great  as  at  present. 


Fire-Protection  Water  Supplies  for  Mills. 


It  may  be  of  interest  to  the  readers  of  The 
Engineering  Record  to  know  that  in  the  Balti- 
more fire  two  manufacturing  plants,  which  had 
been  equipped  in  accordance  with  the  stand- 
ards of  the  Associated  Factory  Mutual  Fire  In- 
surance Companies,  held  their  own  against  a 
fierce  attack  of  flames  and  gave  such  support 
to  the  fire  department  that  the  conflagration 
went  no  further  in  their  direction.  They  were 
equipped  with  sprinklers,  shutters,  private  fire 
pumps  and  hose,  and  their  loss  was  almost 
solely  from  water  damage  and  the  destruction 
of  the  shutters.  The  financial  loss  in  these  two 
factories  is  less  than  one-third  of  one  per  cent, 
of  the  valuation  of  the  properties.  In  the  great 
fire  at  Paterson,  N.  J.,  a  little  more  than  two 
years  ago,  a  number  of  buildings  equipped  in 
the  same  manner  passed  the  test  in  a  striking 
way.  Moreover,  at  Paterson  these  well-protect- 
ed mills  were  able  to  assist  the  fire  department 
to  a  considerable  extent  and  not  only  saved 
their  own  property  but  also  aided  materially  in 
reducing  the  damage  in  their  vicinity.  It  has 
been  thoroughly  well  established  by  these  two 
fires  that  city  mills  should  be  provided  with 
powerful  pumps  independently  supplied  with 
ample  water,  if  possible,  in  order  that  they 
may  take  the  place  of  public  apparatus  when 
it  is  unavailable  from  any  cause.  This  is  par- 
ticularly true  in  cities  where  the  street-main 
pressure  is  weak  or  the  pipes  themselves  are 
small.  At  Paterson  It  Is  understood  that  the 
mill  pumps  did  a  large  part  of  the  work  of 
checking  the  spread  of  the  flames  and  without 
them  many  of  these  factories  would  have  been 
destroyed. 

A  second  lesson  which  Is  shown  by  these 
fires  and  others  is  the  necessity  of  providing  a 
liberal  water  supply  for  such  independent 
pumps.  The  small  fires  in  such  mills  are  tak- 
en care  of  by  sprinklers  or  small  streams  sup- 
plied from  the  public  service.    When  the  pump- 


protection  is  called  into  use,  it  may  be  required 
for  hours  instead  of  minutes  and  a  very  liber- 
al supply  for  these  mill  pumps  In  cities  is 
therefore  essential.  Most  cisterns  are  filled 
from  public  mains  through  a  small  pipe,  often 
not  larger  than  2  inches  in  diameter.  It  is 
manifestly  impracticable  for  such  a  little  pipe 
to  furnish  the  large  quantity  of  water  which 
is  necessary  for  the  pumps  when  they  are  run 
for  any  length  of  time. 

Particular  attention  is  drawn  to  this  mat- 
ter because  in  some  large  mills  lately  con- 
structed there  seems  to  be  a  tendency  to  neg- 
lect the  matter  of  fire  protection.  The  desir- 
ability of  good  fire-resisting  construction  is 
fully  recognized,  attention  is  paid  to  the  ex- 
posure of  the  buildings  to  outside  risks,  infiam- 
mable  materials  are  isolated  so  far  as  possible, 
but  the  water  supply  seems  to  be  neglected.  Of 
course  in  the  factories,  which  are  insured  by 
tne  associated  factory  underwriting  companies 
this  neglect  of  water  does  not  exist  to  any  se- 
rious extent.  Other  companies  are  not  so 
strict  and  occasionally  even  yard  hydrants  are 
not  used  on  account  of  the  charge  made  for 
them  by  the  local  water  works,  and  reliance  is 
placed  on  fire  hosp  connected  with  the  piping 
in  the  buildings.  This  piping  is  metered  and 
the  meter  is  a  small  one  compared  with  the  de- 
mant;  for  water  in  case  of  a  conflagration.  Nat- 
urally enough  the  water  department  refuses 
to  put  on  a  large  meter  in  such  a  case,  on  ac- 
count of  its  lack  of  sensitiveness  in  registra- 
tion at  the  usual  rate  of  supply  to  the  build- 
ings. When  a  large  fire  breaks  out  and  the  de- 
mand for  water  in  a  few  minutes  may  become 
many  times  that  called  for  in  the  establishment 
in  a  day  under  usual  conditions,  the  meter  sim- 
ply acts  as  a  plug  to  check  the  flow  in  the  pipes. 
A  fire-protection  water  supply  of  this  nature  is 
very  largely  a  useless  ornament. 

If  the  cost  of  the  public  water  is  so  great 
as  to  be  a  serious  matter,  it  is  often  possible 
to  secure  an  ample  supply  for  Are  protection 
purposes  from  wells  or  a  neighboring  body  of 
water.  It  is  unnecessary,  of  course,  to  use 
water  of  the  highest  character  for  extinguish- 
ing fires,  and  this  makes  the  problem  of  se- 
curing a  supply  for  fire  protection  a  much  eas- 
ier one  than  is  usually  the  case.  But  if  no  such 
supply  is  possible,  it  is  diflBcult  to  understand 
the  reasoning  which  leads  the  owners  of  large 
establishments  to  risk  their  investment  in 
buildings  and  a  possible  disastrous  loss  of  bus- 
iness through  a  shut-down  made  necessary  by 
rebuilding  after  a  fire,  in  order  to  save  the  com- 
paratively few  thousand  dollars  needed  to  in- 
stall a  thoroughly  good  pumping  plant.  One 
or  more  large  connections  from  the  street 
mains,  pipes  of  ample  size  to  feed  water  to  all 
parts  of  the  plant,  good  underwriters'  pumps  , 
and  an  ample  supply  of  hose  are  not  very  cost- 
ly. While  they  may  not  be  needed  very  often, 
when  they  are  required  they  are  needed  so  badly 
that  in  less  than  an  hour  their  cost  may  well 
have  been  saved  many  times  over  by  the  good 
work  accomplished  with  their  aid  in  extin- 
guishing what  would  otherwise  be  a  serious 
fire. 


Notes  and  Comments. 


The  Hudson  Riveb  Tunnel  of  the  Pennsyl- 
vania Railroad's  terminal  improvements  in 
New  York  is  to  be  built  by  the  O'Rourke  Engi- 
neering Construction  Company,  according  to  a 
statement  made  by  President  Cassatt  on  Thurs- 
day. This  announcement  will  gratify  the  wide 
circle  of  friends  of  Mr.  John  F.  O'Rourke,  M. 
Am.  Soc.  C.  E.,  whose  engineering  and  exec- 
utive ability  in  carrying  on  difllcult  construc- 
tion, for  others  in  former  years  and  for  him- 
self of  late,  has  received  signal  recognition  In 
the  award  of  this  contract. 


The  James  Watt  Memobiax  to  be  erected  In 
Greenock,  Scotland,  on  the  site  of  the  cottage 
where  the  famous  inventor  was  born,  deserves 
the  hearty  support  of  Americans.  A  committee 
has  been  appointed  to  attend  to  the  work  ol 
handling  the  subscriptions  from  this  country, 
and  the  presidents  of  the  four  national  engi- 
neering societies  are  acting  on  it  in  company 
with  eminent  manufacturers  and  representa- 
tives of  trade  unions.  Only  small  subscriptions 
are  desired,  which  should  be  addressed  to  Theo- 
dore Dwight,  Treasurer,  James  Watt  Memorial 
Fund,  99  John  Street,  New  York.  The  number 
of  subscriptions  from  this  country  should  be  In 
excess  of  those  of  other  lands,  for  It  owes  its 
present  advanced  condition  almost  wholly  to 
what  Mr.  Morison  has  called  the  manufacture 
of  power. 


Commebcial  Motor  Wagons  will  be  subjected 
to  practical  tests  early  in  April  under  the  di- 
rection of  the  Automobile  Club  of  America.  Six 
classes  of  wagons  have  been  established,  the 
rating  depending  on  the  dead  load  each  is  cap- 
able of  carrying.  The  wagons  will  be  placed  in 
regular  service  by  two  of  the  New  York  ex- 
press companies  and  employed  in  transferring 
merchandise,  produce  and  baggage  between  the 
various  depots  of  these  companies.  Awards  will 
be  made  in  each  class  for  the  best  performance 
based  on  economy  of  operation  in  time  and 
fuel,  ratio  of  paying  to  non-paying  load  and  gen- 
eral reliability.  Further  information  can  be 
obtained  from  the  Secretary  of  the  Club,  Mr. 
S.  M.  Butler,  755  Fifth  Avenue,  New  York. 
Makers  of  motor  wagons  should  take  advantage 
of  this  opportunity  to  bring  their  cars  to  the  at- 
tention of  the  large  number  of  people  who  have 
been  thinking  seriously  of  placing  delivery  auto- 
mobiles in  service.  It  would  surprise  a  good 
many  of  these  makers  to  know  what  a  large 
field  still  remains  open  to  them.  Manufacturers 
of  heavy  machinery  in  many  parts  of  the  coun- 
try are  almost  ready  to  adopt  such  wagons, 
while  their  value  for  express  service  in  con- 
nection with  interurban  railways  is  just  becom- 
ing evident. 


Minimum  Fees  for  professional  practice  have 
been  established  for  many  years  by  the  Ameri- 
can Institute  of  Architects.  These  rules  were 
recently  revised  and  are  now  substantially  as 
follows:  For  preliminary  studies,  working 
drawings,  specifications,  large  scale  and  full- 
size  details,  and  the  general  supervision  of  the 
work,  the  minimum  charge  is  5  per  cent,  on  the 
cost  of  the  work.  By  supervision  is  meant  such 
inspection  by  himself  or  his  deputy  of  work  in 
studios,  shops  and  on  the  building  site,  as  he 
finds  necessary  to  ascertain  whether  his  draw- 
ings, specifications  and  directions  are  being 
carried  out.  If  the  constant  presence  of  a  su- 
perintendent is  necessary,  the  owner  is  to  pay 
the  cost.  For  new  buildings  costing  less  than 
$10,000,  and  for  furniture,  monuments,  decora- 
tive and  cabinet  work  the  charge  is  to  be  10 
per  cent.  "None  of  these  charges  covers  alter- 
ations and  additions  to  contracts,  drawings  and 
specifications  nor  professional  or  legal  services 
incidental  to  negotiations  for  site,  disputed 
party  walls,  right  of  light,  measurement  of 
work  or  failure  of  contractors;  when  such  ser- 
vices become  necessary,  they  shall  be  charged 
for  according  to  the  time  and  trouble  involved." 
When  heating,  ventilating,  mechanical,  elec- 
trical and  sanitary  problems  In  a  building  are 
of  such  a  nature  as  to  require  the  assistance  of 
a  specialist,  the  owner  is  to  pay  for  such  as- 
sistance. The  fees  are  to  be  paid  in  the  fol- 
lowing order:  On  completion  of  the  prelimin- 
ary sketches,  one-fifth  of  the  entire  amount;  on 
completion  of  working  drawings  and  specifica- 
tions, two-fifths;  the  remaining  two-fifths  from 
time  to  time. 
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The  Works  of    the    Egyptian    Portland 
Cement  Company. 

The  Egyptian  Portland  Cement  Company  re- 
cently completed  -a  marl  cement  mill,  situated 
at  the  outskirts  of  Fenton,  Michigan,  about  fifty 
miles  from  Detroit,  on  the  Detroit.  Grand  Haven 
4  Milwaukee  branch  of  the  Grand  Trunk  Rail- 
nay  Proximity  to  the  railroad  and  to  the  im- 
ritrnse  body  of  marl  which  the  company  owns 
determined  the  location  of  the  mill,  it  being  sit- 
ucted  within  a  few  hundred  feet  of  the  main 
line  of  the  railroac'  ou  one  side  and  the  shores 
of  Silver  Lake  on  the  other.  The  company  owns 
iu  and  around  the  chain  of  lakes  in  that  local- 
ity, nearly  1,600  acres  of  marl,  varying  in  depth 
from  3  to  more  than  40  feet.  It  is  estimated 
that  the  visible  supply  would  permit  the  manu- 
facture of  1,000  barrels  of  cement  per  day  for 
fifty  years.  Before  undertaking  actual  con- 
rtruction,  the  land  was  surveyed  and  some  600 
samples  of  marl  analyzed  by  Robert  W.  Hunt 
A  Company,  the  consulting  engineers  for  the  en- 
tire plant  These  analyses  showed  that  the 
marl  was  capable  of  being  made  into  a  high 
grade  Portland  cement  The  arrangement  of 
the  plant  is  shown  by  the  accompanying  plan 
and  section. 

The  marl  lying  in  and  around  the  lakes  is 
dug  up  by  an  ordinary  type  of  dipper  dredge, 
the  machinery  for  which  was  supplied  by  the 
Marion  Shovel  Company.  Lashed  to  the  side 
of  the  dredge  is  a  "machinery  boat"  containing 
a  stone  separator,  agitators  and  elevators,  to- 
gether with  the  net-essary  engine  and  boiler 
equipment  The  marl,  after  passing  througn 
the  stone  separator.  Is  transferred  to  scows 
plaiced  alongside  the  machinery  boat  or  is  col- 
lected in  the  bottom  of  the  boat  and  later  elevat- 
ed into  scows,  which  transfer  the  material  to 
the  shore.  Besides  the  dredge  and  the  machin- 
ery boat,  the  fleet  includes  two  scows,  each  oi  a 
capacity  of  fifty  cubic  yards,  and  a  steam  tug. 
On  the  shore  of  the  lake,  about  200  feet  from  the 
"wet  end"  of  the  mill,  are  two  8xl4-lnch  duplex 
single-acting  ball-valve,  steam-driven  fly-wheel 
Bonnot  pumps  for  removing  the  marl  from  the 
scows,  one  of  which  is  held  in  reserve  for  emer- 
gency use.  These  pumps  are  cross-connected  at 
both  the  suction  and  discharge  ends,  and  the 
discharge  pipe,  which  is  cast-iron  and  8  inches 
in  diameter,  leads  to  two  large  iron  tanks  in  the 
attic  of  the  main  building.  The  discharge  pipes 
from  these  tanks  lead  to  a  pug  mill,  as  shown, 
which  mixes  the  marl  with  the  clay. 

The  company  experienced  the  difficulty  usual- 
ly met  in  Michigan  of  finding  near  at  hand  a 
large  and  good  deposit  of  clay  suitable  for  the 
manufacture  of  cement  and  is  forced  to  haul  its 
supply  from  Corunna,  25  miles  away.  This  clay 
is  shipped  to  the  works  on  the  company's  own 
flat  cars  and  is  shoveled  by  hand  from  the  cars 
to  the  floor  of  the  clay  house,  some  10  feet  be- 
low the  track  level.  It  is  the  intention  to  put 
in  a  system  of  exhaust  steam  heating  coils  on 
•ections  of  this  floor  in  order  to  quickly  dry 
and  use  clay  delivered  in  stormy  weather.  The 
clay  is  dumped  into  a  drying  pan  from  wheel- 
barrows, this  being  one  of  the  few  places  about 
the  mill  where  manual  labor  is  required  to 
handle  any  of  the  material.  After  drying,  the 
clay  is  ground  and  screened,  and  then  elevated 
by  a  bucket  elevator  and  an  inclined  belt  con- 
veyor to  a  bin  in  the  peak  of  the  main  build- 
ing close  to  the  marl  tanks  above  mentioned. 
From  this  bin  the  clay  is  weighed  as  needed, 
and  spouted  Into  the  pug  mill  with  the  marl. 
The  slurry  from  the  pug  mill  passing  through 
the  storage  tank,  is  g^iven  a  preliminary  grind- 
ing in  three  42-incb  Emery  mills,  and  then 
spouted  to  either  of  two  long  shallow  pits,  where 
It  is  held  for  chemical  analysis  and  correction 
when  necessary. 


From  these  pits  the  slurry  is  pumped  through 
two  6x22-foot  Gates  tube  mills  by  one  of  two 
power-driven  ball-valve  pumps,  into  a  large  con- 
crete storage  tank  having  a  capacity  of  1,350 
cubic  yards.  All  the  tanks,  the  pit  and  even  the 
scows,  are  provided  with  agitators,  and  the 
marl  and  slurry  is  thus  constantly  kept  in  mo- 
tion, in  order  to  Insure  a  uniform  mixture  be- 
ing sent  to  the  rotaries. 

Coal  is  received  in  cars  and  run  into  the  coal 
grinding  department  on  an  elevated  track. 
From  the  floor  of  this  room  it  is  shoveled  Into 
a  Sturtevaiit  crusher  and  then  conveyed  by  an 
open  chain  elevator  into  a  Bartlett  four-com- 
partment dryer.  From  the  dryer  the  coal  passes 
directly  to  a  No.  3  Williams  pulverizer  and  then 
is  elevated  to  a  bin  over  two  5x22-foot  Gates 
tuoe  mills.  A  steel-legged  elevator  and  a  steel 
trough  screw  conveyor  take  the  pulverized  coal 
from  the  tube  mills  to  the  coal  bins  In  front 
of  the  rotary  kilns.  The  bins,  which  are  about 
8  feet  square  and  approximately  5  feet  high, 
have  a  hopper  bottom.  These  discharge  into 
small  conveyors  with  double-flight  screws.  Just 
above  the  conveyors  are  cut-out  slides  to  regu- 
late the  amount  of  coal  feeding  to  the  convey- 


case  of  the  break-down  of  one  engine,  the  next 
engine  can  run  two  rotaries  when  the  two 
countershafts  are  coupled  together.  Thus,  each 
rotary  is  practically  independent  of  the  re- 
mainder of  the  mill.  Each  rotary  is  equipped 
with  a  power-driven  ball-valve  pump,  the  suc- 
tion running  to  the  big  slurry  pit,  and  its  dis- 
charge through  the  stack  base,  into  the  rotary. 
The  discharge  pipes  of  these  pumps  are  cross- 
connected  so  that  one  pump  may  feed  two  or 
more  rotaries  whenever  necessary. 

The  marl  pumps  on  the  lake  shore  have  a 
discharge  head  of  almost  50  feet,  and  the  rotary 
feed  pump  a  lift  of  eight  feet,  when  the  big 
slurry  pit  is  nearly  empty,  yet  marl  and  slurry 
containing  as  low  as  40  per  cent,  of  water  have 
been  handled  without  trouble. 

Underneath  the  discharge  opening  of  the  ro- 
tary hood,  a  pan  conveyor  is  run,  which  col- 
lects the  clinker  and  discharges  it  into  the  end 
of  an  inclined  rotary  cooler.  Just  before  enter- 
ing the  cooler,  water  is  provided  for  sprinkling 
the  hot  clinker.  Cool  air  is  drawn  through  the 
rotary  clinker  cooler  bv  means  of  a  120-inch 
American  Blower  Company's  steel  plate  fan, 
which  obtains  its  air  supply  from  the  discharge 


Slurry  Tube  Mill  Installation,  Slurry  Vat  in  Foreground. 


ors,  which  are  driven  by  a  speed  controller 
made  by  the  Power  &  Speed  Controller  Company, 
147  Milk  Street,  Boston.  The  coal  discharged 
from  the  small  conveyors  drops  into  an  air 
siphon,  the  blast  of  air  blowing  the  powdered 
coal  into  the  kiln.  The  pipe  connecting  the 
siphon  with  the  kiln,  is  made  of  wrought-iron 
and  is  6  inches  in  diameter.  The  air  blast  Is 
provided  by  means  of  two  No.  55  American 
Blower  Company's  steel  plate  fans,  which  are 
designed  to  run  at  about  1,000  revolutions  per 
minute.  One  of  these  fans  is  located  above  the 
other,  both  being  supported  by  a  steel  structure. 
Each  fan  has  sufficient  capacity  to  take  care  of 
all  the  kilns,  one  being  held  in  reserve  in  case 
of  accident.  In  the  branch  air  pipe  leading 
from  the  main  to  each  kiln  is  located  a  blast 
gate,   controlling   the   volume   and   pressure. 

There  are  nine  rotary  kilns,  6x60  feet,  each 
driven  by  an  8xl0-lnch  non-condensing  steam 
engine.  A  speed -changing  pulley  attached  to 
the  throttling  governor  of  each  engine  enables 
each  rotary  to  have  a  great  range  of  speed.  The 
counter  shafts  of  the  rotary  gear  bases  are 
placed  In  line  and  Just  clear  each  other.     In 


end  o?  this  cooler.  The  air.  in  passing  over 
the  hot  clinkers,  is  heated  to  a  high  tempera- 
ture and  is  a?  presfsnt  discharged  outside.  The 
company  is  contemplating  installing  dust  col- 
lectors on  the  discharge  of  this  fan  and  using 
the  clean,  hot  air  as  a  source  of  supply  for  the 
coal  blast  fans.  The  fan  Is  designed  to  handle 
about  32,000  cubic  feet  of  air  per  minute  at  a 
temperature  of  200  degrees  Fahrenheit,  when 
running  at  a  speed  of  350  revolutions  per 
minute.  On  this  basis  about  fifteen  pounds  of 
air  per  pound  of  coal  has  been  allowed. 

At  the  discbarge  end  of  the  cooler,  where  the 
clinker  is  weighed  and  the  required  amount  of 
gypsum  added,  the  clinker  is  elevated  and 
spouted  into  bins  over  the  grinding  apparatus. 
This  apparatus  consists  of  four  Gates  ball  and 
two  Gates  tube  mills.  The  flnished  cement  Is 
then  elevated  and  conveyed  to  large  concrete 
storage  bins.  The  cement  is  sacked  and  loaded 
by  manual  labor,  but  proviBion  has  been  made 
in  the  construction  of  the  bins  to  do  all  this 
work  automatically.  A  sunken  track  alongside 
the  sacking  room  enables  cars  to  be  loaded  with 
but  a  small  amount  of  labor. 
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The  buildings  were  originally  designed  and 
built  for  electrical  power  transmission.  Tliis 
scheme  was  alierwards  changed  and  a  rope- 
drive  transmission  installed,  the  transmission 
n-.aohinery  being  supplied  by  the  Dodge  Manu- 
tacturing  Coraoanj.  The  substitution  of  a  rope 
drive  for  electrical  power  transmission  was  ac- 
complished without  meeting  any  serious  difficul- 
ties, all  machinery  lying  in  parallel  lines,  ex- 
cept the  two  "wet  end"  tube  mills.  The  driving 
of  these  two  machines  was  accomplished  by  a 


room  shaft.  This,  together  with  the  separate 
rotary  engines,  insures  the  continual  operation 
of  the  rotary  department. 

The  main  building  has  steel  roof  trusses,  rest- 
ing on  concrete  pilasters,  the  curtain  walls  be- 
ing built  of  brick.  The  engine,  boiler  and  grind- 
ing rooms  are  of  similar  construction  with  the 
substitution  of  concrete  curtain  walls.  The 
buildin.g  arrangement  if  compact,  and  where 
space  has  not  been  left  in  the  building  itself, 
additions  can  be  made  in  every  direction. 


The  marl  and  clay  give  the  following  analyses 
respectively: 

Marl.  Clay. 

Silica '. .      2.20  60.00 

Oxides  of  Iron  and  alumina 1.24  20.88 

Lime   ^  .  .    48  39  6.23 

Magnesia    1.07  3.09 

SulphiiiU:  add    1..30 

Loss    by    Ignition 4.5.80  8.10 

Alkalies    1.00 


Main   Engine  Room,  Showing   Rope-Driven  Jack  Shaft. 


The  McCombs'  Dam  Bridge,  across  the  Har- 
lem River,  New  York,  has  one  of  the  largest  and 
handsomest  highway  draw  spans  ever  built.  It 
is  400  feet  long  and  has  a  40-foot  roadway  and 
two  sidewalks  each  nearly  10  feet  wide.  The 
moving  mass  weighs  aboi:t  2,200  tons  and  until 
recently  has  been  operated  by  a  40-horse-power 
oscillating-cylinder  steam  engine  with  differen- 
tial gear  reducing  its  speed  in  the  ratio  of  19 
to  1.  The  ends  of  the  bridge  were  lifted  by  a 
separate  mechanism  with  hydraulic  jacks 
driven  from  an  accumulator  in  the  engine  room, 
and  it  was  locked  by  hydraulic  centering  rams. 
About  two  minutes  was  reouired  to  open  or 
close  the  draw  and  the  cost  of  maintenance  of 
the  mechanism  was  considered  very  large.  In 
order  to  simplify  and  improve  the  operation  of 
the  bridge,  the  engine  has  been  replaced  by  a 
20-horse-power  alternating-current  motor  fur- 
nished by  the  General  Electric  Company,  and  be- 
lieved to  be  the  first  one  of  this  size  and  char- 
acter which  has  been  applied  to  such  purposes. 
The  same  motor  is  connected  by  a  clutch  J:o  a 
system  of  gears  and  shafts  which  extend  from 
the  center  of  the  bridge  to  both  ends  and 
operate  toggle  joints  which  replace  the  hydrau- 
lic lifting  apparatus.  The  latch  has  also  been 
replaced  by  an  automatic  device  designed  by 
Messrs.  Boiler  &  Hodge,  New  York.  The  new 
machinery  is  expected  to  effect  considerable 
economy  of  maintenance  and  to  promote  the 
rapidity  of  operation.     Two    men  less    will   be 


quartfi'-twist  rope  drive,  shown  in  an  accom- 
panying photograph. 

Steam  is  supplied  by  two  500-horse-power  and 
two  2.';0-hor.s(i-powor  water-tube  boilers  working 
under  a  pressure  of  150  pounds,  made  by  the 
Aultman  &  Taylor  Machinery  Company.  They 
are  hand-fired,  coal  storage  being  provided  in 
front  of  the  boilers.  The  coal  is  unloaded  direct- 
ly into  the  boiler  room  from  cars  placed  on  a  sid- 
ing alongside  of  the  building.  A  12x8xl0-inch 
Laidlaw-Dunn-Gordon  feeri  water  pump  obtains 
its  supply  dii-cctly  from  the  lake.  Two  inject- 
ors are  also  providol  for  emergency  use.  A  750- 
horse-power  Cochrane  feed-water  heater  is  so 
pipel  as  to  receive  the  exhaust  steam  from  all 
of  the  pumps  ar.d  the  auxiliary  engines  driving 
the  rotarifs. 

The  engine  room  contains  two  18x36x42-inch 
Corliss  eiigini>s,  built  by  the  Murray  Iron  Works, 
of  Burlington,  Iowa.  Each  is  a  750-horse-power 
(roFS-coni pound  condensing  engine  operating  at 
SS  revolutions  per  minute.  The  two  condensers 
arc  of  Wheeler  make,  the  one  having  its  own 
air  and  circulating  pump,  and  the  other  a  14x 
l^xi^ii!ch  Walker  pump  of  the  fly-wheel  type. 
The  discharge  from  the  condensers  is  pumped 
to  the  hot  well  in  such  a  manner  that  the  lat- 
ter cannot  overflow.  The  buildings  are  lighted 
by  a  50-kilowatt  250-volt  direct-current  gener- 
ator driven  by  a  9xl5x9-inch  compound  West- 
inghoiise  engine  installed  in  the  engine  room. 

The  jack  shaft  shown  in  an  accompanying  pho- 
tograph is  driven  from  the  engines  by  rope 
drives,  one  drive  having  a  cut-off  coupfing  and 
the  other  a  quill.  Two  more  quills  on  this  shaft 
supply  power  to  the  "wet  end"  and  the  "dry 
end"  respectively.  The  fans,  clinker  cooler  and 
conveyor  are  normally  driven  by  a  separate  rope 
drive  from  the  jack  shaft,  but  ipeans  are  pro- 
vided by  suitable  cut-off  coupling  and  quills 
to  also  arive  this  machinery  from  the  grinding 
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The  Wet  End  Showing  Right-Angle  Tube-Mill  Drive. 


The    company    manufactures    the    "Egyptian 

Portland"  brand,  of  which  the  following  Is  an 

analysis: 

silica 2S.n 

OxIdeH   of   lion    ?.nd  alumina 1 0  70 

Mme 01.98 

.Magnesia '-.   0 

Sulphuric    acid    l.''-" 

Average    Tensile  Strength.    I'ounds  Per   Snupre    Inch 

Time.  Neat.  Sand  1-3. 

24  hours  200  08 

7  days  720  350 

28  days  830  470 


employed  than  were  previously  needed,  and  it 
is  believed  that  the  bridge  can  be  swung  open 
or  shut  in  one  minute  or  less.  The  improve- 
ments were  made  by  the  employes  of  the 
Department  of  Bridges,  New  York,  Mr.  Martin 
Gay,  assistant  engineer  in  charge  of  structures 
on  the  Harlem  River,  and  the  new  machinery 
was  designed  by  Mr.  George  R.  Ferguson.  The 
machine  work  was  done  in  the  Brooklyn  Bridge 
machine  shops. 
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The    Five-Hundred-Foot    Channel    Span 
of  the  Clairton  Bridge. 

The  Saint  Clair  Terminal  Railroad  connects 
the  Pittsburgh,  Virginia  &  Charleston  Railroad, 
which  is  the  Monongahela  branch  of  the  Penn- 
sylvania Railroad,  with  the  Pittsburgh  &  Lake 
Erie  Railroad,  on  opposite  sides  of  the  Monon- 
gahela River  at  Clairton,  Pa.,  by  means  of  a 
bridge  having  a  channel  span  which  Is 
the  subject  of  this  sketch,  and  at  the 
same  time  affords  additional  transporta- 
tion facilities  for  the  supply  and  output  of  the 
Clairton  Steel  Company's  plant,  at  Clairton. 
This  plant  comprises  three  blast  furnaces, 
twelve  open-hearth  steel  furnaces,  with  bloom- 
ing mill  and  billet  mill,  all  of  which  have  been 
completed,  and  were  put  into  operation  during 
1903.  The  road  is  Intended  for  double-track 
Bervice,  but  at  present  is  only  operated  as  sin- 
gle-track. The  masonry  was  built  for  a  double- 
track  superstructure  with  the  exception  of  the 
shore  pier  and  the  abutment  for  the  north  leg 
of  the  Y,  at  the  west  end  of  the  bridge,  which 
have  not  yet  been  constructed.  The  two  through 
spans  are  built  for  double  track,  the  remaining 
deck  spans  are  for  single  track.  Additional 
single  track  spans  are  to  be  placed  alongside  of 


impact,  traction,  secondary  stresses  and  to  se- 
cure the  utmost  rigidity.  These  conditions  have 
resulted  in  some  of  the  heaviest  construction 
ever  built  for  double-track  service.  The  bridge 
was  proportioned  for  a  dead  load  of  10,400 
pounds  per  linear  foot  and  for  a  152M!-ton  en- 
gine with  tender  followed  by  a  train  load  of 
5,000  pounds  per  linear  foot  for  each  track. 
Wind  pressure  was  taken  at  30  pounds  per 
square  foot  on  half  the  exposed  area  of  both 
trusses,  and  the  floor  system  and  on  a  train 
surface  10  feet  high,  which  gave  a  pressure  of 
900  pounds  per  linear  foot  for  the  bottom  lateral 
system,  450  pounds  for  the  top  laterals,  and  100 
pounds  on  the  upper  floor.  With  these  data  the 
stresses  were  computed  and  materials  propor- 
tioned as  indicated  in  the  stress  diagram.  The 
portal  stresses  were  calculated  by  the  method 
of  least  work,  which  gave  a  maximum  of  9,- 
300  pounds  compression  per  square  inch  and 
4,730  pounds  bending  stress  per  square  inch  in 
the  end  post.  The  maximum  bending  moment 
and  shear  in  the  lower  deck  stringers  is  590,- 
000  pounds  and  78,000  pounds  respectively.  In 
the  floor-beams  the  corresponding  stresses  are 
2,063,000  pounds  and  223,000  pounds.  In  the  up- 
per deck  the  floor-beams  have  a  maximum  mo- 
ment of  641,900  pounds  and  a  maximum  shear 
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Clairton  Bridge:  End  View  of  Channel  Span,  Showing  Massive   Construction. 


these  whenever  the  necessity  for  double-track 
railroad  arises. 

The  bridge  was  built  by  the  Saint  Clair  Ter- 
minal Railroad  Company,  Mr.  W.  P.  Snyder, 
president,  Mr.  J.  B.  Mclntyre,  chief  engineer. 
The  Drake  &  Stratton  Company  was  the  con- 
tractor for  the  substructure,  and  the  American 
Bridge  Company,  of  New  York,  for  the  super- 
structure, the  shop  work  being  done  at  its  To- 
ledo plant,  with  the  exception  of  the  eye-bars, 
which  were  manufactured  at  its  plant  at  Athens, 
Pa.  Mr.  P.  H.  Bailey  was  the  assistant  engi- 
neer during  the  construction  of  the  substruc- 
ture, and  Mr.  C.  D.  Supplee  during  the  erection 
of  the  superstructure.  Mr.  E.  S.  Warner  was 
chief  draftsman.  The  total  length  of  the  bridge 
is  1,154  feet,  and  Includes  one  channel  span, 
and  at  each  end  two  deck  and  one  through  ap- 
proach spans,  varying  in  length  from  86  to  117 
feet.  The  piers  supporting  the  channel  span  are 
500  feet  apart  on  centers  and  the  trusses  are 
498  feet  long,  center  to  center  of  end  pins. 

The  superstructure  was  designed  according  to 
the  specifications  of  the  Pittsburgh  &  Lake  Erie 
Railroad  for  the  heaviest  locomotives  and  train 
loads  that  are  used  on  any  of  the  Pennsylvania 
railroads,  and  abundant  mass  was  provided  for 


of  64,000  pounds.  All  material  is  soft  steel 
punched  without  reaming  for  all  thicknesses  up 
to  %  inch,  except  for  the  pins,  eye-bars  and 
rollers  which  are  medium  steel. 

The  main  span  is  supported  on  two  masonry 
piers  at  a  clear  height  of  about  53  feet  above 
water  level.  The  trusses  have  shoes  and  gril- 
lages on  10xl4%-foot  stone  pedestals  on  a  cop- 
ing 48  feet  long  and  15  feet  wide.  The  base  of 
the  pier  is  17  feet  wide  and  about  68  feet  long, 
including  a  triangular  cut-water  at  each  end. 
There  are  several  offset  foundation  courses 
which,  in  one  pier,  are  seated  on  the  solid  rock 
and  in  the  other  on  a  timber  grillage  with  pile 
and  concrete  footings.  The  superstructure  is 
calculated  for  two  railroad  tracks  on  the  lower 
deck  and  for  future  highway  service  on  the 
upper  deck,  for  which  only  the  floor-beams  have 
been  erected,  the  remainder  of  the  platform  be- 
ing designed  to  be  built  later  when  required. 
Most  of  the  details  of  the  superstructure  con- 
form to  ordinary  standards  of  high  grade  rail- 
road work,  and  are  of  simple  heavy  construc- 
tion with  a  few  special  features  developed  to 
provide  for  the  large  stresses. 

All  truss  members  are  pin-connected.  All 
floor,  lateral,  sway-brace  and  other  secondary 


members  have  field-riveted  connections.  The 
pins  at  the  main  panel  points  are  10^  inches  in 
diameter  and  have  a  maximum  length  of  over 
6%  feet.  The  pins  in  the  middle  of  the  diag- 
onal members  are  9  inches  In  diameter  and  the 
remainder  are  5%  inches.  The  top  chord  and 
end  posts  are  4  feet  wide  and  nearly  3  feet 
deep  over  all  with  four  webs,  each  of  them  made 
with  two  or  three  plates  riveted  together,  and 
a  pair  of  6x4-inch  flange  angles.  The  webs  are 
connected  by  vertical  transverse  diaphragms 
each  side  of  each  panel  point,  by  a  single  thick- 
ness of  top  cover-plate  and  by  lattice  bars  on 
the  lower  flange.  The  webs  are  reinforced  at 
pin  points  by  as  many  as  seven  plates  each  at 
points  of  maximum  stress.  The  top  chords  are 
made  in  lengths  of  62  feet  3  Inches,  spliced  on 
centers  of  the  pins  and  locked  together  by  the 
outside  pin  plates  with  full  holes.  The  Joints 
at  the  hips  and  at  the  center  where  there  are 
angles,  are  protected  by  bent-plates  over  the  top 
and  bottom  flanges. 

The  foot  of  the  end  post  is  mitered  on  the 
center  line  of  the  pin  Lo.  The  pedestal  webs  are 
mitered  to  correspond  and  each  member  has  a 
half  hole  for  pin  bearing.  The  >^-inch  clear- 
ance between  the  post  and  pedestal  webs  is  cov- 
ered by  a  bent  plate  on  the  upper  side,  which 
connects  the  end  post  with  the  inclined  cover- 
plate  across  the  pedestal  webs.  Each  pedestal 
receives  a  total  maximum  load  of  10,500,000 
pounds,  and  its  webs  are  heavily  reinforced  to 
give  sufficient  bearing  area.  The  outer  ones  are 
6  3/16  Inches  wide  and  the  Inner  jones  are 
5  11/16  Inches,  thus  making  a  total  of  about  250 
square  inches,  which  is  distributed  over  a  base 
about  5x6  feet,  inclusive  of  a  projection  which 
carries  the  end  floor-beams.  The  pedestal  webs 
are  connected  by  vertical  transverse  diaphragms 
on  the  center  line.  The  outer  web  on  the  Inner 
side  has  a  horizontal  connection  angle  to  which 
is  fleld-riveted  a  wide  gusset  plate  receiving  the 
end  floor-beam  and  end  lateral  diagonal,  and  is 
reinforced  under  the  bearing  of  the  former  by 
a  vertical  packing  composed  of  transverse  dia- 
phragm plates  and  angles  transmitting  the  load 
directly  to  the  base  plate. 

At  the  sliding  end  of  the  bridge  the  pedestal 
rests  on  a  grillage  built  of  a  double  layer  of 
crossed  15-lnch  I-beams  set  close  together  and 
bolted  with  separators  made  of  vertical  plates 
and  angles.  The  beam  flanges  are  riveted  to 
thick  plates  which  are  planed  top  and  bottom, 
and  the  lower  plate  has  a  transverse  rib  en- 
gaging a  notch  In  the  center  line  of  a  nest  of 
segmental  cast-steel  rollers.  Each  roller  Is  tap- 
bolted  at  each  end  to  a  top  and  bottom  cross- 
bar and  the  center  roller  has  a  convex  spur  pro- 
jecting from  the  curved  surfaces  on  the  upper 
and  lower  sides  at  each  end,  which  engages  a 
notch  In  the  bearing  plates  and  centers  the  nest 
In  the  required  position.  The  rollers  are  seated 
on  transverse  bearing  strips  riveted  to  a  bed- 
plate 6%  feet  wide  and  10%  feet  long.  At  the 
other  end  of  the  bridge  the  grillages  under  the 
pedestals  are  seated  on  a  special  fixed  bed- 
plate which  corresponds  to  one  tier  of  the  gril- 
lage, but  Is  made  with  ten  18-lnch  I-beams  9 
feet  long  riveted  to  a  planed  1-lnch  top  plate 
and  a  double  base-plate  2%  Inches  thick,  6  feet 
S  inches  wide  and  9  feet  9  Inches  long,  anchored 
to  the  masonry.  The  webs  of  the  grillage  beams 
are  connected  by  a  riveted  transverse  dia- 
phragm and  the  ends  are  enclosed  by  vertical 
transverse  plates  riveted  to  the  top  and  bottom 
plates.  The  spaces  between  the  beam  webs  are 
filled  solid  with  rich  Portland  cement  concrete. 

The  intermediate  floor-beams  In  the  lower 
deck  are  plate-girders  about  30  feet  long  and 
nearly  6  feet  deep  over  all.  The  web  plate  Is 
made  with  three  sections  and  the  short  end  sec- 
tions project  above  the  top  flange  to  make  the 
connections  with  the  vertical  posts,  serving  also 
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u  kueebraces.  They  ar«  sliced  to  the  middle 
sections  by  four  cover  plates  which  extend  far 
enoush  to  receive  the  stringer  conaections.  The 
lower  comers  are  notched  to  clear  the  bottom 
chord  bars  and  tite  edges  are  flnished  with 
curved  flange  angles.  The  connection  to  the 
vertical  post  is  made  with  seventy-eight  34-inch 
field-driven  rivets  in  single  shear.  The  stringer 
oonsectlons  are  made  with  twenty-six  Ts-i^ch 
rlTete  e*ch.  In  the  upper  deck  the  door-beams 
have  48-inch  webs  and  6x6-inch  flange  angles 
without  cover-plates.  They  are  seated  on  wide 
•olid-web  kneebraces  with  curved  flanges  resem- 
bling portal  struts.  Both  floor-beams  and 
brackets  are  fleld-riveted  to  the  vertical  posts 
through  their  end  flange  angles.  The  floor- 
beams  are  punched  with  holes  for  stringer  con- 
nections, but  the  stringers  are  not  erected. 

The  trusses  are  connected  by  lattice-girder 
timnsTsrse  struts  at  every  top  chord  panel  point. 
Theae  are  made  with  solid  web  plates  at  the 
ends  and  are  field-riveted  to  the  vertical  posts 
through  the  kneebraces  and  their  end  vertical 
angles.  The  top  lateral  diagonal  braces  are  I- 
shaped  members  made  with  pairs  ot  angles 
back  to  back,  latticed.  Their  depth  is  equal  to 
the  depth  of  the  top  chords,  to  which  they  are 
connected  by  fleld-riveted  horizontal  plates  en- 
gaging the  inner  flanges  of  the  chords.  At  In- 
tersections one  of  them  is  continuous  and  the 
other  is  cut  to  clear  it  and  spliced  across  it  by 
top  and  bottom  flange  cover  plates.  The  bot- 
tom lateral  diagonals  are  pairs  ot  6x6-inch  and 
6x4-inch  angles  riveted  together  back  to  back 
and. having  their  vertical  flanges  upwards.  Their 
connection  plates  are  field-riveted  to  the  bot- 
tom flanges  of  the  floor-beams  and  54-inch 
stringers  and  to  the  feet  of  the  vertical  posts.  At 
intersections  one  diagonal  is  continuous  and  the 
other  is  cut  to  clear  and  spliced  across  it  by  a 
bottom  flange  cover-plate,  which  is  also  fleld- 
riveted  to  the  continuous  diagonal. 

The  portal  is  a  rather  complicated  member 
consisting  of  three  parts,  as  indicated  in  the 
diagram  of  the  cross-section.  There  is  a  deep 
box  plate-girder  connecting  the  upper  parts  of 
the  end  posts  and  extended  at  the  hips  to  join 
a  six-sided  strut  with  two  of  the  sides  in  the 
planes  of  the  top  chord  flanges.  These  two  mem- 
bers are  riveted  together  to  form  one  and  are 
connected  by  continuous  bent  plates  to  an  I- 
Ehaped  girder  on  the  center  line  of  the  end  ver- 
tical member  of  the  truss.  The  girder  is  seated 
on  deep  kneebrace  brackets  and  its  lower  flange 
is  braced  with  zigzag  angles  to  the  lower  flange 
of  the  end  post  strut,  a  massive  construction 
without  diagonal  or  lattice  members  to  inter- 
fere with  the  highway  on  the  upper  deck. 

At  the  center  and  at  four  intermediate  panel 
points  there  are  upper  and  intermediate  trans- 
verse struts  from  20  to  30  feet  apart  with  heavy 
latticing  between  them,  as  indicated  In  the  main 


Section  Z-Z, 
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Lower  Portal  Strut,  Clairton  Bridge. 

cross-section.  The  intermediate  latticing  is 
made  with  I-shaped  members  formed  with  two 
pairs  of  angles  back  to  back,  latticed.  These 
members  In  one  direction  are  continuous  and  in 
the  other  are  cut  to  clear  them  and  spliced 
across  with  large  square  connection  plates  on 
both  flanges.  The  bottom  portal  struts  con- 
necting the  end  posts  have  rectangular  cross- 
sections  composed  of  two  plate-girders  with 
horizontal  webs,  which  are  connected  on  the 
outer  flange  by  a  69%-inch  cover-plate  and  on 
the  inner  flange  by  lattice-angles.  They  are 
field-riveted  to  the  end  posts  through  the  flanges 
of  the  latter  and  through  kneebrace  plates  pro- 
jecting from  both  sides  of  the  struts.  On  one 
side  ot  the  bridge  a  6-foot  sidewalk  is  carried 
by  solid  web  cantilever  brackets  fleld-riveted  to 
the  vertical  posts. 

The  shop  work  on  '\ 
this  bridge  was  of  the  i 
usual  character  for  j 
high  grade  railroad  con-  1 
struction  except  for  the  ; 
top  chords  and  the  90-  ; 
foot,  60-ton  end  posts,  I 
which  were  machined  \ 
rather  differently  from  I 
the  usual  custom  in  the  ] 
shops  where  they  were  I 
made.  They  were  so  ; 
long  and  heavy  that  it  I 
was  thought  too  incon-  | 
venient  and  expensive  \ 
to  turn  them  end  for  | 
end  to  mill  and  bore  ' 
and  the  machines  were 
accordingly  brought  to  1 
the  work  instead  of 
bringing  the  work  to  5 
the  machines,  as  is  cus-  "^ 
tomary.     All  these  mar  , 


chines  are  driven  by  independent  motors, 
seated  on  them  or  on  their  beds,  and 
one  of  the  milling  machines  was  lifted  by  the 
girder  crane  and  set  in  position  to  mill  one  end 
ot  the  piece  after  it  had  been  moved  longitud- 
inally from  the  position  in  which  the  other  end 
had  been  milled  by  the  other  machine.  The  hor- 
izontal boring  machine  was  removed  from  its 
foundations  and  set  temporarily  in  an  open 
space  where  it  could  bore  first  one  end  hole,  and 
then  move  slowly  along  until  it  reached  the 
center  and  opposite  end,  and  bored  all  the  holes 
with  the  piece  stationary.  The  total  weight  of 
the  structural  material,  in  the  channel  span,  in- 
cluding the  sidewalk,  is  approximately  5,500.000 
pounds. 


A  Concrete-Steel-Construction  Filtration 

Plant  for  the  New  Haven  Water 

Company. — II. 


Raw  water  will  flow  by  gravity  from  Lake 
Whitney  to  the  filters  and  through  them  to  the 
dear-water  reservoir,  from  which  the  filtered 
water  will  be  raised  about  100  feet  to  Prospect 
Hill  reservoir,  through  a  30-inch  force  main 
about  2,100  feet  long.  Not  far  from  the  clear- 
water  reservoir  are  two  pumping  stations  which 
have  been  in  use  for  some  years.  The  nearer 
station  Is  driven  by  steam  power  and  contains 
a  10,000,000-gallon  Worthington  high-duty  pump, 
and,  as  a  reserve,  a  curious  horizontal  pumping 
engine  built  in  1871  by  Mr.  Thomas  Sault,  of 
New  Haven.  The  other  station  is  situated  just 
below  the  Whitney  dam  and  is  equipped  with  a 
single  27-inch  horizontal  turbine  built  by  the 
Rodney  Hunt  Machine    Company,    of    Orange, 
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Mass.,  using  surplus  water  from  the  dam  and 
driving  a  5,000,000-gallon  Deane  power  pump. 
From  the  clear-water  reservoir  filtered  water 
will  flow  by  gravity  to  the  Deane  pump,  but  will 
have  to  be  drafted  4  to  12  feet  by  the  Worthing- 
ton  pump.  The  latter  now  receives  its  water 
from  the  source  of  supply  under  a  pressure  of 
about  6  feet,  and  there  is  an  open  surge  stand- 
pipe  about  30  feet  high  on  its  "suction"  pipe. 
After  the  filters  shall  have  been  put  into  ser- 
vice, this  standpipe  will  be  capped  and  the  air 
will  be  exhausted  from  it  by  the  air  pump  used 
for  the  high-duty  attachment  on  the  main  pump, 
so  that  the  present  operating  conditions  for 
which  the  pump  was  designed  may  be  imitated 
as  nearly  as  possible. 

In  each  filter,  just  at  one  side  of  the  mid- 
dle, there  is  an  inlet  chamber  4  feet  square  and 
about  4  feet  2  inches  deep  inside,  built  against 
the  wall  which  separates  the  filter  from  the 
operating  gallery.  Each  chamber  is  fed  by  a 
12-inch  branch  from  the  raw-water  main,  and 
its  three  walls,  whose  tops  are  at  the  normal 
level  of  the  sand  surface,  each  have  openings 
4  feet  wide,  2  feet  deep  below  the  sand  level 
and  provided  with  stop  plank  grooves  formed  in 
the  concrete.  This  provides  for  keeping  the 
level  of  the  first  discharge  into  a  filter,  when 
empty,  at  or  near  the  sand  surface  as  the  latter 
is  lowered  by  scraping.     A  short  flight  of  con- 


with  close  butt  joints;  they  have  taper  holes  V^ 
inch  in  diameter  inside  and  %  inch  outside, 
spaced  about  2  Inches  apart.  The  arrangement 
of  the  laterals  in  each  bed  is  well  indicated  on 
one  of  the  drawings  printed  in  the  preced- 
ing issue.  The  main  collectors  are  wholly 
of  concrete  and  are  designed  to  be  as  low  as 
practicable,  the  height  inside  being  only  10 
inches.  To  compensate  in  area  the  breadth  has 
been  increased,  and  in  order  to  avoid  increas- 
ing the  thickness  of  the  cover  slabs,  the  collec- 
tor is  divided  into  two  channels  by  a  concrete 
wall  5  inches  thick,  extending  nearly  the  full 
length  and  supporting  the  slabs  at  the  middle. 
Each  channel  is  3  feet  wide  inside;  they  have 
free  communication  at  the  outlet  end,  where  the 
form  of  the  collector  is  changed,  as  shown,  to 
connect  with  a  16-inch  pipe  leading  into  the 
main  eflluent  pipe.  Each  collector  cover  is  4 
inches  thick  at  the  middle  and  3  Inches  at  the 
ends,  7  feet  3  Inches  long  over  all,  about  3  feet 
wide  and  has  a  3-inch  iron  lifting  ring  at  each 
corner.  These  covers  are  reinforced  with  ^- 
inch  transverse  rods  3  inches  apart  and  seven 
%-inch  longitudinal  rods.  The  main  collector 
is  on  the  longitudinal  center  line  of  the  bed. 

Between  the  two  rows  of  filters  is  the  struc- 
ture containing  the  piping  and  the  apparatus 
foe  controlling  the  operation  of  the  filters.  It 
is  about  503  feet  long  by  20  feet  wide  Inside,  and. 


New  Haven  Filters:    Outlet  and  Inlet  Chambers  of  Clear  Water  Reservoir. 


Crete  steps  leads  down  from  the  main  floor  of 
the  operating  gallery,  at  one  side  of  each  inlet 
chamber,  to  the  level  of  the  sand.  The  normal 
depth  of  water  above  the  sand  surface  when  the 
filter  is  in  operation  will  be  4  feet. 

The  filter  sand  will  be  placed  in  various 
thicknesses,  the  minimum  thickness  being  20 
inches  and  the  maximum  44  inches.  The  sand 
will  be  placed  in  this  way  so  that  the  filters 
when  first  started  will  go  out  of  commission  in 
proper  succession,  and  the  process  of  refilling 
a  filter  with  the  washed  sand  from  the  other 
filters  can  be  begun  as  soon  as  the  filtering 
operations  are  started.  Thus,  it  will  be  seen, 
there  will  always  be  one  filter  in  condition  to 
receive  sand  from  any  one  of  the  others  when- 
ever scraping  becomes  necessary.  The  sand 
will  rest  on  a  bed  of  gravel  covering  the  col- 
lectors, having  a  maximum  thickness  of  16 
inches,  composed  of  five  layers  as. follows:  At 
the  bottom  8  to  10  inches  of  gravel  varying 
from  3  inches  to  1  inch  in  diameter,  then  2% 
inches  of  1-inch  to  %-inch  gravel  and  2% 
inches  of  %  to  %-inT!h  gravel,  and  on  top  of 
this  1  inch  of  very  coarse  sand  having  an 
fffective  size  of  1  millimeter. 

For  the  lateral  collectors  6-inch  octagonal  per- 
forated vitrified  tile  pipes,  furnished  by  the 
Syracuse  Stoneware  Company,  of  Syracuse,  N. 
Y.,  will  be  used.     These  pipes  are  to  be  laid 


in  a  measure,  corresponds  to  the  switchboard 
gallery  of  a  large  electric  power  plant.  The 
lower  or  basement  story  is  the  pipe  gallery,  al- 
most wholly  below  the  level  of  the  water  in  the 
filters.  For  a  width  of  13  feet  the  central  part 
of  its  reinforced  concrete  floor  is  depressed,  3 
feet  1  inch  at  the  ends  Increasing  to  3  feet  10 
inches  at  the  center,  below  the  remaining 
portions  of  the  floor  on  each  side,  which  are 
continuous  with  the  adjacent  fllter  bottoms. 
There  is  thus  formed  a  trough  for  the  main 
eflluent  pipe  and  its  connections  at  a  suitable 
elevation  to  receive  the  filtered  water  from 
the  main  collectors  in  the  beds,  while  the 
higher  parts  of  the  floor,  3%  feet  wide  on  each 
side,  from  convenient  passageways.  The  18- 
inch  vitrified  pipe  sewer  is  beneath  the  lower 
floor.  The  raw-water  main  is  directly  over  the 
eflluent  main  with  its  center  line  at  the  proper 
elevation  for  the  12-inch  branches  supplying 
the  beds,  which  are,  therefore,  straight  and 
level.  At  the  east  end  of  the  gallery,  where 
the  raw-water  main  enters,  it  is  36  inches  in 
diameter,  and  it  is  reduced  successively  to 
30,  24  and  20  inches. 

Near  each  end  of  the  gallery  the  eflluent 
main  begins  with  a  diameter  of  24  Inches,  re- 
ceiving the  two  16-inch  pipes  from  a  pair  ol 
opposite  beds.  The  main  Increases  to  30 
and   36   inches,    and   near  the   middle   of  the 


gallery,  contains  a  three-way  Globe  special 
branch  from  which  a  48-inch  main  leads  oft 
and  passes  beneath  bed  No.  5  to  the  clear- 
water  reservoir.  The  elfluent  pipe  from  each  bed 
contains  a  16-inch  Venturi  meter.  From  each 
effluent  pipe  and  from  each  raw-water  supply 
pipe  there  is  an  8-inch  connection  to  the  sewer 
for  draining  off  the  water  when  emptying  a 
bed.  Each  bed  has  a  vertical  bell-mouth  over- 
flow, and  these  are  placed  in  pairs  at  alternate 
partition  walls  so  that  one  12-inch  pipe  may 
serve  a  pair  of  adjacent  beds;  these  pipes  are 
run  to  the  sewer,  the  connections  being 
trapped.  The  sewer  also  receives  trapped  con- 
nections from  the  floor  drains,  from  the  lava- 
tory in  the  operating  gallery  and  from  the 
laboratory.  Beyond  the  west  end  of  the  pipe 
gallery  it  is  12  inches  in  diameter  and  takes 
surface  water  from  the  driveway  on  that 
side  of  the  plant  and  from  sub-soil  pipes 
draining  springs  at  the  foot  of  the  excavation. 
It  extends  beyond  the  easterly  end  to  a  ditch 
passing  the  plant  and  discharging  into  Mill 
River,  receiving  on  the  way  connections  from 
roof  drains  on  that  side. 

Directly  above  the  raw-water  main  is  a  10- 
inch  refill  main  extending  nearly  the  length  of 
the  gallery  and  having  pairs  of  10-inch 
branches  to  the  16-inch  effluent  pipes  from  the 
beds.  By  this  arrangement  any  bed  which  has 
been  emptied  can  be  refilled  from  below  with 
the  effluent  from  any  other  bed  which  is  in 
commission.  Still  another  main  extends  the 
length  of  the  pipe  gallery,  2  feet  4  inches  above 
the  refill  main,  namely,  the  8-inch  high-pres- 
sure main,  from  which  a  6-inch  branch  is  taken 
into  each  fllter  to  supply  water  under  about  40 
pounds  pressure  through  hose  connections  to 
the  portable  sand  ejectors.  Each  of  these  6- 
inch  branch  pipes  is  supported  about  2%  feet 
above  the  water  level  on  a  line  of  columns  near 
the  center  line  of  the  bed  and  has  three  3-inch 
valved  outlets.  The  various  pipes  are  provided 
with  the  necessary  valves  for  their  control.  All 
these  valves  are  either  set  vertically  or  have 
bevel  gears,  so  that  their  stems  can  be  extend- 
ed to  the  floor  of  the  operating  gallery -above. 

The  operating  gallery  floor  surface  is  1  foot 
above  the  water  level  of  the  filters  and  5  feet 
below  the  soffit  of  the  filter  roof.  This  floor  is 
of  concrete-steel  construction  like  that  of  the 
filter  roofs,  and  on  it  will  be  placed  the  hand 
wheel  stands  of  the  gate  valves  in  the  pipe  gal- 
lery, the  registers  of  the  Venturi  meters,  and 
the  movable  sand  washing  apparatus. 

It  will  be  observed  that  the  gate  stands  are 
so  arranged  at  the  sides  of  the  gallery  as  to 
leave  a  passageway  through  the  middle  about 
10  feet  wide.  In  each  end  wall  there  is  a  9-foot 
double  door,  through  which  teams  can  be 
driven  to  bring  in  sand  and  other  supplies. 
The  walls  will  be  faced  inside  with  white  en- 
ameled brick.  Two  stairways  lead  down  from 
the  operating  floor  to  the  sidewalks  in  the  pipe 
gallery,  and  there  are  besides  eighteen  2x8-foot 
openings  through  the  floor  covered  with  grat- 
ings of  %xli4-inch  steel  bars  1%  inches  apart. 
At  the  west  end  of  the  gallery  a  concrete-steel 
bridge  of  19  feet  8  inches  span  makes  possible 
communication  at  level  between  the  tops  of 
the  two  rows  of  fllters,  and  a  similar  bridge 
will  give  access  from  the  road  on  the  high 
bank  north  of  the  fllters  to  the  top  of  the 
northerly  row  of  fllters.  The  laboratory  will  be 
48x21  feet  inside  and  will  have  a  double 
wooden  floor.  It  will  be  equipped  with  the 
apparatus  necessary  for  the  chemical  and  bac- 
terial analyses  of  water. 

The  clear-water  reservoir,  as  shown  on  the 
general  plan,  is  located  opposite  and  parallel 
to  the  ends  of  fllters  Nos.  1,  3  and  5  and  about 
20  feet  distant  from  them.  It  is  240  feet  6 
Inches  by  45  feet  3  inches  Inside  at  the  top. 
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and  abont  IS  feet  8  inches  high  to  the  under 
side  or  the  roof.  Us  capacity  is  about  800,000 
gallons.  It  is  of  concrete-steel  -construction 
like  that  of  the  filters,  but,  as  indicated,  the 
oataide  walls  are  more  massive.  At  the  south- 
westerly comer  is  an  inlet  chamber  into  which 
the  48-inch  effluent  main  from  the  pipe  gallery 
discharges.  A  trough  30  inches  deep  and  2 
feet  wide  at  the  top  is  formed  in  the  upper 
parts  of  the  walls  on  two  sides  of  the  chamber, 
and  the  tops  of  the  walls  on  all  four  sides,  as 
shown,  are  at  elevation  20,  or  6  feet  below  the 
normal  water  level  on  the  filters,  thus  limiting 
the  head  on  the  filters,  since  the  water  will  or- 
dinarily enter  the  clear-water  reservoir  by 
overflowing  this  inlet  chamber,  spilling  into  the 
trough  on  two  sides  and  directly  into  the  res- 
ervoir on  the  other  two.  Through  a  48-inch  cir- 
cular opening  in  the  wall  opposite  the  inlet 
pipe,  the  filtered  water  can  i>ass  directly  into 
the  resen-oir.  A  48-inch  circular  sluice  gate, 
made  by  the  Coffin  Valve  Company,  of  Boston, 
controls  this  opening.  To  put  a  negative  head 
on  the  filters,  so  as  to  increase  the  rate  of 
filtration  in  case  of  emergency,  the  48-inch 
sluice  gate  may  be  opened,  thus  drawing  the 
water  into  the  reservoir  at  a  lower  level.  Be- 
side the  48-inch  opening  there  is  a  30-inch  pipe 
through  this  wall,  with  a  Chapman  valve  in  the 
well.  This  pipe  crosses  the  reservoir  and  con- 
nects to  the  pump  suction  main,  thus  serving 
as  a  by-pass  whenever  it  is  desired  to  discon- 
nect the  clear-water  reservoir. 

The  outlet  chamber,  near  the  middle  of  the 
northerly  wall  of  the  clear-water  reservoir,  is 
merely  a  circular  well  formed  in  the  floor,  6 
feet  in  diameter  and  2  feet  3  inches  deep,  into 
which  the  quarter-bend  of  the  36-inch  suction 
main  is  turned  down.  Just  inside  the  wall  there 
is  a  36-inch  Chapman  valve  for  shutting  off  this 
pipe.  After  piercing  the  wall  this  main  con- 
tinues to  an  intersection  with  the  main  extend- 
ing, at  right  angles  to  it,  east  and  west  to  the 
pumping  stations.  The  portion  of  the  inlet 
chamber  containing  the  valves  and  the  outlet 
chamber  will  each  be  covered  by  a  gatehouse 
with  8-inch  brick  walls  and  a  tin  root;  the  floor 
of  each  house  is  of  concrete-steel  construction 
and  is  raised  about  2^  feet  above  the  roof 
slab  over  the  reservoir.  The  inlet  gatehouse 
will  be  12  feet  square  outside  and  the  outlet 
gatehouse  9  feet  4  inches  by  12  feet. 

The  method  for  washing  and  handling  sand 
is  one  of  the  most  novel  features  of  this  plant. 
When  scraped  from  the  surface  of  a  bed  the 
dirty  sand  will  be  cast  into  piles  and  then  fed 
into  a  portable  ejector  somewhat  similar  in  gen- 
eral design  to  those  in  use  in  Philadelphia,  de- 
scribed and  illustrated  in  this  journal  October 
10,  1903,  but  differing  from  them  in  several  de- 
tails. Instead  of  being  discharged  on  to  a  pile 
In  a  court  after  passing  through  the  washer, 
the  clean  sand  wiU  be  run  into  the  bed  which 
needs  replenishing.  Whenever  a  fllter  shall 
hare  been  scraped  so  that  its  sand  bed  is  only 
20  Inches  thick  it  will  be  put  out  of  commission 
and  will  be  held  in  reserve  to  receive  the 
washed  sand  from  the  other  beds  as  they  may 
be  scraped  from  time  to  time.  The  operation 
of  the  plant  will  be  so  arranged  that  one  bed 
will  always  be  In  condition  to  receive  sand. 
The  sand  washer  will  be  portable  and  will  be 
set  in  the  operating  gallery  at  a  convenient 
place  between  the  filter  being  scraped  and  the 
one  receiving  the  sand.  The  ejector  will  dis. 
charge  into  the  washer  and  from  the  latter  the 
clean  sand  will  be  conveyed,  by  the  aid  of 
water,  through  a  hose  into  a  large  steel  re- 
ceptacle hung  from  the  eye-holts  in  the  roof 
of  the  filter  being  replenished.  From  the  botr 
torn  of  this  receptacle  the  sand  can  be  drawn 
through  any  one  of  three  gates,  while  the  water 
runs  away  from  the  top  of  the  receptacle  and 


discharges  through  a  pipe  into  the  sewer  in  the 
pipe  gallery. 

The  rate  of  filtration,  it  will  be  seen,  is  auto- 
matically restricted  by  the  height  of  the  over- 
fiow  of  the  inlet  chamber  in  the  clear-water 
reservoir  to  the  limit  of  3,000,000  gallons  per 
acre  per  day.    Ordinary  regulation  is  based  on 


the  indications  of  the  Venturi  meter  registers 
and  accomplished  by  hand  operation  of  the 
gate  valves  in  the  eflluent  pipes.  The  details  of 
the  sand  apparatus  and  of  the  regulating  devices 
for  the  filters  cannot  be  published  at  this  time. 
A  fuller  description  of  them  must,  therefore, 
be  postponed ;  as  also  the  details  of  the  cost  of 
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the  plant,  which  cannot  be  accurately  deter- 
mined until  the  work  is  completed. 

Each  filter  bed,  when  its  masonry  is  com- 
pleted and  before  the  collectors  are  put  in,  is 
subjected  to  a  leakage  test  by  filling  with 
water.  It  is  specified  that  if  the  leakage  from 
any  bed  or  from  the  clear-water  reservoir 
should  exceed  500  gallons  in  twenty-four  hours 
the  source  of  the  leaks  must  be  discovered  and 
the  cracks  or  defective  work  cut  out  and  prop- 
erly repaired.  The  bottoms  and  walls  of  five 
filters  and  the  clear-water  reservoir  have  been 
built  and  one  filter  has  been  roofed  during  the 
past  season.  It  is  to  be  observed  that  no  clay 
puddle  nor  any  other  special  means  for  secur- 
ing watertightness  have  been  employed,  re- 
liance being  placed  wholly  on  proper  concrete 
construction.  Where  the  form  bolts  were  built 
into  the  walls  without  the  cast-iron  sleeve  nuts 
damp  spots  have  appeared  on  the  surfaces  when 
the  filter  beds  were  filled  with  water  and  a 
few  tiny  leaks  have  been  found  in  other  places. 
No  difllculty  is  anticipated  in  making  all  of 
these  absolutely  tight. 

Mr.  George  W.  Fuller,  of  New  York,  is  the 
consulting  engineer  for  this  plant,  and  the  pre- 


The  New  York  and  Brooklyn  Tunnel  for 
the   Rapid   Transit   Railroad. — II. 

The  four  special  shields  used  in  the  excava- 
tion at  the  Brooklyn  end  of  the  tunnel  are  16 
feet  11%  Inches  in  diameter  and  9%  feet  long 
over  all,  exclusive  of  a  removable  hood  about 
314  feet  long.  The  design  corresponds  in  gen- 
eral appearance  to  cylindrical  steel  shields  used 
for  previous  tunnel  work,  but  differs  from  them 
in  a  number  of  new  improvements  adopted  to 
surmount  the  difficulties  anticipated.  The  cyl- 
indrical shell  of  the  shield  is  made  double  with 
an  outer  plate  %  inch  thick  and  an  inner  plate 
V2  inch  thick  riveted  together.  About  5  feet 
from  the  forward  end  of  the  shield,  there  is  a 
vertical  transverse  bulkhead  made  of  a  steel 
plate  %  inch  thick  stiffened  by  a  framework  of 
vertical  and  horizontal  angles.  In  front  of  the 
diaphragm  and  about-  39  inches  from  it,  the 
shell  is  stiffened  by  an  annular  girder  about  22 
inches  deep.  The  inner  flange  of  this  girder  is 
connected  with  the  diaphragm  by  a  steel  cyl- 
inder about  14  feet  In  diameter  and  concentric 
with  the  shell.  The  annular  space  between  this 
cylinder  and  the  shell  is  divided  by  fourteen 


feet  high  and  4  feet  wide.  A  corresponding 
door  symmetrically  placed  just  below  the  work- 
ing platform  gives  access  to  the  cutting  edge 
in  the  lower  part  of  the  shield  and  both  to- 
gether may  be  considered  as  a  single  opening 
crossed  by  the  working  platform.  Each  of 
these  two  doors  is  closed  by  a  pair  of  steel- 
plate  shutters  sliding  in  horizontal  top  and  bot- 
tom guides  attached  to  the  diaphragm.  When 
open,  they  are  close  to  the  diaphragm  on  either 
side  of  the  shield;  when  closed,  they  meet  on 
the  center  vertical  line  of  the  shield.  They 
are  operated  by  hydraulic  cylinders  commanded 
both  by  the  men  in  the  shield  and  from  a  point 
outside  the  air  lock  so  that  in  case  of  accident 
or  emergency  they  can  be  closed  after  the  tun- 
nel is  abandoned.  The  shutters  are  made  of 
solid  plates  %  inch  thick  reinforced  by  pairs 
of  vertical  Z-bars  extending  from  top  to  bottom 
to  resist  heavy  horizontal  pressure.  The  lower 
edges  run  in  grooves  li^  Inches  wide  between 
bearing  strips  on  the  diaphragm  and  the  hori- 
zontal flanges  of  9-inch  deck  beams  which  are 
riveted  across  the  bulkhead  diaphragm  to  re- 
sist flexure.  The  opposite  face  of  the  dia- 
phragm is  stiffened  by  pairs  of  vertical  Gx3%- 


Erector,   New    York    Side,    Looking    Towards    Air    Lock. 


Erector  and  Rear  of  Shield,  Brooklyn  Side. 


liminary  studies  for  the  filters  were  made  in  his 
office  by  Messrs.  William  B.  Fuller  and  John 
H.  Gregory.  Mr.  Albert  B.  Hill,  of  New  Haven, 
is  the  chief  engineer  of  the  New  Haven  Water 
Company,  and  the  detail  design  and  execution 
of  the  work  is  under  his  direction.  Mr.  Charles 
A.  Ferry  is  the  resident  engineer  in  charge  of 
construction,  and  Mr.  E.  M.  T.  Ryder  elabor- 
ated the  details  and  made  the  contract  draw- 
ings. All  the  grading  and  pipe  work  has  been 
done  by  Mr.  Edward  Dillon,  superintendent  of 
the  water  company,  and  he  has  also  had  charge 
of  the  inspecting  of  the  contract  work. 


Goods  Damaged  by  Fire  are  usually  turned 
over  by  insurance  companies  to  salvage  con- 
cerns, which  dry  them  to  render  them  salable. 
A  special  kiln  for  such  a  purpose  has  been  de- 
signed by  the  B.  F.  Sturtevant  Company,  of 
Boston,  Mass.,  for  use  in  New  York.  It  has  a 
number  of  small  rooms  of  different  sizes,  served 
by  overhead  tracks  from  which  are  suspended 
the  frames  for  the  water-soaked  materials.  The 
mechanical  plant  consists  of  a  steam-driven 
fan  and  heater,  with  galvanized-Iron  ducts  for 
distributing  the  heated  air. 


radial  longitudinal  diaphragms,  and  the  spaces 
between  them  serve  as  chambers  for  the  hydrau- 
lic jacks.  In  the  plane  of  each  longitudinal  dia- 
phragm there  are  kneebraces  connecting  the  in- 
ner cylinder  with  the  transverse  diaphragm 
and  connecting  the  annular  girder  with  the 
outer  shell  and  the  conical  plate. 

The  cutting  edge  of  the  shield  projects  20 
inches  beyond  the  annular  girdei  and  Is  braced 
to  the  inner  flange  of  the  latter  by  a  %-inch 
conical  plate  with  its  bent  edges  riveted  to  the 
shell  and  to  the  girder.  The  rear  end  of  the 
shield  projects  about  iVz  feet  beyond  the  dia- 
phragm and  this  portion  of  it  serves  as  a  tail- 
piece engaging  the  permanent  iron  shell  of  the 
tunnel,  which  has  a  clearance  of  1  inch  reduced 
by  the  thickness  of  a  7x%-inch  flat  riveted  to 
the  inner  side  of  the  shell  around  the  upper 
third  of  its  circumference  at  the  rear  end  to 
serve  as  a  sort  of  packing  piece.  Just  above 
the  center  of  the  shield,  there  is  a  horizontal 
platform  reaching  from  the  diaphragm  to  the 
cutting  edge.  It  is  made  of  %-inch  plates  sup- 
ported on  15-lnch  channels,  serves  as  a  work- 
ing floor  for  the  excavators  and  is  accessible 
through   a  door  in  the  diaphragm  about  4^ 


inch  angles.  A  semi-circular  removable  hood 
about  3%  feet  long  is  provided  which  can  be 
bolted  to  the  upper  part  of  the  shield  so  as  to 
project  still  further  into  the  soft  earth  and  af- 
ford additional  protection  for  miners  working 
on  the  face.  It  is  built  like  the  shell  of  the 
shield  of  an  outer  %-inch  plate  and  an  inner  %- 
inch  plate  reinforced  by  a  flange  angle  on  the 
cutting  edge  of  the  shield.  It  Is  also  stiffened 
by  five  inclined  shores  from  the  outer  edge  to 
the  front  part  of  the  elevated  working  plat- 
form. 

The  working  platform  also  has  a  removable 
forward  extension  of  about  3%  feet,  which  Is 
supported  similarly  by  Inclined  shores.  Both 
the  upper  and  lower  sets  of  shores  are  provided 
with  connections  for  transverse  horizontal 
beams  on  which  poling  boards  can  be  driven 
in  the  face  to  subdivide  it  into  five  vertical  sec- 
tions, thus,  in  -^ery  bad  ground,  aiding  to  keep 
the  excavation  under  better  control,  and,  with  a 
flat  angle  of  slope,  limiting  the  flow  of  soft  ma- 
terial to  short  distances.  The  shield  is  equip- 
ped with  fourteen  hydraulic  jacks  set  equidis- 
tantly  around  the  outer  rear  edge  and  having 
pistons   8  inches  In  diameter  with   a   30-inch 
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stroke.  They  were  made  by  the  Watson-SUU- 
man  Company,  New  York,  and  are  operated  un- 
der a  maximum  pressure  of  6,000  pounds,  which 
KiTes  a  total  pressure  of  about  4,222,000  pounds 
available  to  advasce  the  shield.  The  jacks  en- 
gage the  annular  girder  and  react  against  the 
last  ring  of  the  assembled  tunnel  shell.  They 
are  supplied  with  hydraulic  pressure  furnished 
by  a  Watson-Stillman  pump  carried  on  the  plat- 
form of  the  erector  and  operated  by  pneumatic 
praMura  brought  from  the  power  plant  on  the 
sarfkea  to  drive  the  tunnel  machinery.  The 
shield  and  fittings  complete  weigh  102,720 
pounds.  It  requires  nine  men  to  operate  each 
shield  and  excavate  for  it,  and  when  all  is  in 
readiness  it  can  be  advanced  22  inches,  the 
width  of  one  ring  of  the  tunnel  shell,  in  60 
minutes.  The  best  progress  made  by  either  of 
the  four  shields  which  have  been  installed  is 
4  feet  in  one  eight-hour  shift  The  principal 
featnres  of  the  shield  which  are  considered 
novel  by  its  designer  are:  the  removable  hood 
and  platform,  the  inclined  shores,  beams  and 
poling  boards  to  support  the  working  face,  the 
abaence  of  vertical  protection  in  front  of  the 


cessary  if  the  rails  were  fixed  and  the  rollers 
attached  to  the  platform. 

The  radial  arm  has  a  4xl-inch  extension  bar 
moving  between  guide  rollers  and  fitted  with 
Jaws  at  the  outer  end  which  engage  the  erec- 
tion lugs  on  the  shell  segments.  At  the  opposite 
end  it  is  connected  to  the  3-inch  rod  of  an  hy- 
draulic piston  4%  inches  in  diameter  with  a  24- 
Inch  stroke.  The  arm  is  mounted  on  a  horizon- 
tal main  shaft  in  the  axis  of  the  tunnel,  which 
is  driven  with  gear  and  pinion  by  an  Ingersoll- 
Sergeant  three-cylinder  air  motor  on  the  plat- 
form. The  end  of  the  radial  arm  is  connected 
to  a  shell  segment  on  a  car  in  the  tunnel  and 
the  arm  is  then  revolved  by  a  man  on  the  plat- 
form until  the  segment  is  in  the  required  angu- 
lar position,  when  the  hydraulic  piston  Is  oper- 
ated to  extend  the  arm  and  carry  the  segment 
out  to  its  place  in  the  ring. 

Water  under  pressure  is  delivered  through 
the  hollow  main  shaft  to  both  ends  ot  the  cylin- 
der, and  as  the  piston  is  twice  as  large  as  the 
rod  the  pressure  on  the  outer  end  of  the  cylin- 
der is  great  enough  to  force  out  the  segment 
and  when  it  is  released  the  constant  pressure  at 


to  which  pressure  can  be  admitted  to  force  it 
through  the  shell  against  the  exterior  hydro- 
static pressure  to  fill  the  interstices  in  the  dry 
stone  packing  and  thus  form  concrete  filling  in 
the  space  between  the  shell  and  the  rock  on  the 
New  York  side  and  forming  an  enclosing  sleeve 
several  inches  thick  in  the  sand  on  the  Brook- 
lyn side.  The  grout  machine  used  on  the 
Brooklyn  side  has  the  dimensions  shown  in 
the  accompanying  engraving,  but  on  the  New 
York  side  Is  made  3  feet  long  instead  of  22 
Inches.  A  shaft  through  the  axis  of  the  hori- 
zontal cylinder  is  driven  through  spur  and 
pinion  gears  by  an  IngersoU-Sergeant  three- 
cylinder  air  engine.  This  shaft  makes  about 
30  revolutions  per  minute  and  carries  six  double 
paddles  which  thoroughly  mix  the  ingredients. 
On  the  upper  side  of  the  cylinder  there  is  a 
small  hopper  with  a  flap  door  opening  down- 
wards. Three  bags  of  Giant  Portland  cement 
and  three  bags  of  crusher  dust  are  emptied  into 
the  hopper  from  the  working  platform  above. 
A  sufficient  quantity  of  water  is  admitted  and 
the  hopper  door  is  pulled  up  to  set  against  the 
upper  gasket.    The  shaft  is  revolved  to  mix  the 
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New  York  and  Brooklyn  Tunnel:    Transverse  and  Longitudinal  Sections  Showing  Cast-Iron  Shell  and  Erector,  with  Platform. 


working  platform,  the  single  opening  in  the 
center  of  the  bulkhead,  and  the  opeVation  of  the 
sliding  doors  and  their  control  from  outside  the 
air  lock,  for  all  of  which  patents  have  been 
applied  for. 

The  shields  are  each  followed  closely  by  an 
erector  which  assembles  the  segments  of  the 
tunnel  shell  and  is  of  simple  construction  de- 
signed to  be  easily  operated  and  to  avoid  ob- 
structing the  tunnel  or  interfering  with  the 
operation  of  the  shield  or  the  handling  of  spoil. 
It  consists  essentially  of  a  traveling  platform 
provided  with  an  extensible  radial  arm  pivoted 
in  the  tunnel  axis  and  revolving  at  right  angles 
to  it  The  platform  is  about  14Vi  feet  wide  and 
10'/4  feet  long  with  a  framework  of  10-inch 
channels.  At  each  side  a  horizontal  flat  bar 
projects  down  so  that  its  lower  edge  serves  as 
a  rail  engaging  four  double  flange  rollers  in 
bracket  i)ede8tals  bolted  to  the  tunnel  lining. 
This  arrangement  permits  the  rollers  to  be 
moved  from  rear  to  front  as  the  erector  ad- 
vances and  successive  rings  of  the  tunnel  shell 
are  added,  and  provides  for  the  support  of  the 
platform  without  jacking  it  up  as  would  be  ne- 


the  opposite  end  of  the  cylinder  returns  the 
piston  to  position  for  another  segment.  The 
waste  water  is  discharged  into  the  heading  and 
thus  only  one  connection  is  required  and  sim- 
plicity of  operation  is  secured.  A  1,000-pound 
pressure  is  used  and  the  cylinder  is  operated 
from  the  extremity  of  the  arm  by  the  man  who 
assembles  the  ring  segments.  Pressure  is  fur- 
nished by  the  pump  which  also  operates  the 
shield  Jacks  and  is  driven  by  air  at  a  pressure 
of  100  pounds.  The  erector  and  machinery 
weighs  about  3  tons  and  requires  a  total  lorce 
of  fouf  men  to  handle  it  and  erect  the  lining 
segments.  The  short  end  of  the  erector  arm  is 
counterweighted  so  that  with  the  cylinder  it 
about  half  counterbalances  the  weight  of  the 
long  end  and  a  900-pound  segment  of  the  tunnel 
shell.  Applications  for  patents  on  this  erector 
have  also  been  made. 

The  erector  is  followed,  as  described  in  the 
previous  article,  by  a  grouting  party  which  in- 
jects 1:1  Portland  cement  grout  under  pressure 
through  holes  left  in  each  segment  of  the  lining 
and  closed  by  screw  plugs.  In  each  heading  the 
grout  is  mixed  by  power  in  a  closed  steel  box 


grout  for  about  three  minutes  and  then  air 
pressure  of  90  pounds  is  admitted  to  the  cylin- 
der and  forces  the  grout  through  a  2-inch  outlet 
in  the  bottom  and  a  flexible  hose  connected 
with  the  114-inch  hole  in  the  tunnel  shell.  The 
contents  of  the  mixer  are  usually  discharged  in 
about  V/2  minutes.  A  batch  can  be  measured, 
mixed  and  Injected,  and  the  machine  made 
ready  for  another  in  five  minutes.  Two  hundred 
bags  of  cement  were  thus  used  in  a  single-eight- 
hour  shift  by  one  gang  which  also  has  to  move 
the  machine,  arrange  the  scaffolds  and  calk  the 
joints.  The  hose  generally  used  is  30  feet  long, 
but  it  is  sometimes  extended;  the  machine  is 
moved  at  least  every  100  feet.  Every  plug  in 
every  plate  is  tried,  but  it  is  not  always  neces- 
sary to  connect  the  hose  to  each  one.  The  ma- 
chine and  its  motor  are  mounted  on  a  solid 
wooden  platform  with  rounded  ends  which  is 
easily  skidded  along  on  the  tunnel  floor,  and 
when  in  service  is  lifted  up  to  a  position  Just 
under  the  tunnel  platform,  close  to  the  tunnel 
wall,  where  it  affords  little  obstruction  to  the 
passageway.  The  working  platform  is  made  of 
loose  planks  laid  across  4-inch  horizontal  pipes 
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about  16   feet   long   which   rest  on   the  center 
flanges  of  the   shell   segments. 

The  shields  and  erectors  were  built  by  Alex- 
ander Miller  &  Brother,  of  Jersey  City,  and  the 
grout  machines  were  built  by  the  Cockburn 
Barrow  &  Machine  Company,  Jersey  City,  all 
having  been  designed  by  Mr.  Walton  I.  Alms, 
chief  engineer  of  the  New  York  Tunnel  Com- 
pany, which  is  the  sub-contractor  for  the 
tunnel. 


Report    of    the    Northern    New    Jersey 
Flood  Commission. 


The  Northern  New  Jersey  Flood  Commission, 
appointed  by  the  governor  of  New  Jersey,  to 
investigate  the  causes  of  disastrous  floods  In 


flanked  by  broad  swamps  and  meadows  which 
serve  as  natural  reservoirs  and  greatly  retard 
abnormal  flows  in  the  river.  By  thus  intercept- 
ing and  retaining  for  a  time  the  more  rapid  out- 
flow from  the  hill  country,  it  has  been  ascer- 
tained that,  in  such  an  unprecedented  storm  as 
occurred  in  October  of  last  year,  the  maximum 
flow  of  the  river  through  the  cities  of  Pater- 
son  and  Passaic,  would  be  reduced  from  the 
devastating  volume  of  37,300  cubic  feet  per  sec- 
ond, to  the  practically  harmless  quantity  of  14,- 
000  cubic  feet  per  second. 

It  Is  further  recommended  by  the  Commis- 
sion that  the  State  acquire  title  to  the  lands  of  ■ 
Pompton  Plains,  which  are  to  be  subjected  to 
this  periodical  inundation,  and  that  the  works 
be  designed  with  a  view  not  only  to  the  preven- 
tion of  floods  In  the  lower  river,  but  also  for 


flood  of  October,  1903,  are  said  to  have  aggre- 
gated the  sum  of  $7,000,000,  it  would  appear 
from  the  report  that  an  investment  of  half  this 
amount  would  assure  permanent  immunity 
from  such  havoc.  The  report  of  the  Com- 
mission will  be  printed  as  a  State  document. 
The  members  of  the  Commission  are  Franklin 
Van  Winkle,  of  Paterson,  president;  Richard 
Morrell,  of  Passaic,  treasurer;  John  M.  Bell,  of 
Rutherford;  Marshall  O.  helghton,  of  Montclair, 
and  Morris  R.  Sherrerd,  of  Newark.  Mr.  Wal- 
ter H.  Sears  is  resident  engineer  and  Mr.  Wil- 
liam I...  Dill,  secretary.  The  peculiar  stream 
conditions  of  the  portion  of  New  Jersey  which 
would  be  beneflted  by  the  construction  of  the 
works  recommended  in  the  report  of  the  Com- 
mission were  briefly  outlined  in  an  editorial  in 
The   Engineering   Record   of   October   17,   1903. 
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the  river  basins  of  the  State,  and  to  recom- 
mend measures  for  their  control,  has  presented 
its  report  to  the  Legislature.  The  Commission 
has  confined  its  attention  mainly  to  the  terri- 
tory drained  by  Passaic  River,  where  the  most 
.serious  damage  was  wrought  by  the  floods  of 
1902  and  1903.  The  recommendations  are,  in 
brief,  that  the  substantial  control  of  the  river 
be  effected  by  the  construction  of  a  dam  at 
Mountain  View,  where  by  closing  the  sluice 
gates  when  indications  point  to  a  flood,  the  en- 
tire flow  of  Pompton  River  can  be  impounded 
until  the  waters  from  the  other  tributaries 
shall  have  subsided.  About  half  of  the  total 
area  drained  by  Passaic  River,  above  Little 
Falls,  is  tributary  to  the  Pompton  River  and  is 
of  a  hilly,  rocky,  and  "quick  spilling"  charac- 
ter, while  the  southern  branch  of  the  stream  is 


the  purpose  of  conserving  the  water  re- 
sources of  this  district.  To  effect  the  latter  pur- 
pose, the  Commission  advises  that  the  dam  shall 
ultimately  be  constructed  to  such  a  height  as 
will  give  a  maximum  depth  of  water  in  the  res- 
ervoir of  60  feet,  flooding  17  square  miles  of 
land,  and  impounding  15,000,000,000  cubic  feet 
of  water.  Nearly  half  of  this  immense  storage 
capacity  would  be  held  in  reserve  for  floods, 
while  the  balance  would  develop  a  yield  from 
the  tributary  watershed  amounting  to  229,000,- 
000  gallons  daily  for  municipal  water  supply  or 
for  sustaining  the  draft  for  power  purposes  at 
the  numerous  mills  below. 

The  cost  of  the  proposed  works  for  effecting 
flood  control  only,  is  estimated  at  $3,340,000, 
while  the  completed  project  is  placed  at  $5,- 
260,000.    As  the  losses  occasioned  by  the  single 


The  Tkchnolexicon,  the  English-French-Ger- 
man technical  dictionary  which  the  Society  of 
German  Engineers  has  had  under  preparation  for 
several  years,  is  now  so  well  advanced  that  the 
editor.  Dr.  Hubert  Jansen,  states  that  all  out- 
side contributions  which  are  not  received  by 
Easter  of  this  year  will  probably  prove  too  late 
to  be  of  service.  He  has  asked  The  Engineer- 
ing Record  to  request  American  contributors  to 
this  important  work  to  send  him  their  lists  of 
words  and  definitions  at  once.  It  is  reported 
363  technical  societies  have  helped  in  the  com- 
pilation of  material  and  over  2,500  firms  and 
individuals  have  promised  assistance.  Over  1,- 
920,000  word-cards  have  already  been  prepared 
and  it  is  believed  that  several  hundred  thousand 
more  will  be  added  before  the  middle  of  1906, 
when  the  work  will  go  to  press. 
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Tower    Foundations    of   the    Manhattan 

Bridge  across  the  E^st  River,  New 

York  City. 


Hie  MmhatUn  bridge  from  Kew  York  to 
Brooklrn.  offldally  known  as  bridge  No.  3,  oc- 
cupies a  sit«  between  the  old  Brooklyn  bridge 
and  the  new  WllUambeburg  bridge,  which  are 
rMpecUrely  designated  as  No.  1  and  No.  2. 
it  will  be  a  doable-deck  structure  about 
IM  feet  wide.  9.3S0  feet  long  and  will  have 
IS5  feet  clearance  above  high  water  at  the  mid- 
dle of  the  1.470-foot  suspended  span.  Bids  for 
the  Brooklyn  tower  foundation  were  opened 
March  II,  1901.  These  foundations  have  now 
been  completed  and  those  for  the  New  York 
tower  are  well  advanced.  The  towers  are  to 
be  of  steel  330  feet  high  and  for  each  there  is 
a  single  masonry  pier  about  68  feet  wide  and 
134  feet  long  on  top  at  a  height  of  about  23 
feet  above  mean  high  tide.  The  piers  are 
faced  with  granite  masonry  backed  with  lime- 
stone and  concrete,  and  are  seated  on  con- 
crete footings  about  33  feet  below  high  water 
level.  The  footings  and  the  lower  parts  of  the 
piers  have  been  built. with  pneumatic  caissons 
and  coffer  dams,  which  are  substantially  alike 
on  both  sides  of  the  river,  but  vary  slightly  in 
height  and  in  minor  details  of  construction,  as 
described  in  The  Engineering  Record  March  2, 
1901.  and  November  29,  1902.  The  New  York 
caisson  is  78  feet  wide,  144  feet  long  and  47% 
feet  high.  It  has  a  working  chamber  about  7 
feet  high  divided  into  three  parts  by  two  longi- 
tudinal bulkheads  2^  feet  thick,  built  of  solid 
timber.    The  deck  2  feet  9  inches  thick  is  stif- 


the  caisson  in  every  direction.  The  concrete 
filling  of  the  caisson  is  thus  supported  by  the 
roof  and  by  the  horizontal  timbers,  interlock- 
ing with  them  in  such  a  way  as  to  thoroughly 
dis-tributo  its  weight  throughout  the  whole  pier 
and  make  any  concentration  of  it  or  definite 
assumption  of  specific  loading  impossible.  The 
caisson  is  built  chiefly  of  12xl2-inch  and  3x12- 
inch  timbers  and  corresponds  in  most  respects 
to  the  drawings  of  the  Brooklyn  caisson  pub- 
lished in  previous  articles.  The  principal  dif- 
ferences are  that  the  arrangement  of  the  cross 
braces  has  been  varied  so  that  their  intersec- 
tions form  pockets  about  10  feet  square  in  the 


tbe  oak  sill  originally  designed,  and  proved 
very  satisfactory  in  cutting  through  old  crib- 
worli  and  riprap,  which  it  pierced  without  be- 
coming bent. 

Above  the  caisson  there  was  a  coffer  dam  50 
feet  high  whose  walls  were  made  with  solid 
courses  of  one  thickness  of  timber,  spiked  to- 
gether and  bolted  to  vertical  timbers.  At  the 
Joint  between  the  caisson  and  the  coffer  dam 
the  horizontal  courses  were  not  spiked  to- 
gether, but  the  vertical  timbers  were  continu- 
ous across  them  to  form  solid  splices.  Flanges 
will  be  bolted  to  the  verticals  just  below  the 
top  of  the  caisson  and  engage  vertical  screw- 


H 

spi 

s 

'%i^4 

1^1 

HP' 

^f"" 

J  -:---^  1 

— —                              ^^ 

=^j:^:r:^ 

\^^S' 

^s=^                  -^^^«%- "^                          — " 

~_^~> 

v.-  -^                                                                                             ^^^^^ 

^ 

Lower  Courses  of  Brooklyn  Caisson,  Showing  Walls  and  Bottom  'of  Floating  Platform. 


fened  by  these  bulkheads  and  in  the  upper  part 
of  the  caisson  by  the  interior  bracing  of  hori- 
zontal timbers  2  feet  apart  vertically  on  centers, 
reaching  from  wall  to  wall  in  the  planes  of  the 
bolkheads  and  connected  together  by  diagonal 
strips  thoroughly  spiked  to  them  from  top  to 
t-ottom.  The  timbers  are  also  secured  to  the 
bolkheads  by  long  vertical  bolts,  so  that  the 
whole  construction  is  substantially  equivalent 
to  deep  lattice-girders  with  lower  chords  7  feet 
deep  formed  by  the  bulkheads.  There  are  also 
transverse  timi>cr  struts  connected  by  dla^nal 
vertical  braces  ao  as  to  give  great  rigidity  to 


Sheathing  Lower  Part  of  New  York  Caisson  before  Removing  Float. 

ended  rods  attached  to  the  top  of  the  coffer 
dam.  Alter  the  masonry  has  been  constructed 
the  verticals  will  be  sawed  through  horizontal- 
ly in  the  plane  of  the  joint  between  the  caisson 
and  the  coffer  dam.  This  will  leave  the  two  at- 
tached by  means  of  the  vertical  rods  only,  and 
when  these  rods  are  unscrewed  from  the  top, 
the  coffer  dam  will  be  free  to  float  up  and  be 
removed. 

The  New  York  caisson  was  not  built  on 
shore  and  launched  from  ways  as  was  the  case 
with  those  for  the  Williamsburg  bridge,  but 
was  built  on  a  temporary  float  moored  between 
two  docks  at  One  Hundred  and  Forty-ninth 
Street  and  Harlfcin  River,  several  miles  from 
the  bridge  site.  The  float  was  practically  a 
false  bottom  about  150  feet  long  and  84  feet 
wide,  which,  with  vertical  sides  5  or  6  feet 
high,  was  built  of  3-lnch  planks  bolted  to  verti- 
cal and  horizontal  timbers  and  thoroughly 
calked.  It  was  built  in  two  halves  connected 
by  a  longitudinal  joint  through  the  center  line. 
On  its  floor  there  were  long  distributing  tim- 
bers on  which  blocking  was  set  to  receive  the 
cutting  edge  and  bulkheads  of  the  caisson, 
which  was  thus  accessible  from  below  and  was 
easily  and  rapidly  built  with  derricks  on  the 
docks  on  both  sides  of  the  caisson.  As  the 
weight  of  the  caisson  and  the  submergence  of 
the  float  increased,  the  sides  of  the  latter  were 
built  up  as  required  to  a  total  height  of  about 
8  feet. 

When  the  walls  of  the  caisson  had  been  car- 
ried up  to  as  great  a  height  as  could  be  con- 
veniently served  by  the  adjacent  derricks,  the 
joint  between  the  two  sections  of  the  float  was 
unlocked;  sand  was  dumped  through  the  shafts 
on  to  the  floor  of  the  float  or  pontoon,  tending 
to  separate  it  from  the  cutting  edge  of  the 
caisson,  and  tugs  attached  to  the  opposite  sides 
of  it  pulled  them  apart  until,  with  the  help  of 
long  levers  operated  with  tackles  on  the  top  of 
the  caisson,  the  two  portions  were  removed 
from  under  the  caisson  and  the  latter  was  left 
floating  in  the  water  supported    by    its    own 


clear  instead  of  6  foet  on  centers  as  was  orig- 
inally designed,  thus  affording  clearance  for 
lowering  the  buckets  and  placing  the  concrete. 
The  cutting  cdgo  was  modifled  by  the  addition 
of  a  Cx8zl-inch  angle  with  the  vertical  flange 
downwards  ia  the  plane  of  the  outer  surface  of 
the  caisson.  This  flange  was  countersunk-riv- 
eted to  the  22xV6-lnch  vertical  plate  on  the 
lower  ed^e  of  the  wall  and  the  upper  flange  was 
riveted  to  a  20x%-inch  horizontal  bent-plate 
protecting  the  lower  timber  of  the  caisson  walls. 
This  gave  a  much  sharper  cutting  edge  than 
was  afforded  by  the  11-inch  horizontal  face  of 
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buoyancy.  The  derricks  were  thus  enabled  to 
complete  the  caisson,  and  since  the  air  shafts 
were  built  in  place  as  the  work  progressed,  the 
water  rose  in  these  shafts  to  the  level  of  the 
water  outside.  The  completed  caisson,  weigh- 
ing about  3,400  tons,  drew  only  13.6  feet  of 
water.  It  contained  about  130,000  cubic  feet 
of  timber  and  170  tons  of  iron.  Five  tugs 
towed  it  from  One  Hundred  and  Forty-ninth 
Street  to  the  site.  They  started  with  the  tide 
against  them,  but  on  the  second  day  the  tide 
was  so  strong  in  their  favor  that  they  were 
swept  by  the  site  before  they  could  arrest  their 
progress,  and  had  to  wait  until  the  next  turn 
of  tide  to  bring  the  caisson  back  to  the  required 
posiUon. 

The  site  Is  at  Pike  Slip,  between  piers  31  and 
32.  Here  piles  had  been  driven  for  temporary 
piers  on  each  side  of  the  foundations  between 
the  permanent  piers,  and  after  the  caisson  had 
been  towed  to  place,  additional  piles  were 
driven  to  complete  these  piers  and  enclose  the 
caisson  on  opposite  sides.  It  was  thus  thor- 
oughly protected  from  the  strong  tides  and  the 
river  current  and  was  moored  by  long  ropes  at 


pier,  which  commanded  the  other  half  of  the 
caisson.  Six  derricks  thus  sufiBced  for  all  the 
works.  The  concrete  pier  was  connected  to 
the  shore  by  a  pile  trestle  bridge  about  200 
feet  long,  on  which  were  carried  the  compressed 
air  and  water  pipes. 

At  the  sliore  end  of  the  bridge  was  located 
the  mon's  quarters  and  the  compressor  house 
in  which  were  installed  the  boilers  and  one  bat- 
tery of  compressors.  A  barge  was  moored  along- 
side the  compressor  house  and  on  It  was  in- 
stalled an  auxiliary  battery  of  compressors.  Be- 
tween the  barge  and  the  shore  there  was  space 
for  the  coal  and  ash  barges.  This  arrangement 
provided  an  abundance  of  power  so  that  the 
i:ompressors,  although  ordinarily  all  in  service, 
were  run  ranch  below  their  capacity.  In  case 
of  emergency  either  battery  of  compressors 
would  have  maintained  the  service  alone  until 
the  others  could  be  repaired.  Air  was  deliv- 
ered from  the  compressors  through  one  4-inch 
and  two  5-inch  mains,  which  branched  so  as 
to  discharge  into  tiie  working  chamber  through 
one  5-inch  and  three  4-inch  pipes  terminating  in 
short   horizontal   sections   with    swinging    iron 


Laying  the  Coping  of  the  Brooklyn  Pier,  Manhattan  Bridge. 


each  corner  an-anged  so  as  to  allow  it  to  rise 
and  fall  aoout  iV2  feet  with  the  tide  without 
permiitlng  much  lateral  displacement.  An  ex- 
cavation had  been  dredged  to  a  depth  of  about 
40  feet  and  in  it  the  caisson  was  sunk  by  over 
5,000  cubie  yards  of  concrete.  The  caisson  was 
kept  only  approximately  in  position  until  it 
was  nearly  landed  on  the  bottom,  when  the  load 
was  adjusted  so  that  it  could  be  sunk  to  bear- 
ing at  a  single  ebb  tide.  It  was  then  adjusted 
to  accurate  position  in  both  directions  by 
tackles  on  the  mooring  lines,  and  the  concrete 
was  added  so  rapidly  that  it  became  immovable 
as  soon  as  it  was  settled  in  position. 

One  of  the  temporary  piers  was  provided  with 
a  large  boom  derrick  on  each  of  its  four  cor- 
ners. Two  of  these  derricks  commanded  half 
of  the  caisson  and  the  other  two  commanded 
sand,  stone  and  cement  boats  moored  along- 
side the  pier  and  delivered  their  contents  to 
the  concrete  mixer.  A  small  car  operated  by 
an  endless  cable  delivered  the  buckets  of  con- 
crete to  the  two  derricks,  which  either  deposit- 
ed the  concrete  In  the  caisson  or  delivered  it 
to  a  pair  of  derricks  on  the  opposite  temporary 


flap  valves.  The  work  was  done  in  cold 
weather  so  that  the  temperature  of  the  air  in 
the  chamber  did  not  rise  above  60  or  70  degrees, 
although  the  pressure  reached  a  maximum  of  44 
pounds  above  atmospheric  and  no  artificial 
means  were  employed  to  cool  it. 

The  excavation  confirmed  the  indications  of 
the  test  borings,  which  located  the  rock  from 
100  to  129  feet  below  mean  high  water.  The 
cutting  edge  was  sunk  to  a  depth  of  92  feet  be- 
low mean  high  water  and  rested  on  a  satisfac- 
tory ■  dense  stratum  of  sand  and  gravel.  The 
caisson  passed  through  about  7  feet  of  crib- 
work  and  riprap  of  an  old  pier.  Below  that  it 
penetrated  coarse  sand  and  fine  gravel  contain- 
ing very  few  boulders,  some  of  which  at  the 
lower  depths  were  not  removed  but  were  un- 
dermined and  allowed  to  descend  with  the  ex- 
cavation. The  caisson  excavation  amounted  to 
nearly  22,000  cubic  yards  in  all,  equivalent  to 
416  yards  per  linear  foot.  The  material  was 
nearly  all  removed  by  the  wet  blow-out  process 
using  a  water  jet  at  100  pounds  pressure,  near- 
ly 60  pounds  above  maximum  caisson  pressure. 
There  were  seven  4  and  5-lnch  vertical  blow- 


out pipes  terminating  above  the  water's  edge 
with  short  U-shaped  return  bends.  These  were 
made  of  cast-iron  and  although  reinforced  to  a 
thickness  of  2  Inches  or  more  were  so  badly 
cut  by  the  sand  that  in  some  cases  they  re- 
quired renewal  before  the  work  was  finished. 
The  riprap,  cribbing,  etc.,  from  the  old  pier 
encountered  In  the  course  of  the  excavation,  as 
well  as  most  of  the  boulders,  were  removed  by 
means  of  excavating  locks  of  the  Moran-Barr 
type.  This  part  of  the  work  was  done  princi- 
pally at  night  when  the  derricks  were  not  other- 
wise engaged. 

The  most  rapid  caisson  sinking  was  7  feet 
in  a  week  of  six  working  days  of  24  hours  each, 
with  a  working  force  of  about  25  men  at  one 
time.  The  maximum  pressure  was  44  pounds, 
and,  although  great  care  was  exercised  in  the 
selection  and  supervision  of  the  men,  there 
were  several  cases  of  the  "bends"  and  four 
deaths  from  paralysis.  The  pressure  under 
which  the  men  worked  varied  from  20  pounds 
at  the  start  to  44  at  the  finish,  as  above  stated, 
and  the  hours  per  day  which  the  men  worked 
varied  from  8  to  3  as  the  pressure  Increased. 
This  time  was  divided  Into  two  equal  shifts 
with  an  interval  between,  which  at  the  finish 
was  i^/i  hours. 

The  caisson  contains  about  2,300  cubic  yards 
of  concrete,  which  was  mixed  in  a  Haines  grav- 
ity mixer  and  was  delivered  to  the  working 
chamber  through  three  special  concrete  locks 
designed  for  rapid  operation.  They  were  steel 
cylinders  36  Inches  In  diameter  and'  8  feet  long 
with  the  ordinary  hinged  doors  opening  down- 
wards at  the  upper  and  lower  ends.  Above  the 
lower  door  there  was  an  Interior  conical  lin- 
ing which  guided  the  contents  of  the  lock  to 
the  orifice  in  the  diaphragm  and  prevented  any 
material  from  loc'glng  on  the  sides.  To  the 
lower  doer  was  attached  a  steel  rope  passing 
upwards  through  the  lock  and  the  upper  dia- 
phragm just  clear  of  the  upper  door.  This  line 
v.as  made  fast  to  the  lower  block  of  a  hand 
tackle  bv  which  it  was  operated.  When  the 
upper  door  was  open,  the  lower  door  was 
held  closed  by  the  unbalanced  air  pressure  in 
the  caisson.  This  was  suflicient  to  hold  It  up 
against  its  own  weight,  and  against  the  weight 
of  1  yard  of  concrete  which  was  dumped  from 
the  bucket  Into  the  lock.  The  upper  door  of 
the  lock  was  then  closed  and  air  was  admitted 
from  the  caisson  to  the  lock  so  as  to  quickly 
equalize  the  pressure  in  the  latter.  As  soon  as 
this  was  accomplished,  the  lower  door  automat- 
ically opened  and  allowed  the  concrete  to  de- 
scend to  the  foot  of  the  shaft.  As  soon  as  the 
lock  was  emptied,  the  attendant  outside  pulled 
up  the  lower  door  to  Its  closed  position  and  re- 
leased the  pressure  In  the  lock.  The  upper 
door  was  then  opened  and  the  lock  was  ready 
to  receive  another  bucket  of  concrete,  the  com- 
plete operation  taking  only  a  minimum  time  of 
about  one  minute. 

Three  of  these  special  locks  were  shifted  as 
required  to  the  eight  material  shafts  and  were 
suflicient  for  an  abundant  supply  of  concrete. 
The  concreting  was  done  by  four  40-men  shifts 
of  3  hours  each,  making  12  hours  of  work  daily. 
The  concrete  was  thoroughly  rammed,  but  was 
not  grouted.  After  concreting  was  commenced, 
the  4-inch  water  supply  pipe  was  used  as  a  ven- 
tilation pipe  and  by  keeping  Its  valve  partly 
open  at  times,  the  air  was  kept  very  pure  and 
conditions  were  more  comfortable  than  Is  often 
the  case  in  concreting  deep  caissons.  As  the 
caisson  descended,  the  upper  portion  was  filled 
solid  with  concrete  well  rammed  around  the 
cross  timbers,  and  the  pier  masonry  was  com- 
menced on  It  at  the  foot  of  the  coffer  dam. 
The  stones  and  concrete  were  lowered  between 
the  braces  and  as  the  courses  were  built  up, 
the  lower  tiers  of  braces  were  successively  cut 
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away  to  dear  it  and  the  sides  of  the  coffer  dam 
were  wedged  against  the  masonry. 

The  coBStmction  of  the  New  York  caisson 
was  commenced  in  January,  1903.  It  was 
moored  in  position  July  2S,  concreting  was 
commenced  August  11,  the  caisson  was  landed 
OB  the  t>ottom  August  31,  air  pressure  was  ad- 
mitted September  IS,  1903,  and  concreting  was 
finished  in  the  working  chamber  January  29. 
19(M.    About  350  men  were  the  maximum  force. 

The  methods  of  building  and  sinking  the 
Brooklyn  caisson  corresponded  to  those  used 
for  the  New  York  caisson  and  it  was  sunk 
through  sand  and  gravel  to  a  depth  of  about  92 
feet  below  mean  high  water  Involving  a  maxi- 
mam  pressure  of  47  pounds.  There  were  three 
deaths  among  the  men  employed  in  this  caisson. 
It  was  towed  to  place  March  17.  1902  and  the 
work  on  it  was  completed  In  December,  1902, 
after  which  the  ma(?hinery  and  plant  was  re- 
moved to  the  Manhattan  side  of  the  river  for 
use  on  the  New  York  pier.  The  contract  price 
for  the  Brooklyn  foundation  was  about  $470,000, 
and  that  for  the  New  York  foundation,  about 
$485,000,  including  the  extra  amount  paid  for 
unit  quantities  below  a  levef  of  minus  79.15. 

The  designs  for  these  piers  and  caissons  were 
prepared    by   the  Department    of    Bridges    of 


A    Large    Concrete    and    Brick     Storm 
Sewer  in  Newark,  N.  J. 

For  some  years  past  a  low-lying  territory  in 
the  southerly  part  of  Newark,  N.  J.,  has  been 
subject  to  more  or  less  serious  flooding  with 
each  occurrence  of  an  unusually  heavy  rain  and 
with  every  freshet.  A  storm-water  sewer  serv- 
ing this  district  was  frequently  surcharged,  and 
In  August,  1903,  during  a  heavy  rainstorm,  it 
was  put  under  such  pressure  that  a  portion  of 
it  was  burst.  The  cast-iron  covers  of  the  man- 
holes were  hurled  several  yards  from  their  for- 
mer places  and  even  masses  of  the  brick  arch 
were  thrown  a  number  of  feet  to  one  side.  The 
upper  part  of  the  sewer  was  destroyed,  and  the 
surrounding  earth  was  washed  away  down  to 
the  rock,  for  a  distance  of  several  hundred  feet. 
Temporary  repairs  were  made  by  building  rub- 
ble masonry  side  walls,  but  these  were  badly 
damaged  by  the  great  storm  of  October  8  and 
9,  which  left  this  portion  of  the  sewer  In  the 
condition  shown  in  an  accompanying  view. 
This  5x7i4-foot  egg-shaped  sewer  was  built  in 
1872  with  8-inch  brick  walls  and  arch.  The  in- 
vert was  in  rock  excavation,  at  the  place  where 
the  break  occurred,  but  the  upper  part  of  the 
trench  had   been  excavated    through    gravelly 


tercepting  sewer,  which  discharges,  by  the  aid 
of  a  pumping  station,  directly  to  the  bay  at  the 
southern  boundary  of  the  city.  The  present 
dry  weather  flow  is  about  7,500,000  gallons  per 
day.  The  quantity  intercepted  will  be  governed 
in  part  by  the  areas  of  the  openings  of  the  grat- 
ings in  the  bottoms  of  the  large  sewers  at  the 
point  of  interception  and  in  part  by  a  screw 
gate  in  the  intercepting  sewer,  which  may  be 
shut   tightly    it   desired,   thus   preventing   any 
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Section  A-A 

Storm  Water  Sewer,  Newark:     Crossing  Under  Lehigh  Valley  Railroad;  Sections  of  Old  and  New  Sewers;    Connection  with  Intercepting  Sewer. 


Greater  New  York,  John  L.  Shea,  commission- 
er; Mr.  8.  R.  Probasco,  chief  engineer  and  Mr. 
R.  8.  Buck,  chief  engineer  In  charge.  Since 
then  several  changes  have  been  made  in  the 
department,  and  the  work  was  continued  under 
the  .direction  of  Mr.  Oustav  Lindenthal,  commis- 
sioner, and  Mr.  H.  A.  La  Chlcotte,  engineer  in 
charge,  and  is  now  under  control  of  Mr.  Oeorge 
E.  Best,  commissioner;  Mr.  O.  P.  Nichols,  chief 
engineer;  Mr.  R.  S.  Buck,  consulting  engineer; 
and  Mr.  H.  A.  La  Chlcotte,  engineer  in  charge. 
Mr.  J.  A.  Knighton  Is  the  resident  engineer  of 
the  New  York  foundation,  and  Mr.  F.  M.  Sylves- 
ter was  the  resident  engineer  of  the  Brooklyn 
foundation.  Both  foundations  were  built  by  Mr. 
John  C.  Rodgers,  contractor;  Mr.  Walter  Rit- 
ner,  superintendent. 


clay.    There  were  2  to  3  feet  of  earth  over  the 
arch. 

In  order  to  provide  additional  capacity,  for 
the  removal  of  storm  water,  it  was  decided  to 
build  a  large  new  sewer  paralleling  the  old  one. 
Like  the  old  sewer,  the  new  is  to  discharge  Into 
Peddle  ditch,  30  feet  east  of  the  Pennsylvania 
Railroad,  in  the  marshes  beyond  the  built-up 
portion  of  the  city,  through  which  the  water 
runs  directly  to  Newark  Bay.  Besides  the  storm 
water  from  about  1,600  acres  In  the  southwester- 
ly part  of  the  city,  these  sewers  will  receive 
considerable  quantities  of  sanitary  sewage.  A 
3-foot  Intercepting  sewer  is  being  built  to  re- 
move this  sewage,  or  at  least  the  dry  weather 
flow,  up  to  a  rate  of  about  14,000,000  gallons  per 
day,  and  convey  it  Into  the  existing  trunk  In- 


flow into  the  Interceptor.  The  arrangement  of 
the  sewers  and  the  special  manhole  at  the  point 
of  interception  is  shown  by  a  drawing  herewitn. 
Section  1  of  the  Peddle  Street  and  Badger 
Avenue  relief  sewer,  as  the  new  sewer  is  called 
embraces  an  outlet  30  feet  long,  116  feet  of  6x12- 
foot  rectangular  conduit  under  the  right  of  way 
of  the  Pennsylvania  Railroad,  360  feet  of  7x11- 
foot  rectangular  sewer,  1,570  feet  of  SxlQi^-foot 
sewer  with  arched  top,  1,590  feet  of  6-foot  9-Inch 
circular  sewer  and  60  feet  of  5-foot  by  7-foot  6- 
inch  egg-shaped  sewer,  an  aggregate  of  3,726 
feet,  besides  which  there  are  850  feet  of  the  3- 
foot  circular  brick  intercepting  sewer.  The 
grades,  beginning  at  the  outlet,  are  as  follows: 
For  976  feet,  .06;  for  560  feet,  .56;  for  300  feet, 
.90;  for  240  feet,  1.00;  for  1,590  feet  of  circular 
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sewer,  1.76,  and  for  the  GO  feet  of  egg-shaped 
sewer,  .86.  Section  2  has  not  yet  been  put  under 
construction,  and  may  not  be  for  a  long  while, 
but  Section  1  is  nearing  completion  and  will 
probably  be  finished  during  tne  spring.  The 
contract  was  awarded  to  Mr.  J.  R.  Shanley,  of 
Newark  and  Jersey  City,  for  about  $140,000,  and 
work  was  begun  soon  after  the  first  of  Novem- 
ber, last. 

Prom  the  Pennsylvania  Railroad  to  Elizabeth 
Avenue,  or  the  beginning  of  the  6-foot  9-inch  cir- 
cular section,  the  new  sewer  is  built  against  the 
wall  of  the  old,  considerable  economy  of  ma- 
sonry being  thus  effected,  although  the  old  wall 
has  been  reinforced  as  was  deemed  necessary. 
Beyond  the  point  just  mentioned,  the  two  sew- 
ers continue  side  by  side,  separated  by  only  a 
small  space.  Beneath  the  Pennsylvania  Rail- 
road the  new  sewer,  like  the  old,  has  heavy 
stone  masonry  walls  and  a  roof  composed  of  .15- 


sewer.  Its  walls  and  bottom  are  of  Portland 
cement  concrete,  with  an  invert  lining  of  paving 
bricks,  and  the  roof  consists  of  10-inch  I-beams 
4  feet  apart  on  centers  and  solid  concrete  arches 
turned  between  the  beams,  as  indicated  in  an 
accompanying  drawing.  The  roof  arches  are  8 
inches  thick  at  the  crown,  have  a  rise  of  4 
inches  and  are  finished  level  on  top  2  inches 
above  the  upper  flanges  of  the  beams.  This 
part  of  the  sewer  Is  supported  on  a  platform  of 
4-inch  longitudinal  planks  on  12xl2-inch  pile 
caps.  The  piles  are  10  inches  in  diameter  at  the 
butts,  are  spaced  as  shown  in  transverse  rows, 
and  the  rows  are  5  feet  apart  on  centers. 

The  10%x8-foot  portion  of  the  new  sewer  has 
the  cross-section  shown  In  one  of  the  drawings, 
with  brick  walls  and  arch  and  a  concrete  bot- 
tom, the  latter  lined  with  paving  brick.  A  part 
of  this  stretch  required  a  timber  platform  and 
piles,  but  beyond  the  crossing  with  the  Lehigh 


Portion  of  Old  Storm  Sewer,  Newark,  Destroyed  by  Heavy  Rains. 


inch,  70-pound  I-beams,  two  beams  being  placed 
under  each  rail  of  the  tracks  and  the  whole 
structure  tied  together  with  12-inch  25-pound 
channels  riveted  to  the  I-beams,  one  at  each  end 
and  one  in  the  center.  The  track  ties  are  laid 
on  the  upper  flanges  of  the  I-beams.  The  floor 
of  the  sewer  is  two  courses  of  crossed  3-inch 
yellow  pine  planks  on  12xl2-lnch  timbers  laid 
close  together,  and  is  carried  on  the  12xl2-inch 
longitudinal  caps  of  the  15-foot  spruce  piles 
made  necessary  by  the  soft  marsh  formation. 
The  transverse  rows  of  piles  are  spaced  4  feet 
on  ceiiters  and  in  each  row  there  are  three  piles 
under  each  wall  and  one  under  the  middle  of 
the  sewer.  The  established  grade  of  the  tracks 
and  the  limitation  of  the  elevation  for  the  sewer 
bottom  determined  the  height  of  this  portion. 
The  other  photograph  Is  an  interior  view  of 
a  partially   flnished   portion   of  the   7zll-foot 


Valley  tracks, '  1,000  feet  from  the  outlet,  the 
bottom  of  the  trench  is  solid  enough  to  receive 
the  concrete  of  the  sewer  bottom  directly. 

There  are  two  railroad  crossings  on  Section 
1  and  the  second  occurs  In  this  stretch  of  the 
sewer  near  Prelinghuysen  Avenue,  where  the 
Lehigh  tracks  are  carried  over  the  street  on  an 
elevated  structure,  the  footings  for  the  columns 
of  which  restricted  the  space  available  for  the 
sewers.  Accompanying  drawings  show  plainly 
the  relative  positions  of  the  railroad  columns 
and  the  sewers  and  the  special  construction 
adopted  in  the  sewer  for  a  length  of  about  40 
feet  at  this  place.  As  indicated,  the  wall  of  the 
old  sewer  was  torn  out  and  the  roof  beams 
were  made  long  enough  to  reach  from  the  out- 
side wall  of  the  new  sewer  to  the  outside  wall 
of  the  old  sewer,  which  latter  was  modified  as 
required  for  the  support  of  the  beams.    In  Fre- 


linghuysen  Avenue  the  sewer  crosses  beneath 
two  surface  tracks  of  an  electric  railway.  The 
existing  Intercepting  sewer  formerly  connected 
with  the  old  storm-water  sewer  at  this  place, 
but  it  was  thought  desirable  to  intercept  the 
sanitary  sewage  at  a  point  farther  up  the  line 
of  the  sewers,  in  order  to  have  the  connection 
above  the  point  reached  by  tide  water  and  thus 
permit  the  removal  of  the  tide  gates,  which  ma- 
terially obstructed  the  flow.  Consequently, 
from  Frelinghuysen  Avenue  the  new  intercept- 
ing sewer  parallels  the  storm-water  sewers  for 
somewhat  over  800  feet. 

The  circular  sewer  is  of  8-inch  brickwork 
with  an  invert  of  paving  bricks.  The  egg-shaped 
portion  of  the  sewer  has  an  8-inch  brick  arch 
and  the  lower  part  of  the  cross-section  is  of  con- 
crete having  vertical  sides  and  fiat  bottom  on 
the  outside  and  lined  with  4  inches  of  brick 
below  the  springing  line  of  the  arch.  The  con- 
crete was  all  hand  mixed  in  the  proportion  of 
1:3:5,  being  made  rather  wet.  Spading  forks 
were  used  to  work  the  stones  back  from  the 
faces  of  the  walls  and  smooth  surfaces  were 
thus  obtained.  The  cement  used  was  Vulcanite 
Portland.  The  sewer  was  designed  by  Mr.  Ed- 
ward S.  Rankin,  engineer  of  the  Sewer  Depart- 
ment of  Newark,  and  is  being  constructed  un- 
der his  direction. 


In  the  Pkoduction  of  Pig  Ibon  Germany  is 
now  second  only  to  the  United  States,  having 
outstripped  Great  Britain  during  the  past  year. 
During  1903  Germany  produced  10,085,634 
metric  tons,  and  the  United  States  18,009,252 
long  tons. 


A  Mechanical-Dbaft  Pan  installed  In  a 
power  plant  in  a  commercial  house  of  Berlin 
did  not  consume  more  than  0.88  per  cent,  of  the 
total  Indicated  engine  power,  according  to  the 
designer  of  the  plant.  Prof.  E.  Josse,  of  the  Roy- 
al Technical  High  School  of  Charlottenburg, 
in  the  "Zeitschrift"  of  the  Society  of  German 
Engineers.  Its  cost  was  about  |1  per  day. 
There  are  two  fans  of  the  Sturtevant  make,  one 
the  reserve  of  the  other,  each  rated  at  18  horse- 
power and  capable  of  handling  the  gases  pro- 
duced by  the  combustion  of  2  tons  of  coal  per 
hour.  The  average  draft  is  0.98  inch  of  water 
and  a  leakage  through  the  brick  flues  of  1.18 
per  cent,  excess  of  air  has  been  noted  behind 
the  bridge  wall  and  2.5  per  cent,  in  the  fan 
stack. 


A  Traoe-Mabk  Ruling  has  recently  been  ren- 
dered by  the  Circuit  Court  of  the  United  States 
for  the  Massachusetts  district  which  confirms 
the  right  of  the  General  Electric  Company  to 
exclusive  use  of  its  mark  "G.  E."  on  electric 
lamps.  It  was  claimed  that  this  mark  was  so 
placed  on  the  stem  of  the  lamp  that  no  com- 
pany could  obliterate  it  in  remaking  the  lamp, 
and  that  under  color  of  a  suit  for  the  protec- 
tion of  a  trade-mark  the  General  Electric  Com- 
pany was  in  reality  seeking  to  destroy  the  busi- 
ness of  a  company  remaking  such  lamps.  The 
court  decided  that  it  is  perfectly  possible  to 
remake  such  a  lamp  and  obliterate  the  trade- 
mark, and  that  when  this  Is  done  the  lamp  is 
no  longer  a  General  Electric  lamp.  But  If  the 
remaking  is  done  by  any  other  company  than 
the  General  Electric  Company  and  the  trade- 
mark is  not  obliterated,  the  latter  is  then  in  use 
on  an  article  where  It  does  not  belong.  The 
court  has  accordingly  granted  an  Injunction 
against  any  such  practice.  The  justness  of  this 
decision  is  evident  to  all  who  will  stop  to  con- 
sider what  a  trade-mark  signifies,  and  in  some 
respects  the  opinion  is  as  important  as  the 
noted  ruling  which  confirmed  the  Babcock  & 
Wilcox  Company's  exclusive  right  to  the  use  of 
Its  name  in  connection  with  water-tube  boilers. 
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A    Siilphur-Sand    Composition   for   Pipe 
Sewer  Joints. 

Bjr  Aleiuider  Potter.  Coosaltlnx  EngiaMr,  New 
Tork  City. 


The  difficulties  connected  with  the  use  of  ce- 
ment for  Joints  on  pipe  sewer  construction  are 
well  known.  The  objectionable  features  of  em- 
inent for  this  service  are  numerous — leakage, 
admission  of  tree  roots,  the  seasonal  restric- 
tions of  its  use  on  account  of  frost.  These  ob- 
jections are  not  even  eliminated  when  the  work 
is  under  the  supervision  of  competent  eng^l- 
neers.  As  an  instance  of  this.  Professor  A.  P. 
Folwell.  in  an  address  before  the  American  So- 
ciety of  Municipal  Improvement  records  the 
fact  that  In  a  city  in  New  York  State  the 
ground  water  infiltration  in  the  pipe  sewers  was 
only  limited  by  the  capacity  of  the  sewers. 
While  the  name  of  the  city  was  withheld,  I  be- 
lieve it  to  be  a  city  where  the  designing  and 
supervising  engineer,  and  also  the  resident  engi- 
neer, are  members  of  the  American  Society  of 
Civil  Engineers,  and  are  men  who  stand  well 
in  the  profession.  Many  other  cases  of  leaky 
sewers  have  been  cited  from  time  to  lime,  and 
most  other  sewers  could  come  under  the  same 
category  if  they  were  subjected  to  ground  water 
infiltration.  It  is  axiomatic  that  it  is  impossi- 
ble to  make  a  joint  even  approximately  water- 
light  with  the  use  of  cement  applied  in  the  cus- 
tomao'  manner. 

The  writer  has  devoted  much  of  his  time  in 
attempting  to  secure  water-tight  work,  and  has 
used  cement  in  various  ways  and  in  combina- 
tion with  tar  and  other  materials,  with  indiffer- 
ent success,  notwithstanding  highly  satisfactory 
laboratory  results.  The  method  now  in  usp 
upon  his  work  secures  as  nearly  water-tight 
joints  as  can  be  devised.  In  the  construction 
of  pipe  sewers  the  writer  has  largely  dispensed 
With  the  use  of  cement  as  a  joint  material 
and  has  substituted  therefor  a  mixture  of  sul- 
phur and  sand  in  the  proportion  of  1  to  1,  ap- 
proximately, heated  together  at  a  temperature 
of  230  degrees  Fahrenheit,  and  poured  in  a 
manner  similar  to  that  for  lead.  The  sulphur- 
aand  mixture,  however,  requires  no  calking. 

The  physical  and  chemical  tests  of  the  mix- 
ture show  it  to  be  superior  In  all  Important  re- 
spects to  Portland  cement  mortar,  both  neat  and 
mixed  with  sand.  The  tests  Indicate  that  while 
the  tensile  strength  of  pure  sulphur  is  about 
100  pounds  to  the  square  inch,  the  sujphur  and 
sand  composition  has  a  tensile  strength  of  400 
to  700  pounds  to  the  square  Inch,  depending  on 
the  quantity  of  sand  used.  Several  briquettes 
tested  two  hours  after  they  were  poured  broke 
at  670  pounds  to  the  square  inch.  The  average 
of  one-day  and  five-day  tests  of  pure  sulphur 
briquettes  gave  100  pounds  per  square  Inch, 
while  for  the  same  time  a  two  of  sulphur  to 
one  of  sand  mixture  gave  400  pounds  per 
sqnare  inch,  a  one  to  one  about  650  pounds,  and 
a  five  to  seven  about  670  pounds.  After  cool- 
ing, time  does  not  seem  to  be  an  element  affect- 
ing the  strength  of  the  mixture. 

The  writer  sent  samples  of  the  mixture  to 
Meaars.  Ledoux  t  Company,  chemists,  who  re- 
port that  under  72-hour  test  the  composition 
was  not  affected  by  any  of  the  acids  or  alkaline 
liqnors  to  which  samples  were  submitted,  when 
present  In  such  quantities  as  are  likely  to  be 
fonnd  in  sewage.  A  five  per  cent  solution  was 
used  for  the  tests.  The  tests  made  by  the  chem- 
ists further  show  that  the  mixture  is  practically 
impervious  to  water,  the  absorption  averaging 
.017  of  one  per  cent.  The  material  melts  quite 
sharply  at  230  Fahrenheit  without  any  apparent 
preliminary  softening.  This  is  the  same  as  for 
sulphur,  and  means  that  until  the  sewer  should 
be  subjected  to  230  degrees  Fahrenheit,  the 
joints  conld  in  no  way  be  affected. 


The  tests  conducted  by  the  writer  to  deter- 
mine the  tensile  strength  developed  the  Interest- 
ing fact  that  the  more  sand  the  sulphur  could 
take  up  and  yet  run  freely,  the  stronger  the  re- 
sultant mixture.  It  also  shows  that  the  finer 
the  sand  the  more  satisfactory  the  results.  The 
coarser  sand  precipitates  more  rapidly.  The 
sand  now  being  used  has  an  effective  size  of 
0.135  millimeter  and  a  uniformity  coefficient  of 
2.5.  All  this  sand  passed  a  No.  40  sieve,  and  30 
per  cent,  of  it  was  held  on  a  No.  60  sieve.  This 
is  a  very  fine  sand,  the  ordinary  New  Jersey 
quicksand.  Experiments  were  made  with  the 
use  of  fine  Long  Island  beach  sand,  but  the  re- 
sults obtained  were  less  satisfactory  than  with 
quicksand.  At  last  a  use  has  been  discovered 
for  quicksand!  The  amount  of  the  compound 
used  is  less  than  one-half  the  quantity  of  ce- 
ment mortar  required  for  making  joints,  and 
the  labor  of  making  the  joints  is  less  than  re- 
quired in  making  a  cement  joint  as  it  ought  to 
be  made. 

This  new  form  of  joint  has  a  further  import- 
ant advantage  in  construction,  that  water  can 
be  allowed  to  rise  in  the  ditch  and  run  through 
the  pipe  one  minute  after  the  Joint  has  been 


arlly  held  down  below  the  bottom  of  the  sewer 
in  a  wet  trench.  Material  for  three  or  more 
joints  can  be  heated  more  economically  than  for 
one  joint.  For  the  smaller  pipes,  that  is  to  say, 
for  8-inch,  10-lnch,  and  12-inch,  temporary 
cradles  can  be  set  up  on  the  bank  and  three 
or  four  lengths  of  pipe  can  be  readily  jointed 
together,  lifted  out  of  the  cradles  and  low- 
ered Into  the  ditch  as  one  pipe. 

The  rigidity  of  the  joints  makes  It  almost  es- 
sential to  deposit  concrete  under  the  haunches 
of  the  large  pipe  and  on  24  and  22-inch  pipe 
sewer  2.3  cubic  feet  of  concrete  per  foot  of 
sewer  is  found  sufficient  to  give  the  pipe  a 
proper  bearing.  A  lean  natural  cement  con- 
crete gives  satisfactory  results,  and  the  cost 
will  depend  upon  the  accessibility  of  materials. 
Where  it  is  possible  to  lay  pipe  simply  by  dig- 
ging out  bell  holes  the  concrete  can  be  dis- 
pensed with;  but  In  the  opinion  of  the  writer 
concrete  is  essential  under  all  large  sewers,  at 
least  in  wet  trenches  and  in  rock  cuts,  when  an 
attempt  Is  made  to  secure  perfect  joints  with  ce- 
ment or  otherwise;  for  then  the  pipe  becomes  a 
rigid  beam,  and  without  a  continuous  founda- 
tion is  liable  to  rupture. 


Interior  of  Concrete  Stonn  Sewer,  Newark,  Showing  Steel  Roof    Beams  Ready  for  Arches. 


made.  It  is  also  proof  against  the  intrusion  of 
roots  into  the  sewer.  The  universal  applica- 
tion of  this  mixture  as  a  joint  material  for 
sewer  work  would  unquestionably  tend  to  in- 
crease to  a  slight  extent  the  cost  of  sewer  con- 
struction, because  the  enforcement  of  specifica- 
tions concerning  cement  joints  on  sewer  pipes 
are  more  honored  in  the  breach  than  In  the  ob- 
servance, and  the  prices  of  the  contractors  are 
figured  on  this  basis.  But,  as  has  been  said,  if 
any  reasonable  effort  is  made  to  secure  tight 
sewers  with  cement  joints,  the  cost  of  joints 
with  sulphur  and  sand  will  be  no  greater  than 
with  the  cement. 

In  laying  the  sewer  in  wet  trenches  the  ditch 
is  excavated  6  inches  below  the  bottom  of  the 
pipe,  which  is  blocked  up  to  grade.  The  water 
Is  thus  more  readily  kept  away  from  the  bells. 
A  heavy  gasket  of  oakuin,  about  six-tenths  of  a 
pound  for  a  24-Inch  pipe.  Is  thoroughly  caulked 
Into  the  joint.  Any  ordinary  form  of  pipe 
jointer  used  in  water  pipe  laying  is  fastened 
around  the  pipe  and  the  joint  poured  as  in  lay- 
ing water  pipe.  It  Is  advisable  to  have  several 
pipe  jointers  in  use  so  that  a  section  of  9  feet 
can  be  jointed  while  the  water  is  being  tempor- 


Tests  were  made  with  various  kinds  of  sul- 
phur; the  crude  Sicilian  (1.5  cents  per  pound), 
the  roll  sulphur  (2  cents  per  pound),  and  the 
flour  sulphur  (2.4  cents  per  pound).  The  latter, 
while  most  expensive,  is  most  satisfactory  and 
melts  much  more  rapidly  than  the  crude  or  roll 
sulphur.  The  labor  element  of  cost  is  thus  re- 
duced sufficiently  to  offset  the  difference  in  cost 
of  material.  The  most  serviceable  size  of 
melting  pot  is  one  that  will  hold  enough  ma- 
terial for  at  least  three  joints  on  the  larger 
pipe  and  a  dozen  on  the  small  pipe  at  one  time. 
The  specific  gravity  of  the  melted  mixture  is 
2.46. 

The  following  table  gives  information  con- 
cerning the  cost  and  amount  of  material  In  mak- 
ing sulphur-sand  joints: 

Approximate  Costs. 
Amount 
of 
Size  mixture, 

of        lbs.     — Cost  per  Joint,  dollars. —  Cost  per  foot, 

pipe,     per       Mix-  Uas-              La-  3-ft.  2-ft. 

Ins.     Joint,    ture.  ket.  Fuel.  bor.  Total.  lengths. 

24        10.0     .12.')  .02     .02     .13     .295  .10  .15 

22         9.0     .112,'-.  .02  .02     .13     .282  .095  .14 

20          8.0     .10  .02  .02     .12     .280  .09  .13 

18          7.0     .087  .02  .02     .11     .247  .08  .12 

15         5.5     .009  .01  .01      .10     .187  .085  .095 

12         4.2     .052  .01  .01     .09     .162  .055  .08 

10          3.8     .041  .01  .01     .08     .141  .045  .07 

8         2.5     .031  .01  .01     .07     .121  .04  .08 
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The  exclusion  of  ground  water  will  increase 
the  capacity  of  the  sewer  from  10  per  cent,  to 
100  per  cent,  through  territory  subject  to  the 
admission  of  ground  water,  so  that  the  increase 
in  cost  becomes  a  trifling  matter,  especially 
when  it  is  considered  that  tree  roots  are  kept 
out  of  the  sewer. 


Works  of  the  Smith  Premier  Typewriter 
Company,   Syracuse. — II. 

The  description  of  the  works  of  the  Smith 
Premier  Typewriter  Company,  printed  last 
week,  brought  up  the  account  to  a  consideration 
of  the  heating  system,  but  before  proceeding 
with  this,  a  few  additional  notes  may  well  be 
made  with  respect  to  the  design  of  the  factory 
building.  The  general  exterior  walls  are  span- 
drel walls  and  non-bearing,  the  bearing  por- 
tions being  practically  a  series  of  piers  formed 
by  the  pilastered  parts  thereof.  The  floor  loads 
that  are  transmitted  to  the  spandrel   walls  by 
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tion  of  the  steam  can  be  sent  through  one  while 
the  rest  goes  through  the  other,  or  either  may 
be  cut  altogether.  As  shown  in  an  accompany- 
ing drawing,  the  main  exhaust  enters  each  at 
the  top  and  leaves  it  for  the  jet  condenser  at  the 
bottom.  The  usual  relief  or  back-pressure  valve 
is  fixed  in  the  exhaust  system,  so  that  if  it  is 
necessary  to  cut  out  the  jet  condenser,  the  heat- 
ing apparatus  can  be  operated  at  atmospheric 
pressure.  In  all  cases  the  condensation  in  the 
heaters  is  pumped  into  the  feed  water  heater. 
Live  steam  can  also  be  added,  should  the  en- 
gine load  be  light  or  the  weather  extremely 
cold,  a  vacuum  reducing  valve  providing  for 
lowering  the  pressure  of  the  boiler  steam,  so 
as  not  to  destroy  the  vacuum.  To  protect  the 
heaters  as  much  as  possible,  a  Cochrane  grease 
separator,  made  by  the  Harrison  Safety  Boiler 
Works,  is  placed  in  the  main  exhaust  leading 
from  the  engine.  The  jet  condenser  is  of  the 
Deane  pattern,  with  a  9xl8xl2-inch  pump,  which 
obtains  water  from   an  adjoining  cistern,   this 


Heaters   in   Engine   Room   for   Hot-Water  Warming. 


the  transverse  beams  coming  over  the  window 
openings  are  transmitted  in  turn  from  the  point 
where  they  enter  those  walls  to  the  piers,  form- 
ed by  the  pilasters,  by  a  series  of  steel  lintels 
over  the  window  openings.  These  not  only  serve 
for  transmitting  the  floor  loads  to  the  piers,  but 
also  furnish  a  means  of  supporting  the  spandrel 
walls  as  well.  The  maximum  thickness  of  these 
piers  is  3  feet  through  the  first  story,  2  feet  8 
inches  through  the  second  story,  2  feet  4  inches 
through  the  third  and  fourth  stories  and  2  feet 
through  the  rest. 

Heating  System.— As  noted  in  the  last  is- 
sue the  heating  apparatus  can  be  called  a  vac- 
uum exhaust  hot-water  heating  system.  It 
is  the  ("esign  of  Mr.  C.  S.  Hopkins,  now  with 
Messrs.  McDonell  &  Dumond,  of  Rochester,  N. 
Y.,  and  he  has  made  applications  for  patents 
covering  it.  The  two  heaters,  which  are  of 
the  steam-tube  type,  built  by  the  Ames  Iron 
Works,  of  Oswego,  are  connected  in  parallel 
so  that  a  portion  of  the  water  as  well  as  a  por- 


connected  through  a  12-inch  tile  pipe  line  to  the 
creek. 

The  hot-water  system  from  the  heaters 
through  the  building  and  back  again  is  ar- 
ranged to  circulate  by  gravity,  but  a  cen- 
trifugal circulating  pump,  installed  at  the  heat- 
ers, has  been  provided  for  accelerating  the  cir- 
culation and  is  ordinarily  used,  except  when  the 
temperature  is  not  below  40  degrees  and  dur- 
ing nights  or  Sundays  in  colder  weather  when 
the  circulation  by  gravity  is  intended.  The 
pump  is  a  Baldwinsvllle  pump,  direct  driven  at 
300  revolutions  per  minute  by  an  8x8-inch  ver- 
tical steam  engine.  The  radiation  is  generally 
in  the  form  of  pipe  coils  suspended  close  to  the 
ceiling  in  every  story,  along  the  outside  walls. 
As  Indicated  in  the  accompanying  part  plan, 
the  heating  main  is  carried  vertically  to  a 
point  in  the  seventh  story  of  one  of  the  stair- 
way towers  and  then  run  under  the  roof  to  a 
central  point  where  it  drops  through  the  build- 
ing with  branches  for  the  ceiling  coils  in  every 
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story.  Tho  return  connections  for  the  coll 
headers  drop,  as  Indicated,  in  the  four  corners 
of  the  building  to  the  first  story,  where  they  are 
united  into  the  return  main  leading  to  the  cen- 
trifugal pump.  An  expansion  tank,  about  12 
feet  long  and  4  feet  in  diameter,  is  located  In 
one  of  the  stairway  towers,  opposite  the  top 
of  the  flow  riser.  The  high-pressure  steam 
piping  is  wrapped  In  H.  W.  Johns  85  per  cent, 
magnesia  covering  and  the  low-pressure  piping 
in  asbestos  covering. 

The  calculations  and  observed  results  of  such 
a  system  will,  of  course,  be  of  interest.  Ac- 
cording to  Mr.  Hopkins,  the  generating  unit  de- 
velops about  350  indicated  horse-power  with  a 
steam  consumption  of  about  18  pounds  per 
horse-power  per  hour.  This  at  15  inches  vac- 
uum means  the  hourly  supply  in  the  latent  heat 
of  the  exhaust  at  full  load  of  6,230,000  British 
thermal  units.  The  factory  building  contains 
1,750,000  cubic  feet  of  space  and  there  are  51,800 
square  feet  of  wall  surface,  29,850  square  feet  of 
glass  and  29,100  square  feet  of  roof.  The  heat 
losses,  Mr.  Hopkins  states,  approximate  5,250,- 
000  thermal  units  per  hour  with  inside  tempera- 
ture at  70  degrees  Fahrenheit  and  outside  tem- 
perature at  15  degrees  below  zero.  In  deter- 
mining the  requisite  amount  of  radiation  the 
fact  had  to  be  recognized  that  the  polishers 
and  buffers  in  the  first  story  are  connected  to 
the  exhaust  system,  which  is  .designed  to  re- 
move 25,000  cubic  feet  of  air  per  minute,  and 
in  consequence,  with  the  comparatively  low 
temperature  of  water  that  would  be  circulated, 
35,000  square  feet  radiation  were  installed  in  the 
main  building.  The  guarantee  was  that  the 
building  would  be  maintained  at  70  degrees 
when  the  outside  temperature  was  15  degrees 
below  with  a  15-inch  vacuum  on  the  engine  ex- 
haust. As  a  matter  of  fact,  Mr.  Hopkins  says 
that  this  temperature  was  secured  with  an  18- 
inch  vacuum  when  the  outside  temperature  w^b 
26  degrees  below  zero.  Besides  the  main  build- 
ing there  are  about  2,000  square  feet  of  radia- 
tion in  the  ofllce  building  and  about  1,000 
square  feet  in  the  japanning  department  on  the 
second  floor  of  the  power  house. 

It  will  be  seen  from  the  foregoing  that  the 
hot-water  radiation  is  calculated  on  a  basis  of 
giving  up  150  thermal  units  per  square  toot  per 
hour.  When  the  outside  temperature  is  20  de- 
grees below  zero,  it  has  been  observed  that  the 
return  water  averages  144  degrees  and  the  flow 
water  from  the  centrifugal  pump  averages  176 
degrees,  so  that,  assuming  a  30-degree  loss  dur- 
ing weather  when  the  thermometer  registers 
15  degrees  below  outside,  some  2,900  pounds  of 
water  or  47.5  cubic  feet  of  water  must  be  cir- 
culated per  minute.  When  the  outside  tempera- 
ture is  20  degrees  above  zero  the  difference 
in  temperature  of  the  return  and  flow  water  is 
20  degrees;  and  similarly,  for  30  degrees  out- 
side, it  is  15  degrees;  and  for  35  to  40  degrees, 
it  is  9  to  10  degrees.  Each  of  the  heaters  has 
120  2%-inch  tubes  8  feet  long,  or  600  square 
feet  of  condensing  surface,  so  that  the  two  to- 
gether, to  furnish  the  5,250,000  thermal  units 
lost  per  hour  in  heating  the  building,  must 
absorb  about  4,400  thermal  units  per  hour  per 
.  square  foot  of  tube  surface,  or  must  bring  about 
the  condensation  of  some  4.4  pounds  of  ex- 
haust steam.  The  number  of  thermal  units  re- 
quired to  warm  the  building  approaches  90  per 
cent,  of  the  number  available  in  the  exhaust 
discharged  from  the  engine  at  rated  load,  leav- 
ing the  excess  for  the  jet  condensers.  The  con- 
denser, it  may  be  stated,  is  regulated  to  suit 
weather  conditions  largely  by  throttling  the  sup- 
ply of  water  to  the  condensing  cone.  At  a  re- 
cent visit  to  the  plant,  the  various  gauges 
showed  a  steam  pressure  of  162.5  pounds,  a 
receiver  pressure  between  cylinders  of  the  en- 
gine of  16  pounds,  a  vacuum  in  the  heaters  of 
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17  and  17.5  Inches,  a  vacuum  at  the  condenser 
of  17.2  inches  and  a  suction  and  pressure  head 
at  the  centrifugal  pump  of  34.6  and  3^  pounds, 
reepectively. 

PoMwr  and  LigMi»f. — For  power  and  lighting 
tke  three-phase  60-cycle  alternating-current 
system  has  been  adopted.  Some  29  induction 
motors  aggregating  400  horse-pov^er  are  at  pres- 
ent Installed,  and  altogether  about  3,000  220-ToIt  ° 
IS-candle-power,  incandescent  lamps  and  seven- 
teen 110-ToIt,  arc  lamps  are  provided  for,  the 
lights  on  separate  two-wire  feeders  controlled  in 
the  power-house.  The  system  of  wiring,  a  typi- 
cal layout  of  which  was  given  in  an  illustration 
last  week,  is  quite  interesting. 

The  switchboard  in  the  engine  room  com- 
priae*  seven  panels  equipped  for  the  most  part 
with  usual  instruments.  The  generator  panel 
has  among  other  things  three  ammeters  one  for 
each  phase,  two  indicating  wattmeters  and  one 
voltmeter,  all  these  of  the  horizontal  edgewise 
pattern:  and  the  main  switch  is  double  throw 
to  allow  for  connecting  a  public  service  supply 
to  the  bus  bars.  The  provision  of  an  outside 
supply,  besides  serving  against  a  break-down 
of  the  plant,  makes  it  possible  during  holidays, 
for  example,  to  maintain  lights  or  run  a  portion 
of  the  works  without  keeping  the  engine  unit 
in  operation.  The  street  alternating-current 
service  is  at  2,200  volts  and  accordingly  there 
are  installed  in  a  pit  in  the  engine  room  a  bank 
of  50-kilowatt,  10  to  1,  step-down,  General-Elec- 
tric transformers.  On  one  side  of  the  generator 
panel  is  the  exciter  panel  and  on  the  other,  four 
feeder  panels.  The  exciter  is  a  125-volt  dynamo 
belt-driven  from  the  alternator.  The  seventh 
panel,  at  the  left  end  of  the  board,  next  to  the 
exciter  panel,  contains  a  General  Electric  TA 
regulator  for  maintaining  the  voltage  of  the 
alternator  constant.  Two  of  the  feeder  panels 
are  for  power  circuits,  four  per  panel,  and  the 
other  two  for  lighting  circuits,  likewise  four 
per  panel.  There  are  four  recording  watt- 
meters on  each  panel,  that  is,  one  for  every 
feeder,  both  power  and  light.  In  addition  each 
lighting  panel,  or  group  of  four  lighting  feeders, 
is  provided  with  a  feeder  regulator  for  boosting 
or  lowering  the  bus-bar  pressure  to  compen- 
sate in  part  for  the  drop  between  switchboard 
and  lamp  terminal,  thereby  maintaining  a  better 
equalization  of  voltage  throughout.  The  two- 
wire  lighting  feeders  are  arranged  with  respect 
to  their  load  to  keep  a  balance  so  far  as  possible 
on  the  three-phase  system. 

The  feeders  are  carried  In  conduits  under- 
ground to  the  first  story  of  the  main  building, 
and  then  i;>ass,  in  pipe  conduits  suspended  from 
the  first-story  ceiling,  to  the  rising  points.  There 
are  fourteen  of  these  conduits,  and  the  pipes, 
which  are  2,  2%  and  3  inches  in  diameter,  are 
run  side  by  side.  Aggregating  with  their  con- 
tents considerable  weight,  special  hangers  were 
designed  to  hold  them  against  the  ceiling.  These 
are  cast-iron  beams  provided  with  lugs  for  fas- 
tening to  the  timber  beams  and  are  formed  at 
the  upper  edge  into  a  sort  of  comb  with  the 
spaces  between  the  teeth  for  the  pipes.  The 
largest  hangers,  having  fourteen  such  channels 
for  the  fourteen  feeders,  are  4  feet  long,  V/j 
inches  deep  at  each  end  but  increasing  to  5% 
inches  In  the  center,  with  the  top  horizontal. 
The  thickness  of  these  beams  varies  from  2^ 
inches  at  the  top  to  1  inch  at  the  bottom,  so 
that  the  section  is  trapezoidal;  and  the  teeth 
are  1-inch  walls  separating  the  pipes.  The 
hangers  are  fastened  to  the  under  side  of  the 
timber  beams  by  six  %x7i^-lnch  lag  screws. 
The  hangers  were  erected  by  first  placing  them 
In  a  wooden  horse  and  then  forcing  them  Into 
the  correct  position  against  the  beams  by 
means  of  jacks.  The  conductors  themselves 
were  Inserted  In  the  top  of  each  vertical,  wall 
plpe-condoit  and  the  force  of  gravity  utilized  for 


drawing  the  wires  from  the  vertical  through 
the  horizontal  conduits. 

The  wiring  diagram  shown  was  selected  as 
comprising  all  the  various  systems  of  lamp  lo- 
cation that  obtain.  The  lighting  feeder  ter- 
minates in  the  main  box  Indicated,  where  sub- 
division Is  made  for  the  four  panel  boxes.  The 
power  is  separate,  feeding  generally  to  a  sep- 
arate distributing  box.  It  will  be  seen  that  the 
central  aisle  Is  lighted  by  clusters  of  three 
lamps  every  48  feet,  or  one  16-candle-power 
lamp  for  every  300  square  feet  of  floor  area, 
assuming  no  Illumination  is  counted  on  from 
the  lamps  In  the  side  aisles.  These  are  gen- 
erally all  pendant,  individual  lamps  at  ma- 
chines or  at  benches.  A  feature  of  shop  ar- 
rangement made  feasible  In  the  day  time  by  the 
large  window  area  Is  the  setting  of  working 


Between  the  beams  th'fere  are  two  porcelain 
cleats  for  each  wire  and  after  the  wires  were 
pulled  taut  through  the  sleeves  they  were  fur- 
ther tightened  by  being  fastened  to  the  cleats. 
The  number  of  holes  required  tor  the  sleeves 
was  so  large  that  a  motor-driven  outfit,  mounted 
on  a  portable  tower,  was  employed  for  boring, 
with  current  obtained  from  the  street  railway 
system.  The  whole  building  was  wired  in  two 
months,  with  three  shifts  of  workmen  per  day. 
The  panel  boxes  are  of  slate  in  pine  boxes  with 
asbestos  lined  doors. 

The  electric  driving  of  machinery  is  on  the 
group  system,  the  machines  requiring  in  gen- 
eral little  power  individually  and  intended  for 
more  or  less  constant  operation.  The  motors 
are  fixed  to  the  celling,  generally  over  the  center 
aisle,  with  the  starting  compensators  on  an  ad- 


,.  To  Heorfing  System. 


To  Badf-Pressure  l^cr/ye 


yA    From  Vacuum 
^      Reducing  Valve 


Heater  Connections  for  Warming  System. 


'  Return  Riser 


Flow  Mam  on  Top  Floori 


-  Drop  Riser 

Part  Plan  of  the  Typical  Heating  Layout  in  the  Smith  Premier  Typewriter  Works. 


benches  perpendicular  to  the  side  wall  opposite 
each  window.  This  provides  for  placing  six 
men  with  good  light,  where  with  benches  fac- 
ing the  windows  there  would  be  room  conve- 
niently for  only  four.  These  benches  are  In 
pairs,  six  lamps  per  pair  or  one  per  man.  Be- 
sides the  2,670  lamps  In  the  main  building, 
there  are  180  In  the  office  building,  with  feeder 
large  enough  for  300,  and  150  incandescent 
lamps  in  the  power  house  In  addition  to  the 
arc  lamps  enumerated,  the  last  being  supplied 
in  parallel  and  requiring  a  transformer  to  se- 
cure the  working  voltage. 

The  circuits  from  the  panel  boxes  are  all 
strung  In  open  fashion  with  fire  and  weather- 
proof wire,  140,000  feet  all  told.  The  wires  run 
in  neat  parallel  lines  against  the  ceiling  of  each 
story  and  pass  through  the  timber  beams  In 
porcelain  sleeves  2^  Inches  below  the  ceiling. 


jacent  column.  In  the  factory  building  there  are 
25  General  Electric  Induction  motors  of  5  to 
20  horse-power,  mostly  10  and  15  horse-power, 
and  aggregating  350  horse-power,  and  also  three 
Westlnghouse  motors  for  the  elevators.  These 
are  worm-geared  machines  built  by  the  Howard 
Iron  Works,  of  Buffalo. 

Offices  and  Administration. — The  office  build- 
ing, as  shown  in  the  general  view,  is  a  two- 
story  frame  building  with  an  attic.  It  is  about 
40x70  feet  in  plan  with  a  pyramidal  roof  and  is 
an  attractive  building.  On  the  main  floor  are 
the  main  offices,  counting  room  and  order  de- 
partment, on  the  second  are  the  offices  of  the 
leading  officials,  while  on  the  third  or  attic 
story  are  filing  cases  for  correspondence  and 
records.  A  brick  ell  at  the  rear  of  the  building 
contains  the  vaults,  one  on  each  floor  and  the 
building  Is  connected  with  the  factory  building, 
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as  already  stated,  by  a  covered  frame  bridge 
which  is  equipped  with  automatic  sprinlilers. 
The  offices  are  tastefully  decorated,  the  counting 
room,  for  example,  having  oak  wainscoting  with 
dark-green  burlap-covered  walls  and  white 
ceilings.  The  visitor  enters  a  commodious  re- 
ception hall  in  which  is  located  the  works 
central  telephone  exchange,  w^ence  the  objec- 
of  the  call  is  transmitted  to  the  proper  official. 
Mr.  Timothy  L.  Wnodruff  is  president  of  the 
company;  Mr.  Alexander  T.  Brown,  vice-presi- 
dent; Mr.  Frank  F.  Peard,  secretary;  Mr.  Wil- 
liam A.  Dyer,  treasurer  and  Prof.  John  H.  Barr, 
M.  Am.  Soc.  M.  E.,  factory  manager.  The  power 
plant  and  the  general  engineering  for  power 
and  lighting  was  entrusted  to  Mr.  George  M. 
Brill,  M.  Am.  Soc.  M.  E.,  of  Chicago,  whose 
representative  during  construction  was  Mr.  F. 
A.  Lindberg.  Mr.  R.  J.  Reidpath,  of  Buffalo, 
was  the  structural  engineer.  The  shop  equip- 
ment, including  the  choice  of  some  machinery 
and  the  design  of  the  rest,  is  the  work  of  Mr. 
Brown  and  Prof.  Barr,  while  the  shop  arrange- 
ment and  installation  of  tools  was  in  charge  of 
Mr.  George  F.  Stillman.  Mr.  Edward  Joy  was 
contractor  for  the  heating,  wiring  and  steam 


The  Darlington  Hotel  Collapse,  in  New 
York  City. 

The  Darlington  Hotel  was  designed  to  be  a 
twelve-story  building  occupying  about  72%  per 
cent,  of  the  50xl00-foot  lot  at  59  West  Forty- 
sixth  Street.  It  had  an  iron  and  steel  skeleton- 
constriiction  frame,  brick  walls  and  concrete 
floors.  The  framework  of  the  eleventh  story 
was  being  erected  when,  on  March  2,  the  build- 
ing collapsed  suddenly  and  completely,  causing 
the  death  of  at  least  twenty-one  persons,  includ- 
ing one  victim  in  an  adjacent  building.  Several 
arrests  have  been  made  and  the  accident  is  be- 
ing investigated  by  the  district  attorney  and  by 
the  coroner.  Most  of  the  plans  and  recorded 
data  are  now  in  the  hands  of  these  officials,  and 
the  architects,  contractors  and  surviving  work- 
men are  not  in  a  position  to  discuss  the  matter 
freely.  The  removal  of  the  ruins  was  imme- 
diately commenced  by  a  wrecking  party,  whose 
first  efforts  were  to  rescue  any  of  the  victims 
who  might  still  survive.  These  conditions  make 
it  impossible  to  describe  accurately  the  details 
of  the  design  or  the  condition  of  the  work  im- 
mediately before  the  accident,  but  from  a  study 


Wreckage  at  Darlington  Hotel,  New  York  City. 


IJiping,  Mr.  Edward  P.  Bates,  M.  Am.  Soc. 
M.  E.,  for  the  sprinkler  system  and  Mr.  W.  N. 
Tobin  for  the  plumbing,  all  of  Syracuse.  The 
building  was  erected  by  day  labor  in  charge  of 
Mr.  W.  F.  Burns. 


The  Hot-Water  Heating  Equii'Ment  of  the 
Concordia  Nurseries,  Wetteren,  Belgium,  con- 
sists of  a  series  of  tanks  or  canals  below  the 
floor  of  the  greenhouse,  through  which  canals 
water  is  caused  to  circulate  by  means  of  small 
steam  ejectors.  According  to  "Engineering," 
each  canal  is  a  trough  31/2  feet  wide  and  15 
inches  deep,  the  full  length  of  the  greenhouse 
and  there  are  a  sufficient  number  to  extend  the 
full  width.  Each  trough  has  a  wall  running 
down  its  center,  stopping  short  of  each  end. 
Across  the  end  of  one  of  the  two  branches  thus 
formed  is  built  a  wall  and  in  this  is  fixed  an 
ejector  fed  by  a  'K-inch  pipe,  the  steam  escap- 
ing from  an  orifice  about  1/12  inch  in  diameter. 
The  water  1  foot  in  depth  is  circulated  by  this 
means  and  heated  by  the  condensation  of  the 
steam.  The  degree  of  heat  is  regulated  by  a 
valve  on  the  steam  supply  to  the  ejector.  Porous 
slabs  above  the  tanks  form  the  greenhouse 
floor. 


of  the  ruins  and  from  such  data  as,  in  the  ab- 
sence  of  drawings  and  records,  could  be  secured 
from  those  associated  wiin  the  work,  the  follow- 
ing statement  has  been  prepared  and  is  believed 
to  be  essentially  correct. 

The  original  designs  for  the  building  were 
filed  by  the  architects  with  the  Bureau  of  Build- 
ings, Borough  of  Manhattan,  and  were  approved 
after  ordinary  minor  changes.  Subsequently  a 
second  set  of  iron  and  steel  plans  for  the  same 
building  was  filed  by  the  owner  and  rejected 
by  the  Bureau.  Finally,  a  third  set  was  filed 
by  the  owner  and  was  also  rejected.  The  orig- 
inal approved  plans  called  for  a  structure  with 
a  basement  about  10  feet  high  and  a  roof  house 
having  a  total  height  of  about  150  feet  above 
the  street.  The  cast-iron  columns  were  of  rec- 
tangular cross-section  with  a  minimum  section 
6  inches  square  and  %  inch  thick  and  a  maxi- 
mum section  9  Inches  square  and  1%  inches 
thick.  They  were  made  in  one-story  sections 
with  horizontal  connection  flanges  on  two  oppo- 
site sides  and  the  usual  brackets  and  lugs  to 
receive  the  beams  and  girders.  They  were  seat- 
ed on  separate  offset  brick  piers  with  concrete 
footings  and  granite  caps,  and  were  spaced  at 
a  maximum   distance  of  about  13   teet  apart. 


They  carried  I-beam  girders  and  floorbeams  of 
about  12  inches  and  8  inches  depth,  respectively, 
the  floorbeams  having  an  average  spacing  of 
about  4  feet.  The  beam  and  girder  connec- 
tions were  not  specified  by  the  architects,  but, 
according  to  their  custom,  were  left  to  be  de- 
tailed by  the  iron  contractor.  Such  beam  con- 
nections as  were  shown  on  the  architects'  plans 
were  the  Carnegie  standards'.  All  beam,  column 
and  girder  connections  and  splices  were  speci- 
fied to  be  bolted,  no  rivets  being  required  in  the 
work.  No  kneebraces,  diagonals  or  other  brac- 
ing was  designed  for  the  structure. 

The  structure  was  proportioned  for  a  total 
live  and  dead  fioor  load  of  130  pounds  per 
square  foot,  and  the  plans  filed  wore  for  a  hol- 
low-tile fioor  construction.  This,  however,  was 
considered  a  mere  formality  as  the  archite;-ts 
expected  that  the  owner  would  afterwards  re- 
ceive estimates  for  various  other  types  of  fire- 
proof fioor  construction,  from  which  a  choice 
would  be  made.  In  proportioning  the  founda- 
tions the  soil  was  assumed  to  be  gravelly  and 
the  loads  upon  it  were  in  all  cases  less  than  4 
tons  per  square  foot.  The  excavation  was  not 
carried  down  to  ground  water  line,  but  the  ad- 
jacent buildings  were  said  to  have  been  under- 
pinned. The  beams  and  girders  were  propor- 
tioned for  working  loads  of  one-fourth  of  their 
ultimate  calculated  strength,  the  columns  for 
loads  of  one-fifth. 

The  architects'  contract  with  the  owner  spe- 
cified that  they  should  furnish  plans  and  speci- 
fications only  without  supervision  of  the  con- 
struction, and  neither  of  them  visited  the  build- 
ing at  any  time.  According  to  the  statements 
by  the  daily  press,  the  superintendent  of  the 
building,  who  was  killed,  was  one  of  the  own- 
ers and  was  a  young  man  who  had  recently 
concluded  a  term  of  service  in  the  United  States 
Navy,  and  presumably  had  little  experience 
with  construction  work.  The  owners  also  em- 
ployed as  superintendent  a  man  who  had  pre- 
viously been  engaged  as  a  draftsman  with  the 
architects,  but  who  had  resigned  his  position 
with  them  to  accept  this  work. 

During  the  construction  of  the  building  a 
number  of  violations  of  the  building  law  had 
been  reported  and  part  of  them  had  been  re- 
moved, but  five  or  six  still  remained  and 
at  the  time  of  the  accident  the  contractors 
were  prosecuting  the  work  in  opposition  to  the 
instructions  which  they  had  received  from  the 
Bureau  of  Buildings  to  suspend  the  erection  of 
the  iron  and  steel  work  until  the  walls  and 
fireproof  floors  had  been  carried  up  to  within 
three  stories  of  the  top  of  the  steel  work.  These 
injunctions  were  disregarded  by  the  contractor 
and  the  Bureau  of  Buildings  was  unable  to  en- 
force them.  After  the  first  violations  were  re- 
ported, the  inspector  of  iron  and  the  inspector 
of  construction  both  made  daily  visits  to  the 
building  and  exercised  careful  and  continuous 
supervision  of  it.  Two  at  least  of  the  violations 
were  the  improper  bolting  of  the  beam  and 
girder  connections  and  of  the  column  connec- 
tions, and  another  was  the  relative  rate  of  con- 
struction of  the  walls  and  steel  work,  the  for- 
mer reaching  only  a  height  -of  about  three 
stories  when  the  steel  was  ten  stories  high. 

At  the  time  of  the  accident,  a  large  quantity 
of  iron  and  steel  for  the  eleventh  story  was  said 
to  have  been  stored  on  the  tenth  story  and  was 
being  erected.  The  concrete  floors  had  been 
built  up  to,  and  including,  the  ninth  story,  ex- 
cept in  the  third  story  where  the  centering  was 
in  position  ready  for  the  concrete.  In  the  ninth 
story  the  concrete  was  laid  and  was  ready  for 
the  filling.  In  the  other  stories  the  filling  was 
laid.  In  the  ninth  story  the  concrete  was  wet 
and  probably  weighed  40  per  cent,  more  than 
dry  concrete,  which  is  assumed  to  have  a  total 
weight  of  50  pounds  per  square  foot  for  this 
form  of  construction.     In  the  lower  stories  it 
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wm«  well  dried  and  probably  did  not  weigh 
much  in  excess  of  the  estimate.  The  floor 
builders  had  no  materials  stored  on  any  of  the 
upper  floors,  excepting  a  moderate  quantity  of 
boards  on  the  tenth  floor.  All  the  concrete  ma- 
terials were  stored  and  the  concrete  was  mixed 
in  the  liasement.  Concrete  was  delivered  to  the 
upper  floors  by  a  platform  elevator.  There  was 
also  a  bod  elevator  for  the  bricldayers,  and 
there  were  ordinary  derriciis  for  the  erection 
and  hoisting  of  the  steel  and  iron. 

The  collapse  of  the  building  >»as  sudden  and 
complete:  all  the  I>eam8,  columns,  girders 
and  floors  fell  in  a  mass  of  debris,  which  reach- 
ed from  the  basement  floor  to  the  second  or 
third  story,  and  did  some  injury  to  the  adja- 
cent buildings  in  falling.  A  brick  stair  or 
elevator  shaft  at  one  side  of  the  building  and  a 
few  of  the  lower  columns  and  beams  remained 
standing,  but  all  the  rest  of  the  columns  and 
girders  were  displa<-ed.  broken  and  twisted  into 
a  compact  mass  of  wreckage.  The  separate 
pieces  were  unbolted  or  cut  apart  and  dragged 
out  of  the  ruins  one  by  one  and  piled  in  the 
street  A  hasty  examination  of  them  showed 
no  evidence  of  unusual  design,  "skinned"  work 
or  bad  materials  or  workmanship  for  that 
class  of  construction. 

The  cast-iron  columns  Were  badly  broken  and 
the  beams  and  girders  were  twisted  and  bent 
as  they  necessarily  would  be  by  the  collapse  of 
the  building.  Many  of  the  bolts  were  still  in 
position  in  the  beam  and  girder  connections  and 
in  the  column  flanges,  and  many  of  them  were 
missing,  so  that  no  opinion  could  be  formed  as 
to  whether  or  not  all  the  holes  had  been  filled. 
In  most  cases  the  connection  angles  between 
the  beams  and  girders  were  unbroken,  ulthougb 
frequently  distorted.  A  few  of  them  were 
sheared  through  the  rivet  holes  or  through  the 
root  of  the  angle.  The  cast-iron  columns  had 
been  exposed  to  the  rain  and  their  fractures 
were  rusted,  but  there  was  no  obvious  appear- 
ance of  poor  met^l  and  they  seemed  to  be  of 
uniform  thickness,  showing  some  of  the  test 
holes  that  had  been  drilled  to  gauge  them.  The 
(wlumn  flanges,  so  far  as  observed,  were  solid. 
well  fliled  out  and  planned  for  bearing.  Of  all 
the  columns  observed  there  were  fifty-two  ends 
where  the  flanges  or  lugs  were  badly  broken, 
and  only  seventeen  in  which  the  flanges  were 
intact.  Besides  these  there  were  a  number  of 
columns  without  flanges  at  one  end  which  were 
not  broken.  There  were  also  seven  pieces  of  col- 
umns which  had  been  snapped  across  in  the 
middle  and  broken  into  two  or  more  pieces. 


Water  fob  Steam  Boileks  should  be  softened 
when  it  contains  more  than  12.5  grains  of  cal- 
cium carbonate  per  gallon  (15  grains  per  Eng- 
lish imperial  gallon),  according  to  Mr.  John 
B.  C.  Kershaw  in  a  paper  read  before  a  recent 
meeting  of  the  Liverpool  Engineering  Society. 


TiiK  Tf  nnel  Ve.ntilatcno  Plant  for  the  Mont 
Cenis  tunnel  comprises  a  water-power  electric 
station,  a  fan-house  a  quarter  of  a  mile  or  so 
distant  from  the_  water  power  development  and 
an  electric  transmission  between  the  two.  There 
are  two  235-horse-power  turbines  working  un- 
der a  head  of  151  feet,  each  driving  a  three- 
phase  50-cycle  3,700-volt  alternator,  and  at  the 
ventilator  station,  two  3,500  volt  210-horse- 
power  motors,  each  keyed  to  a  fan  16  1/3  feet 
in  diameter  and  5  feet  wide  run  at  360  revolu- 
tions per  minute.  The  fans  are  located  on  the 
hillside  in  direct  communication  with  air  cham- 
bers in  the  tunnel  below,  which  are  built  ac- 
cording to  the  Saccardo  system.  "The  Engi- 
neer" states  that  the  aggregate  power  required 
by  the  fans  is  345  horse-power  and  the  calculat- 
ed epeeA  for  the  air  driven  into  the  tunnel  is 
6.56  feet  per  second,  its  area  being  441.17 
aquare  feet. 


Water-Power     Development     at      York 
Haven,  Pa. 

As  the  initial  installafiou  of  the  generating 
machinery  was  being  made  ready  for  regular 
operation  in  the  plant  of  the  York  Haven  Water 
&  Power  Company,  at  York  Haven,  Pa.,. an  ice- 
laden  flood  of  the  Susquehanna  River,  on  whose 
bank  it  stands,  rose  to  such  proportions  late 
in  the  .afternoon  of  March  5  that  some  damage, 
though  not  with  very  serious  consequences,  was 
done  to  the  station.  It  happens  that  the  devel- 
opment is  a  conspicuous  example  of  water  har- 
nessing, being  planned  to  develop  20,000'  horse- 
power under  a  head  of  22  to  25  feet,  and  the 
present  occasion  offers  an  opportunity  of  de- 
scribing briefly  in  advance  of  its  final  comple- 
tion the  general  scheme  of  the  design  and  the 
utilization  of  the  power.  The  following  review 
will  thus  serve  in  addition  to  outline  the  con- 
ditions existing  coincident  with  the  rapid  rise 
of  water  and  the  jam  of  ice. 

The  plant  was  located  to  take  advantage  of  a 
fall  in  the  river  and  the  natural  head  was  in- 
creased by  a  timber  dam  at  the  head  of  the 
fall.  A  long  head-race  separated  from  the  river 
by  a  heavy  masonry  wall  runs  along  the  right 
bank  of  the  river  from  the  dam  to  a  forebay.  on 
the  river  side  of  which  is  the  power-house.  This 
arrangement  is  shown  in  the  accompanying 
general  view,  and,  as  will  be  seen,  the  wall  of 


chambers,  and  for  the  construction  of  this  work 
a  coffer  dam  some  500x240  feet  was  constructed 
around  the  site.  For  this  dam  45,000  bags  of 
sand,  250,000  feet  of  timber  and  10,000  cubic 
yards  of  stone  were  required.  The  usual  pump- 
ing equipment  to  draw  off  the  lealtage  was  pro- 
vided, and  twelve  derricks  and  portable  rail- 
ways were  included  in  the  contractor's  plant. 

The  station  is  situated  about  H  miles  from 
York,  8  miles  from  Middletown,  12  miles  from 
Steelton  and  16  miles  from  Harrisburg.  Ap- 
paratus was  installed  in  the  transformer  house 
for  stepping  up  the  current  pressure  to  24.000 
vo!ts  for  the  over-land  transmission.  Each 
generator  is  of  the  Stanley  type  giving  60-cycle 
current  at  2,400  volts.  AH  the  apparatus  in  the 
power-houte  is  placed  on  the  main  floor  of  the 
building.  At  the  south  end  there  is  a  second 
story  70  feet  long,  in  which  is  situated  the 
switchboards  for  the  individual  generators, 
with  instruments  for  measuring  the  output  of 
each  machine  and  the  total  output  of  the  sta- 
tion. i>"'rom  this  point  the  switchboard  opera- 
tor is  to  control  all  the  generators  and  water- 
wheel  governors  on  the  main  floor.  The  cur- 
rent is  carried  from  this  point  to  the  trans- 
former house  through  a  wire  alley,  with  accom- 
modations for  twenty-tour  1,000,000-circular-mil 
cables.  The  transformer  house,  which  is  200 
feet  west  of  the  power  station,  is  connected  to 
the  power  building  also  by  a  covered  walk. 


Scheme  of  the  York  Haven  Water-Power  Development. 


the  head-race  canal  terminates  in  the  founda- 
tions of  the  power-house,  which  contain  the 
water-wheel  flumes  or  penstocks.  A  wing  or 
cross-wall  extends  from  the  power-house  to  a 
transformer  house  on  the  river  bank,  this  wall 
forming  the  end  of  the  forebay. 

The  dam  is  constructed  of  heavy  timliers,  bal- 
lasted with  stone,  and  anchored  to  the  bed  rock 
of  the  river  by  heavy  anchor  bolts.  It  is  30  to 
20  feet  wide,  varying  in  proportion  to  height, 
which  ranges  from  18  to  7  feet,  and  it  is  3,000 
feet  long.  The  head-race  is  approximately  500 
feet  in  width  and  16  feet  deep,  and  the  wall 
from  the  dam  to  the  power-house  }s  some  3.- 
500  feet  long,  28  to  34  feet  high,  and  6  feet  wide 
at  the  ton  and  16  to  20  feet  wide  at  the  bot- 
tom. It  is  built  of  granite  of  which  it  required 
100,000  cubic  yards.  The  wall  is  6  feet  higher 
than  the  crest  of  the  dam,  or  9  feet  above  low 
water. 

The  power-house  is  478  feet  long  and  51  feet 
wide  and  is  designed  to  receive  forty  turbines 
of  eOO-horse-power  each,  connected  in  pairs  to 
750-kilowatt  alternators,  and  two  turbines  of 
250-hor8e-power  for  the  generator  exciters.  The 
ultimate  installation  will  thus  comprise  twenty 
main  units,  each  to  employ  two  79-inch  tur- 
bines, and  two  exciter  units,  each  to  have  one 
62V.-inch  t\irblne.  The  foundations  are  of  stone 
masonry  with  masonry  walls  between  turbine 


In  the  transformer  station  there  is  space  for 
twelve  1,400-kilowatt  transformers,  together 
with  lightning  arresters,  switches  and  indicat- 
ing devices.  A  pole  line  has  been  built  to  carry 
the  current  to  York  over  two  distinct  thre^- 
phase  circuits,  each  of  5,000  horse-power  capa- 
city. The  poles.  It  may  be  mentioned,  are  40 
feet  in  length,  8  inches  in  diameter  at  the  top 
and  set  6  feet  in  the  ground.  At  York  the  cur- 
rent is  passed  through  six  transformers  of 
SOO  kilowatt  capacity  each,  where  it  is  stepped 
down  to  2,400  volts  for  local  distribution. 

The  consummation  of  the  development  is 
largely  the  result  of  the  efforts  of  Mr.  Henry 
L.  Carter,  president  of  the  York  Haven  Water  & 
Power  Company.  The  plans  were  laid  out  by 
Major  Geo.  B.  Burbank,  of  New  York,  and  it 
was  constructed  under  the  sui)ervision  of  Mr. 
Thomas  Green,  of  York  Haven,  superintendent 
of  construction.  The  turbines  and  some  of  the 
detail  plans  for  the  masonry  work  in  connec- 
tion with  the  turbine  installation  were  design- 
ed by  the  Robert  Poole  &  Son  Company,  of  Bal- 
timore. Judge  W.  F.  B.  Stewart  is  vice-presi- 
dent and  Mr.  Henry  W.  Stokes,  treasurer.  The 
work  of  Installing  the  machinery  was  in  charge 
of  Mr.  T,  A.  W.  Shock,  electrical  engineer  of 
the  company,  and  the  plans  for  the  buildings 
by  Mr.  J.  A.  Dempwolf. 

The    damage    from    the    flood,    as    intimated. 
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does  not  appear  to  have  been  very  great,  so  far 
as  the  plant  is  concerned,  notwithstanding  the 
fact  that  the  conditions  at  times  threatened  se- 
rious -destruction.  From  reliable  information 
it  seems  that  the  ice  carried  by  the  river  be- 
came lodged  in  the  channel  along  the  head- 
race wall  and  power-house,  and  an  ice  jam  re- 
sulted with  blocks  some  as  large  as  an  ordinary 
barn,  raising  the  river  level  to  a  height  ap- 
proaching 50  feet.  At  this  writing  the  long 
wall  is  only  visible  in  one  or  two  places,  so  it 
cannot  be  stated  definitely  whether  or  not  it 
has  suffered  injury,  but  the  power-house  struc- 


system  of  Waltham  is  located  on  the  south  side 
of  the  Charles  River  and  two-thirds  of  the  poi)- 
ulation  is  on  the  north  side.  A  24-inch  iron 
pipe  siphon,  with  sump  at  the  lower  end, 
crosses  the  river,  but  has  given  no  trouble. 
Sewers  are  cleaned  by  means  of  an  ejector,-  op- 
erated by  water  from  the  water  mains,  by 
which  stones  as  large  as  the  fist  and  dirt  are 
raised  10  to  12  feet  from  the  bottom  of  the 
sump  to  the  street.  The  system  comprises 
38.25  miles  of  sewers,  50  per  cent,  being  6-inch 
pipe  and  25  per  cent.  8-inch  pipe;  the  main  is 
an    egg-shaped    brick    sewer    32x55-inches.  Rel- 
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caused  by  roots,  the  average  number  for  the 
last  three  years  being  fourteen. 

Mr.  Charles  R.  Felton,  city  engineer  of 
Brockton,  in  describing  the  system  there,  said 
they  had  five  short  inverted  siphons,  each  with 
two  lines  of  pipe,  mainly  12  inches  in  diameter, 
without  sumps,  three  of  which  have  never 
been  stopped,  the  other  two  having  been  stop- 
ped each  on  one  side.  The  velocities  range 
from  0.7  foot  to  1.5  feet  per  second.  All  sum- 
mit manholes  are  connected  with  the  water 
mains,  the  sewers  being  flushed  from  flushing 
manholes.  In  the  whole  system  there  were 
only  two  stoppages  last  year,  the  average  being 
from  four  to  five  per  year,  caused  mostly  by 
plumbers  testing  plugs  getting  caught  in  the 
Y  connections.  The  minimum  grade  governs 
the  trouble  with  sewers  and  this  should  be  as 
steep  as  possible  to  prevent  deposits.  All  con- 
nections are  intended  to  be  laid  at  a  4  per  cent, 
grade,  2  per  cent,  being  the  minimum.  There 
are  no  running  traps,  and  ventilation  is  ob- 
tained through  the  houses. 

Mr.  W.  C.  Parmley,  president  of  the  Civil  En- 
gineers' Club,  of  Cleveland,  O.,  and  engineer  in 
charge  of  sewers,  described  the  system  there. 
With  hardly  an  exception  it  Is  a  combined  sys- 
tem. Regular  inspections  are  now  made  and  the 
results  obtained  are  satisfactory.  Much  trouble 
is  experienced  in  the  sandy  portion  of  the  city, 
where,  of  necessity,  cleaning  is  frequent  and 
sewers  3  to  4  feet  high  are  often  filled  one-half 
full  .with  sand.  A  number  of  sewers  are  laid 
on  a  grade  of  0.25,  the  grade  aimed  to  be  main- 
tained being  0.40. 

Mr.  W.  D.  Hubbard'  described  the  sewerage 
system  and  methods  of  cleaning  sewers  in  Cou- 


ture  was   only    wrecked   slightly,   it   is   stated, 
with   repairs  already  in   progress. 


The  Cleaning  and  Flushing  of  Sewers. 

At  the  annual  meeting  of  the  Sanitary  Sec- 
tion of  the  Boston  Society  of  Civil  Engineers, 
held  March  2,  the  cleaning  and  flushing  of  sew- 
ers was  discussed  by  a  number  of  members  who 
have  had  extended  experience  along  these  lines. 
A  brief  resume  of  the  papers  presented  follows: 

Mr.  J.  L.  Woodfall  read  a  paper  descriptive 
of  the  construction  and  maintenance  of  two  in- 
verted siphons  at  Gardner,  Mass.,  and  one  at 
Andover,  Mass.  These  siphons  have  worked 
satisfactorily  except  that  dust  and  silt  have 
been  washed  into  the  settling  basins  by  heavy 
rains.  The  velocities  in  the  siphons  have  been 
from  0.25  to  0.40  foot  per  second.  In  connec- 
tion with  the  second  siphon  built  at  Gardner, 
the  sewage  was  passed  through  coke  strainers 
before  entrance  to  the  siphon.  These  strainers 
have  acted  well  as  far  as  removing  the  solid 
matter  is  concerned.  It  is  desirable  to  deliver 
sewage  to  them  in  doses.  This  siphon  was  not 
flushed  from  July,  1898,  to  February,  1899,  and 
the  following  figures  show  the  increased  effi- 
ciency due  to  cleaning: 

Before  cleaning —  Foot. 

Flow  300.000  gal.  per  day.  loss  of  head 0.88G 

Flow  42-2,000  gal.  per  day,  loss  of  head 0.940 

After  cleaning — 

Flow  2.">.").000  gal.  per  day,  loss  of  head 0.230 

Flow  412,000  gal.  per  day,  loss  of  head 0.509 

This  indicates  that,  in  figuring  the  size  of  an 
Inverted  siphon,  one  should  use  ZV2  times  the 
loss  of  head  for  clean  water.  Mr.  Woodfall 
makes  these  recommendations:  Build  siphon 
chambers  to  assist  in  cleaning  and  inspectioiT, 
provide  settling  taaks,  also  blow-off  pipe  at  the 
lowest  point.  Inverted  siphons  should  not  be 
built  unless  absoutely  necessary.  He  objected 
very  strongly  to  the  use  of  open  manhole  cov- 
ers on  a  separate  system. 

Mr.  Bertram  Brewer,  city  engineer  of  Wal- 
tham, stated   that  the  outlet  of  the  sewerage 
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ative  to  manhole  covers,  he  said  that  when  the 
system  was  introduced  tight  manhole  covers 
were  strongly  recommended.  It  was  later  de- 
cided to  have  them  perforated,  and  so  holes 
were  bored  in  large  numbers.  Mr.  Brewer  be- 
lieves In  tight  covers,  and  since  he  has  had 
charge  of  the  system  has  unsuccessfully  tried 
several  means  of  plugging  the  holes.  There  are 
no  running  traps  in  the  system;  ventilation  is 
effected  through  house  stacks.  In  the  Spring 
the  entire  system  is  cleaned;  in  the  Summer  it 
Is  flushed  five  times,  and  once  just  before  Win- 
ter. The  cost  of  flushing  sewers  alone,  includ- 
ing incidentals,  such  as  horse,  wagon  and  re- 
pairs, is  $6.56  per  mile.  There  are  104  flushing 
manholes  in  the  city,  located  at  the  summits 
and  directly  connected  to  the  water  mains.  In 
1903    there    were    fifteen    stoppages,    largely 


cord,  Mass.  The  system  is  separate,  is  built 
of  vitrifled  pipe  and  has  been  in  operation  four 
years.  The  mileage  is  7.53,  with  143  manholes. 
The  main  trouble  from  stoppages  has  been 
caused  by  tree  roots.  The  entire  system  is 
cleaned  once  a  year  and  for  this  purpose  a  steel 
brush  drawn  through  the  sewers  with  a  %-inch 
manila  rope  has  given  the  best  satisfaction. 
The  cost  of  cleaning  the  dust  pans  and  the  en- 
tire system  last  year  was  $175.50.  The  grade 
of  6-lnch  street  sewers  Is  1  per  cent.,  that  of 
8-inch  and  10-inch  sewers,  0.5  per  cent.,  and 
that  of  12-inch  sewers,  0.15  per  cent.  House 
connections  are  aU  5-inch;  the  minimum  grade 
adopted  is  2  per  cent.  Stoppages  average  three 
or  four  per  year,  and  are  caused  largely  by 
newspapers.  On  the  lower  levels  320-gallon 
flush  tanks  are  operated  once  a  day,  being  et- 
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fecUve  for  a  di8tanc«  ot  500  feet;  on  higher 
levels  flushing  manholes  are  used,  the  man- 
hole being  filled  by  use  of  rubber-bound  wood- 
en plugs  inserted  In  the  pipe  openings.  The 
price  of  flushing  for  the  past  three  years  has 
aTeraged  from  120  to  9-5  per  mile. 

Mr.  Dana  Libbey,  deputy-superintendent  in 
charge  of  sewers  in  Newton,  described  the 
methods  used  and  results  obtained  in  that  city, 
which  has  a  separate  system  covering  a  large 
area  about  4*4  miles  in  length  by  4^  miles  in 
breadth.  Three  men  with  a  three-wheeled  push 
cart  clean  the  system  in  from  four  to  five 
weeks.  Flushing  manholes,  operated  by  the 
nae  of  rubber-bound  wooden  plugs  are  usually 
enough  to  flush  the  entire  system.  The  streets 
are  lined  with  shade  trees,  so  that  a  number 
of  stoppages  are  caused  by  roots  gaining  en- 
trance to  the  sewers  through  defective  joints. 
Roots  are  successfully  cut  out  by  means  of  a 
spring-steel  cutter  made  up  of  thin  strips  of 
steel  ^  inch  thick  and  %  inch  wide.  The  cost 
of  flushing  and  cleaning  last  year  was  |19.08 
per  mile. 

Mr.  E.  S.  Dorr  described  the  methods  of 
cleaning  sewers  in  vogue  in  Boston.  Formerly 
flush  tanks  were  used,  but  these  have  been 
discontinued  and  flushing  is  now  done  entire- 
ly by  means  of  fire  hose  connected  to  hydrants. 
Scrapers  are  also  used  attached  to  jointed  rods. 
At  times,  sewers  have  been  found  packed  solid 
with  sand.  In  one  such  case,  in  East  Boston, 
the  cost  of  cleaning  was  17.5  cents  per  running 
foot.  Where  there  has  been  trouble  from  de- 
posits from  factories,  such  as  from  marble  dust, 
the  proprietors  have  l>een  obliged  to  construct 
and  clean  a  manhole  to  intercept  the  solid  mat- 
ter. The  Dorchester  Bay  siphon  is  the  largest 
one  on  the  system,  it  being  Tji  feet  in  diameter 
and  having  a  drop  of  160  feet.  There  is  no  dif- 
ficulty in  keeping  this  cleaned  except  at  the 
outlet  end,  where  about  25  cubic  yards  of 
grease  accumulate  each  month.  Mr.  Dorr 
stated  that  the  best  form  for  a  siphon  on  a 
combined  system  is  to  have  a  double  pipe,  the 
pipes  being  of  unequal  sizes,  the  smaller  one 
designed  to  take  the  dry  weather  flow,  the 
larger  one  the  storm  flow.  The  velocity  in  the 
small  pipe  will  keep  it  clean,  and  no  trouble 
will  be  experienced  from  the  larger  one. 


Comparative     Boiler     Tests     with     Or- 
dinary and  Pulverized  Coal  Firing. 

In  one  of  the  boiler  rooms  of  the  McCormick 
works  of  the  International  Harvester  Company, 
at  Chicago,  two  tests  were  conducted  on  Febru- 
ary 2  and  3,  to  determine  the  relative  perfor- 
mance of  the  boilers  when  equipped  for  mar 
chine  firing  of  coal  dust  and  when  operated  in 
the  usual' way  with  hand  firing.  Two  boilers 
were  selected  and  the  pulverized  coal  test  made 
on  the  first  day  and  the  hand-firing  test  on  the 
second,  each  of  8  hours'  duration  and  under  as 
near  as  possible  the  same  conditions.  The 
trials  were  made  under  the  direction  of  Mr.  C. 
C.  Smith,  chief  engineer  of  the  works. 

EUu:b  of  the  boilers  was  a  Babcock  &  Wilcox 
water-tube  steam  generator,  having  a  straight 
grate,  63  4-Inch  tubes  18  feet  long,  one  36-inch 
drum,  a  total  heating  surface  of  1,200  square 
feet  and  a  grate  surface  of  4.5x7  =  31.5  square 
feet  The  system  of  powdered  coal  burning  em- 
ployed was  that  developed  by  the  C.  O.  Bartlett 
ft  Snow  Company,  of  Cleveland,  and  described 
in  these  columns  December  20,  1902.  Illinois 
coal  screenings  were  burned  in  tx>th  tests,  pul- 
Terized  40-mesh  fine  for  the  dust-burning  test 
The  data  and  results  are  given  in  the  accom- 
panying table. 

The  cost  of  evaporation  may  be  calculated 
from  the  figures  in  the  table.  Assuming  coal 
delivered  into  the  boiler  room  at  |1.72  per  ton 


of  2,000  pounds,  it  will  be  found  that  the  cost  of 
evaporating  1,000  pounds  of  water  from  and  at 
212  degrees  Fahr.  is  17.7  cents;  with  the  pul- 
verized coal  costing  |2.10  per  ton,  the  cost  o£ 
1,000  pounds  of  steam  under  the  same  condi- 
tions Is  14.55  cents.  As  a  figure  of  interest,  it  is 
sail!  at  the  works  that  it  costs  19  cents  per 
ton  to  dry  and  pulverize  the  coal.  The  heating 
value  of  the  powdered  coal  was  found  to  be  12,- 
000  British  thermal  units  per  pound,  so  that  the 
latent  heat  of  vaporization  being  965.8,  the  the- 
oretical possible  evaporation  is  13  pounds  per 
pound  of  coal.  The  actual  equivalent  evapora- 
tion being  7.21,  the  efficiency  is  7.21  -;-  13  = 
.555  or  55.5  per  cent.  The  coal  used  in  the  hand- 
fired  test  gave  11,300  thermal  units  per  pound, 
corresponding  to  11.7  pounds  best  possible  evap- 
oration, and,  the  actual  evaporation  being  4.86, 
an  efficiency  ot  41.5  per  cent 

The  difference  between  the  two  unit  figures 
tabulated  for  evaporation  per  pound  of  fuel 
is  2.22,  which  is  48.4  per  cent  of  the  evapora- 
tion based  on  fuel  actually  used  in  the  hand- 
firing  test,  or  an  increase  of  evaporation  of  48.4 
per  cent,  in  favor  of  the  pulverized  coal.  The 
difference  in  the  boiler  capacity  in  the  two 
cases  is  88.4  horse-power,  or  an  increase  of  53 
per  cent.  To  determine  the  coal  saving,  570 
pounds,  or  71%  pounds  per  hour,  were  added  to 
the  actual  consumption  of  pulverized  coal  to 
equalize  for  the  greater  amount  of  moisture  in 
.  the  hand-flred  coal,  so  that  to  evaporate  8,283 
pounds  of  water  per  hour,  the  pulverized  sys- 
tem was  charged  in  the  report  with  1,285 
pounds  of  coal.  The  hand-flred  method  requir- 
ing 1,175  pounds  of  coal  to  evaporate  5,399 
pounds  of  water  per  hour  would  require  1,803 
pounds  to  evaporate  8,283  pounds  of  water,  or 
518  pounds  more  than  charged  to  the  pulver- 
ized system.  This  is  about  29  per  cent, 
of  1,803,  indicating  a  coal  saving  of  that  amount 
with  equal  amounts  of  evaporation.  In  short 
the  tests  show  with  the  same  amount  of  coal 
an  increase  of  evaporation  of  48.4  per  cent,  or 
with  the  same  evaporation  a  saving  in  coal  ot 
29  per  cent. 

Kesuils  of   cne  Comparative  Coal-Firing  Tests. 

Pulverized  Hand 

coal.  firing. 

Coal    per    hour,    lbs 1,214.1  1,175 

Coal  per  hr.  per  sq.  ft.  grate,  lbs. .       19.27  18.65 

Water  per  hour,   lbs 8,283.1  5,399.1 

Kqulv.  evapn.  per  hr.,   lbs* 8,758.8  5,709.1 

Equlv.   evapn.   per  hr.   per  sg.  ft. 

htg.  surf.,  lbs.* 3.65  2.38 

Boiler  pressure,  lbs 79.8  79.4 

Feed  water,  deg.  F 169.7  172.1 

Flue  gasts,  deg.  F 506  458.3 

Draft,  ins.  water   0.52  0.42 

II.  r.    developed 253.9  165.5 

rer  cent,  of  bldrs.   rating 105.83  68.9 

Water  per  lb.  fuel,   lbs 6.82  4.6 

Equiv.  evapn.  per  lb.  fuel,  lbs.  .  .  .         7.21  4.8C 

Bqulv.  evapn.  per  lb.  dry  coal,  lbs.         7.48  5.43 

Equlv.  evapn.  per  lb.  comb.,  lbs. .  9.13  6.94 
Analysts  of  coal — 

.Moisture,    per   cent 3.5  9.38 

Volatile,    per   cent 32.3  31.1 

Fixed   carbon,  per   cent 46.7  40 

Ash,  per  cent 17.5  19.54 

Analysis  of  ash — 

Volatile,   per   cent 2.74  8.8 

Fixed  carbon  per  cent 1.78  25.52 

Ash,  per  cent 95.48  65.68 

Flue  gases — 

Carbonic  acid,  per  cent 5.4  4.4 

Oxygen,    per    cent 14.6  16 

Carbonic  oxide,  per  cent ... 

Nitrogen,    per    cent 80  79.6 

'Corrected  for  moisture,  which  was  assumed  at  2 
per  cent. 

As  a  matter  of  further  interest  the  report 
states  that  the  furnace  was  practically  smoke- 
less, with  the  pulverized  system  in  operation, 
while  considerable  smoke  was  produced  during 
the  hand-flred  test.  In  the  test  with  the  pul- 
verized firing,  a  small  amount  of  fine  dust, 
ashes,  fell  off  the  tubes,  a  bright  red  light  show- 
ed through  the  bars,  there  was  a  light  bed  of 
clinkers,  1  Inch  thick,  used  on  test  which  were 
not  fused,  and  there  was  a  light  dust  on  tubes, 
but  no  soot  and  no  appreciable  fusion  on  outside 
of  tubes.  The  fires  were  cleaned  three  times 
during  the  hand-fired  test  and  a  small  amount 
of  clinkers  and  soot  was  found  on  the  tubes. 


The  Quarterly  Meeting  of  the  Association 
of  Portland  Cement  Manufacturers. 


A  quarterly  meeting  of  the  Association  of 
Portland  Cement  Manufacturers  was  called  to 
order  on  Tuesday  morning  at  the  Hotel  Wal- 
ton, Philadelphia.  Vice-President  A.  F.  Gerstell 
was  in  the  chair  in  the  absence  of  the  presi- 
dent Mr.  J.  B.  Lober.  All  parts  of  the  country 
represented  in  the  Association  had  delegates  at 
meeting.  The  business  sessions  were  mainly 
devoted  to  routine  Association  subjects,  and 
were  not  of  general  interest  except  to  members. 

It  is  understood  that  the  behavior  of  con- 
crete and  other  materials  in  the  Baltimore  fire 
was  discussed  at  some  length,  and  the  neces- 
sity of  an  impartial  investigation  of  the  sub- 
ject was  urged.  In  view  of  the  importance  of 
the  topic,  it  is  to  be  hoped  that  a  special  com- 
mittee of  the  American  Institute  of  Architects 
can  be  formed  to  make  a  report  of  this  nature. 
Owing  to  the  time  which  must  elapse  before  the 
American  Society  of  Civil  Engineers  can  ap- 
point such  a  committee,  under  the  constitution- 
al provisions  governing  such  an  action,  that 
body  is  not  in  a  position  to  act  in  the  matter. 
The  Institute,  however,  had  a  large  number  of 
its  leading  members  in  Baltimore  immediately 
after  the  fire,  and  a  comprehensive  impartial 
committee  could  readily  be  formed  to  make  a 
report  on  the  condition  ot  the  flreprooflng  in 
the  important  buildings  ot  the  city,  which 
would  be  ot  the  highest  importance.  The  many 
civil  engineers  who  also  examined  the  injured 
buildings  would  doubtless  gladly  furnish  such 
a  committee  with  the  information  in  their  pos- 
session. Another  subject  of  general  discussion 
was  the  standard  weight  ot  cement  per  barrel 
wnen  put  up  in  bags,  and  it  was  unanimously 
decided  to  be  95  pounds  to  the  bag  or  380 
pounds  to  the  barrel.  The  very  important  sul> 
ject  of  a  uniform  sales  contract  is  understood 
to  have  received  much  attention. 

On  Tuesday  evening,  the  Association  and  its 
guests  were  entertained  by  Mr.  Robert  W.  Les- 
ley at  his  country  place  at  Havertord.  It  might 
be  stated  that  the  house  is  itself  a  very  inter- 
esting example  of  the  applicability  of  cement 
for  decorative  building.  It  is  designed  on  the 
style  of  the  best  of  mission  buildings  of 
Southern  California,  with  modifications  adapt- 
ing it  to  a  severer  climate.  The  large  interior 
court  with  its  central  fountain  is  glazed  at  the 
top,  and  in  this  court  dinner  was  served,  about 
fifty  members  being  present.  At  Its  close,  the 
beautiful  loving  cup  presented  last  year  to  Mr. 
Lesley  by  the  Association  was  industriously 
circulated  and  some  informal  remarks  were 
made.  The  single  subject  ot  technical  interest 
discussed  after  the  dinner  was  that  of  cement 
burning. 

Cement  Burning. — The  subject  was  intro- 
duced by  Professor  Joseph  W.  Richards  who 
explained  his  important  investigations  on  a 
60-foot  kiln  at  the  works  of  the  Dexter  Cement 
Company  in  Nazareth.  These  have  already 
been  mentioned  in  The  Engineering  Record  of 
February  27.  The  kiln  is  run  on  bituminous 
slack  from  Fairmount,  W.  Va.,  having  0.60  per 
cent  moisture,  38.10  volatile  combustible  mat- 
ter, 53.24  fixed  carbon  and  8.06  ash.  The 
ground  mixture  of  raw  materials  contains  13.38 
per  cent,  silica,  6.04  aluminum  oxide  and  fer- 
ric oxide,  41.96  calcium  oxide,  1.53  magnesium 
oxide,  34.65  carbon  dioxide,  and  0.43  moisture. 
The  burnt  clinker  contains  21.27  per  cent 
silica,  6.42  aluminum  oxide,  3.18  ferric  oxide, 
66.70  calcium  oxide  and  2.43  magnesium  oxide. 
The  kiln  turns  out  3,635  pounds  of  clinker  per 
hour  from  5,980  pounds  of  mixture,  and  also 
produces  about  200  pounds  of  flue  dust.  The 
amount  of  coal  used  Is  110  pounds  per  barrel. 
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The  temperature  of  the  clinker  as  it  left  the 
kiln  was  measured  by  a  Le  Chatelier  pyrome- 
ter and  found  to  be  about  2190  degrees  Fahren- 
heit, and  the  sensible  heat  of  the  clinker  was 
determined  by  a  calorimeter  to  be  about  522 
B.  T.  U.  per  pound.  The  waste  gases  4  feet 
from  the  upper  end  of  the  kiln  had  a  tempera- 
ture of  1500  degrees  and  contained  10.2  per 
cent,  carbon  dioxide,  11.8  oxygen  and  0.2  car- 
bon monoxide. 

The  theoretical  heating  power  of  the  fuel 
was  calculated  from  the  proximate  composi- 
tion by  the  formula  of  P.  Haas,  and  was  found 
in  this  way  to  be  14,200  B.  T.  U.  per  pound. 

One  of  the  most  striking  points  made  was  the 
importance  of  the  heat  of  formation  of  the 
clinker.  Using  the  metric. system  for  conveni- 
ence of  computation,  it  was  stated  that  for 
every  100  kilos  of  coal  burned,  345  kilos  of 
clinker  were  produced.'  Of  this  230  kilos  were 
calcium  oxide,  8.4  magnesium  oxide  and  11.0 
ferric  oxide.  It  was  assumed  that  these  oc- 
curred as  carbonates  in  the  charge,  and  that  the 
heats  of  combination  with  silica  or  alumina  to 
form  silicates  or  aluminates  are  591  calories 
per  kilo  of  lime  and  827  calories  per  kilo  of 
magnesia,  in  accordance  with  the  data  given 
by  Berthelot.  Hence  the  heat  of  formation  of 
the  clinker,  when  raised  to  the  temperature  at 
which  combination  takes  place,  is  230  X  591  =: 
135,930  calories  for  the  lime  and  8.4  x  827  = 
6,889  for  the  magnesia,  a  total  of  142,819  calor- 
ies. As  the  theoretical  heating  power  of  the 
100  kilos  of  coal  is  790,000  calories.  Professor 
Richards  felt  he  was  justified  in  calling  atten- 
tion to  the  important  part  evidently  played  by 
tue  heat  of  combination  in  the  burning. 

The  distribution  of  the  heat  produced  In  the 
burning  of  the  100  kilos  of  coal  and  during  the 
formation  of  the  clinker  was  accounted  for  as 
follows: 

The  clinker  at  1200  degrees  Centigrade  had 
a  sensible  heat  of  290  calories  per  kilo,  and  as 
there  were  345  kilos  produced,  there  would  be 
290  X  345  —  100,050  calories  accounted  for  in 
this  manner. 

The  carbon  going  into  the  gases  per  100  kilos 
of  coal  burned  is  made  up  of  73.6  kilos  from 
the  fuel,  49.3  expelled  as  CO2  from  the  calcium 
carbonate  and  2.5  from  the  magnesium  carbon- 
ate, a  total  of  125.4  kilos.  A  cubic  meter  of  the 
gases  was  found  on  analysis  to  contain  0.104 
cubic  meter  of  carbon  monoxide  and  dioxide, 
each  having  0.54  kilo  of  carbon  per  cubic  meter. 
The  carbon  In  a  cubic  meter  pf  the  chimney 
gases  is  therefore  0.104  x  0.54  =  0.05616  kilo. 
The  volume  of  gas  per  100  kilos  of  coal  burned 
Is  125.4  -^  0.05616  =  2,233  cubic  meters.  The 
gases  composing  this  volume  are  1,737  cubic 
meters  of  nitrogen,  263  of  oxygen,  4  of  car- 
bon monoxide,  228  of  carbon  dioxide  and  128  of 
water  vapor.  Their  mean  specific  heats  were 
calculated  from  the  experimental  data  of  Mal- 
lard and  Le  Chatelier,  and  these,  multiplied 
Into  the  volumes  excaping,  measured  at  stand- 
ard conditions,  give  the  sensible  heat  going  up 
the  chimney,  per  degree  of  temperature  of  the 
gases.  This  waste  heat  per  100  kilos  of  coal 
burned  was  found  to  be  676,000  calories. 

This  feature  of  his  investigation  was  dwelt 
upon  very  strongly  by  Professor  Richards.  In 
his  opinion  there  was  no  question  but  what  a 
very  large  proportion  of  the  676,000  calories 
was  carried  off  by  air  in  excess  pt  that  needed 
for  perfect  combustion.  Of  the  263  cubic  me- 
ters of  oxygen,  2  would  be  needed  to  burn  the 
carbon  monoxide  completely,  leaving  261  cubic 
meters  in  excess.  This  carried  into  the  kiln 
with  it  988  cubic  meters  of  nitrogem  and  39.5 
of  moisture,  and  therefore  carried  out  336,000 
calories.  If  no  excess  of  air  were  used,  there 
would  be  left  to  be  carried  out  by  the  normal 
gases  produced  676,000  —  336,000  =  340,000 
calories. 


There  were  12  kilos  of  dust  carried  out  per 
100  kilos  of  fuel  burned.  This  caused  a  loss  of 
12  x  0.22  X  (820  —  20)  ==  2,112  calories.  In 
this  computation  the  specific  heat  of  the  dust 
is  taken  as  0.22,  and  the  range  of  temperatures, 
820  and  20  degrees  Centigrade,  is  that  between 
the  flue  gases  and  the  atmosphere. 

There  were  4  cubic  meters  of  carbon  monox- 
ide escaping  unburned,  causing  a  loss  by  im- 
perfect combustion  of  4  X  3,062  =  12,248 
calories. 

The  charge  contained  2.44  kilos  of  water  per 
100  kilos  of  fuel  consumed.  Allowance  has  al- 
ready been  made  for  the  sensible  heat  which 
this  carried  out  of  the  kiln,  but,  in  addition,  the 
heat  needed  to  convert  it  into  vapor  must  be 
taken  into  account.  This  is  593  calories  per 
kilogram  at  20  degrees  Centigrade,  or  1,446 
calories  for  the  whole  amount. 

The  heat  required  to  expel  carbon  dioxide 
from  the  carbonates  of  the  charge  was  ascer- 
tained by  using  the  flguers  of  Berthelot,  who 
states  that  990  calories  are  required  to  drive 
off  the  carbon  dioxide  from  a  kilo  of  calcium 
carbonate  and  407  calories  from  a  similar 
amount  of  magnesium  carbonate.  The  compu- 
tations already  mentioned  under  the  head  of 
the  heat  appearing  in  chimney  gases  as  sen- 
sible heat  show  that  there  are  180.8  kilos  of 
this  gas  from  the  first  source  and  9.2  kilos 
from  the  second.  From  these  data  it  is  found 
that  the  heat  required  to  expel  the  carbon  di- 
oxide from  calcium  carbonate  is  180.8  x  9^0 
=  17,896  calories,  and  that  required  with  the 
magnesium  carbonate  is  9.2  X  407  =  3,732 
calories,  a  total  of  21,628  calories. 

The  heat  lost  by  radiation  and  conduction 
was  found  by  taking  the  difference,  119,335 
calories,  between  the  heat  generated  and  the 
sum  of  all  the  other  items  of  heat  distribution. 

Much  Interest  was  shown  by  the  members  in 
these  figures,  particularly  In  the  statements 
that  the  heat  In  the  clinker  represents  only  a 
trifle  over  one-tenth  of  that  developed  In  the 
kiln,  and  that  of  the  total  amount  of  heat  de- 
veloped nearly  three-quarters  is  carried  away 
by  the  products  of  combustion  and  excess  ot 
air.  In  the  opinion  of  Dr.  Richards  this  last 
fact  points  to  the  greatest  losses  in  the  burn- 
ing process  as  now  conducted,  and  he  discussed 
a  few  of  the  methods  of  reducing  it,  such  as 
lengthening  the  kiln  so  as  to  use  the  heat  at 
the  upper  end  In  raising  the  temperature  of 
the  charge. 

Although  much  informal  discussion  of  these 
results  took  place  after  the  meeting  broke  up, 
the  only  formal  discussion  was  by  Mr.  S.  B. 
Newberry.  In  his  opinion,  it  was  undoubtedly 
true  that  the  heats  of  combination  to  which 
Professor  Richards  called  attention  were  an 
influence  of  importance  in  striking  the  heat 
balance  in  the  burning  process,  but  there  was 
also  some  absorption  of  heat  in  other  chemical 
changes  that  took  place  within  a  kiln,  and  un- 
less these  were  taken  into  account  as  well  it 
would  hardly  be  right  for  the  owners  of  cement 
works  to  call  their  managers  to  account  for 
the  heats  of  combination  mentioned  by  Profes- 
sor Richards.  On  the  other  hand,  he  consid- 
ered the  investigation  into  the  amount  of  heat 
lost  by  the  excess  of  air  and  through  the  prod- 
ucts of  combustion  to  be  of  the  highest  im- 
portance. They  showed  a  source  of  possible 
economies  offering  great  possibilities,  and  he 
was  sure  that  the  cement  Industry  was  under 
deep  obligation  to  Professor  Richards  for 
pointing  them  out. 

Grinding. — On  Wednesday  morning,  the  meet- 
ing opened  with  a  discussion  of  grinding  ap- 
paratus by  Mr.  George  W.  Frazer.  of  New 
York.  In  his  introductory  remarks  he  traced 
the  development  of  pulverizing  processes  from 
the  earliest  types  of  pestle  used  by  savages 
down  to  the  apparatus  employed  at  the  present 


time.  He  pointed  out  that  the  grinding  pro- 
cesses of  to-day  are  of  three  general  classes: 
stamping,  attrition  and  grinding  proper.  In 
the  first  the  pulverizing  is  done  by  Impact,  and 
finds  its  best  example  In  the  stamp  mills  of 
mining  undertakings.  Attrition  takes  place 
when  the  materials  assist  In  the  pulverizing 
process  by  rubbing  over  each  other.  Grinding 
proper  takes  place  between  surfaces  very  close 
together,  so  that  the  pulverizing  Is  mainly  due  to 
the  action  of  the  abrading  stones  or  other  grind- 
ing apparatus.  He  traced  the  development  of 
these  processes  in  the  tube,  Huntington  and 
GriflJn  mills,  and  explained  the  principles  on 
which  they  worked.  The  Kent  mill  was  next 
described,  and  most  of  the  speaker's  remarks 
were  concerned  with  it. 

This  mill  was  originally  designed  by  a  man 
sent  to  the  cement  works  in  the  Lehigh  dis- 
trict to  install  and  operate  the  older  types  of 
griiuli"  p  apparatus  until  they  were  accepted  by 
the  purchasers.  In  the  course  of  this  work  he 
evolved  the  Idea  of  utilizing  centrifugal  force 
to  hoid  the  clinker  in  place  on  the  inside  of  an 
annular  die,  rather  than  to  employ  it  In  forc- 
ing a  set  of  grinding  loils  or  other  mechanism 
against  the  material  held  in  a  stationery  die. 
This  produced  a  machine  in  which  there  are  no 
stationary  parts,  somewhat  difficult  to  under- 
stand unless  examined  in  the  light  of  its  vari- 
ous stages  of  development.  The  first  mill  con- 
sisted of  a  ring  die,  having  its  inside  surface 
concave  so  that  at  the  deepest  place  about  an 
Inch  thickness  of  clinker  could  be  retained. 
When  this  ring  was  revolved  with  sufiScient 
rapidity  the  centrifugal  action  kept  the  clinker 
against  its  inner  surface,  to  which  it  was  fed 
by  a  spout.  The  ring  was  supported  in  a  ver- 
tical position  by  external  rollers  while  Inside 
it  there  was  a  crushing  roller  drawn  against 
the  inner  face  by  powerful  springs  capable  of 
adjustment.  This  roller  crushed  the  clinker, 
which  fell  over  the  edges  of  the  ring  to  the  bot- 
tom of  the  casing  where  the  discharge  opening 
was  located.  The  coarser  particles  of  the  clinker 
were  forced  by  the  centrifugal  action  to  the  low- 
est part  of  the  concave  face  and  as  they  be- 
came pulverized  they  were  gradually  shoved  to 
the  edges  by  the  succeeding  coarse  material. 

It  was  found  that  this  mill  was  successful  as 
a  pulverizing  machine,  but  it  proved  unsatis- 
factory on  account  of  its  ■  lack  of  durability. 
The  shafts  of  the  rollers  supporting  the  ring 
would  become  crystallized  and  break  In  a  sin- 
gle working  day,  although  the  grinding  roll 
shaft  caused  no  trouble.  It  was  accordingly 
decided  to  do  away  entirely  with  any  external 
support  for  the  ring  and  to  carry  It  on  rollers 
placed  inside,  each  provided  with  powerful  ad- 
justable springs.  In  this  way  there  was  none 
of  the  shock  of  grinding  communicated  directly 
to  the  shafts  of  the  rollers  and  the  pressure 
they  exerted  on-  the  ring  was  In  a  sense  equal- 
ized. The  pressure  between  the  upper  roller 
and  the  ring  was  utilized  in  driving  the  latter, 
the  roller  acting  as  a  driving  wheel  for  this 
purpose.  The  shafts  of  the  rollers  were  them- 
selves mounted  in  spring-held  boxes  on  the 
casing  of  the  mill,  so  that  very  little  jar  was 
communicated  to  it.  A  certain  amount  of  lon- 
gitudinal play  was  permitted  these  shafts,  just 
as  In  the  boxes  of  railway  cars,  for  It  was 
found  in  practice  that  such  play  was  necessary 
for  the  most  satisfactory  operation  of  the  ma- 
chine. By  means  of  these  Improvements  the 
mill  was  given  a  long  life  and  the  power  re- 
quired to  operate  it  was  greatly  reduced.  Its 
capacity  depends,  of  course,  on  the  degree  of 
fineness  required  in  the  product  and  on  the 
character  of  the  clinker  fed  to  It.  Mr.  Frazer 
recommended  the  use  of  screens  with  It  In 
many  classes  of  work,  and  there  was  some  dis- 
cussion on  this  subject. 

Mr.  S..B.  Newberry  gave  some  figures  of  the 
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opermtion  of  mills  of-  this  type  in  the  cement 
works  at  Syracuse,  Ind.  He  stated  that  they 
worked  well  and  required  somewhat .  less  than 
35  horse-power  for  their  operation.  The  prod- 
uct was  finely  ground  and  complied  satisfac- 
torily with  specifications,  but  he  was  not  pre- 
pared to  say  yet  that  the  character  of  the 
grinding,  as  respects  the  proportions  of  parti- 
cles of  different  siies,  was  the  sa<ne  as  that 
done  in  a  tube  mill.  Mr.  Daniel  McCool  stated 
that  the  mills  of  this  type  at  the  Newago  works 
were  giving  good  results  and  he  was  satisfied 
with  them.  The  product  of  the  mill  was  ready 
fc  the  stockhouse,  while  the  power  require- 
ment? for  running  It  were  low. 

The  Society  of  Oerman  Portland  Cement 
Manufacturers. — The  final  paper  of  the  meet- 
ing was  an  account  by  Mr.  S.  B.  Newberry,  of 
the  organixation  and  work  of  the  Society  of 
Oerman  Portland  Cement  Manufacturers.  This 
aociety  was  organized  in  1877  and  its  first  pres- 
ident held  office  for  about  twenty  years.  At 
the  present  time  it  carries  96  companies  on  its 
list  of  members,  of  which  84  were  German  and 
one  American,  the  last  being  the  Alamo  Ce- 
ment Company,  of  San  Antonio,  Tex.  The  rep- 
resentation is  apportioned  on  the  basis  of  one 
share  or  vote  per  50,000  barrels  capacity  per 
year,  and  the  dues  are  )25  per  share.  Mr.  New- 
berry outlined  niany  of  the  important  results 
accomplished  by  the  Association,  such  as  its 
work  in  excluding  inferior  and  adultered  ce- 
ments from  the  market  as  Portland  cements. 
He  sketched  the  work  done  in  conjunction  with 
the  German  government  and  the  Royal  Testing 
Laboratory  at  Charlottenburg  in  establishing 
standard   requirements  for  cement. 

In  order  to  add  strength  and  weight  to  these 
standards  the  members  of  the  Association  have 
viedged  themselves  to  sell  no  cement  which 
does  not  comply  .with  them,  and  in  order  to 
show  that  the  cement  is  sold  under  this  guar- 
anty they  use  a  small  uniform  label  on  each 
barrel.  This  has  a  picture  of  the  Association's 
testing  laboratory  in  the  center  with  a  band 
around  it  carrying  the  words:  "Member  of  the 
Society  of  German  Portland  Cement  Manufac- 
turers." In  order  that  this  label  and  all  that 
it  stands  for  may  not  fall  into  disrepute,  the 
Association  maintains  a  laboratory  where  every 
year  tests  are  made  of  the  product  of  the  va- 
rious companies,  from  samples  purchased  in 
the  open  market.  Last  year  81  brands  were 
tested,  of  which  all  but  3  passed.  These  3  fell 
below  the  standard  requirements  slightly  and 
the  companies  making  them  were  privately  no- 
tified of  the  fact.  The  laboratory  cost  about 
117,500,  exclusive  of  land.  It  is  an  attractive 
concrete  building,  having  on  the  first  floor 
rooms  for  the  preparation  of  test  pieces  and  for 
storing  them  under  various  conditions,  and  for 
a  small  experimental  kiln.  On  the  second  floor 
there  are  rooms  for  chemical  and  physical  test- 
ing and  an  office.  The  laboratory  is  under  the 
charge  of  a  head  chemist,  who  has  under  him 
an  assistant  chemist  and  a  number  of  helpers. 
The  expense  of  running  it  is  gradually  falling 
and  it  is  hoped  before  long  that  it  will  become 
self-supporting.  It  is  not  only  intended  for 
carrying  on  the  work  of  the  Assocation,  but  is 
■Jso  equipped  for  conducting  investigations  for 
the  members  who  wish  to  have  oils,  coals  and 
other  materials  examined.  The  laboratory  Is 
accomplishing  a  great  deal  of  good  in  demon- 
strating the  importance  of  scientific  work  in 
the  chemical  industry. 

The  Association  has  done  much  of  its  best 
work  through  committees,  either  acting  alone 
or  in  cooperation  with  the  government  or  other 
organizations.  Its  commercial  committee  has 
accomplished  a  great  deal  In  the  way  of  secur- 
ing good  freight  rates,  a  satisfactory  handling 
of  ompty  sacks,  and  particularly  in  building  up 
the  foreign  markets  for  the  German  cements. 


In  this  last  Held  In  particular  the  Association 
has  well  shown  the  powerful  influence  which 
hearty  cooperation  can  wield.  The  comnilttee 
on  normal  sand  has  found  and  opened  a  deposit 
of  that  material  of  a  uniform  quality  which 
must  be  employed  in  standard  tests.  Another 
committee  has  been  studying  for  some  years 
the  effect  of  salt  water  on  cement,  both  pure 
and  mixed  with  trass  and  other  materials  of 
like   general   character. 

The  most  Interesting  work  of  the  Associa- 
tion to  the  engineering  public  Is  the  publica- 
tion of  a  series  of  "Proceedings"  giving  an  ac- 
curate report  of  what  takes  place  at  the  meet- 
ings of  the  organization.  These  gatherings 
are  characterized  by  the  large  number  of  tech- 
nical men  present  and  by  the  discussions  of  the 
technical  features  of  cement  manufacture  and 
use.  No  concealment  of  the  proceedings  Is  at- 
tempted, and  the  sessions  are  open  to  any  one. 
In  or.ler  to  show  the  value  of  the  papers  pre- 
sented at  the  meetings,  Mr.  Newberry  read  an 
interesting  summary  of  a  recent  one  on  Amer- 
ican cement  plants  and  the  rotary  kiln. 

In  opening  the  dlscupsion  of  tlie  paper,  Mr. 
Robert  W.  Lesley  stateri  that  when  the  cement 
industry  was  started  In  America  and  American 
cement  and  American  mud  were  synonymous 
with  many  possible  purchasers,  the  "Proceed- 
ings" of  the  Society  of  German  Cement  Manu- 
facturers formed  the  bible  of  the  American 
manufacturer.  After  a  long  day  In  the  works 
or  with  callous  customers,  it  was  necessary  to 
put  in  a  long  evening  with  the  hard  German 
woi'ls  of  these  reports,  for  in  them  alone  could 
be  found  the  information  needed  to  establish 
the  industry  on  this  side  of  the  Atlantic. 
Speaking  as  one  of  the  origlnil  manufacturers 
of  Portland  cement  in  this  country,  he  desired 
to  put  on  record  the  fact  that  these  volvfJnes 
cf  the  German  society  won  for  him  and  his  as- 
sociates In  those  early  days  a  largo  part  of  the 
success  which  ultimately  came  to  the  first 
American  mills. 

While  he  was  willing  to  acknowledge  that 
In  one  sense  the  American  cement  maker  was 
leas  interested  in  pure  science  than  in  the  pure 
dollar,  it  could  no  longer  be  said  that  the  tech- 
nical aspect  of  the.  cement  industry  was  not 
receiving  due  attention.  It  was  everywhere 
acknowledged  that  the  scientific  side  of  the 
business  must  be  developed,  and  he  was  con- 
vinced that  one  of  the  best  methods  of  so  do- 
ing was  to  continue  the  presentation  of  tech- 
nical papers  before  the  Association  of  Portland 
Cement  Manufacturers.  He  desired  to  empha- 
size the  facts  stated  by  Mr.  Newberry  con- 
cerning the  German  organization,  but  to  sup- 
plement them  as  well  by  pointing  out  that  in 
one  year  the  American  society  included  in  its 
membership  a  producing  capacity  approxi- 
mately as  great  as  that  of  the  older  body 
across  the  Atlantic,  which  had  been  in  exist- 
ence nearly  thirty  years.  In  the  one  year  of 
the  American  society's  growth  It  had  accom- 
plished a  great  deal  with  the  railroads,  it 
had  secured  representation  with  the  engineer- 
ing societies  of  a  national  character  on  joint 
committees  investigating  technical  aspects  of 
the  cement  trade,  and  he  hoped  very  soon  to 
see  it  reaching  out  to  establish  a  great  foreign 
market  for  American  cements.  Mr.  Joseph 
Brobston  spoke  briefly  on  the  Importance  of 
technical  papers  at  the  meetings  of  the  society, 
for  the  benefit  of  those  who  were  mainly  Inter- 
ested In  the  operation  of  works.  In  his  opinion 
such  papers  and  discussions  would  prove  of 
much  value  to  the  companies,  which  would  be 
warranted  In  sending  their  technical  staff  to 
the  meetings  to  acquire  the  knowledge  which 
can  only  be  gained  by  such  an  Interchange  of 
Ideas.  This  view  was  approved  by  the  mem- 
bers, and  will  doubtless  receive  full  considera- 
tion in  the  programs  of  future  conventions. 


After  passing  votes  of  thanks  to  Vice-presi- 
dent Gerstell  for  his  work  as  presiding  officer, 
and  to  Mr.  Lesley  for  the  reception  already 
mentioned,  the  Society  adjourned  subject  to 
the  call  of  the  executive  committee. 


FiBK  Pboteciion  has  been  studied  with  spe- 
cial care  by  Messrs.  Ballinger  &  Perrot,  the 
Philadelphia  .architects  and  engineers,  in  their 
designs  for  the  new  Gilmore  theatre  in  that 
city.  This  will  have  a  frontage  of  89  feet  on 
two  streets,  of  141  feet  on  a  third  street  and 
the  fourth  side  will  be  on  an  alley.  In  addi- 
tion to  the  main  entrance  28  feet  wide,  there 
will  be  three  exits  on  each  side  of  the  parquet, 
three  on  each  side  of  the  balcony  and  four  on 
each  side  of  the  gallery.  The  exits  from  the 
balcony  and  tower  in  each  case  lead  to  tower 
Are  escapes  at  each  of  the  four  corners  of  the 
auditorium,  and  each  tower  contains  separate 
stairways  for  the  people  from  the  gallery  and 
balcony.  The  stage  is  38xG5  feet,  and  will  be 
separated  from  the  wing  containing  the  actors' 
dressing  rooms  by  a  firewall  with  double  tin- 
lined  doors.  Over  the  stage  are  two  metal  sky- 
lights of  one-eighth  the  stage  area,  arranged 
to  open  automatically  in  case  of  flre.  Special 
provision  has  been  made  for  exits  from  the 
dressing  rooms  to  the  tower  escapes.  The  floors 
will  all  be  made  of  incombustible  material,  no 
wood  being  employed  for  the  purpose.  The 
electric  wiring  has  been  so  designed  that  in 
case  the  auditorium  is  dark  during  the  perfor- 
mance, the  body  of  the  theatre  can  be  lighted 
by  means  of  a  separate  switch  in  the  front  of 
the  building.  There  will  also  be  separate  cir- 
cuits for  the  red  lights  indicating  exits  which 
burn  during  the  entire  performance. 


The  Use  of  Water  Meters  in  Brooklyn  has 
been  strongly  opposed  by  many  of  the  leading 
citizens  of  that  borough  and  for  this  reason  it 
is  the  more  pleasing  to  notice  in  the  Brooklyn 
"Eagle"  the  following  excellent  article:  "The 
great  reduction  of  water  in  the  city's  reservoirs 
this  week  is  a  repetition  of  the  experience  of 
every  winter  in  which  there  is  a  prolonged  cold 
snap.  Cold  weather  endangers  water  pipes  and 
to  save  plumber's  bills  thousands  of  house- 
holders throw  open  their  faucets  and  let  the 
water  run  to  waste  at  full  head.  The  waste  of 
30,000,000  gallons  in  one  day  is  scandalous  and 
at  that  rate  it  becomes  a  serious  menace  to  the 
city.  It  is  also  evidence  of  a  widespread  moral 
obtuseness.  Turning  on  a  faucet  is  easy  and 
it  costs  the  householder  nothing.  The  remedy 
is  to  make  it  cost  something  to  the  man  who 
permits  the  waste.  This  recklessness  with 
water  in  winter  is  the  best  reason  for  the  gen- 
eral introduction  of  water  meters.  Their  use 
in  stores  and  factories  has  checked  waste  and 
their  use  in  houses  would  have  the  same  re- 
sult. The  lavish  American  disposition  objects 
to  any  possible  restriction  in  the  use  of  water, 
and  the  idea  of  meters  in  houses  has  not  been 
popular.  Such  reckless  waste  as  this,  however, 
may  compel  a  resort  to  them.  The  tariff  could 
be  so  arranged  that  the  ordinary  household 
consumption  would  come  within  the  present 
rate  while  extra  charges  were  made  for  use 
above  a  liberal  limit.  That  would  end  the  all- 
night-open  faucets  in  winter  or  summer.  House- 
holders ought  to  have  a  high  enough  sense  of 
responsibility  to  stop  the  practice  without  a 
penalty,  but  the  morals  of  a  man  concealed 
in  a  crowd  are  always  low.  The  meter  singles 
him  out  from  the  crowd  and  makes  him  instead 
of  the  whole  city  responsible  for  his  own  con- 
duct." This  is  the  right  position  to  take  and 
if  the  other  newspapers  of  the  city  woiikl  also 
adopt  it  the  people  would  soon  come  to  regard 
water  meters  with  as  little  disfavor  as  gas 
meters. 
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The  International  Engineering  Congress. 

There  seems  to  be  some  misunderstanding 
concerning  the  nature  and  scope  of  the  interna- 
tional engineering  congress  to  be  held  at  St. 
Louis  during  the  first  week  in  October,  under 
the  auspices  of  the  American  Society  of  Civil 
Engineers.  It  has  never  been  intended  by  the 
authorities  of  the  I^ouisiana  Purchase  Exposi- 
tion or  the  committee  of  the  Society  having  it 
in  charge  to  have  the  proceedings  overlap  in 
any  way  the  congresses  of  other  engineering 
bodies,  but  rather  to  carry  out  a  program  sim- 
ilar to  that  which  the  Institution  of  Civil  En- 
gineers has  adopted  with  marlted  success  in  its 
engineerin?  conferences.  In  the  preliminary 
announcement  it  was  distinctly  stated  that  the 
purpose  of  the  congress  was  to  review,  in  a 
general  way,  the  engineering  worlt  of  the  past 
decade  and  obtain  an  authoritative  epitome  of 
present  practice.  The  more  elaborate  discus- 
sions of  details  of  practice  in  the  various  spe- 
cialties are  left  for  consideration  by  the  con- 
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gresses  of  engineers  devoted  to  those  branches. 
With  this  object  in  view  the  Society's  commit- 
tee having  the  affair  in  charge  was  selected  to 
represent  every  branch  of  the  engineering  pro- 
fession, as  the  following  list  of  its  members  in- 
dicates: Henry  S.  Haines,  chairman;  G.  Bous- 
caren,  vice-chairman;  William  Metcalf,  Benja- 
min M.  Harrod,  Elmer  L.  Corthell,  Robert  W. 
Hunt,  George  W.  Melville,  George  B.  Post,  Pal- 
mer C.  Riclcetts,  George  S.  Davison,  William  P. 
Craighill,  M.  T.  Endicott,,  Joseph  Ramsey,  Jr., 
L.  B.  Stillwell,  M.  L.  Holman,  Joseph  O.  Os- 
good, George  H.  Pegram,  Alfred  Craven,  Hunter 
McDonald,  Chas.  Warren  Hunt,  Secretary; 
Joseph  M.  Knap,  treasurer.  The  members  of 
this  committee  have  prepared  a  list  of  thirty- 
seven  branches,  covering  all  fields  of  engineer- 
ing which  can  be  handled  in  a  broad  manner, 
and  have  invited  eminent  specialists  to  present 
reviews  of  the  progress  in  each  of  them  during 
the  last  ten  years.  These  papers  are  to  be 
printed  and  distributed  in  advance  of  the  meet- 
ings so  that  it  will  be  unnecessary  to  read  them 
at  the  sessions. 

In  order  to  indicate  how  little  the  character 
of  the  proceedings  will  trespass  on  the  fields 
of  the  meetings  of  other  engineering  societies, 
a  few  of  the  papers  already  promised  may  be 
mentioned:  "Locomotives  and  Other  Rolling 
Stock,"  by  George  Gibbs;  "The  Substitution  of 
Electricity  for  Steam  as  a  Motive  Power,"  by 
James  G.  White;  "The  Manufacture  of  Steel," 
by  William  Metcalf;  "Pumping  Machinery,"  by 
Irving  H.  Reynolds;  "Electric  Power — Generat- 
ing Stations  and  Transmission,"  by  L.  B.  Still- 
well;  "Engineering  Education,"  by  Robert 
Fletcher  and  Calvin  M.  Woodward.  These  few 
titles  are  selected  from  a  much  longer  list  re- 
cently made  public,  because  they  indicate  the 
general  character  of  papers  representing  the 
special  fields  of  other  national  engineering  so- 
cieties. It  seems  safe  to  say  at  this  writing 
that  many  contributions  will  be  received  from 
England,  France,  Holland  and  other  countries, 
as  well  as  the  United  States. 

All  engineers  are  invited  to  become  members 
of  the  congress,  to  attend  its  sessions  and  to 
take  part  in  the  discussions  or  send  written 
communications  on  any  of  the  subjects  for  con- 
sideration, a  list  of  which  will  be  sent  on  appli- 
cation to  Mr.  Hunt,  whose  address  is  220  West 
57th  Street,  New  York.  The  membership  fee 
will  be  $5,  which  entitles  the  member  to  parti- 
cipate in  the  congress  and  to  receive  a  copy  of 
the  publications  in  which  its  proceedings  are 
printed.  All  members  of  the  American  Society 
of  Civil  Engineers  are  members  of  the.congress 
without  any  fees  or  other  formalities. 

This  congress  deserves  careful  consideration 
by  engineers  because  it  bids  fair  to  be  repre- 
sentative of  the  best  work  in  all  branches  of  • 
their  profession.  The  progress  in  most  spe- 
cialties in  the  last  ten  years  has  been  so  varied, 
and  so  diverse  in  different  countries,  that  it  is 
eminently  desirable  to  have  a  union  gathering 
at  which  there  will  be  an  Interchange  of  infor- 
mation concerning  the  most  marked  advances 
all  along  the  engineering  line.  The  information 
will  be  furnished  in  each  case  by  men  who  have 
been  responsible  in  no  small  degree  for  it,  and 
what  they  say  will  therefore  be  authoritative  and 
free  from  the  detail  which  less  experienced  men 
might  wrap  about  the  subject.  It  is  unquestion- 
ably true  to-day  that  every  engineer  must  be  a 
specialist,  but  it  is  just  as  true  that  no  engi- 
neer can  achieve  the  highest  field  of  usefulness 
who  does  not  keep  in  touch  with  the  leading 
steps  of  progress  outside  his  specialty.  An  in- 
ternational engineering  congress  is  a  clearing 
house  of  such  data  as  are  needed  for  a  good  un- 
derstanding of  the  present  resources  of  the  pro- 
fession, and  there  is  no  reason  why  it  should 
not  receive  the  support  of  all  engineers,  irre- 
spective of  their  specialties. 
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Costs    of    Transportation    by    Rail    and 
Water. 


It  is  a  matter  of  some  diflJcuIty  to  make  a 
precisely  accurate  comparison  between  costs  of 
transportation  by  rail  and  by  water,  at  least  in 
many  cases,  for  the  reason  that  some  elements 
of  the  problem  cannot  be  fairly  stated  or  de- 
termined for  such  a  comparison.     This  is  par- 
ticularly   the    case    in    comparing   the    cost    of 
transportation  by  rail   with  the  cost  of  trans- 
portation by  a  public  waterway  such  as  will  be 
the  enlarged  Erie  Canal  whose  construction  has 
just  been   undertaken.     It  is  entirely  feasible, 
however,  to  make  at  least  some  Interesting  and 
useful   comparisons  and   draw   from  them  safe 
conclusions  as  to  those  features  of  either  class 
of  transportation  which  tend  to  decrease  rates. 
It  is  perfectly  clear,  for  instance,   that  if  the 
train-carrying  capacity  of  a  railroad  is  throt- 
tled or  limited  at  certain  points  on  Us  line  by 
heavy  grades  and  sharp  curvature  so  that  the 
train-load  is  relatively  small,  the  cost  of  trans- 
portation   will    show   high    rates   per   ton-mile. 
Similarly,    an   antiquated    Waterway    like    the 
present  Erie  Canal  with  its  small  boats  of  240 
tons   capacity  cannot    show    rates    comparable 
with  those  of  the  canal  whose  accommodations 
are  sufficient  for  boats  four  times  that  capacity 
or  those  of  the  modern  admirably  adapted  and 
equipped   railroad  line.     It  is,  or  ought  to  be, 
obvious   that   the  question    of    artifical    water 
transportation,  such  as  that  afforded  by  a  canal, 
must  be  settled  by  assuming  that  its. facilities 
have  been  developed  to  the  same  degree  of  ex- 
cellence as  the  transportation  upon  the  moocrn 
railroad  which  parallels  it.    If  the  cost  of  trans- 
portation   per   ton-mile   on    the    enlarged    Erie 
Canal  with  its  increased  size  of  prism  and  im- 
proved methods  of  propulsion  can  compare  fa- 
vorably with  that  of  the    New    York    Central 
Railroad    running  alongside  it,   for    the    same 
class  of  freight.  It  will  justify  its  construction 
but  not  otherwise.     The  same  general  observa- 
tion may  be  made  as  to  natural  lines  of  water 
transportation  such  as  those  of  our  Great  Lakes. 
These    general    features    of   the   comparative 
costs  of  the  two  classes  of  transportation  have 
been  well  set  forth  by  Mr.  K.  W.  Blackwell  in 
his   presidential    address   before   the   Canadian 
Society  at  the  end  of  January  of  the  present 
year.     He  commented  at  the  beginning  on  the 
greater  economy  in  transportation  attained  in 
this  country  than  in   England    or    in    Europe 
generally   and    confined    his    remarks    to    the 
freight  rates  in  Canada  and  the  United  States. 
The  lowest  rates  must  necessarily  be  found  in 
connection  with  such  bulky  materials  as  grain, 
coal,   iron   ore   and    similar   products.     During 
1903  the  all-rail  routes,  from  Chicago  to  Port- 
land, Chicago  to  New  York,  and  from  Brandon 
to  St.  John,  New  Brunswick,  ranged  from  0.31 
cent  to  0.37  cent  per  ton  per  mile,  while  the  all- 
rail  rate  on  coal  from  the  Spring  Hill   Mines, 
of  Nova  Scotia  to  Montreal,  averaged   ^4   cent 
per  ton  per  mile.    The  effect  of  water  transpor- 
tation upon  the  average  freight  rate  was  shown 
by  stating  the  combined  lake  and  rail  rates  be- 
tween nearly  the  same  points  to  be  0.21  cent  to 
0.26    cent   per   ton    per    mile.     Even    with   the 
present  condition  of  the  Erie  Canal  the  rate  on 
grain  from  Chicago  to  New  York  by  lake  and 
canal  was  only  0.15  cent  per  ton  per  mile,  and 
from  Chicago  to  Montreal  0.23  cent  per  ton  per 
mile.    The  exceedingly  low  rate  of  0.09  cent  per 
mile  covered  Iron  ore  shipments  from  Duluth 
to  Cleveland.     These  rates  were  typical  of  all. 
No  attempt  was  made  by  Mr.  Blackwell  to  give 
isolated  or  unusual  cases,  but  to  exhibit  figures 
which  fairly  represent  the  ordinary  or  average 
"every  day  freight  rates."    Of  course  it  is  un- 
derstood that  no  such  low  rates  would  apply 
to  mixed  freight  with  short  hauls. 
The  rate  of  less  than  1  mill  per  ton-mile  for 
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the  lake  haul  of  iron  ore  is  exceedingly  inter- 
eetins  and  clearly  representative.     The  trans- 
portation of  such  freight  is  usually  made  in 
boats  from  400  to  450  feet  long  and  of  50  feet 
beam,  with  a  carrying  capacity  of  6,000  to  7,000 
tona  or  more,  the  approximate  value  of  such  a 
boat  being  about  |2$0.0O0    as    given    by    Mr. 
BlackwelL     He    makes    a    further    statement, 
which  is  familiar  where  the  circumstances  of 
the  lake  business  are  well  known,  that  such 
boats  have  made  profits  with  iron  ore  when  the 
rate  was  as  low  as  0.06  cent  per  ton  per  mile, 
which,  Mr.  Blackwell  observes.  Is  less  than  one- 
tenth  of  the  average  freight  rate  paid  to  the 
railroads  of  the  United  States  and  Canada.  Such 
rates  when  compared  with  those  paid  to  the 
railroads  for  the  same  class  of  freight  service 
thirty  or  forty  years  ago  are  no  less  Interesting 
than  remarkable.    The  substantial  reduction  in 
freight  rates  has,  of  course,  been  but  an  inci- 
dent in  the  great  industrial  development  of  the 
country,  but  it  constitutes  a  remarkable  trib- 
ute to  the  alert  and  sagacious  management  of 
its  great   railroad   properties.      As    has    been 
stated  before  in  the  columns  of  this  journal, 
the  rapid  and  judicious  development  of  modern 
railroad   transportation   In    this    country    has 
probably  never  been  equaled  in  the  history  of 
the  world  for  energetic  efficiency  or  business 
wisdom  in  connection  with  the  indu.strlal  de- 
velopment of  civilized   communities.     It  may 
probably  be  stated  within  reason  that  even  the 
low  inland  water  rates  of  this  country  are  due 
largely,  though   perhaps    indistinctly,    to    the 
unsuspected  influence  of  the  low  freight  rates 
attained  by  the   railroads   rather  than   the  re- 
verse, although  there  has  doubtless  been  a  mu- 
tually   stimulating    effect    between    the    two 
classes  of  transportation. 

Mr.  Blackwell  points  out  the  fact  that  the 
part  of  the  public  directly  interested  In  trans- 
porting freight  are  paying  op  an  average  In 
this  country  and  in  Canada  about  7  mills  per 
ton  per  mile,  although  an  enormous  volume  of 
mineral  and  grain  traffic  shows  a  rate  less  than 
half  the  preceding.  Indeed,  the  Bessemer  & 
Lake  Erie  Railroad  carrying  the  greater  part  of 
the  Iron  ore  reaching  Pittsburg  from  the  Great 
Lakes  exhibits  an  average  freight  rate  of  about 
4  mills  per  ton  per  mile  and  illustrates  what  a 
well-designed  road  may  accomplish  in  the  way 
of  transportation  with  low  grades  and  easy  cur- 
vature. The  average  southbound  train  load  of 
freight  of  this  railway  for  the  year  1903  was  a 
little  under  1,480  tons,  while  the  average  for 
both  north  and  southbound  was  913  tons. 
Roughly  speaking,  the  average  train  loads  of 
some  of  the  principal  freight-carrying  railroads 
in  this  country  for  the  same  year  1903  ranged 
from  leas  than  one-quarter  to  a  little  under 
one-half  of  these  amounts. 

These  observations  have  a  direct  bearing 
upon  the  wisdom  of  the  great  canal  enlarge- 
ment upon  which  the  State  of  New  York  is 
about  to  enter.  The  investigations  which  were 
conducted  by  various  committees  and  commis- 
sions preliminary  to  the  State's  decision  to  un- 
dertake the  work  indicated  that  bulky  freight 
like  grain  could  be  carried  by  the  1,000-ton 
barge  canal  at  a  rate  materially  less  than  1  mill 
per  ton  per  mile.  Indeed,  at  perhaps  0.6  or  0.5 
mill  per  ton  per  mile.  It  was  also  stated  at 
that  time  that  It  was  exceedingly  unlikely  that 
the  freight  rates  of  the  competing  railroads 
would  ever  fall  so  low  as  1  mill  per  ton-mlle. 
The  rates  which  have  been  quoted  and  which 
are  based  upon  the  railroad  returns  for  the  year 
1903  give  little  ground  for  believing  that  the 
railroads,  at  least  for  a  great  many  years  to 
come,  can  bring  their  freight  rates  down  any- 
where near  to  those  of  even  such  restricted 
canal  navigation  as  that  existing  at  the  present 
time.    In  short,  bo  far  as  the  situation  can  now 


be  gauged  it  would  seem  reasonable  to  expect 
that  the  low  rates  anticipated  when  investigat- 
ing the  general  question  of  enlargement  of  the 
Erie  Canal  will  be  at  least  realized  when  that 
enlargement  is  completed  and  hence  that  the 
State  is  entering  upon  a  judicious  work. 


The  Union  Engineering  Building. 

The  project  for  a  union  engineering  head- 
quarters in  New  York  has  fortunately  suffered 
no  setback  from  the  decision  of  the  American 
Society  of  Civil  Engineers  to  remain  in  its  pres- 
ent home.  Those  who  are  responsible  for  the 
management  of  the  undertaking  must  be  re- 
lieved that  all  uncertainty  regarding  the  parties 
to  the  joint  enterprise  is  now  ended,  and  the 
situation  so  cleared  up  that  it  only  remains  to 
carry  out  the  details  of  finance  and  organiza- 
tion. Mr.  Carnegie  has  confirmed  his  Intention 
of  giving  the  necessary  funds  for  building  pur- 
poses in  the  following  note,  dated  .March  14,  and 
addressed  to  the  "Gentlemen  of  the  Mechanical 
Engineers.  Institute  of  Mining  Engineers,  In- 
stitute of  Electrical  Engineers,  Engineers'  Club 
of  New  York:"  "It  will  give  me  great  pleas- 
ure to  devote,  say,  one  and  a  half  million  of 
dollars  lor  the  erection  of  a  suitable  Union 
Home  for  you  all  In  New  York  City."  It  is  thus 
settled  that  the  money  for  the  building  will  be 
forthcoming  as  soon  as  the  committee  in  charge 
of  the  work  is  ready  to  proceed  with  con- 
struction. 

Attention  is  particularly  drawn  to  the  word- 
ing of  the  letter  giving  this  sum,  for  it  should 
set  at  rest  certain  assertions  frequently  made 
that  this  donation  is  coupled  with  all  the  con- 
ditions that  have  rendered  unacceptable  Mr. 
Carnegie's  gifts  of  libraries  to  a  number  of 
municipalities.  In  those  gifts  the  donor  has  in- 
corporated requirements  regarding  the  unin- 
cumbered ownership  of  the  land  for  the  build- 
ings and  the  annual  appropriation  of  large 
sums  for  library  purposes.  In  the  present  case 
it  would  appear  that  no  such  conditions  have 
been  made,  although  it  is  of  course  possible 
that  certain  business  details  of  the  gift  may 
have  been  kept  secret  for  the  present  for  per- 
fectly proper  reasons.  This  is  a  matter  which 
is  entirely  in  the  hands  of  the  gentlemen  in 
charge  of  the  negotiations,  and  as  they  are  re- 
sponsible for  the  outcome,  it  is  at  present  no- 
body's affair  but  theirs  how  they  discharge  their 
onerous  duties.  It  is  apparent,  however,  from 
various  statements  made  public  by  the  commit- 
tee that  Mr.  Carnegie  is  proceeding  with  the 
union  engineering  home  in  a  very  generous 
manner,  assisting  the  committee  in  securing 
the  necessary  land  for  the  building  and  urging 
them  to  prepare  their  plans  on  a  broad  scale 
in  keeping  with  the  national  and  professional 
nature  of  their  respective  organizations.  These 
facts  clearly  show  that  the  undertaking  is  not 
to  be  carried  out  along  the  lines  of  Carnegie 
libraries  in  all  respects. 

It  Is  announced  that  the  building  for  the  en- 
gineering societies  will  probably  be  a  twelve- 
story  structure  with  a  frontage  of  125  feet,  and 
will  be  designed  to  harmonize  with  the  struc- 
ture for  the  Engineers'  Club.  The  following 
semi-official  statement  concerning  Its  character 
has  been  Issued:  "There  will  be  four  or  five 
auditoriums  of  different  size,  notably  one  to 
seat  1,200  to  1,500  persons;  and  all  will  be  ap- 
propriately equipped  for  scientific  meetings, 
lectures  and  demonstrations.  Above  all,  there 
will  be  an  engineering  museum  and  a  noble  li- 
brary hall,  where  all  the  libraries  concerned 
will  be  grouped  and  consolidated,  yet  each  sec- 
tion administered  by  Its  respective  Society  li- 
brarian and  each  adding  to  its  own  specific  lit- 
erature, so  as  to  avoid  duplication  of  outlay 
(or  books  or  periodicals.    It  is  proposed,  more- 


over, to  co-operate  intimately  with  the  New 
York  Public  Library,  nearby,  along  these  lines 
of  work,  po  that  nowhere  else  in  the  world  can 
the  student  or  practitioner  find  thus  freely 
available  the  whole  literature  of  engineering 
and  technical  industry.  The  three  libraries  as- 
sembled in  this  manner  will  even  at  the  outset 
include  some  50.000  volumes,  many  of  them 
great   rarities   of   Inestimable   price." 

The  three  organizations  which  will  occupy 
this  building  have  at  the  present  time  approxi- 
mately nine  thousand  members,  while  a  num- 
ber of  smaller  organizations  of  a  technical  and 
scientific  nature  have  applied  for  the  use  of  cer- 
tain of  the  facilities  which  the  building  will 
afford.  These  minor  organizations  are  stated  to 
have  a  membership  of  approximately  five  thous- 
and. With  about  fourteen  thousand  profession- 
al men  and  scientists  on  whom  to  draw  annu- 
ally, as  well  as  the  host  of  men  interested  In 
their  work  and  willing  to  assist  with  contribu- 
tions toward  the  purchase  of  land  for  a  great 
technical  headquarters,  the  financial  manage- 
ment of  the  enterprise  is  one  which  can  present 
no  difficulties  to  the  gentlemen  who  have  man- 
aged the  business  affairs  of  the  three  engineer- 
ing societies  and  the  Engineers'  Club  so  satis- 
factorily to  those  organizations  in  the  past. 


The  Utilization  of  the  Waste  Heat  from 
Rotary  Kilns, 

At  the  present  time  there  is  no  question  about 
the  interest  shown  by  the  men  engaged  in  the 
cement  industry  in  all  changes  in  plant  and 
methods  of  production  enabling  them  to  reduce 
the  cost  of  manufacture.  When  cement  is  sold 
at  prices  but  little  If  anything  above  the  cost 
of  making  it  in  many  plants,  and  with  a  very 
slack  demand  even  at  such  prices,  the  manu- 
facturer has  ample  time  and  incentive  to  con- 
sider every  new  suggestion  for  improvements. 
For  this  reason  attention  is  drawn  to  an  inter- 
esting article  In  the  "Sibley  Journal  of  Engi- 
neering" for  the  current  month,  In  which  Pro- 
fessor R.  C.  Carpenter  gives  the  results  of  trials 
of  a  boiler  plant  operated  in  part  by  the  waste 
heat  from  rotary  kilns.  Recent  issues  of  this 
journal  have  mentioned  the  valuable  investiga- 
tions by  Professor  J.  W.  Richards  of  the  heat 
balance  in  such  kilns,  and  Professor  Carpen- 
ter's tests  are  a  most  interesting  supplement 
to  them. 

The  trials  were  made  at  the  plant  of  the  Cay- 
uga Lake  Cement  Company,  which  is  equipped 
with  four  sixty-foot  rotary  kilns.  A  Wlckes 
vertical  water-tube  boiler  with  3,000  square  feet 
of  water-heating  surface  was  installed  in  con- 
nection with  each  two  kilns,  and  the  tests  were 
made  with  one  of  these  boilers  and  the  con- 
nected rotaries.  The  gases  from  the  latter  con- 
tain so  much  carbon  dioxide  that  the  boilers 
were  fitted  with  an  external  firebox,  to  furnish 
any  necessary  heat  in  addition  to  that  from  the 
kilns,  so  located  that  the  combustion  would  be 
perfected  at  a  point  where  the  burning  fuel 
would  not  come  in  contact  with  the  fiue  gases. 
It  might  be  added  that  these  gases  contain 
enough  dust  to  make  it  necessary  to  blow  off 
the  heating  surfaces  with  a  steam  jet  every 
five  hours,  which  will  be  avoided  in  future 
plants  by  a  modification  in  the  boilers  and  their 
setting.  From  the  boilers  the  gases  pass  to  an 
economizer.  The  details  of  the  trials  need  not 
be  given  in  detail  in  this  place,  as  they  are  fully 
reported  in  Professor  Carpenter's  paper.  It  is 
enough  to  state  that  they  showed  the  boiler 
to  be  giving  407  boiler  horse-power,  of  which  it 
was  calculated  that  204  horse-power  was  pro- 
duced by  the  waste  heat  from  the  two  kilns  and 
the  remainder  from  the  coal  burned  on  the 
grates.  When  the  second  boiler  was  tested,  the 
first  received  only  the  heat  from  the  kilns,  no 
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coal  being  used;  during  this  time  a  measure- 
ment of  the  feed  water  indicated  that  the  heat 
from  the  waste  gases  was  sufficient  to  produce 
254  boiler  horse-power,  which  checks  the  pre- 
vious result  fairly  well. 

While  this  feature  of  the  plant  is  thus  shown 
to  have  reduced  the  losses  of  operation  incident 
to  the  waste  heat,  another  novelty  did  not  prove 
so  successful.  At  the  time  of  the  test,  the  air 
not  used  in  blowing  the  powdered  coal  into  the 
kilns  was  forced  by  a  blower  through  the  hot 
clinker  into  the  rotaries.  In  this  manner  about 
four-fifths  of  the  air  supply  was  heated  to  480 
degrees  Fahrenheit  and  approximately  seven 
per  cent,  of  the  heat  furnished  by  the  powdered 
coal  was  thus  saved.  As  a  heat-saving  device 
this  system  was  successful,  but  it  made  it  dif- 
ficult to  keep  the  clinker  elevators  in  order  and 
forced  dust  into  the  kiln  room,  in  addition  to 
taking  up  valuable  room,  and  was  soon  aban- 
doned. This  experience  is  mentioned  because 
it  is  a  good  example  of  the  many  trials  which 
weary  anybody  who  attempts  to  introduce  im- 
provements in  an  industry  so  beset  with  prac- 
tical preventatives  of  theoretical  betterments 
that  many  who  formerly  undertook  them  with 
confidence  are  now  perfectly  willing  to  let  some- 
one else  continue  the  experiments. 

It  will  be  noticed  that  both  Professor  Rich- 
ards and  Professor  Carpenter  confine  their  re- 
marks to  kilng  using  dry  raw  materials.  It  is 
unfortunate  that  their  investigations  have  not 
been  extended  with  equal  thoroughness  to  kilns 
in  wet-process  plants.  It  is  well  known  that 
the  latter  engineer  has  made  some  very  import- 
ant changes  in  the  kilns  designed  by  him  for 
wet  raw  materials,  and  it  is  to  be  hoped  that  he 
will  make  a  test  of  them  and  publish  the  re- 
sults. In  the  Great  Northern  plant,  for  ex- 
ample, he  has  made  no  attempt  to  use  the  heat 
from  the  rotaries  in  boilers,  but  has  lengthened 
the  kilns  Instead  to  120  feet  and  utilized  the 
upper  part  as  a  dryer,  following  much  the  same 
plan  that  has  been  adopted  successfully  in  an- 
other Michigan  plant.  In  the  wet  process  it  is 
sometimes  necessary  to  evaporate  from  the 
slurry  from  900  to  1,500  pounds  of  water  per 
barrel  of  finished  cement,  and  It  is  manifest 
that  in  such  evaporation  there  is  a  fine  field 
for  the  utilization  of  the  waste  heat  about  the 
works.  It  is  this  water  which  must  be  driven 
off  that  forms  the  greatest  source  of  extra  ex- 
pense of  the  wet  process  as  compared  with  the 
dry,  and  it  has  received  much  careful  study 
of  late  that  might  very  well  be  outlined  in 
papers  before  the  Association  of  Portland  Ce- 
ment Manufacturers  or  some  similar  organi- 
zation. 


Notes  and  Comments. 


Tunneling  will  shortly  find  its  most  import- 
ant exemplifications  in  the  vicinity  of  New 
York.  The  work  for  the  New  York  Rapid  Tran- 
sit Railroad  Commission  under  the  East  River 
to  Brooklyn  has  already  been  described  in  this 
journal,  and  the  same  is  true  of  the  twin  tun- 
nels across  the  North  River  from  the  vicinity 
of  the  Hoboken  ■  ferry  station  on  the  Jersey 
shore.  The  north  tunnel  of  this  latter  under- 
taking is  now  practically  finished  and  parties 
have  crossed  below  the  river  in  it,  although  the 
construction  of  the  approaches  remains  to  be 
done.  Then  there  are  the  twin  tunnels  under 
the  same  river  to  the  neighborhood  of  Cortlandt 
Street,  on  which  nothing  has  yet  been  done. 
More  important  than  any  of  the  others,  how- 
ever, will  be  the  Pennsylvania  Railroad  tunnels 
under  the  North  and  East  rivers  and  across 
Manhattan  island.  It  was  announced  last  week 
in  this  journal  that  the  contract  for  the  con- 
struction of  the  North  River  section  had  been 


awarded  to  the  O'Rourke  Engineering  Construc- 
tion Company.  Since  then  the  East  River  sec- 
tion has  been  awarded  to  S.  Pearson  &  Com- 
pany, Ltd.,  which  has  already  been  connected 
with  such  work  in  the  vicinity  as  contractor  for 
a  part  of  the  Hoboken  tunnel.  Mr.  E.  W.  Moir, 
who  was  lately  in  New  York  with  Sir  Weetman 
Pearson  organizing  his  forces,  was  in  charge 
of  that  work,  and  since  then  has  been  connected 
with  some  of  the  most  important  tunneling  op- 
erations in  Great  Britain.  Finally,  there  will 
be  the  important  connecting  work  of  this  sort 
across  Manhattan  island,  which,  it  is  under- 
stood, will  be  carried  out  by  Mr.  William  Brad- 
ley. For  variety  of  difiiculties,  magnitude  of 
operations  and  interest  to  the  public,  the  tun- 
neling about  New  York  has  never  been  ap- 
proached, and  the  young  men  who  find  employ- 
ment in  it  have  reason  to  be  congratulated  on 
their  good  fortune  in  having  such  an  oppor- 
tunity to  secure  valuable  experience. 


The  New  Yobk  High-Pbessube  Wateb-Wobks, 
described  elsewhere  in  this  issue,  in  a  report 
by  Mr.  Nicholas  S.  Hill,  Jr.,  chief  engineer  of 
the  Department  of  Water  Supply,  Gas  and  Elec- 
tricity, differ  from  other  projects  in  a  marked 
manner.  In  the  first  place  Mr.  Hill  proposes  to 
use  in  the  pumping  stations  multi-stage  centri- 
fugal pumps  driven  by  electric  motors,  thereby 
saving  about  two-thirds  of  the  land  needed  tor 
a  gas-operated  station  and  greatly  reducing  the 
cost  of  the  installation,  according  to  the  figures 
he  gives.  In  the  second  place  he  contemplates 
using  fresh  water  from  the  large  street  mains 
to  feed  the  pumps,  instead  of  using  salt  water, 
although  provision  is  made  for  employing  the 
latter  whenever  it  is  necessary.  He  states  that 
there  is  plenty  of  fresh  water  available  for  the 
purpose,  which  is  fortunate  because  the  salt 
water  about  the  New  York  wharves  is  so  pol- 
luted that  when  employed  in  the  past  for 
sprinkling  streets  its  odor  was  too  gamey  for 
even  the  longshoremen  and  its  use  is  corre- 
spondingly undesirable.  At  the  present  time 
about  one-tenth  of  one  per  cent,  of  the  water 
furnished  the  city  is  employed  for  extinguish- 
ing fires,  which  indicates  how  small  an  influ- 
ence fire  protection  has  on  the  amount  needed 
annually.  The  third  important  feature  in  which 
Mr.  Hill's  report  differs  from  others  of  recent 
date  is  in  his  very  conservative  recommenda- 
tion to  investigate  all  possible  sources  of  a 
high-pressure  supply  before  adopting  any  plans 
calling  for  such  works  as  those  outlined  by  him. 
Although  nowhere  so  stated,  it  is  evident  that 
he  has  in  mind  the  admirable  fire  protection 
which  will  be  afforded  by  the  works  recom- 
mended by  the  Committee  on  Additional  Water 
Supply.  It  goes  without  saying  that  those 
works  will  be  ideal  for  all  purposes.  But  it  will 
be  many  years  before  they  are  constructed, 
while  the  plans  Mr.  Hill  has  suggested  can  be 
executed  within  a  year  at  a  cost  probably  with- 
in 4  per  cent,  of  the  direct  loss  in  the  Baltimore 
fire.  In  view  of  the  reduction  in  premiums 
which  such  a  fire-protection  system  would  bring 
about,  with  the  increased  security  of  conduct- 
ing business  in  the  most  important  section  of 
the  city,  the  Immediate  construction  of  the 
works  is  manifestly  desirable.  They  should  be 
installed  as  a  temporary  expedient  until  the 
new  system  for  an  additional  supply  is  com- 
pleted, which  will  probably  be  ten  years  hence 
at  the  earliest  estimate. 


glon  have  been  tinged  by  the  shadow  of  this 
famous  litigation.  As  the  price  of  stocks  slip- 
ped lower  and  lower,  the  explanation  was  that 
the  investors  of  the  country  were  afraid  of  the 
action  of  the  court  on  this  case  and  were  bang- 
ing off  until  the  decision  was  made.  The  judges 
at  Washington  have  declared  the  holding  com- 
pany scheme  illegal,  but  the  only  result  of  the 
decision  was,  strange  enough,  to  run  up  the 
quotation  of  Northern  Securities  shares  some- 
what. There  has  been  no  change  in  the  finan- 
cial system  of  the  country,  the  Northern  Pacific, 
Great  Northern  and  Burlington  trains  are  run- 
ning just  the  same  as  they  did  last  week,  and 
while  the  men  in  charge  of  the  financial  prob- 
lems of  these  great  railways  certainly  have 
some  hard  work  cut  out  for  them,  the  country 
at  large  Is  not  affected  at  all.  Down  in  Wall 
Street  it  is  now  recognized  that  another  bogie 
man  must  be  dlSQOvered  to  explain  the  failure 
of  the  public  to  speculate  at  the  bargain  coun- 
ters of  the  brokers,  for  it  would  never  do  to 
say  that  business  conditions  are  now  in  a  sane 
coudition  and  the  average  man  has  learned  that 
he  will  be  better  off  and  sleep  easier  by  minding 
his  own  business  than  by  fooling  with  indi- 
gestible securities.  Just  as  a  matter  of  record 
it  may  be  added  that  this  decision  establishes 
three  facts:  First,  the  authority  of  Congress 
over  interstate  commerce  is  subject  to  no  other 
restrictions  than  those  set  forth  in  the  Consti- 
tution and  is  not  reviewable  by  the  courts.  Sec- 
ond, any  agreement  by  which  the  operations 
of  two  or  more  parallel  and  competing  railways 
engaged  in  interstate  commerce  are  controlled 
by  a  single  corporation  is  a  combination  in  re- 
straint of  trade  and  contrary  to  the  Sherman 
anti-trust  law.  Third,  actual  restraipt  of  trade 
need  not  be  shown;  possession  of  power  to  com- 
mit a  prohibited  act  is  equivalent  to  the  com- 
mission of  it.  There  are  many  other  important 
decisions  in  the  majority  report,  but  these  three 
are  the  fundamental  rulings. 


An  American  Steam  Thbesher  made  a  tri- 
umphal march  through  Damascus  recently,  ac- 
cording to  U.  S.  Consul  Ravndal.  It  was  im- 
ported by  Abdul  Rahman  Pasha,  superintendent 
of  the  annual  pilgrimage  to  that  city,  who  owns 
a  number  of  large  estates  which  he  is  endeavor- 
ing to  administer  on  modern  lines.  On  its  way 
from  the  city  into  the  country,  the  thresher 
broke  down  many  bridges,  but  pulled  itself 
and  its  train  out  of  the  creek  beds  beautifully, 
and  eventually  had  the  honor  of  being  started 
in  the  presence  of  the  governor-general  of  the 
province,  the  field  marshal  of  the  fifth  army 
corps  and  many  other  distinguished  men. 


The  Nobthebn  Secubities  Decision  of  the  TJ. 
S.  Supreme  Court  on  Monday  of  this  week 
proved  conclusively  in  an  Indirect  manner  how 
far  from  its  once  proud  position  of  the  nation's 
financial  barometer  Wall  Street  has  now  drifted. 
For  months  the  reports  emanating  from  that  re- 


The  U.  S.  Steel  Cobpobation's  Repobt  for  Its 
second  year  shows  a  falling  off  in  all  its  work 
in  1903  as  compared  with  1902.  The  tonnage 
statistics  are  as  follows: 

1903.  1902. 

Ore  mined   15,363.355         16,063,179 

Coke  produced    8.658,391  9.521,567 

Pig  iron    7,123,053  7,802,812 

Steel  Ingots 9,167,960  9,743,918 

Finished  products    7,635,690  8,197,232 

Orders  on  hand  at  the  close  of  1903  were 
for  3,215,000  tons  as  against  5,349,000  tons  the 
previous  year.  It  is  important  to  bear  these 
figures  in  mind  when  considering  the  various 
stories  in  circulation  about  the  corporation's 
affairs.  It  is  absurd  to  expect  any  company  to 
make  as  much  money  when  business  is  at  its 
normal  amount  as  during  boom  periods.  This 
corporation  is  proceeding  about  the  binding 
together  of  its  vast  interests  in  a  methodical 
manner,  and  while  it  is  not  doing  as  well  now 
as  it  might  had  its  organization  developed  like 
that  of  the  Standard  Oil  Company,  for  example, 
it  is  altogether  too  healthy  to  warrant  anybody 
shying  any  bricks  of  sarcasm  at  it. 
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Kirtland  Street  Pumping  Station  of  the 
Cleveland  Water  Works, 
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The  city  of  Cleveland,  Ohio,  having  built 
a  new  water  supply  tunnel,  descriptions  of 
which  have  appeared  in  various  issues  of  this 
Journal,  it  became  necessary  to  provide  an  en- 
tirely new  pumping  plant.  This  plant  is  on 
the  lake  shore  at  the  foot  of  Kirtland  Street, 
about  three  miles  east  of  the  mouth  of  the 
Cuyahoga  River.  This  location  was  chosen  be- 
cause it  is  about  in  the  center  of  distribution  in 
An  easterly  and  westerly  direction,  and  the 
land  possessed  the  further  advantages  of  being 
but  a  little  above  the  lake  level  and  adjoining 
the  tracks  of  the  Lake  Shore  i  Michigan 
Southern  Railway.  38  feet  above  the  grade  line 
of  the  finished  grounds.  The  station  has  been 
built  large  enough  to  contain  four  triple- 
expansion  pumping  engines  with  the  neces- 
sary boilers,  auxiliaries  and  coal  supply.  The 
Irailding  contains  at  present  two  new  Holly 
pumping  engines  and  two  old  Knowles  pumps 
moved  from  another  station.  The  accompany- 
ing drawings  give  a  general  plan  and  section  of 
the  station,  showing  acrangement  of  machinery. 


point  sandstone  was  used,  forming  the  rock- 
faced  foundation  courses  showing  on  the  ex- 
terior of  the  building  above  the  grade  line.  The 
foundation  walls  of  the  building  have  been 
made  exceptionally  heavy  as  they  have  to  act  as 
retaining  walls  against  a  bank  of  soft  clay  and 
made  ground  21  feet  high.  The  distance  from 
the  bottom  of  the  engine  pit  to  the  main  floor 
line  is  24 Vj  feet,  and  from  the  main  floor  line 
to  the  ceiling  is  53  feet.  The  roof  has  steel 
trusses  covered  with  I-beam  purlins,  upon 
which  are  placed  wooden  rafters.  The  roof 
covering  consists  of  lV6-inch  matched  sheathing, 
upon  which  are  laid  Ludowici  roofing  tiles.  The 
bottom  chords  of  the  root  trusses  support  a  ceil- 
ing made  of  Georgia  pine  laid  off  in  panels 
about  IG  feet  square,  by  means  of  false  beams 
built  around  the  bottom  chords  of  the  trusses. 
The  exterior  of  the  building  is  faced  with 
Darlington  gray  pressed  brick  up  to  a  stone  belt 
course,  above  which  it  is  faced  with  Darlington 
brown  pressed  brick.  The  trimmings  are  of 
blue  Amherst  sandstone.  On  the  interior  the 
walls  are  faced  with  white  and  brown  enameled 
brick  for  a  height  of  about  7  feet  above  the 
engine  room  floor,  and  above  that  with  Darling- 
ton buff  face  brick.  The  trimmings  on  the  in- 
terior are  of  terra  cotta  of  the  same  shade  as 


the  balconies  in  the  water  ends  of  the  Holly 
engines  and  the  balcony  surrounding  the  two 
Knowles  engines.  To  provide  drainage  from 
all  points  of  the  engine  pit,  gutters  were  cut  into 
the  concrete  between  the  engine  foundations 
and  covered  with  cast-iron  gratings.  These 
gutters  terminate  in  a  sump  well  from  which 
the  water  is  removed  by  a  bilge  pump  and  dis- 
charged into  the  sewer.  The  building  is  equip- 
ped with  a  25-ton  hand-power  traveling  crane 
built  by  the  Brown  Hoisting  Machinery  Com- 
pany, of  Cleveland.  The  steelwork  used  in  the 
roof  trusses  was  furnished  by  the  Variety  Iron 
Works  Company;  the  steelwork  for  the  floors 
and  balconies,  together  with  the  hand  railings, 
was  furnished  by  T.  H.  Brooks  &  Company; 
the  foundations  of  the  engine  house,  boiler  and 
coal  storage  house  and  chimney  were  built  by 
the  C.  H.  Fath  &  Sons  Construction  Company. 
and  the  superstructures  for  these  buildings 
were  erected  by  John  Gill  &  Sons,  all  the  con- 
tractors mentioned  being  Cleveland  concerns. 

The  boiler  and  coal  storage  house  is  a  build- 
ing 171  feet  long  and  82  feet  wide,  interior  meas- 
urement. This  building  can  be  considered  as 
divided  longitudinally  into  two  parts,  the  west- 
erly portion  being  occupied  by  the  boilers  and 
the   easterly    portion   being    constructed    of    a 
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Kjrtland  Street  Pumping  Station,  Cleveland,  Showing  Trestle  for  Coal  Cars  and  Temporary  Trestle  for  Unloading  Pumping  Machinery. 


Station  Buildings. — The  engine  house  Is  150 
feet  In  length  and  65  feet  in  width  inside,  ex- 
cepting the  central  portion  which  is  75  feet 
wide.  As  the  excavation  for  the  foundation  was 
in  soft  clay  and  extended  to  a  considerable 
depth  below  the  lake  level.  It  became  necessary 
to  construct  a  heavy  coffer  dam  surrounding  the 
•He  of  the  building.  The  coffer  dam  was  made 
of  12xl2-lnch  tongued  and  grooved  pine  sheet 
piling  24  feet  long.  The  enclosed  area  having 
been  excavated,  oak  plies  varying  in  length  from 
25  to  40  feet  were  driven  by  steam  hammer  to 
the  total  number  of  1,280,  forming  the  supports 
for  the  building  walls  and  also  for  the  engine 
foundations.  These  piles  were  capped  with  12x 
12-inch  oak  timbers  secured  by  drift  bolts.  The 
spaces  between  the  grillage  timbers  were  filled 
with  Portland  cement  concrete  extending  down 
2  feet  below  the  tops  of  the  piles.  The  engine 
foundations  are  of  shale  brick  5  feet  thick  cap- 
ped by  a  course  of  sandstone  2  feet  thick.  The 
building  walls  were  started  upon  a  sandstone 
footing  18  Inches  thick  laid  upon  the  timber 
grillage  and  were  carried  up  with  shale  brick  to 
a  point  8  feet  above  city  datum.     Above  this 


the  brick.  The  main  floor  of  the  building  has 
a  frame  work  of  I-beams  carrying  brick  floor 
arches  leveled  up  with  the  concrete  and  finished 
with  white  vitreous  floor  tiles.  In  order  to  pre- 
vent the  transmission  of  vibrations,  the  floor 
has  no  connection  whatever  with  the  engines. 
To  admit  light  and  air  to  the  basement,  large 
openings  or  well-holes  are  left  in  the  floor.  All 
openings  are  enclosed  by  polished  brass  hand 
rails  secured  to  polished  steel  stanchions.  The 
engine  beds  and  the  openings  in  the  floor  are 
surrounded  by  cast-iron  plates.  At  a  level  21 
feet  above  the  main  floor  there  is  a  balcony  sur- 
rounding the  entire  interior  of  the  building,  and 
there  is  a  second  balcony  around  the  interior 
of  the  building  lOM:  feet  below  the  main  floor. 
This  balcony  affords  access  to  the  three  pas- 
sageways connecting  with  the  boiler  house  and 
to  the  discharge  pipes  from  the  engines;  it  also 
carries  two  small  rooms,  one  of  which  is  used 
as  a  lavatory  and  the  other  as  a  dressing  room. 
A  third  balcony,  7  feet  above  the  level  of  the 
engine  pit,  furnishes  a  crossing  over  the  48- 
Inch  suction  pipes  running  from  the  engines 
through  the  building  walls  and  connects  with 


heavy  frame  work  of  steel  columns  supporting 
the  coal  bin  and  the  track  for  the  coal  cars. 
As  the  excavation  for  this  building  was  shal- 
low the  sheet  piling  used  for  the  coffer  dam  was 
only  6  inches  thick.  There  were  1,224  oak  piles 
from  35  to  38  feet  in  length  driven  in  this  ex- 
cavation to  support  the  building  walls,  the  piers 
for  the  coal  bin  and  the  boiler  foundations.  The 
piles  supporting  the  building  walls  and  piers 
were  capped  with  12xl2-inch  timbers  and  sur- 
rounded by  concrete,  the  same  as  in  the  engine 
house.  The  piles  driven  in  the  area  covered  by 
the  boiler  foundations  were  not  capped  with 
timbers,  but  were  surrounded  and  covered  with 
concrete.  The  building  walls  and  piers  were 
built  of  shale  brick  and  sandstone,  the  same  as 
described  above  for  the  engine  house.  The  walls 
of  the  superstructure  are  faced  on  both  sides 
with  pressed  brick. 

There  is  a  basement  under  the  main  floor 
of  the  boiler  house  extending  under  the  entire 
building,  which  contains  the  stoker  engines,  line 
shaft,  track  for  ash  cars  and  main  steam  pipes. 
The  smoke  flue,  faced  on  the  outside  with  buff 
pressed  brick,  extends  the  entire  length  of  the 
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boiler  house  and  is  carried  upon  lattice  col- 
umns above  the  main  floor.  The  main  floor 
consists  of  I-beams  supporting  brick  arches, 
leveled  up  with  concrete  with  cement  finish. 
The  roof  of  this  building  consists  of  steel 
trusses  upon  which  trussed  purlins  are  laid.  The 
purlins  support  tee  irons  spaced  24  inches  cen- 
ter to  center  carrying  book  tiles  S  inches  thick. 
The  roof  is  covered  with  Ludowici  roofing  tiles, 
the  same  as  the  engine  house.  The  steelwork 
for  the  boiler  house  and  coal  bin  was  furnished 
by  the  Van  Dorn  Iron  Works,  of  Cleveland. 

The  coal  storage  bin  has  6-lnch  Z-bar  columns 
carrying  the  bin  floor,  the  floor  supporting  the 
track  for  the  railroad  cars  and  the  latticed  col- 
umns supporting  the  roof  trusses.  The  bin 
floor  is  made  of  plate  girders  riveted  to  the 
main  columns  and  supporting  15-inch  I-beams 
covered  with  5/16-inch  steel  plate.  The  sides  of 
the  bin  are  made  of  I-beams  supported  by  the 
main  columns  and  lined  with  5/lG-inch  steel 
plate.  The  track  floor  is  made  of  plate  girders, 
built  into  the  main  columns,  carrying  track 
stringers  of  24-lnch  I-beams,  across  which  7- 
Inch  I-beams  spqced  2  feet  8^4  inches  apart  are 
laid  and  support  steel  deck  plating  and  track 
rails.  The  space  between  the  rails  and  for  2 
feet  3  inches  each  side  of  the  track  is  covered 
with   a  grating  of  steel  bars  spaced   3   inches 


built  by  John  Gill  &  Sons,  and  the  superstruc- 
ture was  built  by  the  Variety  Iron  Works  Com- 
pany. The  concrete  abutment  was  built  on  a 
pile  foundation  at  the  foot  of  the  slope  from 
the  Lake  Shore  railway.  The  side  track  from 
the  abutment  to  the  railway  Is  carried  on  em- 
bankment. 

The  brick  chimney  is  9  feet  In  internal  di- 
ameter and  200  feet  high  from  the  ground  Una. 
It  is  supported  on  169  oak  piles  averaging  35 
feet  in  length,  and  is  facfed  on  the  exterior  up 
to  a  stone  belt  course  with  Darlington  gray 
pressed  brick  and  above  this  with  Fallston 
brown  pressed  brick.  The  chimney  has  a  core 
wall  extending  to  the  top  and  is  lined  with 
flre  brick  to  a  height  of  70  feet.  The  top  of 
the  stack  is  covered  with  a  heavy  cast-iron  cap. 
The  chimney  was  built  by  the  C.  H.  Fath  & 
Sons  Construction  Company. 

A  sea  wall  guards  the  station  grounds  on  the 
lake  side.  The  site  consisting  mostly  of  made 
ground  directly  on  the  lake  front,  it  became 
necessary  to  build  a  jetty  into  the  lake  to  form 
a  protection  from  the  seas.  The  jetty  is  built 
of  two  closely  driven  rows  of  oak  piling  10  feet 
apart.  These  are  capped  with  timbers  and  tied 
together  with  timber  and  iron  rods.  The  jetty 
is  filled  with  small  pieces  of  limestone  and  is 
protected  on  both  sides  with  large  riprap  stone 


A  screen  well  12  feet  in  internal  diameter  was 
placed  immediately  beyond  tlie  sluice  gate.  This 
shaft  contains  screens  of  copper  wire  secured 
to  wooden  frames  4  feet  high  and  12  feet  6 
inches  long.  The  aqueduct  connects  with  the 
pump  wells  by  branches  4  feet  in  diameter.  The 
pump  wells  are  12  feet  in  internal  diameter,  and 
their  bottoms  are  27  feet  below  city  datum.  The 
pump  wells  and  the  screen  well  are  built  of 
four  courses  of  shale  brick  inside  of  riveted 
steel  shells  provided  at  their  bottom  edges  with 
cutting  shoes.  The  wells  were  settled  Into  place 
by  excavating  In  the  interior,  and  weighting 
them  with  pig  iron.  Each  of  the  tour  pump 
wells  is  provided  with  a  48-lnch  sluice  gate 
placed  on  the  connection  with  the  aqueduct  and 
bolted  to  the  steel  shell  surrounding  the  well. 
Each  gate  is  operated  by  means  of  a  vertical 
hand  wheel  from  a  platform  placed  inside  of  the  • 
well.  These  gates  were  furnished  by  the  Kenne- 
dy Valve  Manufacturing  Company,  of  New  York. 
Vulcanite  Portland  cement  was  used  for  all  con- 
crete and  mortar  In  the  station,  aqueducts  and 
wells.  The  aqueduct  and  wells  were  built  by 
the  C.  H.  Fath  &  Sons  Construction  Company. 
Pumping  Engines. — The  engine  house  has 
been  provided  with  four  foundations  for  verti- 
cal, triple-expansion  pumping  engines  of  25.- 
000,000  gallons  daily  capacity  each.    In  the  year 


Header  for  the  Discharge  Pipes  from  the  Pumps. 


The  Coal  Storage  Bin  during  Erection. 


from  center  to  center.  The  coal  is  delivered  in 
hopper  cars,  which  are  switched  into  the  build- 
ing over  a  steel  trestle  connecting  with  the  Lake 
Shore  &  Michigan  Southern  Railway,  the  track 
floor  being  at  the  same  elevation  as  the  rail- 
road. As  nothing  but  slack  coal  is  used  at  the 
station,  it  must  all  pass  through  the  grating 
mentioned  above.  The  cross-section  of  the  bin 
is  rectangular,  as  it  was  desirable  to  obtain 
the  maximum  amount  of  storage  capacity  in  the 
available  space.  The  bottom  of  the  bin  is  pro- 
vided with  hoppers  terminating  in  spouts  lead- 
ing to  the  magazines  of  the  chain-grate  stokers. 

The  side-track  trestle  connecting  the  boiler 
house  with  the  railroad  tracks  ia  built  on  a 
curve  and  consists  of  three  plate-girder  spans 
carrying  a  double  track.  There  are  two  con- 
crete piers  built  on  pile  foundations  supporting 
two  steel  towers.  The  plate  girders  are  6  feet 
in  depth,  and  there  aie  four  girders  to  each 
span.  The  solid  floor  placed  upon  the  plate  gird- 
ers consists  of  troughs  made  of  8xB/16-inch 
plates  filled  with  cinder  concrete.  Stone  ballast 
is  placed  upon  this  floor  carrying  the  ties  and 
rails.    The  substructure  for  the  side  track  was 


laid  on  brush  mattresses.  The  jetty  extends 
into  the  lake  for  a  distance  of  220  feet  beyond 
an  old  pile  sea  wall;  then  an  angle  of  90  de- 
grees is  made  and  it  extends  easterly  for  a  dis- 
tance of  550  feet.  The  space  inside  of  the  sea 
wall  will  eventually  be  filled  with  the  ashes 
from  the  boilers  of  the  station.  The  jetty  was 
built  by  the   Standard  Contracting   Company. 

Aqueducts,  Screen  Well  and  Pump  Wells. — 
The  shore  shaft  of  the  lake  tunnel  sunk  in  1896 
was  not  in  a  convenient  location  to  connect  with 
the  suction  pipes  of  the  engines,  and  so  another 
shaft,  called  shaft  No.  5,  was  sunk  on  the  line 
of  the  tunnel  163  feet  from  shaft  No.  !.■  From 
this  shaft  an  aqueduct  7  feet  in  diameter  was 
built  with  its  flow  line  at  an  elevation  of  27 
feet  below  city  datum,  connecting  with  four 
pump  wells  containing  the  suction  pipes  for 
four  engines.  This  aqueduct  was  built  by  tun- 
neling, and  is  lined  with  three  rings  of  shale 
brick  laid  in  Portland  cement  mortar.  A  sluice 
gate  7  feet  in  diameter,  made  by  the  Michigan 
Brass  &  Iron  Works,  of  Detroit,  Mich., 
was  placed  on  the  line  of  the  aqueduct 
in     a     gate     shaft     adjoining     shaft     No.     5 


1900,  a  contract  was  made  with  the  Holly  Man- 
ufacturing Company  for  two  such  engines.  The 
engines  are  of  the  self-contained  type,  the  main 
engine  bases  resting  partly  upon  the  valve 
chambers  and  partly  upon  heavy  iron  legs,  or 
A-frames.  The  legs,  valve  chambers  and  pump 
barrels  are  supported  upon  heavy  cast-iron  sub- 
bases.  Each  of  the  three  pump  barrels  of  each 
engine  has  two  valve  chambers.  The  water 
valves  are  all  placed  in  separate  valve  cages, 
there  being  six  cages  to  each  valve  deck.  The 
plungers  are  36  inches  in  diameter  and  the 
stroke  is  60  inches.  The  main  shafts  of  the 
engines  are  made  of  fluid-compressed  steel  and 
are  17  li  inches  in  diameter  at  the  bearings. 
Each  engine  has  two  fly-wheels  20  feet  in  di- 
ameter. The  three  steam  cylinders  are  32,  60 
and  90  inches  in  diameter,  respectively,  both  the 
barrels  and  the  heads  being  provided  with  steam 
jackets.  The  valves  are  of  the  Corliss  type,  ex- 
cepting the  exhaust  valves  of  the  low-pressure 
cylinders  which  are  poppet  valves.  The  engines 
will  be  run  with  steam  of  150  pounds  pressure 
superheated  from  100  to  150  degrees  Fahrenheit; 
The  average  total  head  of  water  against  which 
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the  pumps  will  have  to  operate  Is  about  82 
pounds.  The  engines  are  fitted  with  jet  con- 
densers taking  the  cooling  water  from  the  suc- 
tion pipe.  The  air  pumps  discharge  the  water 
into  a  S4-i&ch  cast-iron  pipe  running  length- 
wise of  the  building,  connei-ting  with  all  the  . 
engines  and  extending  to  the  lake.  The 
suction  pipe  of  eaih  engine  is  4S  inches 
in  diameter.  The  suction  pipe  as  it  approaches 
the  engine  is  divided  into  two  lines  by  means  of 
a  Y.  one  line  connecting  with  the  valve  cham- 
bers on  one  side  of  the  engine  and  the  other 
with  the  valve  chambers  on  the  other  side.  The 
suction  pipes  are  again  connected  at  the  further 
end  of  the  engine  and  provided  with  a  large  air 
chamber,  and  there  is  another  air  chamber  on 
each  suction  pipe  t>etween  the  engine  and  the 
pump  well.  There  are  two  discharge  pipes  3u 
.  inches  in  diameter  each,  connecting  the  cham- 
bers on  one  side  of  each  engine,  the  two  being 
combined  beyond  the  engine  into  a  42-inch  pipe 
provided  with  a  check  valve.  One  of  these 
engines  was  put  into  service  pumping  water 
from  the  new  tunnel  on  February  1.  1904;  the 
other  engine  was  started  on  February  28.  Duty 
trials  on  each  engine  will  probably  be  made 
some  time  this  spring. 

The  average  daily  i-onsumption  for  the  city  is 
in  the  neighborhood  of  60,000,000  gallons, 
whereas  the  combined  capacity  of  the  two  Holly 
engines  is  50,000,000  gallons.  As  it  became  very 
desirable  to  obtain  the  entire  water  supply  of 
Cleveland  from  the  new  tunnel  at  as  early  a 
date  as  possible,  it  was  decided  to  move  two 
Knowles  horizontal  direct-acting  duplex  pump- 
ing engines  of  15.000,000  gallons  daily  capacity 
each  from  the  old  Division  Street  station  and 
place  them  on  the  two  unoccupied  foundations 
in  the  new  engine  house.  This  was  done  be- 
cause it  would  have  taken  several  years  to  com- 
plete the  equipment  of  this  building  with  mod- 
ern engines  the  same  as  the  two  Holly  engines 
now  installed,  whereas  it  consumed  only  a  few 
months  to  move  the  old  engines.  The  two 
Knowles  engines  are  placed  upon  brick  piers 
about  8  feet  high  above  the  engine  pit.  These 
engines  require  steam  at  but  60  to  70  pounds 
pressure.  The  steam  as  furnished  by  the  boil- 
ers at  150  pounds  is  passed  through  a  5-inch 
Foster  reducing  valve  for  each  engine.  One  of 
these  engines  was  started  on  February  5. 

Boilert  and  Steam  Piping. — The  boiler  house 
is  provided  with  foundations  for  ten  boilers, 
six  of  which  have  been  installed  in  three  bat- 
teries of  two  boilers  each.  The  boilers  are  the 
water  tube  type,  furnished  by  the  Babcock  & 
Wilcox  Company.  Each  has  2,700  square  feet  of 
tube  heating  surface.  The  tubes  are  of  seam- 
leas  steel  expanded  into  forged  steel  headers. 
Each  boiler  has  a  set  of  superheating  tubes  sus- 
pended below  the  drums.  The  boilers  are  fitted 
with  Babcock  k  Wilcox  chain-grate  stokers,  hav- 
ing a  grate  area  of  60  square  feet  for  each  boil- 
er. There  are  passageways  9  feet  wide  between 
the  batteries.  The  brick  walls  of  the  boiler  set- 
tings are  faced  on  the  exterior  with  Kittanning 
buff  pressed  brick  of  the  same  shade  as  those 
used  for  the  interior  finish  of  the  building.  The 
ashes  discharged  from  the  chain  grates  accumu- 
late in  steel  hoppers,  and  in  the  basement  are 
drawn  from  these  hoppers  by  means  of  valves 
Into  steel  side-dump  ash  cars  of  about  one  cubic 
yard  capacity.  The  ash  cars  are  elevated  to 
the  level  of  the  ground  by  a  hydraulic  elevator 
placed  in  a  pit  just  outside  of  the  boiler  house. 
The  ashes  are  used  to  make  additional  land 
for  the  pumping  station  grounds. 

Each  boiler  has  two  steam  outlets,  one  di- 
rectly from  the  drums  and  the  other  from  the 
superheater.  These  two  outlets  are  combined 
through  two  8-inch  angle  valves  into  a  single 
8-tnch  outlet  These  two  valves  afford  a  means 
for  regulating  the  amount  of  superheat  of  the 


steam,  as  any  amount  of  saturated  steam  can  be 
mixed  with  the  steam  from  the  superheater.  The 
Sinch  outlets  are  provided  with  7-inch  Foster 
non-return  emergency  hand  stop  valves,  ar- 
ranged so  as  to  close  automatically  In/case  of 
the  bursting  of  a  boiler  tube  or  the  rupture  of 
the  steam  main  at  any  point.    The  steam  after 


water  controllers.  All  the  feed  piping  to  the 
boilers  is  of  extra  heavy  brass.  All  the  ex- 
haust from  the  feed  pumps,  air  compressors  and 
electric  light  engine  is  discharged  into  an  ex- 
haust main  connecting  with  all  the  feed-watsr 
heaters.  The  returns  from  the  steam  jackets 
and  from  the  heating  system  of  the  building  are 
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Section  through  Engine  House,  with  Passageway  to  Boiler  and  Coal  House,  Shown  Opposite. 


leaving  the  Foster  valves  passes  through  large 
U-bends  of  7-inch  extra  heavy  pipe  to  a  steam 
header  placed  below  the  main  floor  of  the  build- 
ing and  supported  upon  latticed  columns.  Ow- 
ing to  the  high  temperature  of  the  steam  an 
unusual  amount  of  expansion  had  to  be  allowed 
for.  The  steam  header  was  therefore  divided 
into  a  number  of  sections  and  provided  with 
Wainwright  corrugated  expansion  joints,  each 
section  of  pipe  being  held  rigidly  at  one  point 
by  a  strong  anchor  bracket.  From  the  header 
in  the  basement  of  the  boiler  house  the  steam 
is  carried  to  the  engines  through  four  8-inoh 
steam  lines  passing  through  tne  covered  pas- 
sageways connecting  the  two  buildings.  These 
lines  also  are  provided  with  expansion  joints 
and  anchor  brackets.  The  pipes  to  the  engines 
are  connected  with  the  header  In  the  boiler 
house  at  such  points  that  the  steam  output  of 
any  battery  of  boilers  may  be  separated  by 
means  of  valves  from  that  of  the  remaining 
boilers  for  making  tests  and  for  other  purposes. 
The  feed  water  is  taken  from  the  air  pump 
discharge  of  each  engine  and  passed  through 
SOO-horse-power  Cochrane  open  feed-water  heat- 
ers. From  the  heaters  the  water  is  pumped  by 
means  of  independent  feed  pumps  to  the  feed- 
water  system.  There  are  four  heaters  and  four 
feed  pumps.  The  feed  pumps  are  controlled  by 
pump  governors  placed  in  the  steam  supply  to 
each  pump  and  are  also  controlled  by  the  feed 
water  pressure.  The  amount  of  water  fed  to 
the  boilers  is  controlled  by  six   Squires  feed- 


also  taken  to  the  feed- water  heaters.  As  the 
amount  of  exhaust  steam  available  at  the  sta- 
tion will  not  be  sufficient  to  heat  the  water  in 
the  feed-water  heaters  to  a  temperature  neces- 
sary to  precipitate  impurities,  a  connection  is 
made  to  each  heater  for  admitting  live  steam. 
The  steam  piping  was  furnished  by  the  Cleve- 
land Steam  Fitting  &  Supply  Company. 

Lighting  Plant.^lt  is  the  intention  to  install 
two  direct-connected  units  of  bO  kilowatts  capa- 
city each  to  furnish  power  for  lighting  the  sta- 
tion. At  present,  however,  the  power  is  furnish- 
ed temporarily  by  a  direct-connected  unit  of  25 
kilowatts  capacity  placed  upon  the  main  floor 
of  the  engine  room.  A  marble  switchboard 
adapted  for  use  with  the  two  50-kilowatt  units 
to  be  installed  later  on  and  provided  with  the 
necessary  distributing  switches  is  placed  on  the 
main  floor  near  the  generator.  All  the  wiring 
of  the  station  is  placed  in  iron  conduit.  The 
lighting  of  the  engines  and  basements  is  ac- 
complished by  means  of  incandescent  lights 
bung  from  the  balconies.  The  general  illumina- 
tion of  the  engine  house  is  by  means  of  ten  arc 
lamps  placed  close  to  the  ceiling  and  twenty- 
two  clusters  of  five  incandescent  lamps  each, 
placed  on  the  brackets  supporting  the  balcony 
surrounding  the  interior  of  the  building.  The 
lighting  of  the  boiler  house  will  be  accomplished 
partly  by  arc  lamps  and  partly  by  incandescent. 

Discharge  Mains. — The  discharge  pipes  from 
the  four  pumps  are  combined  on  the  outside  of 
the   building  into   a  header   48   inches  and    42 
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Inches  in  diameter.  The  header,  a  portion  of 
which  is  shown,  is  of  cast-iron,  and  all  the 
joints  are  made  by  means  of  flanges  bolted  up 
with  thin  lead  gaskets.  The  header  Is  support- 
ed upon  a  large  concrete  foundation.  The 
northerly  end  of  the  header  terminates  in  a  16- 
inch  pipe  leading  to  the  lake.  The  water  which 
had  been  lying  in  the  tunnel  since  its  comple- 
tion and  filling  on  November  15,  1903,  was 
pumped  and  discharged  through  the  16-inch 
pipe  back  into  the  lake  so  as  to  thoroughly  flush 
the  tunnel  before  any  water  from  this  source 
was  turned  into  the  city  mains.  There  are  four 
42-inch  branches  from  the  main  header  which 
are    combined    into    two    48-inch    rising   mains 


leading  up  the  slope  and  into  the  supply  system 
of  the  city.  These  mains  are  made  of  riveted 
steel  pipe  on  the  hillside  and  for  a  distance  of 
290  feet  beyond  the  Lake   Shore  &  Michigan 
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Southern  Railway.  This  construction  was  used 
so  there  might  be  no  rupture  of  these  mains  at 
this  point.  Any  break  occurring  on  one  main 
would  cause  a  very  serious  washout,  and  as  the 
two  mains  are  laid  parallel  and  only  32  feet 
apart,  it  might  settle  the  other  main  and  also 
cause  It  to  break,  which  would  mean  the  shut- 
ting down  of  the  entire  station.  Both  dis- 
charge mains  are  equipped  with  recording 
gauges  so  as  to  obtain  a  continuous  record  of 
the  water  pressure.  All  cast-iron  pipes  and  spe- 
cials were  furnished  by  the  United  States  Cast- 
iron  Pipe  &  Foundry  Company.  The  riveted 
steel  pipe  was  furnished  by  the  Cleveland  Steam 
Boiler  Works.  All  this  pipe  was  laid  by  the 
water  works  department. 

The  total  cost  for  the  construction  of  the  sta- 
tion, not  including  the  lake  tunnel,  is  about 
$900,000.  Professor  Edward  W.  Bemis  is  super- 
intendent of  the  water  works.  The  design  and 
construction  of  the  station  has  been  in  charge 
of  Mr.  C.  F.  Schulz,  flrst  assistant  engineer,  and 
the  writer.  The  construction  has  been  super- 
vised by  Mr.  E.  C.  Cooke,  resident  engineer. 


A    Concrete-Steel    Floor    Test    at    Cin- 
cinnati. 


Plan  of  the  Kirtland  Street  Pumping  Station,  Cleveland  Water  Works. 


An  unusual  test  of  a  concrete-steel  floor  was 
made  in  Cincinnati  on  March  5  at  a  building 
which  is  in  course  of  construction  for  the  Amer- 
ican Brick  Company  by  the  Ferro-Concrete  Con- 
struction Company  of  that  city.  During  a  re- 
cent cold  snap,  the  surface  of  the  concrete  floor 
of  the  second  story  of  the  building  was  frozen 
and  the  top  quarter  of  an  inch  scaled  off.  Doubt 
was  expressed  concerning  the  ability  of  the  re- 
maining concrete  to  fulfil  the  requirement  in 
the  specifications  which  calls  for  a  sustaining 
capacity  of  200  pounds  to  the  square  foot,  so  the 
floor  was  tested  with  the  results  given  below. 

The  floor  system  is  a  continuous  slab  of  re- 
inforced concrete  2%  inches  thick,  supported  on 
reinforced  concrete  beams  7%  inches  wide,  18 
inches  deep  below  the  ceiling  and  16  feet  2 
inches  long  in  the  clear,  spaced  5  feet  S  inches 
on  centers.  About  2  Inches  above  the  bottom  of 
each  beam  there  are  two  twisted  bars,  one  17 
feet  long  and  1%  inches  square,  and  the  other 
%  inch  square  and  10  feet  long.  Stirrups  are 
used  in  each  end  of  the  beam.  The  floor  slab 
is  reinforced  both  laterally  and  longitudinally 
with  %-inch  bars,  those  parallel  with  the  floor- 
beams  being  untwisted  and  the  others  twisted. 

To  ascertain  the  condition  of  the  concrete  a 
bottomless  box  68x17 1/2  feet  was  built  around 
the  portion  in  dispute.  This  box  was  filled  with 
dry  sand  3%  feet  deep.  The  loading  was  start- 
ed on  February  26  and  was  practically  com- 
pleted during  the  following  day.  Heavy  rains 
for  several  days  materially  increased  this 
weight,  which  had  already  reached  320  pounds 
to  the  square  foot,  120  pounds  more  than  the 
requirement.  The  total  weight  of  the  sand  was 
a  little  over  188  tons,  to  which  should  be  added 
that  of  the  water,  possibly  a  ton  more. 

Wooden  uprights  2  inches  square  were  placed 
in  line  on  the  center  of  the  fioor  and  a  transit 
was  set  up  to  take  the  defiectlon,  a  bench  mark 
being  established  on  one  of  the  column  rods 
projecting  above  the  floor.  The  floor  showed  a 
deflection,  when  the  total  load  was  applied,  ol 
about  %  inch,  but  it  was  then  discovered  that 
the  transit  was  slightly  out  of  adjustment,  as 
the  bench  mark  and  the  post  at  which  this  de- 
flection was  taken  were  approximately  the  same 
distance  from  the  transit,  the  results  were  prac- 
tically correct.  As  a  check,  two  defiectometers 
were  placed  under  the  floor  when  it  was  loaded 
and  remained  under  during  the  time  the  floor 
was  being  unloaded.  These  instruments  showed 
a  difference  in  elevation  of  3/32  inch  between 
the  loaded  and  unloaded  floor. 
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The  Canadian  Paciftc  Railway  Shops  at 
Montreal. 


Pact  I. — Powkb-Plaht,  KLBcnuc  Instaixation, 

TKASSFonATiOK,  Watsb  Ststkm.  Hkatisu, 
Gkmxai.  Cosstsccwox  and  Equipment. 

About  twenty-five  years  ago  the  Canadian  Pa- 
cllle  Railway  established  its  principal  construc- 
tloa  shops  at  Hochelaga,  which  was  then  a 
town  about  S^  miles  from  the  Montreal  sta- 
tion. Cars  aad  some  locomotives  were  built  in 
theae  shops,  but  after  a  time  they  became  inade- 
'  quale  for  the  new  and  repair  work  on  the  roll- 
ing stock  for  the  company's  system,  which  now 
aggregates  about  12,000  miles  of  track  and  has 
approximately  900  locomotives  and  many  thous- 
ands of  passenger  and  freight  cars  In  service. 
The  design  of  an  entirely  new  plant  was,  there- 
fore, intrusted  to  Mr.  Henry  Goldmark,  M.  Am. 
80c  C.  E..  and  the  construction  Is  now  being 
carried  on  by  him'  under  the  general  direction 
of  Mr.  K.  H.  McHenry,  chief  engineer  of  the 
Canadian  Pacific  Railway.  The  plant  and  stor- 
age yards  occupy  a  site  of  about  200  acres  on 
high  ground  in  Hochelaga  ward,  Montreal,  1% 
miles  from  the  old  shops,  which  will  be  dis- 
mantled, the  best  machinery  being  transferred 
to  the  new  buildings.  There  will  be  in  all  about 
twenty  principal  buildings,,  with  a  total  roof 
surface  of  20%  acres.  The  new  works  will  have 
a  capacity  to  repair  400  or  500  locomotives  in 
service  and  to  build  about  100  new  locomotives, 
500  new  passenger  cars  and  7,000  new  freight 
cars  a  year.  Employment  will  be  given  to 
about  5,000  men. 

An  important  feature  in  the  design  of  this 
plant  is  that  it  will  be  able  to  produce  the  full 
output  as  soon  as  it  is  put  In  operation;  for 
although  the  buildings  have  liberal  space 
around  them  and  may  be  considerably  extend'ed, 
they  are  being  made  complete  at  the  outset  and 
are  adapted  for  a  volume  of  work  determined 
by  experience  at  the  existing  shops.  The  con- 
stmction  was  planned  to  be  durable  and  to 
withstand  the  severities  of  the  climate  The 
principal  features  have  been  carefully  adapted 
and  combined  from  large  existing  plants 
studied  by  the  designer.  The  main  lines  of 
transportation,  the  crane  girders,  the  apparatus 
for  heating  and  light,  and  the  hydraulic  and 
pneumatic  systems,  however,  were  determined 
by  the  designing  engineers. 

The  main  features  of  the  plant  were  decided 
and  the  preliminary  studies  and  designs  were 
commenced  in  the  early  part  of  1902.  Ground 
was  broken  in  September,  1902,  and,  at  the  date 
of  this  writing,  all  the  principal  buildings  are 
under  cover  and  the  installation  of  machinery 
has  been  commenced  in  many  of  them.  A  total 
expenditure  of  about  $4,000,000  will  have  been 
made  when  the  plant  is  fully  equipped.  It  is 
intended  to  make  this  plant  a  model  for  loco- 
motive and  car  building  works  and  to  equip 
and  operate  it  so  as  to  secure  a  large  output 
and  high  grade  of  work  at  a  cost  minimized 
by  convenient  arrangement  and  adequate  fa- 
cilities. That  this  plant  is  considered  thor- 
oughly satisfactory  is  attested,  by  the  fact  that 
the  Canadian  Pacific  Railway  Company  has  al- 
ready commenced  construction  of  an  exactly 
similar  one  of  about  one-third  Its  capacity  at 
Winnipeg,  which  will  be  chiefly  used  for  repair 
work  necessary  on  the  western  divisions. 

The  site  is  about  4,600  feet  long  by  1,800  feet 
wide,  and  its  irregular  surface  has  been  leveled. 
The  shops  are  most  of  them  comparatively  long 
and  narrow  with  their  longitudinal  axes  all 
parallel  to  the  long  side  of  the  site.  The  main 
lines  to  Quebec  border  one  end  of  the  site,  to 
which  they  are  approximately  at  right  angles. 

Tran*pi)rtaiion. — The  shops  are  arranged  in 
two  principal  groups  on  opposite  sides  of  a 
transverse  passageway  about  80  feet  wide,  near 


the  center  of  the  site.  This  street  is  called  the 
Midway  and  has  no  surface  tracks,  except  those 
which  Intersect  it  at  right  angles  and  longitud- 
inal lorry  tracks.  It  is  commanded,  however, 
by  a  10-ton  electric  traveling  crane  which  spans 


alongside  the  gray-iron  foundry  and  serves  to 
transfer  heavy  castings  to  the  Midway,  whence 
they  can  be  delivered  directly  to  the  shops 
where  the  heavy  work  is  done,  or  to  the  longi- 
tudinal  surface  tracks  which    will    distribute 
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General  Plan  of  Montreal  Shops  of  the  Canadian  Pacific  Railway  Company. 


the  full  width  and  has  a  runway  1,000  feet  long 
Intersected  near  the  middle  by  the  340-foot  run- 
way of  another  10-ton  electric  traveling  crane  at 
right  angles  to  It     This  latter  crane  travels 


them  throughout  the  yard.  The  Midway  crane 
serves  as  a  transfer  between  all  surface  tracks 
and  enables  the  heaviest  work  to  be  quickly 
moved  from  shop  to  shop.     By  this  system  all 


March  19,  1904. 


THE    ENGINEERING    RECORD 


353 


principal  movements  are  in  a  longitudinal  di- 
rection. A  transverse  movement  from  shop  to 
shop  or  from  track  to  track  is  provided  for 
entirely  by  the  cross-overs  and  diagonal  lines  of 
the  surface  tracks  and  by  the  Midway  crane. 
Both  of  these  cranes  were  made  by  the  "Whit- 
ing Foundry  Equipment  Company,  Chicago,  and 
each  'is  equipped  with  one  25-horse-power  and 
two  8-horse-power  Canadian  General  Electric 
Company's  direct-current  motors  working  at  250 
volts.  In  the  locomotive  shops  there  are  two 
60-ton  cranes  of  77-foot  span,  one  10-ton  and 
one  15-ton  crane  of  56-foot  span,  all  built  by 
the  Alliance  Machine  Company,  Alliance,  Ohio, 
and  each  equipped  with  four  motors.  All  other 
cranes  in  the  buildings  were  installed  by  the 
Whiting  Foundry  Equipment  Company  and  are 
operated  by  Canadian  General  Electric  Com- 
pany's motors.  They  include  one  20-ton  77-foot- 
span  crane  in  the  boiler  shop  and  one  10-ton 
50-foot  crane  in  the  gray-iron  foundry,  besides 
a  number  of  smaller  cranes  and  air  hoists  in 
various  shops.  Between  the  passenger  car 
shops  there  is  a  yard  car-transfer  table  operated 
by  a  20-horse-power,  550-volt  alternating-cur- 
rent motor. 

The  runways  for  the  yard  cranes  have  gird- 
ers of  from  14  to  43-foot  spans,  corresponding 
generally  to  the  openings  in  the  adjacent  build- 


fuse  from  the  planing  mill.  The  induced 
draught  system  Is  operated  by  two  10-foot  Stur- 
tevant  fans  which  make  about  200  revolutions 
per  minute  and  are  connected  with  a  steel  stack 
8  feet  in  diameter  and  70  feet  high.  Two  Green 
economizers  of  sufficient  rated  capacity  to  serve 
the  five  boilers  have  been  installed,  and  pro- 
vision is  made  for  the  future  installation  of 
three  more  boilers  of  416  horse-power  each.  All 
the  boilers  are  connected  to  a  12-inch  header, 
and  reducing  valves  and  a  by-pass  are  provided 
to  permit  the  steam  at  300  pounds  pressure  to 
be  used  with  the  low-pressure  battery  when  the 
high  pressure  is  not  required  for  testing  pur- 
poses. Two  12x7xl2-inch  Northey  feed-water 
pumps  built  by  the  Canada  Foundry  Company, 
Toronto,  have  been  put  in  for  the  416-horse- 
power  boilers  and  two  6x3V^x6-lnch  Worthing- 
ton  feed-water  pumps  for  the  150-horse-power 
boiler.  There  is  also  a  feed-water  heater,  made 
by  the  Goubert  Manufacturing  Company,  New 
York,  of  sufficient  capacity  for  all  the  boilers. 
The  ashes  are  discharged  to  floor  hoppers, 
from  which  they  are  emptied  at  convenience 
into  cars  in  a  tunnel  running  beneath  the  holl- 
er house  and  terminating  at  an  air  hoist  for 
■  lifting  the  dump  cars  to  the  surface  tracks,  on 
which  they  pre  run  to  the  spoil  banks. 

In  the  engine  room  there  are  three  750-horse- 


General   View   of   Plant:      Locomotive   Machine   and   Erecting   Shops   in  Foreground. 


ings,  and  varied  to  suit  the  passages  between 
shops.  The  girders  all  have  36x%-inch  web- 
plates  and  pairs  of  6x3i^-inch  flange  angles 
with  pairs  of  vertical  web-stiffener  angles  from 
4  to  5  feet  apart.  Each  vertical  post  support- 
ing the  runway  has  a  batter  post  latticed  to  it 
with  zigzag  angles  and  carries  a  light  latticed 
girder  parallel  to,  and  3  feet  distant  from,  the 
runway  girder.  The  lower  flanges  of  the  two 
girders  are  connected  by  zigzag  lateral  angles 
and  the  top  flanges  are  connected  by  a  36x5/16- 
inch  continuous  cover-plate  which  projects  12 
inches  beyond  the  center  of  the  runway  girder. 
This  arrangement  gives  independent  stability 
and  lateral  stiffness  to  the  runway  girder,  and 
the  horizontal  plate  serves  as  a  foot-walk  along- 
side the  crane  track. 

Power  Plant.— The  100xl60-foot  power  build- 
ing is  divided  by  alongitudinal  center  wall  into 
a  boiler  room  and  an  engine  room.  In  the  boiler 
room  are  four  416-horse-power  Babcock  &  Wil- 
cox boilers  for  a  working  pressure  of  150 
pounds,  and  one  SOO-hoi-se-power  boiler  of  the 
same  make  for  a  pressure  of  300  pounds  to  be 
used  in  testing  locomotives.  These  boilers  are 
equipped  with  Neemes's  shaking  grates  and  are 
stoked  by  hand,  but  there  is  also  a  shavings  ex- 
haust system  tor  supplying  the  boilers  with  re- 


power  and  one  375-horse-power  cross-compound 
horizontal  Corliss  engines,  making  150  revolu- 
tions per  minute,  built  by  the  Robb  Engineering 
Company,  Amherst,  Nova  Scotia,  direct-con- 
nected to  three  500-kilowatt  and  one  250-kilo- 
watt  three-phase  300-volt  alternating-current 
generators.  Besides  these  generators  there  are 
two  250-kllowatt  250-volt  direct-current  dynamos 
for  the  crane  service.  The  alternating-current 
generators,  motors  for  some  of  the  tools  and  the 
exciters  were  built  by  the  Canadian  General 
Electric  Company.  Air  Is  compressed  by  ma- 
chines brought  from  the  old  shops  aryl  Is  de- 
livered at  100  pounds  pressure  through  a  7-inch 
and  a  2-inch  main  leading  to  the  different  parts 
of  the  plant  and  connected  to  one  or  more  re- 
ceivers In  each  of  the  buildings.  The  engine 
house  is  served  by  a  10-ton  traveling  crane  built 
by  the  Whiting  Foundry  Equipment  Company. 
A  tunnel  from  the  power  house  was  run  to 
most  of  the  Important  buildings,  and  carries  on 
wall  brackets  the  live  steam  pipe  for  heating  at 
night,  an  exhaust  steam  pipe  for  heating  by  day, 
a  high-pressure  steam  pipe  for  locomotive  tests, 
air  pipes  for  pneumatic  service  and  a  return 
pipe  for  the  drainage  of  all  the  heating  appara- 
tus, the  condensation  water  from  which  is  saved 
and  used  again.    All  steam  and  exhaust  pipes 


are  jacketed  with  asbestos  air-cell  covering 
wired   on. 

Electric  Installation. — The  shops  are  designed 
and  equipped  for  work  which  does  not  vary 
greatly  in  character.  Hence  the  different  tools 
are  to  be  used  for  a  uniform  service  so  that 
they  can.  In  most  cases,  be  economically  oper- 
ated by  constant-speed  electric  motors,  avoiding 
the  complication  of  variable-speed  motors  ex- 
cept for  a  very  few  machines.  The  work  in  the 
machine  shop  •  has  been  divided  into  general 
classes,  namely:  wheel-finishing;  finishing 
moving  parts,  such  as  links,  pistons,  valves, 
etc.;  heavy  turning,  boring  and  j)lanlng.  Brass- 
finishing  and  other  light  work  is  done  In  the 
gallery  and  the  machining  of  heavy  parts  is 
done  in  one  of  the  side  aisles.  In  a  total  of 
about  200  electric  motors  only  about  15  are  of 
variable  speed.  The  system  adopted  uses  three- 
phase  600-volt  current  without  transformers  and 
gives  550  volts  at  the  motors.  All  except  the 
direct-current  motors  are  10  to  50-horse-power, 
induction  type,  three-phase,  550-volt  machines 
made  by  the  Canadian  General  Electric  Com- 
pany, of  Peterborough,  Canada. 

A  three-phase  switchboard  with  four  gener- 
ator distributing  and  exciter  panel?  of  the  Gen- 
eral Electric  type  has  been  Installed.  Outside 
wiring  is  done  with  overhead  construction  bare- 
copper  main  feeders  on  structural  steel  poles. 
In  the  buildings  there  is  a  mixed  system  of  open 
porcelain  cleats  and  slow-burning  waterproof 
wire  on  the  ceilings,  and  Richmond  conduits 
and  rubber-covered  wires  on  the  side  walls. 
Panel  boxes  are  supplied,  however,  for  about 
every  10  kilowatts  of  lighting  and  for  every  100 
horse-power  of  motor  wire.  For  shop  and  yard 
illumination  there  are  400  110-volt  enclosed  arc 
lamps  of  the  Canadian  General  Electric  make, 
supplemented  by  3,800  16-candle-power  Incan- 
descent 110-volt  lamps.  In  the  passenger  caf 
shops  the  lights  are  spaced  equi-distantly  and 
low  tension  arc  lamps  are  installed  on  account 
of  their  economy  and  better  results  for  general 
illumination.  In  the  yards  there  are  50  en- 
closed series  arc  lamps. 

The  shops  are  equipped  with  a  complete  tele- 
phone system  for  a  75-drop  switchboard  and  50 
telephones,  which  are  connected  to  the  long-dis- 
tance wires.  The  system  is  equipped  with  me- 
tallic circuit,  motor  generators  for  ringing  and 
self-restoring  drops.  The  electric  department  of 
the  Canadian  Pacific  Railroad  Company  Is  in- 
stalling all  the  electrical  wiring.  The  general 
office  at  the  plant  is  wired  throughout  with  con- 
duit concealed  work,  and  In  every  room  there 
is  a  belt  line  of  wire  running  around  the  walls, 
near  the  ceiling,  behind  an  oak  moulding  which 
can  be  removed  and  a  light  connected  at  any 
point  without  disturbing  the  line. 

In  the  shops  the  small  machine  tools  are  ar- 
ranged in  groups,  which,  in  most  instances,  are 
operated  by  a  motor  seated  on  an  overhead  plat- 
form between  the  roof  trusses.  In  order  to 
determine  the  load  factor  for  the  groups  of 
tools  and  for  the  plant,  a  series  of  practical 
tests  was  made  on  a  large  number  of  iron  and 
woodworking  machines  used  in  similar  shops 
operated  by  steam  power.  A  small  generator 
and  balancer  was  driven  from  a  countershaft 
near  the  center  of  the  shop  and  operated  a  small 
portable  motor  and  controller.  The  latter  was 
taken  to  any  required  machine  and  belted  di- 
rectly to  it  or  to  its  countershaft,  and  the  ma- 
chine worked  to  its  limit  under  different  con- 
ditions, thus  determining  Its  capacity  and  maxi- 
mum horse-power.  About  45  per  cent,  of  the  ag- 
gregate maximum  horse-power  was  used  as  a 
basis  for  proportioning  the  sizes  of  the  conduc- 
tor mains. 

Character  of  Buildings. — The  buildings  are 
not  strictly  fireproof,  but  are  of  slow-burning 
construction,  special  pains  having  been  taken  to 
design  them  to  afford  the  utmost  resistance  to 
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fire  and  to  conform  to  the  underwriters'  re- 
quirements, an  attempt  which  has  been  so  suc- 
cessful that  they  are  pronounced  unusually  sat- 
islactory  by  the  insurance  men  and  are  rated 
at  a  very  low  premium.  Generally  speaking, 
the  buildings  are  one  story  high  with  simple, 
rectangular  plans  having  considerably  greater 
length  than  width.  The  roofs  are  pitched  about 
1  in  13  from  the  longitudinal  axis  of  the  build- 
ing and  are  in  all  cases  covered  with  tar  and 
gravel  on  3-inch  plank.  In  the  power-house 
they  are  partly  carried  by  the  partition  wall.  In 
all  other  buildings  they  are  supported  by  one, 
two  or  three  lines  of  interior  columns,  dividing 
the  building  info  longitudinal  aisles  which,  in 
sereral  caaes,  are  traversed  by  traveling  cranes 
or  standard-gauge  surface  tracks,  or  by  both. 
Most  of  the  principal  buildings  have  small  lean- 
to  brick  wings  on  one  or  both  sides  for  the 
lavatories,  shop  offices  and  fan  rooms,  several  of 
the  latter  being  spaced  at  equal  distances  for 
the  longest  shops. 

All   the  principal  shop  buildings   are  abun- 
dantly lighted   by   wide    and    high    windows, 
which  generally  occupy  nearly  50  per  cent,  of 
the  wall  area  and  cover  part  of  the  space  in 
each  panel  between  the  buttresses  and  pilasters 
provided  to  support  the  roof  loads.     The  sash 
are  either  balanced  or  pivoted  and  are  uniform- 
ly glazed  with  10xl6-inch  panes  of 
10-ounce  clear  glass.    Except  in  the 
blacksmith     shop     and     foundries, 
there   are   no  clere-story  windows, 
and  most  of  the  large  shops  have 
their   roofs    lighted   by   transverse 
monitors  about  12  feet  wide  with 
double-pitched    roofs    glazed    with 
rough  cast  glass  %  inch  thick.  The 
brickwork,     roof    boards,    trusses, 
columns  and  all  other  parts  of  the 
interior     are      thoroughly      white- 
washed to  promote  the  diffusion  of 
light,  excepting  a    brown    dado    5 
feet  high  on  all  walls  and  columns. 

All  the  exterior  walls  are  of  hard 
red  brick  laid  in  1:3  Portland  ce- 
ment mortar,  12  Inches  thick  at  the 
top  and  from  12  to  20  inches  thick 
at  the  base;  they  are  self-supporting 
and  carry,  la  most  cases,  the  roof 
girders  and  trusses.  The  walls  are 
faced  outside  with  red  pressed 
brick.  Most  of  the  doors  and  all 
the  windows  have  bush-hammered  1 

stone  sills  and  three-course  brick 
arch  lintels.  Most  of  the  wall  and 
column  foundations  are  continu- 
ous and  are  carried  to  rock 
in  trenches  from  10  to  20  feet  deep,  in 
some  cases  excavated  with  difficulty  on  account 
of  the  large  quantity  of  ground  water.  The 
trenches  averaged  3  feet  wide  at  the  bottom, 
and  In  them  3-foot  walls  averaging  9  feet  high 
were  built  of  rough  flat  stones  laid  dry.  On  top 
of  these  footings  27-inch  walls  of  rubble  mason- 
ry laid  in  cement  mortar  were  built  to  a  height 
of  about  1  foot  below  ground  level.  On  these 
walls  a  base  course  of  concrete  finished  on  both 
faces  with  1>4  Inches  of  2:1  mortar  was  built 
up  to  a  height  of  about  30  inches  above  the 
ground  level  and  finished  with  a  9xl2-lnch  base 
course  of  cut  stone  beveled  to  make  the  offset 
on  which  the  brick  walls  are  started.  In  some 
cases  pile  footings  were  used  Instead  of 
maaonry. 

The  roofs  of  the  blacksmith  shop,  wheel  foun- 
dry, gray-Iron  foundry,  locomotive  shop  and 
power-house  have  steel  trusses  supported  on  in- 
termediate rows  of  riveted  columns.  The  plan- 
ing mill  and  freight  car  shoim  have  combination 
roof  trusaea  with  a  center  row  of  steel  columns. 
The  pattern  storage  building,  part  of  the  truck 
shop,  and  the  frog  and  switch  shop  have  steel 
I-beam   roof  girders  and    steel    columns.      All 


other  shops  have  wooden  roof  beams  and  wood- 
en columns  which,  in  some  cases,  are  knee- 
braced.  The  skylights  are  generally  supported 
by  their  side  walls,  which  are  of  special  con- 
struction made  with  crossed  layers  of  solid 
plank  spiked  together  so  as  to  virtually  form 
plate-girders,  which  carry  the  full  weight  of 
skylight  and  intermediate  roof  surface.  The 
floors  are  of  concrete,  of  clay  and  cinder  or  of 
3xlO-inch  plank.  The  surface  tracks  through 
the  buildings  are  laid  on  6x8-inch  ties  2Vj  feet 
apart  ballasted  with  IS  inches  of  cinders.  The 
plank  floors  have  a  foundation  of  12  inches  of 
rammed  cinders,  in  which  4x6-lnch  sleepers  are 
bedded  4  feet  apart.  The  floors  in  the  smith 
shop  and  foundries  are  made  of  cinders  mixed 
with  sufficient  clay  to  bind  them  and  thoroughly 
rammed  in  a  layer  12  inches  thick. 

Drainage  from  the  toilet  rooms  is  discharged 
into  two  main  lines  of  brick  sewers  transverse 
to  the  axis  of  the  plant,  which  empty  into  the 
city  sewers.  The  branches  to  these  collectors 
are  vitrified  tile  pipes  from  8  to  21  inches  in  di- 
ameter laid  with  a  minimum  fall  of  1  to  343. 
The  brick  sewers  are  egg-shaped  with  a  G-inch 
radius  of  invert,  3-foot  radius  of  side  walls  and 


the  reservoir,  the  fire  service,  the  distribution 
mains  or  to  a  75,000-gallon  steel  tank  on  top 
of  a  70-foot  tower,  which  is  connected  to  the 
mill  supply. 

Each  building  is  surrounded  by  a  separate 
belt  of  fire  service  pipes  laid  in  the  ground  and 
connected  to  a  supply  at  100  pounds  pressure 
from  the  city  mains  and  to  the  underwriters' 
pumps.  Automatic  sprinklers  are  provided  in 
all  the  buildings  and  are  generally  arranged  so 
that  each  will  serve  about  100  square  feet  of 
root  surface.  Over  13,000  sprinklers  have  been 
installed  by  Messrs.  H.  G.  Vogel  &  Company,  of 
Montreal  and  New  York,  and  are  connected  to 
the  high-pressure  system. 

Heating  System. — A  thorough  comparative 
study  was  made  of  the  different  systems  of  shop 
heating  by  direct  steam  and  hot  water  and  by 
blower  methods,  the  latter  being  finally  adopted 
as  most  efficient  and  economical  where  the  re- 
quirements are  so  severe  on  account  of  the  large 
spaces  to  be  warmed,  the  high  proportion  of 
window  area  and  the  low  external  temperature. 
The  appartus  was  built  and  installed  by  the  B. 
F.  Sturtevant  Company,  of  Boston.  Steam  is 
distributed  in  tunnels  to  the  different  buildings 
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12-inch  radius  of  arch.  The  invert  is  a  single 
ring  of  red  brick  laid  in  a  solid  mass  of  con- 
crete 31/;  feet  wide  and  20  inches  deep  on  the 
sides  and  12  inches  deep  in  the  center.  Above 
the  concrete  there  is  a  second  horse-shoe-shaped 
ring  of  brickwork  outside.  Manholes  are  built 
of  brick  with  rectangular  cross-sections  and 
tops  corbeled  in  to  receive  ordinary  cast-iron 
covers  at  grade. 

V/ater  System. — A  pit  in  the  pump  room  con- 
tains all  the  pumps  for  the  fire  and  general 
supply  service  of  the  plant.  There  are  two 
Northey's  underwriter  pumps  each  with  a  ca- 
pacity of  1,500  gallons  per  minute  at  100  pounds 
pressure,  and  one  Northey  pump  with  a  capa- 
city of  25,000  gallons  an  hour,  having  their  suc- 
tion pipes  connected  to  a  pair  of  6-Inch  artesian 
wells  550  feet  deep  and  to  the  high  and  low 
pressure  city  water  mains.  They  discharge  nor- 
mally to  the  circular  concrete  storage  reservoir 
for  shop  service.  There  is  room  In  the  pit  for 
an  additional  pump  with  a  capacity  of  25,000 
gallons  per  hour.  All  pumps  are  cross-connect- 
ed and  by-passed  so  as  to  be  Interchangeable 
In  their  service  and  to  draw  from  the  reservoir, 
the  wells  or  the  city  supply.    They  deliver  to 


Irom  the  central  power-house  which  is  about 
2,600  feet  from  the  most  distant  part  of  the 
system.  The  buildings  have  a  combined  volume 
of  about  20,000,000  cubic  feet,  and  from  Vi  to  % 
of  the  wall  surface  is  glazed,  besides  which 
there  are  skylights  aggregating  25  per  cent,  of 
the  roof  surface.  The  specifications  require 
most  of  the  buildings  to  be  heated  to  a  constant 
temperature  of  65  degrees  when  the  tempera- 
ture outside  is  10  degrees  below  zero.  The  rad- 
iation for  this  service  contains  an  aggregate  of 
about  200,000  linear  feet  of  1-inch  pipe,  in  ver- 
tical coils  with  cast-iron  bases,  which  art 
coupled  up  in  sections  of  about  200  feet  each 
The  fans  are  calculated  to  have  a  capacity  suffi- 
cient to  completely  change  the  air  in  any  build- 
ing in  about  20  minutes.  In  all  the  buildings 
they  will,  however,  be  used  in  very  cold  weather 
to  maintain  a  closed  circulation  and  return  the 
air  in  the  building  to  the  heaters  without  re- 
ceiving any  cold  air  from  outside. 

In  the  planing  mill  the  fan  engine  and  heat- 
ers are  located  on  platforms  between  the  root 
trusses.  In  most  of  the  other  buildings  they 
are  located  In  one  or  more  separate  lean-to 
brick  annexes.    Each  set  of  heaters  Is  supplied 


March  19,  1904. 


THE    ENGINEERING    RECORD 


355 


with  both  exhaust  and  live  steam  mains.  In 
the  locomotive  and  blacksmith  shops  the  hot 
air  from  the  heaters  is  distributed  partly  un- 
derground through  brick  conduits;  but  in  the 
other  buildings  and  in  parts  of  these,  the  dis- 
tribution system  consists  of  cylindrical  over- 
head galvanized  iron  ducts,  supported  on  the 
lower  chords  of  the  roof  trusses,  having  outlets 
through  vertical  pipes  carried  down  beside  each 
of  the  interior  columns.  Ventilation  is  provid- 
ed by  the  natural  outlets  through  crevices  and 
open  doors,  by  sliding  or  pivoted  sash  in  the 
windows,  by  special  doors  in  the  monitors  and 
by  24-inch  automatic  Aeolian  ventilators  in 
every  skylight,  installed  by  Messrs.  Lessard  & 
Harris.  The  main  windows  have  been  fitted 
with  single  sash  only,  but  provision  has  been 
made  for  the  use  of  double  sash  if  the  severity 
of  the  cold  should  require  it. 

The  principal  contracts  for  the  construction 
of  the  plant  were  awarded  as  follows:  for  the 
freight  car  shop,  planing  mill,  two  passenger 
car  shops,  blacksmith  shop,  and  for  all  plumb- 
ing, inside  and  outside  water  pipes,  sewer  con- 
struction and  the  roofing  and  skylights  for  all 
buildings  to  Messrs.  Lessard  &  Harris,  Mon- 
treal;   for  the  car  machine  shop,   truck   shop. 


The  Cranford  Plant  of  the  Public  Service 
Corporation  of  New  Jersey. 

A  building  constructed  of  concrete  blocks  and 
a  system  of  piping  that  includes  a  steam  header 
81  feet  long  without  a  single  valve  in  it  are 
conspicuous  features  of  the  Cranford,  N.  J., 
electric  railway  plant  of  the  Public  Service  Cor- 
poration of  New  Jersey.  It  is  a  3,200-kilowatt 
plant  in  which  two  800-kilowatt  units  are  at 
present  installed,  and  with  a  load  averaging 
240,000  kilowatt-hours  per  month  is  operating 
at  3.1  pounds  of  coal  per  kilowatt-hour.  Direct- 
connected  vertical  compound  steam  engines, 
equipped  with  an  interesting  system  of  steam 
circulation  for  jacketing  and  reheating,  are  em- 
ployed, operated  condensing,  and  horizontal 
tubular  boilers  are  installed  in  the  boiler  room. 
Jet  condensers  are  used,  with  water  from  the 
Cranford  River,  and  the  feed  for  the  boilers  is 
taken  from  the  condenser  discharge.  The  aux- 
iliary steam  machinery  exhausts  in  the  usual 
way  to  a  feed-water  heater.  The  plant  was  de- 
signed by  Mr.  Warner  W.  McKee,  chief  engineer 
of  the  Elizabeth  Division  of  the  Public  Service 
Corporation,  which  is  an  organization  repre- 
senting a   consolidation   of   companies   owning 
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cabinet  shop,  wheel  foundry,  gray-iron  foundry, 
general  storehouse,  power-house,  pattern  shop 
and  pattern  storage  building  to  Messrs.  D.  J. 
Loomis  &  Sons,  Sherbrooke,  Quebec,  Canada; 
for  the  locomotive  shop,  dry  kilns  and  office 
building  to  the  William  Grace  Company,  Chi- 
cago. The  contracts  for  the  structural  steel 
work  were  awarded  to  the  Dominion  Bridge 
Company,  Montreal;  for  the  locomotive  shop, 
car-wheel  foundry,  gray-iron  foundry,  and  the 
yard  crane  runways,  to  the  Canada  Foundry 
Company,  Toronto. 

(To  be  continued.) 


The  Importance  of  Militia  Organizations 
has  been  recognized  by  the  Vulcan  Iron  Works 
Co.,  of  Toledo,  which  recently  posted  the  fol- 
lowing note  in  its  works:  "The  company  will 
pay  full  time  to  any  employe  who  is  a  member 
of  the  Ohio  National  Guard,  when  out  on 
parade  with  his  company,  at  rifle  practice,  or 
camp  duty  or  when  serving  under  the  governor 
or  sheriff  to  put  down  a  riot."  In  view  of  the 
valuable  services  rendered  by  the  militia  in 
times  of  riots,  this  action  is  commendable,  to 
eaj  the  least 


railway,  electricity  and  gas  franchises  in  most 
of  the  towns  and  cities  in  Northern  New 
Jersey. 

The  plant  occupies  a  site  alongside  the  Cen- 
tral Railroad  of  New  Jersey,  so  that  facilities 
are  afforded  for  coal  delivery,  and  it  is  practical- 
ly on  the  bank  of  the  Cranford  River,  which  en- 
sures an  adequate  supply  of  condensing  water 
throughout  the  year.  The  building,  which  is 
127x73  feet  in  plan,  stands  some  69  feet  back 
from  South  Avenue  in  Cranford,  and  with  a 
lawn  in  front,  cut  by  cement  walks  leading  to 
the  building,  obtains  a  setting  which  enhances 
greatly  the  general  effect  of  its  architecture. 

The  site  was  formerly  more  or  less  of  a  wood- 
ed marsh,  apparently  undesirable  for  its  pres- 
ent occupation,  but  in  boring  for  the  founda- 
tions, hard  pan  was  found  underlying  the  muck 
at  a  depth  of  comparatively  few  feet,  so  that 
concrete  footings  for  the  walls  and  machinery 
foundations  were  found  possible  without  the 
use  of  piling.  For  the  walls  concrete  blocks 
were  determined  on,  planned  originally  to  be 
hollow,  largely  to  secure  a  reduction  in  the  first 
cost  of  the  building.  The  design  of  the  block 
or  the  methods  employed  in  its  manufacture  did 


not  succeed,  however,  in  producing  a  hollow 
block  that  was  proof  against  cracks,  and  the  pat- 
tern finally  used  was  the  solid.  They  were  made 
generally  with  cinders,  in  the  proportion  of  1: 
3:5,  with  Vulcanite  Portland  cement,  but  when- 
ever cinders  were  not  immediately  available, 
crushed  stone,  IVi  inches  and  less  in  size,  was 
substituted,  and  the  resultant  cost  of  the  struc- 
ture, it  is  estimated,  is  about  what  good  brick- 
work would  have  cost. 

The  blocks,  which  are  largely  of  a  2x4-foot 
face  and  6  inches  thick,  were  placed  In  the 
walls  as  soon  as  the  initial  set  had  occurred  and 
allowed  to  harden  in  position.  The  blocks  on 
their  horizontal  mating  faces  were  dovetailed  to-, 
gether,  one  block  having  a  tongue  parallel  with 
the  outside  surfaces  and  the  other  a  groove  into 
which  the  tongue  was  fitted.  On  their  vertical 
jointing  faces  each  block  had  a  groove  and  the 
two  grooves  formed  a  vertical  hole  which  was 
filled  with  cement  grout.  The  joints  on  all  sides 
were  %  inch  thick,  made  with  cement  mortar. 
The  partition  wall  between  engine  and  boiler 
rooms  is  likewise  of  concrete  blocks,  and  the 
wall  thickness  throughout  is  but  6  inches,  ex- 
cept where  there  are  ornamental  pilasters  or  ex- 
tra thickness  blocks  around  doors  and  windows. 
The  walls  are  continued  above  the  roof  level, 
in  a  cornice  or  parapet,  so  that  the  roof  itself  is 
not  visible  from  the  street. 

The  engine-room  floor  is  about  4  feet  above 
the  boiler-room  floor  and  under  the  former  the 
space  around  the  machinery  foundations  has 
been  excavated  forming  a  basement  about  7  feet 
in  clear  height,  which  is  lighted  by  windows 
and  utilized  for  storage  and  for  electrical  ap- 
paratus. The  engine-room  floor  is  of  expanded- 
metal-concrete  construction,  suspended  between 
transverse  I-beams,  and  it  has  a  granolithic  sur- 
face marked  off  in  large  squares.  The  roof 
trusses,  which  are  of  light  steel  construction, 
are  carried  by  three  rows  of  light,  steel  columns, 
two  of  the  rows  on  opposite  sides  of  the  engine 
room  supporting  also  the  girders  for  a  travel- 
ing crane.  The  roof  is  of  gravel  as  made  by  the 
Commonwealth  Roofing  Company,  laid  on 
planks.  The  walls  and  under  side  of  the  roofs 
are  painted  white,  except  the  bottom  5  feet  of 
the  walls  which  are  black,  and  the  roof  trusses 
and  crane  are  a  dark  red.  The  columns  in  their 
rise  through  the  building  are  enclosed  in  con- 
crete as  a  sort  of  pilaster.  There  is  a  clear 
height  of  25  feet  to  the  under  side  of  the  crane, 
which  is  a  15-ton  hand-power  traveling  hoist 
built  by  the  Reading  Crane  &  Hoist  Works. 
There  are  practically  two  rows  of  windows  in 
the  outside  walls  and  also  a  row  of  clere-story 
windows  in  the  partition  wall  above  the  boiler 
room,  so  that  the  engine  room  presents  a  lofty, 
well-lighted  and  pleasing  interior. 

Between  the  boiler  room  and  the  railroad 
coal  siding,  which  is  run  on  a  trestle,  there  is 
space  for  some  3,000  tons  of  coal;  and  in  the  out- 
side wall  there  are  six  pairs  of  large  double 
doors  through  which  coal  is  carried  by  a  short 
haul  from  coal  pile  to  firing  space.  At  each 
end  of  the  boiler  room  there  is  also  a  large 
opening  closed  by  a  Kinnear  rolling  door.  The 
floor,  which  is  paved  with  brick,  is  at  grade 
level,  and  to  the  under  side  of  the  roof  trusses 
there  is  a  clear  height  of  22  feet.  In  the  roof 
there  are  seven  24-inch  ventilators.  Fire  hose 
is  provided  in  both  rooms,  attached  to  piping 
extending  from  the  city  water  supply. 

The  boiler  plant  consists,  as  stated,  of  hori- 
zontal tubular  boilers,  each  of  72-inch  shells 
with  314-Inch  tubes.  The  room  is  planned  for 
twelve  all  told,  arranged  in  two  groups  on  op- 
posite sides  of  a  central,  cross  gangway,  where 
the  feed  pumps  and  feed-water  heater  are  lo- 
cated and  where  communication  is  had  with  the 
engine  room.  Three  of  the  boilers  are  yet  to  be 
installed.  Those  now  in  place  were  built  by 
the  Stewart  Boiler  Works,  of  Worcester,  Mass., 
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and  hare  a  shell  20  feet  long  with  S6  tubes,  so 
that  the  heating  surface  is  1,800  square  feet 
per  boiler.  Allowing  12  square  feet  per  boiler 
horse-power,  each  boiler  has  a  capacity  of  l&O 
horse-power,  or  1,800  for  the  whole  plant  The 
Soor  ^lace  taXen  up  by  each  group  of  six  is 
1  S/S  BQuare  feet  per  horse-power,  and  in  the 
whole  room  there  are  about  2.8  square  feet  per 
horse-power,  with  12  feet  firing  space  and  5 
feet  between  the  boilers  and  the  partition  wall. 
The  boilers  have  9/16-inch  shell  and  %-lnch 
heads,  and  were  designed  for  175  pounds  pres- 
sure. They  are  encloeed  in  a  setting  built  along 
the  lines  advocated  by  the  Hartford  Steam 
Boiler  Inspection  A  Insurance  Ck)mpany.  The 
grate  area  is  33.4  square  feet,  showing  a  ratio 
of  heating  to  grate  surface  of  53.8  to  1  and  a 
ratio  of  tube  area  to  grate  surface  of  1  to  6.7, 
as  bituminous  coal  is  burned.  The  boilers  are 
hand  fired  and  a  record  of  the  coal  consump- 
tion is  kept  by  means  of  a  street-railway  fare 
register,  which  is  rung  up  every  time  a  barrow- 
ful  of  coal  is  weighed  and  brought  into  the 
boiler-room,  the  barrow  being  carefully  bal- 
anced on  platform  scales  with  300  pounds  of 


valves.  The  arrangement  of  the  piping  is 
shown  in  the  accompanying  illustrations.  The 
boiler  conuections  into  the  header  and  the  en- 
gine supply  pipes  from  it  are  formed  on  long- 
radius  bends,  in  accordance  with  modern  prac- 
tice of  allowing  in  that  way  for  expansion  and 
contraction  changes  with  an  elimination  of  sharp 
angles  and  bends  and  with  a  reduction  in  the 
number  of  joints  and  fittings.  The  height  of  the 
engines  with  respect  to  the  roof  of  the  boiler- 
room  necessitated  an  unusual  amount  of  bend- 
ing in  the  pipe  in  the  engine  room.  One  valve 
only  Is  fitted  in  the  pipes  to  and  from  the  head- 
er and  these  near  to  it  and  accessible  from  an 
elevated  platform  behind  the  boilers.  The  boil- 
er leads  enter  the  side  of  the  header,  so  that 


The  present  steam  header  is  formed  of  five 
lengths  of  14-lnch  outside  diameter  steel  piping, 
^^  inch  thick,  the  lengths  ranging  from  14  Ms 
feet  to  19  feet  4  inches.  The  steam  pipes  are 
connected  to  it  by  flanged  necks  of  cast  steel,  % 
inch  thick,  riveted  to  the  header  by  %-inch  riv- 
ets. The  sections  of  the  header  are  joined  by 
the  recessed  lap  joints  made  by  Messrs.  W.  K. 
Mitchell  &  Company,  of  Philadelphia.  The  rest 
of  the  piping  is  of  extra  strong  steel  piping, 
with  the  Mitchell  joint.  In  all  joints  a  copper- 
wire  gasket,  devised  by  Mr.  McKee,  is  employ- 
ed. The  main  valves  are  of  the  Chapman  gate 
type,  and  the  piping  is  wrapped  in  R.  A.  Keas- 
bey  85  per  cent,  magnesia  pipe  covering,  2 
inches  thick. 

The  engine  room  contains  at  present  two  800- 
kilowatt    direct-connected    direct-current    rail- 


Cianford  Plant  of  the  Public  Service  Corporation  of  New  Jersey:  Foundation  Plan  showing  Steam  Piping;  Cross-section  and  Details. 


coal  net.  each  time.  The  reading  of  the  regis- 
ter is  noted  at  every  change  of  shift  The  boil- 
ers have  the  usual  overhanging  fronts,  and  each 
smoke  uptake  has  an  area  of  5.4  square  feet. 
The  breeching  is  circular  in  cross-section  and 
at  iU  largest  point  is  6  feet  in  diameter,  or  80 
per  cent  of  the  total  tube  area  of  the  six  boil- 
era  served  by  it  The  smokestack  rises  outside 
the  building  in  the  position  indicated,  and  is  of 
the  Custodia  radial  i>erforated  brick  construc- 
tion, with  square  base  and  ornamental  top,  8 
feet  in  inside  diameter  at  the  top  and  150  feet 
high.  A  damper  in  the  connection  between 
breeching  and  stack  is  arranged  for  automatic 
control  by  means  of  a  Spencer  draft  regulator. 
The  steam  piping  is  quite  unusual,  particu- 
larly In  the  use  of   a   steam    header   without 


condensation  within  them  can  flow  back  into 
the  boilers,  while  the  other  connections  rise 
from  the  top  and  drainage  of  the  header  is  ef- 
fected by  a  system  of  drip  pipes.  These  are  2 
inches  in  diameter  and  one  Is  taken  from  the 
header  below  the  inlet  from  each  boiler,  with  a 
valve  near  the  header.  These  pipes  drop  along 
the  rear  of  each  boiler  and  thence  into  the 
water  space  of  the  boiler,  but  each  connects  en 
route  into  a  4-lnch  header  which  is  carried 
across  the  rear  of  the  boilers  as  an  auxiliary 
steam  main  and  drip  line.  It  will  thus  be  seen 
that  the  main  steam  pipe  drainage  system  pro- 
vides for  returning  the  water  of  condensation 
to  the  boilers  by  gravity,  while  at  the  same  time 
it  furnishes  a  supply  of  steam  for  the  auxiliary 
steam  apparatus. 


way  units  with  space  for  two  more  of  the  same 
capacity,  which,  however,  may  be  alternating- 
current  units,  in  case  it  is  desired  to  provide 
for  long-distance  transmission.  In  that  event  it 
is  proposed  to  install  rotary  converters  as  a 
means  of  connecting  the  direct  and  the  alter- 
nating-current ends  of  the  plant,  so  that  an  ex- 
cessive demand  on  the  one  system  can  be  met 
by  the  other  through  the  use  of  the  converter. 
The  space  occupied  in  the  engine  room  is  1.18 
square  feet  of  floor  space  per  kilowatt  of  rated 
output,  or  0.88  square  feet  per  horse-power. 
Taking  the  whole  building  into  consideration, 
there  are,  not  including  the  chimney,  2.17 
square  feet  of  ground  space  per  horse-power  of 
rated  output  and  71  cubic  feet  of  building  per 
horse-power. 
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The  generating  sets  now  in  operation  consist 
of  Williams  vertical  compound  engines,  with 
21%  and  43-ineh  cylinders  and  36  inches  stroke, 
built  by  the  Quincy  Engine  Works,  and  West- 
Inghouse  600-volt  railway  generators,  operated 
at  120  revolutions  per  minute.  The  engines 
were  furnished  under  a  guaranteed  steam  con- 
sumption of  13%  pounds  of  steam  per  indicated 
horse-power  per  hour,  with  steam  at  150  pounds 
pressure,  a  vacuum  of  27  inches  and  the  speed 
above  given.  They  are  equipped  with  an  inter- 
esting system  of  reheating,  including  a  jacket 
for  the  high-pressure  cylinder  and  a  reheater 
between  cylinders.  The  live  steam  in  the  jacket 
passes  from  it  through  a  coil  in  the  reheater, 
and  the  outlet  of  the  reheating  coil  is  then  con- 
nected, after  the  condensation  has  been  trapped 
off,  to  operate  the  steam  cylinders  of  the  con- 
denser air  pumps,  the  pipe  thus  serving  as  a 
convenient  method  of  Supplying  the  condenser 
units  but  principally  as  a  means  of  creating  a 
steady  flow  of  steam  through  the  reheating 
coils.  Such  water  of  condensation  as  forms 
later  reaches  the  feed-water  heater  through  the 
exhaust  from  the  steam  pump. 


steam   pump   operated   a   few   minutes  as  the 
tanks  above  become  empty. 

The  condensing  system  is  noteworthy  for  the 
directness  of  the  piping  system  and  the  location 
of  the  air  pumps  on  the  engine  room  floor,  be- 
hind the  engines  readily  accessible  to  the  room 
attendants.  The  exhaust  pipe  from  each  en- 
gine, 16  inches  in  diameter  and  of  wrought-iron, 
is  11  feet  long  to  the  20-inch  main  exhaust,  and 
each  of  the  two  pumps  takes  from  the  main 
through  a  pipe  8  feet  long.  As  indicated  in  an 
accompanying  drawing,  the  usual  relief  connec- 
tion is  provided,  with  a  Blake  relief  valve  dis- 
charging through  a  short  horizontal  pipe  extend- 
ing through  the  end  wall  of  the  building.  The 
pumps  are  of  the  vertical  twin  pattern,  made 
by  the  Warren  Steam  Pump  Company,  and  are 
10x25x18  inches  in  size.  Each  is  calculated 
large  enough  to  serve  both  engines  and  the  con- 
nections are  made  so  that  either  one  or  both 
may  be  operated.  They  deliver  into  a  concrete 
reservoir  outside  the  building,  the  chief  pur- 
pose of  which  is  to  afford  means  for  the  oil  or 
grease  to  separate  from  the  water  before  its 
final  discharge  into  the  river.     As  shown  in  a 


Engines  and  Condensers  in  the  Cranford  Power  Plant. 


The  engines  are  operated  with  a  fixed  cut-off 
for  the  low-pressure  cylinder,  so  that  with  vary- 
ing load  the  receiver  pressure  is  variable,  and 
the  latter  is  accordingly  equipped  with  a  safety 
valve  of  the  Crane  type,  set  to  blow  off  at  about 
60  pounds.  The  receiver  is  36  inches  in  diame- 
ter and  about  4  feet,  9  inches  high  inside  and 
contains  sixty  2-inch  brass  pipes,  3  feet  8  inches 
long,  connected  at  top  and  bottom  by  return 
bends  to  form  a  continuous  coil.  The  bearings 
and  guides  of  the  engine  are  water  cooled  and 
lubricated  from  an  oil  circulating  system  which 
employs  a  storage  tank  on  the  upper  engine  gal- 
lery. The  head  under  which  the  oil  Is  circu- 
lated is  thus  not  more  than  a  few  pounds  at  the 
oil  spouts,  the  purpose  being  to  furnish  the  oil 
through  these  outlets  in  comparatively  large 
globules  or  streams  to  avoid  the  clogging  of 
smaller  outlets  which  might  otherwise  have 
been  necessary.  The  oil  from  the  beaiings  is 
caught  and  drained  by  a  system  of  piping  to  a 
Burt  "Cross"  oil  filter  in  the  engine-room  base- 
ment. Filtered  oil  from  the  reservoir  is  pump- 
ed to  the  elevated  tanks  by  means  of  a  small 


sketch  herewith  the  water  flows  out  of  the  res- 
ervoir over  a  weir  in  one  side,  reaching  the 
weir  under  a  bafiie,  so  as  not  to  disturb  the  sur- 
face water  where  the  grease  may  rise  and  col- 
lect. As  little  cylinder  oil  as  possible  is  used 
in  the  engines  and  thus  far  no  systematic  skim- 
ming has  been  necessary.  The  reservoir  is 
24  feet  in  diameter  and  5  feet  deep. 

Water  for  the  boilers  Is  taken  from  a  pocket, 
in  the  condenser  discharge  main  within  tne 
power-house,  the  pocket  being  located  In  the 
bottom  of  the  pipe  to  minimize  the  chances  of 
getting  oil  in  the  water;  and  this  water,  without 
treatment,  except  heating  in  the  feed  heater,  is 
pumped  into  the  boilers.  The  boilers  are  clean- 
ed in  turn  after  being  in  use  four  weeks  and 
the  sediment  is  a  soft  mud  easily  washed  out. 
There  are  two  10x6xl2-inch  Warren  feed  pumps, 
installed  in  duplicate  and  placed  on  one  end, 
taking  a  vertical  position  with  minimum  floor 
space.  They  deliver  first  through  a  Union 
meter,  by  means  of  which  the  record  of  the 
boiler  evaporation  is  kept,  and  then  through 
the  feed  heater,  which  is  a  Walnwrlght  water- 


tube  heater  with  corrugated  tubes.  Under  nor- 
mal conditions  the  feed  to  and  from  the  heater 
is  100  to  110  and  200  to  210  degrees  Fahrenheit, 
measured  by  Standard  thermometers  with  dial 
faces.  The  heater  is  rated  at  3,000  horse-power 
and  contains  144  IVi-inch  tubes,  124  inches 
long.  The  exhaust  from  the  various  pumps  Is 
led  to  it  and  the  condensation  is  drained  to  an 
open  barrel  near  the  feed  pumps,  this  barrel 
serving  the  same  purpose  as  the  concrete  reser- 
voir. Considerable  oil  is  recovered  in  this  case 
and  is  skimmed  off  for  utilization  over  again 
in  the  pump  cylinders. 

The  station  is  entirely  a  street  railway  one, 
subject  to  the  variations  of  demand  peculiar  to 
this  class  of  service.  It  is  at  present  an  ad- 
junct of  a  1,300-kilowatt  street-railway  plant  at 
Elizabeth,  and  while  located  centrally  for  the 
suburban  lines  to  Plainfleld,  to  Elizabeth  and  to 
Boynton  Beach,  is  frequently  called  on  to  send 
current  to  the  Elizabeth  system,  a  distance  of 
5%  miles  over  a  1,000,000-cIrcular-mil  feeder. 
The  station  is  9%  miles  from  the  center  of 
Plainfield  and  10  miles  from  Boynton  Beach  and 
furnishes  the  current  necessary  to  operate  all 
the  cars  along  the  line  and  at  Plainfleld  as  well 
as  Elizabeth. 

For  the  control  of  the  electric  system  there 
is  a  standard  switchboard  with  two  panels  for 
the  generators,  a  totalizing  panel  and  the  re- 
mainder feeder  panels,  two  feeders  per  panel, 
each  feeder  protected  as  usual  with  a  circuit 
breaker.  The  totalizing  panel  carries  a  record- 
ing wattmeter,  which  is  one  of  the  instruments 
read  with  changes  of  shift  in  the  power-house, 
in  connection  with  the  records  kept  of  the  plant 
performance. 

The  plant  is  run  daily  except  between  2  and 
5  in  the  morning.  The  average  load  throughout 
the  day  is  800  amperes,  but  at  the  peak,  between 
5:30  and  6:30  P.  M.,  the  current  demand  aver- 
ages 1,200  amperes,  fluctuating  between  800  and 
1,600.  Steam,  however,  is  kept  up  at  all  times, 
and  the  steam  pressure  is  varied  proportion- 
ately to  the  load,  the  idea  being  that  more  eco- 
nomical steam  distribution  is  secured  in  the 
steam  engines  at  the  light  loads  with  reduced 
steam  pressure.  The  pressure  ranges  from  60 
pounds  during  the  early  hours  of  the  morning 
to  150  pounds  at  heavy  load  times,  or  160  in  th§ 
case  of  an  unusual  demand.  In  the  accompany- 
ing table  is  given  the  record  of  the  coal  con- 
sumption in  seven  months'  running: 

Kecord  of  Seven  Months'  Operation. 

Coal  per  Kw-hr., 
Month.  Kilowatt-hrs.  lbs. 

■I'lne 3.97 

July    • 3.4 

August 3.37 

September    3.4 

October 3!44 

November 210,000  3!4 

December   240,000  3.1 

The  evaporation  of  the  boiler  plant,  on  the 
basis  of  the  water  meter  and  for  the  actual  con- 
tinuous performance,  day  after  day,  is  91/2 
pounds  of  steam  per  pound  oi  coal.  On  the  basis 
of  the  December  output.  It  will  be  found  that 
29%  pounds  of  steam  were  consumed  per  kilo- 
watt-hour including  the  engines,  condenser  and 
feed  pumps.. 


The  Peoducts  of  Combustion  from  steam 
boilers  fired  with  bituminous  coal  should  not 
carry  less  than  14  per  cent,  of  carbonic  acid, 
in  the  opinion  of  Mr.  J.  B.  C.  Kershaw  in  a 
paper  presented  to  the  Liverpool  Engineering 
Society.  Lower  percentages  are  due,  he  says, 
largely  to  excessive  draft,  and  he  figures  that 
the  loss  represented  by  the  difference  between 
14  and  8  per  cent.,  this  the  average  accredited 
by  some  authorities,  with  the  gases  at  560  de- 
grees Fahr.,  is  equivalent  to  10  per  cent,  of  the 
fuel  burned.  He  believes  boiler  houses  should 
be  planned  so  that  the  firemen  can  always  see 
the  chimney  top,  reflecting  mirrors  being  pro- 
vided if  necessary. 
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Improved  and   Combination   Collapsible 
Pile  Drivers  for  Railroad  Work. 


A  special  type  of  wooden  pile  driver  has  been 
deeicned  and  used  by  Mr.  O.  J.  Travis,  superin- 
tendent of  bridges  for  the  Illinois  Central  Rail- 
road Company.  It  is  a  simple  machine  without  ° 
tnmtable  or  telescopic  extension.  When  in 
transit  it  is  lowered  to  clear  tunnel  roofs  and 
OTerbead  and  through  bridges,  and  projects 
over  the  floor  of  a  platform  spacer  car  coupled 
in  front  of  the  pile^irirer  car.  It  has  a  fixed 
short  Tertical  transverse  A-frame  over  the  for- 
ward truck.  The  top  of  this  frame  is  braced  to 
the  rear  of  the  car,  and  between  the  inclined 
posts  there  is  a  short  vertical  mast  with  top 
and  bottom  gudgeons  and  a  12xl2-inch  boom  27 
feet  long,  operated  by  a  hoisting  engine  in  the 
house  on  the  rear  of  the  car,  which  serves  as 
a  counter  weight  for  the  derrick  loads.  The 
machine  is  considered  very  satisfactory  for  use 
as  a  wrecking  derrick  and  to  erect  heavy  plate 
girders  and  truss  spans  up  to  li>0  feet  long. 

Pile-driver  leads  from  18  to  24  feet  long, 
made  of  pairs  of  6x6-inch  angles  back  to  back, 
can  be  suspended  with  an  offset  binge  from  the 
point  of  the  boom  and  folded  up  underneath  the 
latter  when  the  machine  is  in  transit.  In  ser- 
vice the  leads  are  braced  by  an  adjustable  hor- 
izontal strut  hinged  to  the  foot  of  the  boom  and 
revolving  with  it  The  strut  consists  either  of 
a  telescopic  pipe  or  of  overlapping  timbers  ex- 
tended and  withdrawn  by  a  rack  and  pinion, 
thus  allowing  for  different  heights  cf  the  boom. 
A  pair  of  horizontal  cantilever  9-inch  I-beams, 
with  their  forward  ends  connected  by  a  cross 
piece  which  engages  the  strut,  slides  in  guides 
on  the  sides  of  the  car  and  is  moved  in  and  out 
by  hand  with  a  rack  and  pinion.  The  rear  end 
of  the  strut  is  movable  on  the  cross  beam  and 
thus  provides  a  brace  for  the  leads  when  they 


revolved  back  to  rest  on  the  top  of  the  engine 
house  and  come  within  standard  vertical  track 
clearance  and  the  boom  is  lowered  on  an  idler 
platform  car  in  front,  which  also  carries  the 
leads  detached  from  the  boom,  to  which  they 
have  a  special  connection  like  that  used  for  the 
other  type  of  machine. 

Mr.  W.  H.  Woodward,  bridge  supervisor, 
Asheville,  has  secured  very  satisfactory  re- 
sults from  the  revolving  extension  pile  driver 
built  by  the  Vulcan  Iron  Works,  Chicago.  The 
machine  is  made  of  structural  steel  and  has  a 


the  trusses  and  the  smoke  stack  revolves  down 
flat  on  the  engine  house  roof.  The  leads  are 
fitted  with  either  a  steam  hammer  or  a  2,800- 
pound  drop  hammer  and  Casgrain  pile  cap.  The 
Warrington  hoisting  engine  is  fitted  with  lo- 
comotive gear  making  the  machine  self  propel- 
ling. All  operations  of  swiveling,  hoisting  driv- 
ing and  locomotion  are  governed  by  friction 
clutches.  The  machine  is  mounted  on  a  38- 
foot  car  with  a  platform  10  feet  wide. 

A  modification  of  this  type  differs  from  it  in 
having  the  turntable  in  the  center  of  the  car 


Illinois  Central  Railroad  Pile  Driver  with  Short  Fixed  A  Frame. 


Illinois  Central  Kailroad  Pile  Driver  with  Tall  Revolving  A  Frame. 


are  inclined  to  drive  batter  piles.  The  boom 
and  pile  driver  leads  can  be  lowered  to  any 
bei^t  to  be  used  inside  a  thrdugh  span  to  drive 
or  pull  out  falsework  piles  through  the  floor 
and  has  the  advantage  of  being  entirely  self- 
contained  without  requiring  any  bracing  or  guy- 
ing when  in  use. 

Another  type  of  machine  designed  by  Mr. 
Travis  has  a  much  longer  A-frame,  which  is 
pivoted  at  the  base  and  has  no  center  mast  In 
service  it  is  inclined  forward  and  held  by  back 
stays  to  the  rear  of  the  car.     In  transit  it  is 


trussed  framework  mounted  on  a  turntable 
bolted  to  the  deck  of  a  flat  car.  It  also  rolls 
longitudinally  to  give  an  effective  overhang  of 
from  7  to  16  feet  In  front  of  the  wheel  base, 
and  is  revolved  by  hand  or  by  the  engine.  A 
vertical  bent  is  pivoted  to  the  top  of  the  for- 
ward end  of  the  trusses  and  from  its  cap  the 
pile  driver  leads  are  suspended  from  a  horizon- 
tal pivot,  which  permits  them  to  be  inclined 
transversely  in  order  to  drive  batter  piles. 
When  In  transit  the  leads  and  vertical  bent  re- 
volve down  to  a  horizontal  position  on  top  of 


and  in  having  no  locomotive  gear.  The  trusses 
are  longer  and  extend  to  the  rear  end  of  the 
car,  support  the  engine  and  boiler  and  can  re- 
volve 360  degrees.  The  trusses  have  no  longi- 
tudinal motion,  but  both  trucks  of  the  car  can 
be  moved  backwards  7*  feet  4  inches  so  as  to 
give  the  leads  a  correspondingly  greater  over- 
hang beyond  the  wheel  base,  thus  providing  an 
effective  reach  of  from  13  feet  2  inches  to  20 
feet  6  inches  beyond  the  wheel  base  on  either 
end  of  the  car  and  28  fest  at  right  angles  to  the 
car.  Batter  piles  can  be  driven  with  a  maxi- 
mum inclination  of  about  9  degrees  from  the 
vertical  equivalent  to  a  slope  of  about  1:6%. 

The  pile  driver  designed  by  Mr.  W.  R.  Smith, 
district  carpenter  of  the  Chicago,  Milwaukee  & 
St.  Paul  Railway  Company,  was  described  in 
this  journal  February  17,  1900,  but  is  here  il- 
lustrated by  a  more  recent  photograph.  It  has 
a  trussed  steel  framework  mounted  on  a  center 
turntable  which  is  longitudinally  movable  on 
the  deck  of  a  platform  car  45  feet  long  and  3V4 
feet  high.  The  leads  are  pivoted  a  little  above 
their  center  to  the  top  of  a  four-sided  tower,  20 
feet  high  above  the  car  deck,  with  vertical 
forward  posts  and  battered  rear  posts.  The 
tower  is  mounted  on  rockers  in  longitudinal 
vertical  planes.  They  are  slightly  flattened  seg- 
ments of  circular  arcs  and  have  notches  engag- 
ing pins  in  the  deck  track  to  prevent  slipping 
as  the  tower  is  revolved  backwards  by  power 
to  a  horizontal  position  when  the  machine  is 
collapsed  for  transit.  When  the  tower  is  in  the 
vertical  position,  the  upper  ends  of  the  rockers 
are  braced  by  Inclined  struts  pin-connected  to 
them  at  their  lower  ends  and  having  two-pin 
joints  in  the  center  so  that  when  one  pin  is 
remove'd  they  hinge  there  and  fold  like  a  jack- 
knife  as  the  tower  Is  lowered,  but  never  entirely 
release  it 

The  deck  Is  moved  longitudinally  by  a  rack 
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and  pinion  operated  by  a  sprocliet  chain  from 
the  engine.  The  turntable  is  swung  by  a  rack 
and  pinions  operated  by  ratchet  levers.  The 
leads  are  pivoted  to  the  tower  so  as  to  revolve 
in  a  transverse  vertical  plane  and  drive  batter 
piles.  The  car  and  machine  complete  weigh 
about  100,000  pounds,  and  in  transit  the  leads 
are  revolved  back  to  a  horizontal  position  on 
top  of  the  engine  house  so  that  no  part  of  the 
machine  projects  beyond  either  end  of  the  car; 
it  can  be  coupled  into  any  train  without  an 
idler  or  flat   car  at   either  end.     Piles  can   be 


ed  which  has  a  capacity  of  40,000  pounds.  The 
machine  can  drive  piles  in  a  circle  45  feet  in 
diameter  without  moving  the  car;  it  is  equip- 
ped with  a  2,800-pound  hammer  and  a  Lidger- 
wood  engine,  and  weighs  complete  about  100,- 
000  pounds. 

Mr.  H.  Rettinghouse,  superintendent  of 
bridges  and  buildings,  of  the  Chicago  &  North- 
western Railway,  has  satisfactorily  driven  1,- 
500  piles  with  a  machine  hav\ng  45-foot  leads 
suspended  from  the  overhanging  end  of  a  com- 
bination  bridge   with    a   pair   of   46-foot    Pratt 
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Vulcan  Iron  Works  Pile  Driver  with  Short  Cantilever  Frame. 


clined  position  in  a  transverse  vertical  plane 
to  drive  batter  piles.  While  the  car  is  in  mo- 
tion the  leads  can  be  raised  or  lowered  in  two 
minutes  by  an  auxiliary  drum  operated  by  the 
hoisting  engine. 

A  pile  driver  designed  by  Mr.  R.  H.  Reid,  gen- 
eral bridge  foreman  of  the  Lake  Shore  and 
Michigan  Southern  Railway  Company,  was 
built  by  Kaltenbach  &  Greiss,  Cleveland.  It 
has  a  riveted  steel  truss  frame  the  full  length 
of  the  flat  car,  on  which  it  is  mounted  on  a 
turn  table  6  feet  from  the  center  of  the  car  and 
frame.  When  the  frame  is  reversed  so  that  the 
long  arm  overhangs  the  short  end  of  the  car, 
the  leads  can  drive  piles  16  feet  from  the  end 
of  the  car  and  when  revolved  90  degrees  it  can 
drive  piles  20  feet  from  the  center  of  the  track. 
The  leads  are  pivoted  to  the  frame  near  the 
ear  deck,  and  can  be  revolved  down  to  a  hori- 
zontal position  over  the  top  of  the  engine.  One 
engine  with  a  35-horse-power  boiler  raises  or 
lowers  the  leads  in  3  minutes,  handles  the  piles 
and  hammer  and  propels  the  car  at  a  speed  of 
10  miles  an  hour.  The  leads  can  be  rigged  with 
a  derrick  boom,  with  which  a  105-foot  span 
iruss  bridge  has  been  completely  erected  along- 
side the  main  track. 

Mr.  A.  S.  Markley,  superintendent  of  bridges 
and  buildings,  Chicago  &  Eastern  Illinois  Rail- 
road, has  driven  436  piles  at  an  ave.rage  cost  of 
$0,044  per  linear  foot  with  a  Bay  City  Indus- 
trial Works  pile  driver.  This  machine  has  47- 
foot  leads  pivoted  to  the  tops  of  a  pair  of  short 
vertical  posts  on  the  extremities  of  two  queen- 
post  trussed  horizontal  15-inch  I-beams.  The 
I-beams  are  mounted  on  a  turntable  over  the 
forward  truck  of  a  flat  car  and  can  be  moved 
longitudinally  across  it  to  project  a  maximum 
distance  of  16  feet  beyond  the  wheel  base.  The 
leads  are  counterbalanced  by  the  engine  and 
boiler  and  a  5,000-pound  scrap  box  at  the  op- 


driven  by  it  18  feet  beyond  the  center  of  the 
front  wheels  and  about  23  feet  either  side  of  the 
center  of  .the  track. 

A  pile  driver  used  on  the  Boston  &  Maine 
Railroad  has  a  combination  bridge  with  a  pair 
of  Pratt  trusses  about  45  feet  long  8  feet  deep 
and  9  feet  apart  on  centers  connected  by  top  and 
bottom  transverse  braces,  laterals  and  sway 
braces.  The  bridge  is  mounted  on  a  flat  car 
with  a  center  turntable  about  91/2  feet  in  di- 
ameter, revolved  by  a  rack  and.  pinion  oper- 
ated by  a  worm  gear  which  always  leaves  it 
locked  in  any  position  and  is  driven  through 
friction  cones  by  the  hoisting  engine.  The  leads 
about  47  feet  long  are  pivoted  to  the  ends  of 
the  top  chords,  which  project  slightly  beyond 
the  forward  end  of  the  car  when  the  bridge  and 
car  axes  coincide  and  the  bridge  has  the  min- 
imum overhang. 

A  35-foot  boom  can  be  pivoted  to  the  leads, 
and  when  the  machine  is  in  service  either  as 
a  pile  driver  or  derrick  the  leads  are  braced 
in  a  vertical  position  by  an  inclined  post  pin- 
connected  to  them  where  the  topping  lift  is  at- 
tached a  little  below  the  top,  and  pin-connected 
to  the  top  of  the  bridge  one  panel  back.  In 
transit  the  leads  are  revolved  back  into  a  hori- 
zontal position  on  top  of  the  bridge  and  engine 
house.  The  turntable  track  is  bolted  to  a  false 
deck,  which  can  be  moved  longitudinally  18 
feet  in  either  direction  on  adjustable  transverse 
rollers  on  the  car  frame.  When  the  deck  is 
in  the  required  position  the  rollers  are  lowered 
by  vertical  screws  and  the  deck  takes  bearing 
on  the  car  frame.  To  drive  batter  piles  the 
deck,  bridge  and  leads  are  tilted  transversely 
by  screws  in  the  ends  of  the  truck  bolsters.  For 
derrick  purposes  the  car  can  be  anchored  by 
eight  rail  clamps  and  shores  and  has  a  capa- 
city of  20,000  pounds  32  feet  from  the  center  of 
the  track.    A  shorter  wrecking  boom  is  provid- 


Chicago,  Milwaukee  &  St.  Paul  Railroad  Pile  Driver  in  Transverse  Position,  Clearing  Side  Track. 


trusses  9  feet  deep  and  9  feet  apart  on  cen- 
ters mounted  on  a  turntable  bolted  to  the  car 
frame  about  1  foot  from  the  center  and  about 
26  feet  from  the  leads.  The  leads  are  counter- 
balanced by  the  engine  and  boiler  at  the  op- 
posite end  of  the  bridge  and  slide  through  a  spe- 
cial joint  at  the  end  of  the  top  chords.  This 
double  pivoted  connection  allows  them  to  be 
revolved  into  a  horizontal  position  on  top  of 
the  bridge,  projecting  about  12  feet  beyond  it 
when  in  transit,  and  to  be  swung  into  an  in- 


posite  end  of  the  beams.  They  are  raised  and 
lowered  and  the  beams  extended  and  with- 
drawn by  a  hand  windlass.  The  machine  drives 
piles  14  feet  either  side  of  the  track  center 
line  and  is  equipped  with  locomotive  gearing 
which  makes  it  self-propelling  at  a  speed  of  8 
miles  an  hour.  It  is  operated  by  a  30-horse- 
power  engine  and  supplies  its  boiler  from  ad- 
jacent streams  by  a  pump  on  a  platform  sus- 
pended under  the  car  floor.  In  transit  the 
leads  are  revolved  horizontally  and  project  half- 
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way  across  a  pilot  flat  car  with  a  tool  house 
on  the  opposite  end.  The  machine  is  (requently 
used  for  unloading  Materials  and  handling  ma- 
■onry  supplies. 

The  Association  of  Railway  Superintendents 
of  Bridges  and  Buildings  appointed  a  Commit- 
tee on  Recent  Practice  in  Building  Railroad 
Track  Pile  Drivers  and  from  their  report  a  por- 
tion of  the  foregoing  descriptions  have  been 
condensed.  The  committee  received  twenty- 
four  replies  to  a  circular  letter  of  inquiry  about 
the  most  desirable  requirements  for  pile  driv- 
ers, and  reports  its  conclusions  as  follows:  (1) 
The  ideal  pile  driver  should  "be  able  to  drive 
piles  of  any  length  and  size  from  either  end 
of  car.  close  to  the  car,  or  fifteen  feet  ahead 
of  wheel  base  as  may  be  desired;  either  plumb 
or  at  any  desired  batter  (within  reasonable 
limits),  and  at  any  point  of  a  circle  the  radius 
of  which  shall  be  equal  to  half  the  length  of 
the  car,  swinging  itself  into  the  proper  position 
for  the  pile  by  power  from  its  own  engine  un- 
der the  control  of  both  the  engineer  and  signal 
man  at  any  time  during  the  operation  of  rais- 
ing, sotting,  or  driving  pile,  without  Interfer- 
ins  with  any  other  part  of  the  work,  being  at 
the  same  time  rigid  enough  to  perfectly  hold 
the  largest  pile  used  in  the  heaviest  kind  of 
permanent  construction  and  yet  sensitive 
enough  to  be  susceptible  of  the  slightest-  move 
at  the  will  of  the  operator. 

"(2)  It  should  be  rigged  with  a  boom  long  and 
strong  enough  whereby  to  handle  with  ease  and 
safety  the  heaviest  bridge  timber,  as  well  as 
to  do  all  the  work  usually  required  of  a  steam 
derrick  car  in  the  erection  and  maintenance  of 
bridges,  culverts,  etc.,  and  should  also  have  a 
capacity  for  hea\-y  lifting,  making  it  very  use- 
ful in  clearing  up  a  wreck,  pulling  out  tempor- 
ary structures  and  old  bridges,  and,  in  fact,  do- 
ing any  kind  of  work  where  a  strong  portable 
steam  derrick  is  required. 

"(3)  Its  construction  should  be  such  as  to 
make  all  the  changes  necessary  to  adapt  it  to 
all  the  varioss  kinds  of  work  required  of  it  in 
the  least  possible  time  with  a  very  small  force 
of  men.  and  so  simple  that  no  great  amount  of 
special  training  will  be  needed  to  fit  ordinary 
bridge  men  to  handle  it  successfully,  and  should 
not  require  more  than  six  men.  including  engi- 
neer, for  all  ordinary  work." 


A  Filtration  Plant  for  Harrisburg,  Pa. 

For  about  a  year  and  a  half,  under  the  direc- 
tion of  Mr.  James  H.  Fuertes,  of  New  York,  as 
consulting  engineer,  studies  and  experiments 
have  been  in  progress  for  a  filtration  plant  for 
Harrisburg,  the  capital  of  Pennsylvania,  a  city 
of  about  60,000  population.  Situated  on  the  east 
bank  of  the  Susquehanna,  where  the  river  is 
broad  and  has  a  large  volume  of  flow,  the  city 
has  for  years  drawn  its  supply  of  water  direct- 
ly from  the  river,  from  points  about  700  feet  oft 
shore,  and  into  the  river,  at  the  shore  line,  has 
also  discharged  its  sewage.  In  addition  the 
stream  receives  sewage  from  an  aggregate  pop- 
ulation of  over  500,000  In  other  communities 
above  Harrisburg;  it  also  receives  the  wastes 
from  industrial  plants,  and,  perhaps  worst  of 
all,  washings  from  the  culm  piles  of  the  anthra- 
cite coal-mining  regions.  Just  above  Harris- 
burg the  Conedoquinet  enters  from  the  west, 
bringing,  when  In  flood,  large  quantities  of  yel- 
low clay,  while  20  miles  farther  upstream  the 
Juniata  pours  in,  also  from  the  west,  contribut- 
ing, in  freshet  times,  great  quantities  of  red 
clay  sediment  Consequently,  in  periods  of  high 
water  the  Susquehanna  as  it  passes  Harrisburg 
is  frequently  made  up  of  three  streams  of  water 
of  distinctly  different  color,  the  black  culm- 
burdened  water  next  to  the  eastern  or  city 
shore,  the  red  water  of  the  Juniata  in  the  mid- 
dle, and  the  yellow  at  the  west  side.    Notwith- 


standing these  capabilities  for  being  very  bad, 
for  several  months  of  each  year  the  river  is 
clear  as  spring  water,  without  turbidity  or 
color,  and  the  numbers  of  bacteria  are  gener- 
ally, at  such  times,  in  comparison  with  many 
other  streams,  very  low. 

As  the  outcome  of  the  investigations,  taking 
into  account  first  cost,  maintenance  and  local 
conditions,  a  filtration  plant  of  the  American  or 
mechanical  type  has  been  designed,  and  of  the 
three  possible  locations  the  upstream  end  of 
Hargest's  Island,  in  the  middle  of  the  river,  has 
been  chosen.  Owing  largely  to  the  conditions 
imposed  by  this  site,  the  plant  will  be  decidedly 
unique.  Drawings  and  specifications  are  now 
ready  for  bidders  and  an  invitation  for  propos- 
als is  printed  elsewhere  in  this  paper.  Bids 
will  be  received  until  April  13.  The  island 
selected  for  the  site  is  crossed  by  two  high- 
way bridges  leading  from  Harrisburg  to  the 
west  bank  of  the  river  and  has  an  area  above 
the  northerly  bridge  of  nearly  80  acres. 

North  of  Hargest's  Island  is  Independence 
Island,  and  extending  southerly  below  the  lat- 
ter is  a  long  low  sand  spit  between  the  city 
shore  and  Hargest's  Island.  Advantage  has 
been  taken  of  this  formation  by  locating  the 
raw-water  intake  for  the  filters  in  the  channel 
between  the  spit  and  the  island;  the  Harris- 
burg sewage  enters  the  river  close  to  the  easter- 


obtained  from  the  excavations  for  the  filter 
plant  within  the  enclosure.  The  filter  plant 
proper  will  include  a  low-lift  centrifugal  pump- 
ing station,  of  15,000,000  gallons  daily  capacity, 
provided  in  duplicate;  a  sedimentation  basin 
of  4,000,000  gallons  capacity,  in  one  corner  of 
which  there  will  be  the  coagulating  basin;  cov- 
ered flltered-water  reservoir  of  cylindrical  arch 
concrete  construction;  twelve  filter  beds  of  .01 
acre  area,  on  top  of  the  reservoir;  an  operating 
gallery  between  the  two  rows  of  filters,  and 
above  the  gallery  a  story  devoted  to  laboratory 
and  offices  and  the  storage  of  coagulants.  The 
walls,  floors  and  roofs  of  the  filters  will  be  of 
concrete  steel  construction,  which  will  be  used 
also  for  the  operating  floor,  pipe  gallery,  coagu- 
lating basins,  drainage  well  and  various  parts 
of  the  different  structures;  the  superstructure 
will  be  of  brick  with  slate  roofs. 

The  water  surface  level  of  the  sedimentation 
basin  will  be  about  5  feet  above  the  natural 
surface  of  the  island.  Raw  water  will  be  sup- 
plied to  it  by  the  centrifugal  pumps,  but  from 
the  sedimentation  basin  the  water  will  flow  by 
gravity  through  the  filters  to  the  flltered-water 
reservoir,  and  from  this  reservoir  through  a 
42-inch  pipe  laid  under  the  river  to  a  pump  well 
on  the  easterly  bank.  From  this  pump  well  the 
water  will  be  drawn  by  the  pumping  engines 
in  the  existing  water-works  station  nearby  and 


Chicago,  Milwaukee  &  St.  Paul  Railroad  Pile  Driver  Erecting  Trestle   Viaduct. 


ly  bank  and  therefore  ordinarily  follows  the 
other  channel  between  the  spit  and  the  shore. 
Geologically  Hargest's  Island  is  a  formation  as 
old  as  that  upon  which  Harrisburg  is  built;  it 
has  12  to  15  feet  of  hard  watertight  clay  im- 
mediately beneath  the  surface  soil  and  below 
the  claj^  about  2  to  5  feet  of  sand  and  gravel 
overlying  the  ledge  rock.  Occasionally,  In  flood 
stages  of  the  river,  the  island  is  inundated,  the 
greatest  depth  above  its  surface  of  which  there 
is  record  having  been  11  feet  in  1889.  The  ice 
floes  and  jams  in  the  stream  also  have  to  be 
dealt  with.  These  statements  make  evident  the 
necessity  for  some  special  features  in  the  de- 
sign. 

Near  the  north  end  of  the  island  a  plot  of 
about  2%  acres  is  to  be  enclosed  by  an  earth 
dike  16  feet  high  above  the  surface  of  the  is- 
land, approximately  1,600  feet  long,  10  feet 
wide  on  top  and  having  outside  slopes  of  1  on  2 
and  inner  slopes  of  1  on  1%.  The  outer  slope 
of  this  dike  will  be  armored  against  the  attack 
of  the  ice  by  a  continuous  sheet  of  Portland 
cement  concrete  reinforced  with  i^-inch  twist- 
ed square  steel  rods  spaced  12  Inches  apart  in 
all  directions.  This  concrete  will  extend  from  a 
curb  at  the  top  to  a  depth  of  several  feet  below 
the  natural  surface  of  the  island.  The  inner 
slopes  of  the  dike  will  be  grassed.  A  large  pro- 
portion of  the  materials  for  the  dike  will  be 


forced  to  an  existing  distributing  reservoir 
having  a  capacity  equivalent  to  about  two  days' 
maximum  consumption  at  the  present  rate. 
During  six  months  or  more,  each  year,  it  will 
probably  be  unnecessary  to  use  the  sedimenta- 
tion basin,  the  raw  water  being  clear  enough 
to  be  sent  directly  through  the  coagulating 
basin  to  the  fllters.  Sulphate  of  alumina  will 
be  used  as  the  coagulant  and  at  times  soda 
also  will  be  added  to  the  water  before  it  passes 
through  the  centrifugal  pumps.  A  Pitot  tube 
In  the  rising  main  of  the  pumps  will  be  used 
to  indicate  the  rate  of  delivery  of  raw  water. 

In  the  design  of  the  fllters  but  one  or  two 
novel  details  have  been  introduced,  the  plant  In 
other  respects  conforming  to  accepted  practice 
in  up-to-date  filter  construction.  Each  bed  will 
have  a  capacity  of  1,000,000  gallons  per  day 
at  a  100,000,000-gaIIon  rate,  but  results  obtained 
in  the  experimental  filters  give  assurance  that 
the  plant  can,  during  some  periods,  safely  be 
run  at  a  rate  of  170,000,000  gallons  per  acre  per 
day.  Filter  sand  of  satisfactory  character  can 
be  prepared  from  the  river  deposits  near  the 
site,  but  alternative  bids  are  requested  for  sand 
furnished  from  any  other  satisfactory  place. 
Means  will  be  provided  for  preparing  the  local 
sand. 

When  in  operation,  the  fllters  will  be  washed 
with  air  and  water,  water  being  used  ordinarily 
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and  the  air  whenever  the  sand  becomes  suf- 
ficiently lumpy  to  require  a  scrubbing  as  a  pre- 
liminary to  the  washing  with  water.  The  wash 
pipes  in  each  bed  will  have  the  vent  holes  in 
their  under  sides  so  that  the  air  may  be  forced 
out  under  a  positive  pressure;  the  size  of  the 
vents  and  pipes,  back  to  the  blower,  will  be  so 
proportioned  that  there  will  be  a  positive  and 
absolutely  controllable  pressure  on  the  vents 
whenever  the  wash  is  being  used.  The  pipes  in 
each  filter  will  be  surrounded  by  a  4-inch  layer 
of  %-inch  gravel,  on  which  there  will  be  a  layer 
of  fine  gravel  or  very  coarse  sand  passing  a 
sieve  having  4  meshes  per  inch  and  remaining 
on  one  having  12  meshes  to  the  inch.  The  nor- 
mal depth  of  sand  will  be  30  inches. 

The  effluent  from  each  filter  will  pass  through 
a  concrete  regulating  box  2  feet  high  with  a 
bronze   measuring   orifice   plate   in   its   bottom. 


Flood  Damage  to  the  York  Haven  Power 
Plant. 

iiy   O.    r.   Waters. 


Though  the  damage  to  the  |1,500,000  hydro- 
electric plant,  on  the  Susquehanna  River,  at 
York  Haven,  Pa.,  described  in  the  issue  of 
March  12,  will  result  in  much  loss  through  the 
delay  in  the  completion  of  the  plant,  it  is  not 
as  extensive  as  was  reported  in  the  newspaper 
dispatches  sent  out,  while  the  worst  ice  freshet 
in  110  years  was  tearing  down  the  Susquehanna 
River  on  its  way  to  the  bay.  The  plant,  which 
was  built  by  the  York  Haven  Water  &  Power 
Company,  would  have  been  in  operation  by  next 
May,  had  not  a  mountain  of  ice  been  hurled 
against  the  big  power-house,  rendering  it  a  heap 
of  ruins.  The  building  stood  well  out  in  the 
stream  and  was  built  high  above  a  massive  gran- 


York   Haven   Power   House   after  First    Damage   by  Ice. 


equipment,  the  dam  and  the  transformer  house 
resisted  the  destructiveness  of  the  flood,  prov- 
ing the  success  of  the  plans  the  engineers  and 
builders  who  resorted  to  everything  known  to 
engineering  science  for  protection  against  high 
water  and  Ice.  The  greatest  loss  to  the  plant 
will  be  the  delay  and  extra  cost  of  replacing  the 
building.  The  cost  of  rebuilding  and  repairing 
the  machinery  will  not  exceed  ?10,000.  Much  of 
the  material  of  the  ruins  will  be  serviceable  in 
rebuilding.  The  material  of  the  roof  trusses, 
the  brick  and  the  crane  girders  can  be  used. 
As  to  the  machinery  we  find  that  the  exciter  is 
in  good  condition.  Number  1  and  2  generators 
are  intact.  Four  generators,  which  had  been 
set  up  and  one,  which  was  still  on  the  floor,  are 
covered  with  ice.  This  was  a  protection  to  them- 
as  it  prevented  the  debris  from  coming  in  con- 
tact with  the  coils  and  I  think  the  machines 
will  be  found  to  be  damaged  but  little.  The 
switchboard  instruments  are  in  fairly  good  con- 
dition and  can  be  quickly  repaired.  Some  of  the 
glass  of  the  switchboard  was  not  even  broken. 
There  was  scarcely  any  damage  to  the  switch- 
ing devices,  and  the  traveling  crane  is  all  but 
intact.  In  fact,  the  loss  to  the  machinery  and 
electrical  equipment  is  comparatively  small,  and 
about  all  that  will  be  required  will  be  the  re- 
newal of  the  switchboard  and  the  re-coiling  of 
the  generators  which  were  damaged.  One  gen- 
erator, of  1,000  horse-power,  and  one  exciter  Is 
still  at  the  factory  at  Pittsfield,  Mass.  The  ex- 
tent of  the  damage  wrought  to  the  cables  will 
be  unknown  until  the  debris  is  cleared  away. 
Much  of  the  cable  will,  I  think,  be  serviceable 
again.  In  fact,  the  whole  outlook  is  much 
brighter  now  than  when  the  mountains  of  ice 
were  threatening  and  playing  havoc.  I  think 
the  worst  is  over,  and,  as  I  said  before,  the 
greatest  los§  entailed  will  be  the  delay  in  the 
completion  of  the  plant.    As  the  work  was  pro- 


These  orifices  will  be  so  arranged  that  they  can 
be  changed  by  the  superintendent  from  the  op- 
erating gallery  so  as  to  regulate  the  rate  of 
filtration.  In  case  the  pumping  station  should 
not  draw  the  effluent  from  the  flltered-water 
reservoir  as  rapidly  as  the  filters  are  discharg- 
ing, the  water  will  rise  upon  the  regulating 
boxes,  thus  beginning  to  reduce  automatically 
the  rate  of  filtration  as  soon  as  the  water  sur- 
face gets  above  the  bottoms  of  the  boxes,  and 
stopping  filtration  completely  when  the  water 
reathes  the  tops  of  the  boxes.  An  automatic 
device  is  provided  to  reduce  correspondingly 
the  dose  of  coagulant  as  the  water  rises  above 
the  bottoms  of  the  regulating  boxes.  Each  bed 
has  a  float  gauge  to  indicate  the  percentage  ot 
reduction  of  filtration  during  these  periods  as 
well  as  a  loss-of-head  gauge  similar  to  those  al- 
ready well  known  from  their  use  in  other  plants. 
The  stems  of  the  measuring  orifices  for  the  con- 
trol of  each  filter  are  brought  up  to  a  stand  in 
the  operating  room  and  have  pentagonal  nuts 
set  flush  with  the  top  of  the  stand  so  that  no 
one  can  use  a  monkey  wrench  on  them  or  read- 
ily meddle  with  them  in  any  way.  The  super- 
intendent, however,  by  means  of  one  suitable 
key,  can  turn  any  stem  as  desired.  All  valves 
in  the  pipe  gallery  will  be  hydraulically  oper- 
ated, the  handles  for  controlling  the  valves  for 
each  filter  being  located  on    the  operating  .stand. 


York  Haven  Power  House  after  Second  Attack  by  Ice. 


Plans  fob  the  Model  Foundry  to  be  carried 
on  in  connection  with  the  St.  Louis  exposition 
are  now  completed  and  it  is  expected  that  the 
construction  of  the  building  will  begin  soon. 
President  Engler,  of  the  Worcester  Polytechnic 
Institute,  has  been  asked  to  name  a  man  to  take 
charge  of  the  erection  of  the  building  and  of 
the  foundry  itself,  after  it  is  once  in  operation; 
and,  as  has  been  previously  announced,  the  en- 
tire charge  of  the  foundry  throughout  the  sum- 
mer will  be  in  the  hands  of  the  Institute. 


ite  wheelpit  sub-structure,  478  by  51  feet. 
Mr.  T.  W.  Shock,  electrical  engineer  for  the 
York  Haven  Water  &  Power  Company;  Mr. 
Thomas  Green,  the  constructor  and  superintend- 
ent of  the  plant;  Mr.  J.  A.  Dempwolf,  the  archi- 
tect for  the  plant,  and  a  number  of  disinterested 
experts  have  made  an  Inspection  of  the  plant, 
and  Mr.  Shock  has  given  out  the  following  de- 
scription of  the  damage:  "Many  of  the  news- 
paper reports  sent  out  in  connection  with  the 
wrecking  of  the  power-house  were  misleading 
and  I  do  not  doubt  that  in  many  minds  the  im- 
pression prevails  that  the  entire  plant,  which 
was  built  at  a  cost  of  $1,500,000,  has  been  con- 
verted into  a  worthless  and  irreparable  ruin. 
This  is  far  from  the  truth.  The  damage  did  not 
extend  beyond  the  power-house,  which  col- 
lapsed, and  the  wire  alley,  which  was  swept 
away.      The     sub-structure,     the    water-wheel 


grossing  prior  to  the  flood,  the  plant  would  have 
been  in  operation  by  next  May,  now  its  comple- 
tion will  be  deferred  until  next  autumn,  when,  I 
think,  we  shall  be  able  to  send  a  6,000-horse- 
power  current  into  York  at  the  outset.  The  ex- 
perience will  probably  be  of  beneflt  to  us  as  we 
now  know  what  the  Susquehanna  River  is  capa- 
ble of,  and  in  rebuilding  the  power-house  pre- 
cautions will  be  taken  against  another  flood  of 
the  kind.  The  plant  was  built  9  feet  above  the 
highest  water  mark  that  had  ever  been  recorded. 
The  water  rose  15  feet  above  that  mark.  Great 
jetties  will  probably  be  built  upstream  to  turn 
the  ice  in  future  floods  into  the  channel  of  the 
river.  The  great  wall,  which  is  a  part  of  the 
power  plant,  saved  the  paper  mill  from  being 
wiped  out  entirely.  Thus,  I  think,  jetties  would 
be  serviceable  in  protecting  the  power-house 
and  other  departments  of  the  plant" 
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The  power  plant  is  the  project  of  Mr.  Henry 
L.  Carter,  founder  of  the  York  Haven  Paper 
Mills,  also  partiall?  wrecked.  Twenty  years 
ago.  he  conceived  the  idea  of  building  a  plant 
near  the  Conewago  Falls.  In  1884,  a  site  and 
water  rights  were  procured,  and  three  years 
ago  construction  was  begun. 


Foundations  of  the  Rogers  Building,  New 
York. 


The  Rogers  Building  is  a  ten-story  steel-cage 
lOOxSOO-foot  department  store  at  the  southeast 
comer  of  Fourteenth  Street  and  Sixth  Avenue, 
New  York.  The  site  was  formerly  occupied  by 
several  old  brick,  iron  and  wooden  buildings 
used  by  the  R.  H.  Macy  Company  for  a  de- 
partment store.  The  site  was  covered  by  a 
concrete  cellar  floor  8  inches  thick,  laid  on 
the  soft  wet  earth  at  about  ground  water  level, 
11  feet  below  the  curb.  As  sooh  as  the  struc- 
ture was  removed  to  this  point,  a  well  8  feet 
square  and  30  feet  deep  was  sunk  near  the 
center  of  the  lot,  and  the  water  which  collect- 
ed there  was  pumped  out  with  a  No.  9  Cam- 
eron pump  having  an  8-inch  discharge  which 
branched  to  two  sewers  on  Sixth  Avenue, 
neither  one  of  them  having  sufficient  capacity 
for  the  entire  quantity  of  water.  The  excava- 
tion was  carried  to  a  uniform  depth  of  about  26 
feet  below  the  curb,  and  at  Sixth  Avenue  and 
Fourteenth  Street  encountered,  at  a  depth  of 
14  feet,  rock  which  sloped  rapidly  to  a  maxi- 
mum depth  of  nearly  60  feet  at  the  Thirteenth 
Street  side  of  the  lot 

The  sidewalk  vaults  on  the  Fourteenth  Street 
and  Sixth  Avenue  fronts  were  not  disturbed 
and  their  inner  walls  were  in  some  cases  left 
intact  and  underpinned  as  the  excavation  was 
carried  down  adjacent  to  them.  In  other  cases 
the  walls  were  removed  and  the  sides  of  the 
excavation  were  heavily  sheeted.  On  the  Tliir- 
teenth  Street  side  the  excavation  was  carried  to 
the  curb  about  15  feet  beyond  the  building  line, 
and  this  side  of  the  pit  was  protected  by  heavy 
sheet  piles  driven  down  by  hand  as  the  ex- 
cavation progressed  and  braced  with  three 
lines  of  12xl2-inch  rangers  and  heavy  inclined 
shores.  A  sidewalk  bridge  was  provided  on  the 
Sixth  Avenue  and  Fourteenth  Street  sides,  but 
as  there  was  little  pedestrian  traffic  on  Thir- 
teenth Street,  no  bridge  was  provided  there. 

On  the  side  opposite  Sixth  Avenue  'the  George 
A.  Fuller  Company  had  also  contracted  for  a 
separate  and  adjacent  building  and  therefore 
was  not  required  to  sheet  the  sides  of  the  ex- 
cavation, but  carried  it  down  alongside  the  old 
wall  and  afterwards  excavated  for  the  other 
building.  As  soon  as  rock  was  encountered, 
sixteen  Ingersoll-Sergeant  rock  drills  were  in- 
stalled and  were  driven  by  steam  from  a  bat- 
tery of  two  locomotive  boilers,  afterwards  in- 
creased to  three  and  finally  to  four.  The  earth 
was  found  wet  and  soft  and  was  excavated 
wholly  by  pick  and  shovel  and  carried  off  in 
two-horse  wagons.  The  wagons  were  drawn  by 
horses  to  the  foot  of  a  plank  Incline,  where 
they  were  attached  to  a  steel  cable  which 
passed  through  a  snatch-block  secured  to  a 
12xl2-incb  vertical  post  at  the  top  of  the  slope 
and  thence  led  through  the  adjacent  lot  to  the 
drum  of  a  Lidgerwood  hoisting  engine  in  Four- 
teenth Street  The  loaded  wagon  with  the 
horses  hitched  to  it  was  alssisted  to  the  top  of 
the  first  incline  by  the  hoisting  engine,  the  wire 
rope  was  detached,  removed  from  the  snatch- 
block,  hooked  on  again  and  pulled  the  wagon 
up  to  the  street,  thus  permitting  the  loads  to 
be  much  larger  than  could  have  been  pulled 
ont  of  the  pit  by  the  teams. 

As  the  excavation  progressed,  the  single  sump 
was  found  inadequate  and  so  two  more  were 
dug  at  the  ends  of  the  lot  and  the  three  were 
connected  together  by  a  line  of  valved  6-inch 


pipe.  Separate  pumps  were  attached  to  them 
and  discharged  the  water  to  different  sewers 
in  the  streets  and  avenue,  the  flow  being  great- 
er than  could  be  disposed  of  in  a  single  sewer. 
Steam  siphons  were  set  wherever  needed  at  dif- 
ferent parts  of  the  excavation  to  keep  the  pit 
dry,  but  large  quantities  of  water  were  encoun- 
tered and  the  digging  was  difficult  and  dis- 
agreeable. The  steam  boilers  were  set  on 
transverse  and  longitudinal  horizontal  timbers 
at  the  original  cellar  floor  level.  As  these  were 
undermined  by  the  excavation,  they  were  sup- 
ported by  vertical  shores,  which  were  replaced 
by  successively  increasing  lengths  until  they 
were  finally  carried  by  braced  trestles  support- 
ed at  the  new  grade. 

As  the  excavation  progressed,  sheeted  pits 
were  dug  for  the  column  piers.  These  were  eas- 
ily carried  to  rock  at  the  Fourteenth  Street  end 
of  the  lot,  but  as  the  rock  became  deeper  and 
deeper  towards  Thirteenth  Street,  the  difficul- 
ties of  sinking  open  pits  and  draining  them  in- 
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Cofferdam  and  Caisson  for  Interior  Column  Pier. 

creased  until  finally  it  was  determined  to  build 
a  number  of  the  piers  with  pneumatic  cais- 
son footings,  and  the  contract  for  this  work 
was  awarded  to  the  Foundation  &  Contracting 
Company,  under  the  condition  that  the  first 
caisson  should  be  ready  to  sink  in  10  days  after 
the  contract  was  signed.  In  9  days  after  the 
contract  was  signed,  the  first  caisson  was  sunk 
to  rock  and  sealed  and  the  last  caisson  was  fin- 
ished 29  days  later. 

The  building  ha«  fifty-eight  main  columns  ar- 
ranged In  eleven  transverse  and  five  longitud- 
inal rows  from  about  16%  to  24%  feet  apart. 
Twelve  of  these  columns  on  the  Thirteenth 
Street  side  of  the  lot  and  towards  the  adjacent 
building  have  piers  built  in  caissons.  The  cais- 
sons were  made  entirely  of  timber  with  wooden 
horizontal  rectangular  frames  made  of  6x8-inch 
and  6xl2-inch  timber  halved  and  lapped  at  the 


ends.  The  sheathing  was  of  3-inch  vertical  pine 
planks,  11%  inches  wide,  dressed  on  all  sides 
and  secured  to  the  horizontal  timbers  with  two 
%-inch  bolts  at  every  intersection.  The  joints 
were  calked  outside  with  oakum  and  served 
with  tar.  The  planks  were  countersunk  on  the 
outside  to  receive  the  heads  of  the  bolts  and  the 
nuts  were  screwed  up  against  washers  flush  on 
the  insides  of  the  timbers.  The  cutting  edges 
were  made  without  steel  plates  or  angles,  sim- 
ply by  beveling  the  lower  ends  of  the  planks  to 
a  thickness  of  1  inch,  and  were  reinforced  by 
4xl2-inch  horizontal  timbers  G  inches  above  the 
edge.  The  working  chamber  had  a  clear  height 
of  6  feet  and  had  a  roof  made  of  two  solid 
courses  of  crossed  8x8-inch  timbers.  The  ends 
of  the  lower  course  were  supported  on  6x8-inch 
horizontal  timbers  bolted  to  the  sides  to  form 
cleats,  and  the  side  timbers  were  bolted  to  the 
sheathing  planks  and  had  continous  curves  re- 
bated in  the  middle  of  the  inner  vertical  face 
to  receive  the  nuts  of  the  bolts  and  allow  them 
to  clear  adjacent  timbers.  The  sheathing  pro- 
jected above  the  roof  of  the  working  chamber 
so  that  the  upper  part  of  the  caisson  walls  vir- 
tually formed  one  section  of  the  coffer  dam. 
The  coffer  dam  was  like  the  caisson,  except  that 
it  had  neither  cutting  edge  nor  roof.  At  the 
joints  between  the  sections  of  the  coffer  dam 
and  between  the  coffer  dam  and  caisson  the  ends 
of  the  sheathing  plank  were  cut  square  and 
abutted  on  the  center  line  of  an  inside  frame  of 
Gxl2-inch  timber,  which  was  bolted  to  both  sec- 
tions and  served  as  an  inner  connecting  flange. 

The  caissons  were  made  in  lengths  of  12  and 
20  feet  and  the  coffer  dams  were  made  in  reg- 
ular lengths  of  14  feet  varied  as  necessary  to 
suit  the  different  depths.  A  drawing  was  made 
of  the  standard  vertical  section  through  the 
caissons  and  coffer  dam  and  roof  plans  were 
made  for  the  different  sizes  of  caissons,  thus 
much  reducing  the  number  of  drawings  re- 
quired. Detail  drawings  exactly  corresponding 
to  the  shop  drawings  for  steel  work  were  maae 
of  all  the  different  timbers  of  the  roots  and 
frames.  These  were  sent  to  the  planing  mills 
and  all  of  the  timber  was  cut,  planed  and  bored 
to  correspond,  and  shipped  to  the  site  framed 
ready  for  immediate  assembling.  By  this 
means  the  work  was  done  quickly  and  accurate- 
ly and  time  was  saved  in  the  delivery,  and  the 
trouble  and  expense  of  handling  the  bulky  and 
heavy  completed  caissons  through  the  crowded 
city  streets  by  large  trucks  and  8  or  10-horse- 
teams  was  avoided.  The  vertical  corners  of  the 
caissons  were  rounded  and  the  outer  faces  were 
well  smeared  with  grease.  The  caissons  were 
sunk  in  the  usual  manner  with  heavy  loads  of 
kentledge  and  a  maximum  air  pressure  of  17 
pounds.  Each  caisson  was  assembled  in  the  po- 
sition in  which  it  was  to  be  sunk,  and  the  ma- 
terials were  handled  by  two  large  boom  der- 
ricks seated  on  towers  located  so  as  to  com- 
mand the  entire  area  of  the  lot  The  dimen- 
sions of  the  caissons  varied  from  8  feet  square 
to  6  feet  9  inches  by  14  feet  6  inches,  and  they 
were  sunk  to  depths  of  from  28%  to  G0%  feet 
below  the  curb.  In  some  places  the  surface  of 
the  rock  sloped  so  steeply  that  one  caisson 
was  sunk  15%  feet  deeper  than  an  adjacent  one, 
only  17%  feet  from  it  The  caissons  for 
the  wall  columns  on  the  side  opposite  Sixth 
Avenue  were  made  large  enough  for  the  piers 
of  the  Rogers  Building  and  for  those  of  the  ad- 
jacent Slegel  Building  which  was  being  con- 
structed by  the  same  contractors. 

The  excavation  for  the  Rogers  Building  was 
much  deeper  than  that  for  the  Siegel  Building 
and  the  column  footings  were  carried  down  cor- 
respondingly, after  which  partitions  were  built 
in  the  coffer  dams  and  the  space  on  one  side 
was  filled  with  concrete  to  carry  the  pier  up 
to  a  considerably  greater  height  for  the  col- 
umns of  the  Siegel  Building.    The  contract  for 
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the  caissons  was  received  and  the  plant  was 
shipped  to  the  site  on  August  7.  The  caisson 
timber  was  shipped  August  11,  the  first  cais- 
son was  ready  to  sinlt  August  14,  air  pressure 
was  put  on  it  August  15  and  air  pressure  was 
removed  from  the  last  caisson  on  September  12. 
The  bottom  of  the  excavation  was  leveled  and 
covered  with  1  foot  of  concrete.  On  this  was 
laid  a  3-inch  protection  course  of  1:2:5  con- 
crete made  with  fine  broken  stone,  then  an  as- 
phalted felt  waterproof  course,  then  12  inches 
of  concrete  and  the  asphalt  floor.  The  concrete 
piers  were 'capped  with  two  20-inch  courses  of 
cut  granite  which,  in  the  larger  piers,  had 
grillages  of  20-inch  I-beams  to  receive  the  col- 
umn shoes.  For  the  smaller  piers  the  shoes 
were  seated  directly  on  the  granite.  The  steel 
framework  was  erected  by  the  two  large  der- 
ricks shown  in  the  illustration,  and  the  brick- 
layers, plasterers  and  carpenters  followed  the 
erectors  and  were  all  working  on  the  lower 
stories  before  the  roof  was  erected.     The  total 


The     Measurement,     Consumption     and 
Waste  of  Water  in  the  Boston  Met- 
ropolitan District. 


The  Metropolitan  Water  and  Sewerage  Board 
recently  presented  to  the  legislature  of  Massa- 
chusetts a  report  on  the  measurement,  consump- 
tion and  waste  of  water  in  the  Metropolitan 
water  district  as  an  aid  to  determining  "the 
manner  in  which  waste  may  be  prevented  and 
as  to  the  manner  in  which  the  consumption  of 


tice  have  made  him  one  of  the  highest  authori- 
ties on  these  questions  and  give  more  than 
passing  value  to  the  document,  extracts  from 
which  are  given  below.  Hitherto  the  assess- 
ments for  the  Metropolitan  Water  Works  have 
been  distributed  among  the  cities  and  towns  of 
the  district  according  to  a  scheme  based  on  val- 
uation and  population,  stated  in  previous  Is- 
sues of  this  journal.  For  some  time  efforts 
have  been  made  to  substitute  the  element  of 
consumption  for  that  of  population,  and  the 
act  authorizing  the  present  report  also  empow- 


Rogers  Building:    Completfed  Excavation;  Derrick  Tower,  Braced  Sheeting  and  Caissons. 


force  employed  consisted  of  a  maximum  of 
about  450  men,  divided  in  three  eight-hour 
shifts.  Included  in  these  there  were  at  one 
time  150  men  shoring  and  underpinning. 

Messrs.  Cady,  Berg  &  See  are  the  architects, 
and  the  George  A.  Fuller  Company  is  the  gen- 
eral contractor,  Mr.  H.  Harvey,  superintendent. 
The  caisson  work  was  done  by  the  Foundation 
&  Contracting  Company,  Mr.  L.  L.  Brown,  su- 
perintendent. Messrs.  Southard  &  Company 
were  contractors  for  razing  the  old  buildings. 


Excavation  below  Old   Cellar   Floor;    Incline  for  Spoil  Wagons. 


ered  the  Board  to  provide  means  for  measuring 
the  water  supplied  to  each  of  the  cities  and 
towns  In  the  Metropolitan  water  district. 
These  measurements  have  heen  provided  for 
by  the  installation  of  forty-nine  Venturi  meters 
ranging  in  size  from  8  to  48  inches,  as  describ- 
ed in  The  Engineering  Record  August  1,  1903. 
Some  of  these  meters  have  been  in  use  since 
January,  1903,  and  all  since  June  26,  1903.  Re- 
sults of  complete  measurements  of  the  quantities 
supplied  to  the  eighteen  communities  connected 
with  the  Metropolitan  works  for  six  months, 
could,  therefore,  be  embodied  in  the  report. 

The  total  consumption  of  the  district,  as 
given  by  the  meters,  is  about  2%  per  cent.  less 
than  the  consumption  as  measured  by  the  dis- 
placement of  the  pump  plungers  at  the  pump- 
ing stations.  The  difference  includes  the  quan- 
tity used  in  all  of  the  pumping  stations  and  the 
leakage  from  the  Metropolitan  mains  and  res- 
ervoirs. This  use  and  leakage  is  estimated  to 
be  not  less  than  500,000  gallons  per  day. 

The  term  "domestic  use"  will,  for  the  pur- 
poses of  this  report,  be  understood  to  include 
not  only  the  strictly  household  use,  but  also  the 
water  used  for  private  stables  and  watering 
lawns.  The  best  information  regarding  the 
quantity  used  for  these  purposes  Is  obtained 
from  the  records  of  the  cities  and  towns  where 
all  or  a  large  percentage  of  the  water  takers 
are  supplied  through  meters.    In  the  towns  of 

Gallons 
Number  of        Gallons     per  day  per 
consumers.       per  day.      consumer. 
1902.  1902.  1902. 

Belmont 3.900  66.8:^0  17.1 

Maiden 22,550  4.50.1fiO  20.0 

Milton    7.4.50  143.500  19.3 

Watertown    .... 10,250  152,900  14.8 

44,150  813,190  18.4 

Belmont  and  Milton  every  service  pipe  is 
metered;  in  Watertown,  89.5  per  cent.;  and  in 


water  may  be  considered  in  the  apportionment 
among  the  cities  and  towns  of  the  annual 
assessment  required  for  the  construction  and 
maintenance  of  the  Metropolitan  water  works." 
This  report  was  made  pursuant  to  a  special  act 
of  the  legislature  of  1902  and  embodies  the  re- 
sults of  a  careful  investigation  and  extended 
observations  by  Mr.  Dexter  Brackett,  engineer 
of  the  distribution  department  of  the  Metro- 
politan Water  Works,  whose  long  experience 
and  studies  in  this  field  of  water  works  prac- 
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Maiden,  (3.4  pe(  cent  The  experience  In  other 
cities  and  towns  vdiere  meters  are  in  general 
use  on  domestic  services  corroborates  the  re- 
mits obtained  in   the  Metropolitan   district 
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•Inclndrs  water  uced  for  [>ublio  purposes. 

The  manufacturing  and  trade  use  in  the 
Metropolitan  water  district  Is  centered  in  Bos- 
ton, although  the  per  capita  use  for  these  pur- 
P08M  is  quite  large  in  several  other  cities  and 
towns.  The  greater  portion  of  the  water  used 
for  manufacturing  and  trade  in  the  Metropoli- 
tan district  Is  supplied  through  meters,  and  for 
the  year  1902  was  19.47  gallons  per  capita  per 
day. 

Careful  estimates  of  the  quantity  of  water 
used  for  these  purposes,  which  is  not  metered, 
indicate  that  the  amount  is  not  more  than  5 
gallons  per  capita  in  Bdston  and  from  2  to  3 
gallons  per  capita  In  other  cities  and  towns  In 
the  district,  with  an  average  of  about  4  gal- 
lons for  the  whole  district  This  quantity, 
added  to  the  quantity  supplied  through  meters, 
gives- about  23.5  gallons  per  capita  per  day  re- 
quired at  the  present  time  for  manufacturing, 
mechanical  and  trade  purposes  in  the  Metro- 
politan water  district. 

The  principal  uses  of  water  for  public  pur- 
poses are  for  public  buildings,  for  public  foun- 
tains, for  sprinkling  streets,  for  flushing 
water  pipes  and  sewers,  and  for  extinguishing 
flres.  Under  the  head  of  public  buildings  are 
included  schools.  Are  engine  houses,  State 
House,  city  and  town  halls,  hospitals,  asylums 
and  jails,  churches  and  theatres,  and  all  other 
national.  State,  county  and  municipal  build- 
ings. The  total  for  public  buildings  is  as  fol- 
lows [based  in  part  upon  meter  measurements 
and  in  part  upon  careful  estimates] : 

Gallons. 

Schools  70 

National,  State  and  connty  buildings,  metered. . .     .58 

Hospitals.  as7lnms  and  Jails,  metered 50 

Churches,  theaters  and  clubs,  metered 40 

Public  buildings,  other  than  schools,  unmeter^..   1.60 

Total  for  public  buildings 3.78 

The  estimated  quantity  of  water  used  by  139 
public  drinking  fountains,  located  in  the  sev- 
eral cities  and  towns  supplied  by  the  Metropol- 
itan Works  averages  664,640  gallons  per  day, 
equivalent  to  .74  of  a  gallon  per  capita  of  the 
population  supplied.  In  the  greater  proportion 
of  the  drinking  fountains  the  water  runs  con- 
tinuously, and  it  follows  that  the  greater  part 
of  the  water  is  wasted.  The  average  use  In 
18  fountains  of  this  class  in  Boston,  as  deter- 
mined by  measurement,  was  14,000  gallons  per 
day  each.  Thirty-three  of  the  drinking  foun- 
tains for  animals  used  In  Boston  are  so  ar- 
ranged that  during  the  six  summer 
months  the  flow  into  the  trough  is  con- 
trolled by  an  automatic  valve,  and  no 
water  Is  wasted;  during  the  winter  sear 
son  the  flow  is  continuous.  Meters  attached  to 
two  of  these  fountains  showed  that  the  use  dur- 
ing the  summer  was  at  the  rate  of  1,250  gal- 
lons per  day.  and  during  the  winter,  when  less 
water  is  needed,  6,250  gallons,  or  flve  times  the 
summer  use.  In  the  city  of  Boston  there  are 
20  ornamental  playing  fountains,  and  the  total 
quantity  discharged  is  estimated  to  be  237,000 
frallons  per  day  for  six  months,  equivalent  to 
.2  of  a  gallon  per  capita  for  the  whole  year. 
The  combined  use  for  drinking  and  ornamental 


fountains  is  about  1  gallon  per  capita  per  day. 

For  sprinkling  streets  throughout  the  Met- 
ropolitan district  in  the  year  1901  the  quantity 
used  is  estimated  to  have  been  nearly  700,000,- 
000  gallons,  equivalent  to  2.13  gallons  per  cap- 
ita per  day  for  the  year. 

Although  large  quantities  of  water  are  at 
times  drawn  from  the  pipes  for  extinguishing 
flres  and  for  flushing  water  pipes,  the  use  con- 
tinues for  but  a  short  time,  and  the  total  use 
during  the  year  is  comparatively  small;  the 
per  capita  yearly  use  probably  does  not  exceed 
.20  of  a  gallon. 

The  quantity  required  for  public  purposes 
may  be  summarized  as  follows: 

Uallons 
per  capita. 

Public  buildings    3.78 

Drinking  and  ornamental  fountains l.UO 

Street  sprinkling 2.13 

Flushing  water  pipes  and  sewers  and  extin- 
guishing tires 20 

7.11 
From   the    preceding    statements    the    total 
quantity  actually  required  for  legitimate  use  in 


population  of  each  of  these  groups  is  about  60,- 
000.  They  are  districts  in  which  the  manutac- 
turing  use  is  very  small,  and  there  appears  to 
be  no  good  reason  why  the  legitimate  use  of 
water  between  the  hours  of  1  and  4  A.  M. 
should  not  be  very  small  in  every  case.  In 
the  first  group  the  rate  varies  from  13.4  to  25.5 
gallons  per  capita,  with  an  average  of  18  gal- 
lons; while  in  the  second  group  it  varies  from 
43  to  71.4  gallons,  with  an  average  of  58.3  gal- 
lons. The  difference  between  18  and  58  gal- 
lons is  unquestionably  preventable  waste. 

Considering  the  whole  Metropolitan  district, 
the  legitimate  draft  during  the  night  is  very 
small,  when  compared  with  77  gallons  per  cap- 
ita, which  was  the  average  minimum  rate  dur- 
ing the  last  six  months  of  the  year  1903.  Near- 
ly all  of  the  water  used  for  manufacturing,  me- 
chanical and  trade  purposes  is  metered,  and  the 
total  is  but  23.5  gallons  per  capita,  of  which 
the  greater  part  must  be  used  during  the  day. 
It  is  not  probable  that  the  legitimate  uSe  for 
all  purposes  during  the  hours  of  minimum  con- 

Diagmm  Nai 


Diagram  showing  the  per  capita  quantity  of  water  used  and  wasted  in  the 
several  cities  and  towns  supplied  by  the  Metropolitan  Water  Works. 
Fiqurti  following  names  of  cities  and  towns  show  percentage  of  total  population  (^district 
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Consumption  of  Water,  Metropolitan  Water  Works. 


the  Metropolitan  water  district  at  the  present 
time  is  shown  to  be  less  than  60  gallons  per  in- 
habitant per  day,  divided  as  follows: 

Gallons. 

Domestic  use   25.0 

Manufacturing,  mechanical  and  trade  use 23.5 

Public  use    7.0 

55.3 
If,  as  has  been  stated,  the  actual  require- 
ments for  domestic,  manufacturing,  trade  and 
public  purposes  in  the  Metropolitan  district  do 
not  exceed  60  gallons  per  inhabitant,  while  the 
total  supplied  to  the  district  is  nearly  120  gal- 
lons, it  is  evident  that  one-half  of  the  water 
furnished  must  be  wasted  either  from  the  ■ 
street  mains  and  service  pipes,  or  from  the 
water  fixtures  and  piping  on  the  premises  oT 
the  water  takers. 

Both  the  daily  per  capita  and  night  rates  of 
consumption  vary  widely  in  different  districts, 
even  where  the  takers  are  of  the  same  general 
class.  Where  the  rate  for  twenty-four  hours 
Is  large,  the  night  rate  is  in  almost  every  case 
excessive.  It  is  also  noticeable  that  the  lowest 
rates  of  consumption  are  to  be  found  in  those 
districts  where  water  meters  are  In  general  use. 
Take,  for  example,  the  rates  of  consumption 
during  the  night  In  Milton,  Watertown.  Bel- 
mont and  Maiden,  as  compared  with  those  in 
Medford,  Melrose,  Wlnthrop  and  the  high-ser- 
vice districts   of  Brighton  and  Chelsea.     The 


sumption  is  more  than  17  gallons  per  capita,  in 
which  case  60  gallons  must  be  wasted. 

Diagram  No.  1  shows  graphically  the  com- 
parative volume  of  water  used  and  wasted  in 
the  several  municipalities,  the  cities  and  towns 
being  arranged  in  order  of  per  capita  use. 

Diagram  No.  2  shows  the  rate  of  consumption 
in  the  whole  district  supplied  by  the  Metropol- 
itan Works  for  each  hour  during  three  weeks, 
as  measured  by  Ventnri  meters.  During  the 
week  ending  July  11,  1903,  the  weathor  was  hot 
and  dry,  especially  during  the  latter  part  of  the 
week;  during  the  week  ending  August  8  the 
weather  was  comparatively  cool,  with  showers 
and  little  sunshine;  and  during  the  week  end- 
ing January  9,  1904,  was  extremely  cold.  On 
Monday,  July  6,  .42  of  an  inch  of  rain  fell,  mak- 
ing street  sprinkling  unnecessary  until  Tues- 
day afternoon.  For  this  reason  the  use  dur- 
ing Monday,  July  6,  was  very  nearly  the  same 
as  on  Monday,  August  9.  During  the  last  four 
days  of  the  week  ending  July  11  the  maximum 
temperature  was  from  89  to  95  degrees,  and  a 
large  amount  of  water  was  used  for  sprinkling 
streets  and  lawns.  The  consumption  for  these 
days  was  from  14.000.000  to  17,000,000  gallons 
per  day  more  than  during  the  corresnonding 
days  of  the  week  ending  August  8,  when  fre- 
quent showers  and  cool  weather  made  both 
street  and  lawn  sprinkling  unnecessary.     Dur- 
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Ing  both  of  these  weeks  the  minimum  rate  of 
use  was  about  75  gallons  per  capita. 

The  amount  wasted  from  the  street  mains 
and  service  pipes  is  a  much  larger  percentage 
of  the  total  consumption  than  has  been  gen- 
erally estimated.  This  fact  is  proved  by  the  re- 
sults obtained  where  water  supplied  to  indi- 
vidual takers  is  measured,  and  can  be  com- 
pared with  the  total  quantity  supplied  to  the 
city  or  town.  In  the  Metropolitan  district  in 
the  town  of  Milton  the  water  supplied  to  every 
taker  is  metered,  including  that  used  for 
street  watering  and  other  public  purposes.  In 
Belmont  all  supplies  are  metered,  and  a  careful 
record  Is  kept  of  the  number  of  loads  of  water 
used  for  street  watering.  The  total  quantity 
of  water  delivered  into  the  pipes  of  each  town 
has  been  measured  by  means  of  Venturi  meters, 
and,  if  the  meters  through  which  water  is  sup- 
plied to  individual  takers  record  accurately 
the  water  passing  through  them,  the  difference 
between  the  quantity  recorded  by  the  local 
meters  and  that  delivered  into  the  pipes  of  the 
town   must   represent   the    leakage    from    the 


Delivered 
Into  pipes 
of  town. 

Milton,  April,   May,   June 325,100 

Milton,  July,   August,    September 328,000 

Belmont,  March  15  to  May  15 171,500 

Belmont,  May  15  to  September  15 230,500 


escaping  unseen  Into  the  sewers.  In  a  number 
of  Instances  this  leakage  was  at  the  rate  of  24,- 
000  gallons  per  day,  and  in  one  instance  100,- 
000  gallons  per  day  were  found  to  be  running 
into  a  sewer  from  a  6-inch  pipe  which  was 
broken  entirely  oft. 

A  very  forcible  illustration  of  this  source  of 
waste  has  been  furnished  in  the  town  of  Stone- 
ham,  During  the  first  six  months  of  the  year 
1902  about  800,000  gallons  per  day  were  sup- 
plied to  the  town.  As  this  quantity  appeared 
larger  than  was  needed  for  legitimate  use,  an 
investigation  was  instituted  for  the  purpose  of 
learning  where  the  water  was  used,  with  the 
result  that  four  leaks  in  the  street  mains  were 
found,  which  gave  no  surface  indications.  After 
those  were  repaired  the  consumption  of  water 
fell  to  330,000  gallons  per  day,  Indicating  that 
470,000  gallons  per  day  had  been  wasting  from 
a  few  unseen  defective  pipes. 

Tests  have  been  made  in  Melrose  to  deter- 
mine the  amount  of  water  leaking  from  the 
mains  and  services,  by  measuring  with  a  meter 
the  rate  of  flow  into  the  pipe  supplying  certain 

Gallons 
per  day 
Per  cent,     unaccounted 
unaccounted       for  per 
for.  mile  of  pipe. 

33.5  3,110 
39.3  3,680 

38.6  3,710 
37.1                   4,780 


Gallons  per 
Metered 
to 

day. — — 

Unaccounted 

consumer 

for. 

216,300 
199,100 
135.300 
145,000 

108,800 

128,900 

66,200 

85,500 

mains  and  services  is  very  large,  and  that  from 
10,000  to  15,000  gallons  per  mile  of  street  main 
escape  each  day  into  the  ground  or  into  some 
underground  channel.  It  this  estimate  is  cor- 
rect, the  total  leakage  from  the  mains  and  ser- 
vices is  from  15,000,000  to  22,500,000  gallons 
per  day — equivalent  to  from  16,5  to  25  gallons 
per  Inhabitant. 

To  a  greater  degree  than  in  the  case  of  the 
street  mains  does  the  leakage  from  water  fix- 
tures take  place  from  a  very  large  number  of 
small  openings  which  permit  of  a  constant 
flow.  Few  persons  realize  that  sufficient  water 
will  flow,  in  twenty-four  hours,  through  an  ori- 
fice of  no  greater  diameter  than  an  ordinary 
lead  pencil,  under  the  average  pressure  which 
exists  In  the  pipes  throughout  the  Metropolitan 
district,  to  furnish  an  ample  domestic  supply 
for  360  persons;  and  that  in  the  same  time 
more  water  will  leak  through  an  orifice  the 
pize  of  an  ordinary  pin  than  would  be  used  by 
a  fairly  economical  family  of  five  persons. 

The  legitimate  use  of  water  is  no  larger  dur- 
ing the  winter  season  than  during  the  months 
of  November  and  April,  but  the  actual  use  In 
the  Metropolitan  district  is  much  larger  dur- 
ing cold  weather  than  during  any  other  sea- 
son of  the  year.  In  the  cities  where  meters 
are  In  general  use,  waste  of  this  character  does 
not  occur  to  any  great  extent,  as  each  property 


Hourly  Variation  in  the  Consumption  of  Water  in  the  Metropohtan  District.       (From  Venturi  Meter  Records,  1903-4) 


Diagram  HoS 


Svnday 

Date  ''^'"M!     Weather 

Max     Mm 
Ji/lyS       83       S4      aear 

Jan  3      ZZ       -I      f^deuOy.^hm 


b;. 


Monday 

Dcfe  ^*'^^f      Weather 

tku     Mm 
July  6      78        6Z     firfcJiinfy.ihmfi 
A1/9  3       78        SO     /brtihuify 
Jan.  4       3       -8     Ctear 


Tuesday 


%% 


Date  *^«^«*<*'^      y^ather 
Max.    'Mill 

July!     as      SB  Cl4tir 

Aijq4^     66      57  Chudy.rvin 

Jan.S     /3     -n  Clear 

b.  .  .  .  Js.  ,  .  . 


Wednesday 


Date  ^'"^^'^ 

Max.    Mm. 


Weather 


JutyS  89  64  Clear 
Aug.  5  56  5  4s J  Hain 
Jan.  6     28       IZ      CiQudf 


Thursday 
Date  *^™^J"'      Weather 

Max.  Mm. 

Julys     95  67  Clear 

Aug.  6     S75  49  Clotuty.rain 

Jan.  7     31  It  Part  cloudy 


Friday 


Date  .^"^l^^f^     Weather 

*hx     Mm 
July  10    95       64      PartciMty 
Aug.  7     76.5     61     f^c/ffuity  m 
Jan.  8     3/        35     aeudy.  snow 


Saturday 


Date  ^3"**^^'"  Weather 

Max     Mm 

Ju/yil     53       7/  htrtdowty 

Aii^S       14        Si  •        ' 


ISO 

no 

160 
ISO 
140 
IW 
110 
110 
100 

90 

BO 

10 

60 

'so 

40 

}0  l-t 


fyH^«s5   5J^Jns^«l55J^J^^'*■«^^Iy^J>^««l^^Si^>'<^'«>§S;^J^^«>5SJtVJ^»^o«o 


i  *  •  . 


•  15 

S"  &J  tM  ^ 


'«ooS^^j'a-*ft«>S;'.^*^'*'o**Si 


It! 
113 
164 
155 
146 
137 
IIS 
119 
109 
100 
91 
8! 


46     ^ 
36 
21 
IB 
9 


Street  mains  and  service  pipes.  In  both  of 
these  towns  meters  have  been  used  but  a  few 
years,  and  it  does  not  seem  probable  that  the 
loss  in  registration  of  the  meters  can  be  more 
than  2  or  3  per  cent.  Similar  results  have  been 
obtained  In  every  city  and  town  where  the 
water  supply  to  Individual  takers  has  been 
metered. 


streets  while  all  the  stop  cocks  on  the  house 
services  were  closed.  These  tests  were  made 
during  the  night,  when  the  legitimate  use  was 
very  small.  The  total  leakage  from  less  than 
2  miles  of  pipes  was  3,490  gallons  per  hour,  ox 
at  the  rate  of  43,770  gallons  per  mile  of  pipe 
per  day. 
Several  years  ago  a  blow-off  valve  was  care- 


Delivered  Into  mains. — ■ — 

i         & 

*Jflj  SJ  "^  ^* 

da  £  5  <a  S 

go  "o  03 

w  n  >,—  o  Bi 

6.*'  Q-  C 

Broclcton    90,0  1,362,470  36.0 

Ware 100,0  338,160  44.0 

Worcester 94.5  8,094,840  68.0 

Wellesley   100.0       -        257,000  50.0 

Yonkers,    N.    Y 100.0  4,540,900  89,0 

Fall  Klver   96,0  4,365,060  40.5 

Woonjoclset,  U.  1 86,7  989,420  28.6 

In  the  Metropoll'tan  water  district  there  are 
1,457  miles  of  pipes,  on  which  there  are  750,- 
000  leaded  joints  from  which  leakage  may  oc- 
cur. I^eaks  of  considerable  magnitude  often 
remain  undiscovered  for  months,  the  water  es- 
caping into  the  ground  or  into  a  brook  or  sewer. 
Several  years  ago,  while  Deacon  waste-water 
meters  were  being  used  in  Boston  to  detect 
leaks,  several  4-inch  and  6-inch  cast-iron  pipes 
were  found  broken,  from  which  the  water  was 


Metered 

to  consumers,  or 

otherwise  accounted  for. 


s 

o 

902,120 

203,430 
4,331,030 

150,000 
2,463,490 
3,430,300 

762,380 


se  o 

22.0 
26.5 
39.0 
29.0 
42.7 
32.0 
22.0 


.  a 
p  o 
u  o. 
t,  «i  1:; 

32.3 
39.8 
40,5 
41.5 
45.7 
21.5 
23.0 


as     ° 

S5^-~ 

O  3-*->  q 
o  ,^  O  =  a! 

=  >>a  t-  a 
ea  TO  o  ^  — 

rh'O  o  D.0, 

6,200 
11,200 
20,800 

3,450 
23,340 
10,000 

4,370 


lessly  left  open  In  Boston,  and  water  ran  for 
several  days  into  a  sewer  at  the  rate  of  3,000,- 
000  gallons  per  day.  In  fiushing  water  pipes 
and  sewers  much  larger  quantities  are  often 
used  than  are  necessary  for  accomplishing  the 
results  desired,  but  it  is  not  thought  that  the 
aggregate  amount  wasted  in  this  way  Is  large. 
The  tests  which  have  been  made  in  the  sev- 
eral municipalities  of  the  Metropolitan  district 
tend  to  show  that  the  leakage  from  the  street 


owner  is  pecuniarily  interested  so  to  arrange 
the  plumbing  in  his  buildings  that  It  does  not 
become    necessary    to    allow    water    to    run    In 


Dally  average  (gallons). 


ibS  ►. 


5.  MS 


O.C3 


Oi  o 


N  A, 


a  TO  2*2 


C"0  (4 


S  S  5*  S  ^     - 


1900-01.,  . 
190102.,. 
1902-03... 


90,322,000  104,878,000  14,556,000     5.74 

99,317,000  111,417,000  12,100,000     4.61 

104,950,000  121,589,000  16,639,000     6.16 


order  to  prevent  it  from  freezing.  The  effect 
of  cold  weather  upon  the  use  of  water  is  illus- 
trated very  forcibly  on  Diagram  No.  2,  on 
which  is  shown  the  rate  of  consumption  from 
the  Metropolitan  Works  during  each  hour  of 
the  week  ending  January  9,  1904.  On  Tuesday 
and  Wednesday,  which,  were  the  coldest  days  of 
the  week,  the  consumption  was  about  60,000,- 
000  gallons  per  day  greater  than  during  corre- 
sponding days  in  the  month  of  August;  and  the 
lowest  rate  at  which  water  was  drawn  from  the 
pipes  during  the  night  was  150  gallons  per  cap- 
ita— an  amount  greater  than  the  maximum  rate 
of  use  during  the  corresponding  days  in 
August.  The  cities  of  Maiden  and  Chelsea  have 
approximately  the  same  population.  Maiden 
uses  meters  on  69  per  cent,  of  its  service  pipes, 
Chelsea  on  2  per  cent.    The  per  capita  use  in 
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llaldea  on  August  4  was  41  gallons,  and  in 
Ckatoaa  88  gallons.  On  January  5,  1904,  when 
tiM  amage  temperature  for  twenty-four  hours 
was  2  degrees  below  zero,  the  per  capita  use 
in  Maiden  Increased  to  57  gallons,  and  in  Cbel- 
aaa  to  211  gallons.  In  Maiden  the  increase 
caused  by  cold  weather  was  about  16  gallons 
per  capita,  and  in  Chelsea  123  gallons. 

The  most  certain  means  of  detecting  waste, 
and  the  most  effectual  means  of  preventing 
the  extravagant  use  and  waste  of  water,  is  that 
of  measuring  the  water  supplied  to  each  mu- 
nicipality, district  or  Individual  water 
taker,  and  obliging  each  municipality 
and  Individual  to  pay  for  water  in 
proportion  to  the  quantity  used.  Differences  in 
climate,  in  character  of  business  and  in  loca- 
tion, as  affecting  the  available  supply  of  water, 
often  have  a  marked  effect  upon  the  consump- 
tion in  different  cities;  but  in  the  following 
table  an  attempt  has  been  made  to  eliminate 
these  differences,  as  far  as  possible. 

By  the  most  thorough  inspection  it  is  not 
practicable  to  prevent  all  underground  waste 
of  water,  and  the  best  results  can  only  be  ob- 
tained by  a  force  of  well-trained,  conscientious 
employes.  This  condition  of  affairs  is  more  or 
less  difficult  of  attainment,  but  it  is  perfectly 
feasible  to  reduce  the  underground   waste  to 


A  Central  Station  with  Steam  and  Water 
Turbines,  Zanesville,  O. 


A  central  electric  station  including  in  its 
equipment  five  275-horse-power  water  turbines 
and  two  500-horse-power  steam  turbines  has 
been  built  at  Zanesville,  O.,  for  the  Zanesville 
Railway,  Light  &  Power  Company.  Formerly 
the  varied  service  maintained  by  the  company 
was  distributed  from  a  plant  consisting  mainly 
of  high-speed,  simple,  non-condensing  engines 
with  a  conglomeration  of  belts  and  line  shaft- 
ing for  transmitting  the  power  to  generators, 
but  during  the  past  eighteen  months  the  prop- 
erty has  been  undergoing  an  extensive  recon- 


fij 


Floor  Lino  of  ^cller  ^or> 


over  the  head  race  and  the  generators  on  op- 
posite ends  of  the  horizontal  shaft  to  which  the 
vertical  shaft  turbines  are  geared  by  means  of 
wooden  beveled  gears.  The  ordinary  level  of 
the  tall  water  is  13  feet  below  that  of  the  head 
water.  This  head  disappears  in  times  of  fresh- 
ets, as  maximum  high  water  comes  very  nearly 
to  the  top  of  the  concrete  foundation  wall, 
which  is  carried  up  to  the  level  of  the  engine 
and  boiler-room  floors.  The  coal  siding  is  locat- 
ed at  the  right  directly  over  the  ice  racks  and 
in  front  of  the  boilers.  The  steel  structure  sup- 
porting the  boiler  room  is  covered  with  concrete, 
as  it  is  exposed  to  the  water.  The  up-stream 
end  of  the  station  contains  the  steam-turbine 
units.  The  basement  iloor  is  13  feet  below  the 
engine-room  floor,  and  the  basement  contains 
the  turbines  and  condensers,  while  the  genera- 
tors on  the  vertical  turbine  shafts  are  above 
the  level  of  the  main  floor.  All  the  foundations 
of  the  building  are  concrete  laid  on  solid  rock. 
The  roof  is  slate  with  copper  gutters.  The  floors 
are  black  and  white  tile  with  white  tile  wains- 
coting. The  building  is  of  Zanesville  pressed 
brick. 

The  five  water  wheels  are  each  51-inch  ver- 
tical  shaft  turbines,   of  the    open-flume    type, 


^ 


# 


Arrangement  of  Steam  Turbine  and  Piping  and  Condenser  System. 

from  10  to  15  gallons  per  capita,  and  the  total  struction  looking   to   the  abandonment  of  the  made  by  the  Stilwell-Bierce  &  Smith-Valle  Com- 

waste,  including  that  in  buildings,  to  from  15  old  installation.     The  opportunity  to  utilize  a  pany.     They  run  at  80  revolutions  per  minute 

to  20  gallons.  water  power  led  to  the  adoption  of  the  water-  and  are  geared  through  bevel  gears  to  a  line 

at.,  wheel   machinery,   but   the   variable   output   of  shaft  running  200  revolutions  per, minute.     On 

oB            o     .      ~°'S  tl'®  natural  power  made  it  necessary  to  provide  each  end  of  this  line  shaft   is   a    375-kilowatt 

If            gS?       BgSc  in  addition  for  the  full  capacity  in  steam-driven  General  Electric,  60-cycle,  2,300-volt  generator. 

aS            ut|       feSa  units.  The  wheels  are  controlled  by  Lombard  gover- 

•"           tl^B      £-•§»  The  new  plant  Is  located  on  the  bank  of  the  nors,  and  the  speed  can  be    varied    from    the 

Milwaukw.  Wis fSf'^"          '"'•♦'          81.0  Muskingum  River,  between    the    river    and    a  switchboard  by  means  of  a  direct-current  motor 

IToTldcDci',  R.  1 198,400            84..1            58  0  o                       •  ^                              .              .            .-i,         j 

\yorrMter    110,330         04.5         68.0  canal  maintained  by  the  Government.    To  divert  at  the  governor.    The  shaft  house  is  partitionea 

lSw^M '*".■.■.■;.■;.■;>;     loolooo          el'.O          ItIo  water  to  the  canal,  a  wooden  crib  dam  is  main-  oft  from   the  generators  at  either  end. 

^J^fj«^ st'roo         000         38  0  tained   in  the   river  by  the   Government,  just  In  the  steam  turbine  room  are  two  500-kilo- 

Newton..'.!!!'.!'.'.!!!       351400         86.0         54!o  above  the  power  plant.    The  only  expense  con-  watt  Curtis  steam  turbines,  designed  to  operate 

w2??*!*."'.  .^..'!!!!!       ^Tieoo        I0o!o         IS'o  nected  with  the  development  of  the  water-power  at  180  pounds   steam   pressure,   in  connection 

S'*'iX'''  ••••••••••■         Hil       JSS'S         iSU  has  thus  been  the  building  of  the  station  Itself,  with  Stilwell-Bierce   surface   condensers.     The 

ncftaulg 4,,)0O          100.0             33.0  .  ±         j   i 

Buffalo.  N.  Y .360.000           2.0       324.0  -^^  regards  the  effect  of  the  location  on  the  op-  centrifugal  circulating  pump  is  motor  driven. 

IndUnaponw.  Ind.   ...      I»»!l00            6.0          70.0  erating   facilities  of  steam   plant,    it    may    be  Provision  has  been  made  in  the  generator  room 

Snr  Bedford  61.000         18.0        104.0  stated  that  below  the  power-house  is  a  bridge,  for  two  more  steam  turbine  units  of  this  size. 

H«Terh?i!*.! !!!!!!!!!       slialo         io!o         ot!o  *"''   ''"O"*  the  street  railway    tracks    on    this  Rotary  converters  are  also  in  this  room.    The 

^,°j^i^ 24!550         ^60         ^'o  '>''ldge  a  spur  is  run  to  the  power-house   for  accompanying  drawing  shows  in  dotted  line  the 

Salem !.!!!!       36.250           8.0         79!o  carrying  coal  and  Other  supplies.    A  side  track  future  condenser  connection. 

Dedfim"*. .'!!!! !!!!!!         f.sw           2.0         si.?  of  the  Baltimore  &  Ohio  Railroad  also  reaches  In  the  boiler  room  resting  on  a  concrete  floor 

Bralntree  5,980           1.0         91.0  ti,e  plant  at  one  end.     The  power-house  is  lo-  over  the    head-race    are    two    380-horse-power 

The  report  contains  many  other  statements,  cated  on  a  solid  ledge  of  rock.  Heine  water-tube  boilers,    with    two    Stilwell- 

tables  and  diagrams  of  interest,  but  limitations  The  water  passes  under  the  down-stream  end  Bierce  feed  pumps.    The  boilers  are  hand-flred. 

of  apace  prohibit  more  liberal  extracts.  of  the  building.     The  boiler  house  Is  located  Coal  is  shoveled  directly  from  the  cars  on  the 
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siding  into  the  space  in  front  of  tiie  boilers. 
Provision  has  been  made  for  doubling  this  boil- 
er capacity. 

About  25  per  cent,  of  the  load  of  the  station  Is  ' 
supplied  to  alternating-current  lighting  circuits. 
The  remainder  is  used  in  rotary  converters  to 
give  550-volt  current  for  railway  use  and  110 
volts  for  the  three-wire  direct-current  network 
for  general  use. 

Both  the  railway  and  lighting  rotary  con- 
verters are  supplied  from  the  same  generators. 
This  has  been  made  possible  by  connecting  in 
multiple  with  the  railway  bus-bars,  256  cells 
of  chloride  accumulator.  This  storage  battery  is 
connected  In  series  with  a  differential  booster, 
which  causes  the  battery  to  take  the  fluctua- 
tions of  railway  load  and  leave  a  practically 
steady  load  on  the  generators.  The  cells  of  this 
battery  are  type  G,  with  17  plates  per  cell.  The 
tanks  are  large  enough  to  allow  50  per  cent,  in- 
crease in  plate  service,  and  the  differential 
booster  was  selected  for  the  ultimate  capacity 
of  the  cells.  This  battery  is  rated  at  640  am- 
peres at  the  one-hour  rate  of  discharge.  The 
value  of  a  battery  was  forcibly  demonstrated 
last  winter  during  the  holidays.  The  ipaxlnium 
railway    load    amounted    to    660    kilowatts.      If 


kilowatt-hour,  so  that  with  an  assumed  evapor- 
ation of  8  pounds  of  steam  per  pound  of  coal. 
It  is  expected  to  operate  with  less  than  one- 
quarter  the  amount  of  coal  with  the  same  power 
output.     Coal  costs  $1.40  per  ton  delivered. 

Hon.  F.  A.  Durban,  of  Zanesvllle,  is  president 
of  the  company;  Mr.  H.  M.  Byllesby,  vice-presi- 
dent and  engineer;  Mr.  W.  A.  Glbbs,  general 
manager  and  assistant  treasurer;  Mr.  W.  D. 
Breed,  of  Messrs.  Rudolph  Kleybolte  &  Company, 
bankers,  of  Cincinnati  and  New  York,  secretary 
and  treasurer.  Mr.  Glbbs  had  been  in  charge 
of  the  properties  under  the  former  manage- 
ment for  several  years.  Messrs.  H.  M.  Byllesby 
&  Company,  of  Chicago,  were  retained  for  all 
the  engineering  work  in  connection  with  the 
rebuilding  of  the  property.  Mr.  Gibbs,  together 
with  Mr.  E.  C.  Braun,  one  of  the  engineers  of 
H.  M.  Byllesby  &  Company,  had  charge  on  the 
spot  of  the  reconstruction  of  the  property. 


Reinforced    Concrete    in    the     Baltimore 
Fire. 


An  Interesting  example  of  a  building  with 
concrete-steel  framework  and  floors,  which  was 
exposed  to  the  flames  in  the  Baltimore  fire,  is 


Annex  of  Urtited  States  Fidelity  &  Guaranty  Building,  Baltimore. 
SliciwiiiK    Kfinforced    L'ouci-ete    Columns    and    Floors. 


there  had  been  no  battery,  this  would  have  been 
beyond  the  capacity  of  the  water  supply  which 
was  then  available  for  use.  The  average  load 
was  only  220  kilowatts.  The  battery  took  the 
fluctuations  so  that  the  plant  was  operated  with 
one  wheel  at  full  gate  and  one  wheel  at  six- 
teenth full  gate. 

No  exciters  have  been  provided  for  this  sta- 
tion for  the  present.  In  case  all  the  direct-cur- 
rent machinery  should  be  shut  down,  current 
for  excitation  can  be  obtained  from  the  battery. 
The  battery  room  is  on  a  floor  above  the  gen- 
erator room.  It  has  the  regular  floor  now  com- 
monly employed  in  storage  battery  rooms,  con- 
sisting of  tile  laid  in  asphaltum,  and  is  drained 
with  lead-lined  iron  pipes.  The  high-tension 
switchboard  in  th^  gallery  was  furnished  by  the 
General  Incandescent  Arc  Light  Company,  and 
has  G.  I.  hand-operated  oil  switches. 

The  economies  effected  by  the  reconstruction 
are  In  a  few  particulars  already  known.  In  the 
old  plant,  for  example,  seventeen  men  were  re- 
quired for  operation;  in  the  new,  six  suffice. 
The  old  plant  used  12  pounds  of  coal  per  kilo- 
watt-hour, while  the  Curtis  turbine  units  are 
guaranteed  to  operate  at  20  pounds  of  steam  per 


the  four-story  basement  and  attic  annex  of  .the 
United  States  Fidelity  &  Guaranty  building  at 
111  East  German  Street,  it  occupied  a  25x67- 
foot  lot  and  was  six  stories,  or  about  78  feet 
high,  including  the  basement  and  attic.  It  had 
flat-arch  floors  of  9-foot  10-inch  clear  span  car- 
ried on  six  transverse  girders  supported  on  two 
rows  of  longitudinal  wall  columns  20  feet  apart 
in  the  clear.  The  columns  vary  from  8  Inches 
square  at  the  top  to  14  inches  square  at  the 
bottom  and,  together  with  the  girders  and  floor 
slabs,  were  made  on  the  standard  Hennebique 
system.  The  floors  were  designed  for  live  loads 
of  200  pounds  per  square  foot  and  were  made 
with  flat  arches  4  inches  thick  at  the  crown 
and  6%  inches  thick  at  the  skewbacks.  The 
girders  were  8  inches  wide  and  22  inches  deep 
including  floor  thickness.  The  hand-mixed  1: 
3:5  concrete  was  made  with  Lehigh  cement  and 
•Yi-inch  broken  trap  rock. 

The  end  columns  and  floorbeams  were  one- 
half  panel  back  from  the  front  and  rear  walls, 
and  the  floor  slabs  cantilevered  beyond  the 
beams  to  the  building  lines  where  their  extrem- 
ities took  bearing  in  the  walls.  The  roof  con- 
struction was  the  same  as  the  floors,  except  that 


the  surface  was  pitched  longitudinally.  The 
concrete  construction  thus  comprised  the  whole 
interior  of  the  building  and  consisted  of  six 
platforms  supported  on  vertical  columns.  It 
was  built  about  a  year  ago  to  replace  the  wood- 
en interior  of  the  building  which  had  been  re- 
moved and  left  the  brick  walls  standing  on  the 
rear  and  two  sides  of  the  building.  These  were 
of  solid  brickwork  16  inches  thick  at  the  base 
and  12  inches  thick  at  the  top  and  were  laid  up 
with  lime  and  cement  mortor.  Chases  were  tut 
in  them  4  inches  deep  to  receive  the  concrete 
wall  columns  which  thus  had  a  nominal  connec- 
tion but  no  satisfactory  bonding  with  the  brick- 
work. The  column  foundations  were  of  con- 
crete laid  in  the  bottoms  of  pits  excavated  in 
dry  clay  about  3  feet  below  the  cellar  floor  and 
corresponding  to  the  wall  foundations. 

The  front  of  the  building  was  composed  of 
cast-iron  and  plate  glass.  The  floor  surfaces, 
doors,  window-frames,  trim  and  partitions  were 
of  wood,  and  the  rooms  contained  some  furni- 
ture and  considerable  paper.  All  of  these  com- 
bustible materials  were  consumed  and  produced 
a  fire  sufficient  to  melt  brass,  fuse  typewriter 
machines  and  produce  other  evidences  of  high 
temperature.  The  upper  two  stories  of  one  of 
the  side  walls  fell  and  the  remainder  of  the 
brickwork  was  so  much  injured  that  it  all  had 
to  be  taken  down.  The  front  was  practically 
destroyed  and  buckled  out  away  from  the  build- 
ing, but  did  not  completely  fall. 

The  concrete  construction  endiired  the  fire 
practically  uninjured,  a  notable  demonstration 
being  the  fact  that  the  cantilever  extensions  of 
the  floors  in  front  and  rear  remained  intact,  and 
the  attic  floor  carried  a  tier  of  columns  reach- 
ing to  the  roof  which  it  had  never  been  design- 
ed to  support.  These  floor  slabs  showed  slight 
cracks,  but  were  not  broken  or  disabled.  Else- 
where in  the  upper  two  stories  there  were  a 
few  instances  of  cracks  In  the  tops  of  the  floor 
slabs  in  the  middle  of  the  spans,  indicating  that 
the  concrete  had  buckled  upwards  through  ex- 
pansion. In  a  few  cases  where  the  heat  was  the 
greatest,  flne  surface  cracks  were  seen  in  the 
beams  and  ceilings  and  small  portions  of  the 
concrete  had  flaked  off,  but  nowhere  sufficient  to 
indicate  serious  injury  to  the  structure. 

This  building  was  the  only  one  which  re- 
mained standing  in  that  block  after  the  fire, 
and  its  endurance  was  remarked  by  many  en- 
gineers and  architects,  and  was  considered 
highly  satisfactory  by  the  builders.  On  March 
10  a  loading  test  was  made  of  one  of  the  lower 
floors.  A  portion  of  the  full  width  of  the  floor, 
one  panel  long,  extending  from  the  center  of 
one  floor  slab  10 '1.  feet  to  the  center  of  the  next 
slab,  an  area  of  210  square  feet,  was  covered 
to  a  depth  of  3  feet  with  common  bricks  piled 
solid,  making  a  uniformly  distributed  load  of 
225  pounds  to  the  square  foot  on  the  assump- 
tion that  the  bricks  weighed  75  pounds  per  cubic 
foot.  This  load  caused  a  deflection  of  1/16  inch 
at  the  center  point  of  the  beam  under  the  cen- 
ter line  of  loading.  Afterwards  a  pile  of  bricks 
6  feet  wide  and  2  feet  high  reaching  from  end  to 
end  of  the  first  pile  was  built  parallel  to  the 
walls  of  the  building  and  on  its  center  line.  The 
increased  load  increased  the  deflection  to  ^ 
inch  at  the  center  of  the  floorbeam.  The  load 
was  allowed  to  remain  24  hours  after  applica- 
tion and  when  removed,  it  was  found  that  there 
was  no  permanent  deflection  and  no  cracks  or 
perceptible  injury  to  the  floor.  This  test  would 
have  been  made  on  the  upper  floor  where  the 
flre  had  been  the  hottest,  but  the  building  was 
devoid  of  elevators  or  stairways  and  it  would 
have  been  difficult  to  raise  the  bricks  so  high. 

The  building  was  constructed  and  the  tests 
were  conducted  by  Mr.  Henry  Kantmann,  C.  E., 
licensed  contractor  of  the  Hennebique  patents 
and  now  engineer  of  the  Ferro-Concrete  Com- 
pany, Baltimore. 
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The  Riedler-Stumpf  Steam  Turbine. 

The  Rledler-Stumpf  steam  turbine  was 
brought  Into  especial  prominence  about  Novem- 
ber last  year  at  the  Technical  Shipbuilding 
Society  in  Berl.n.  Several  descriptive  accounts- 
have  since  then  appeared  in  the  European  tech- 
nical press,  including  a  discussion  of  new  forms 
of  turbines,  in  "The  Engineer"  by  Mr.  Robert  H. 
Smith.  From  this  and  an  article  in  "Engineer- 
ing" the  following  account  has  mainly  been 
drawn.  The  turbine  was  designed  by  Profes- 
sors Riedler  and  Stumpf,  of  the  Royal  Techni- 
cal High  School  of  Charlottenburg,  to  utilize 
the  impulse  principle  under  the  following  con- 
ditions: It  was  determined  to  employ  a  rela- 
tively large  wheel  diameter  to  obtain  a  compar- 
atively low  rotary  speed;  to  split  the  fall  of 
velocity,  that  is,  the  spending  of  kinetic  energy, 
into  stages,  to  secure  a  further  reduction  of 
speed,  say  to  500  or  700  revolutions  per  minute; 
and  to  provide  also  for  a  division  of  the  pres- 
sure into  steps,  with  the  restriction,  however, 
that  the  number  of  separate  pressure  falls  must 
be  small. 


of  the  smaller  pockets,  sweeps  around  the  semi- 
circle of  these  pockets  outward  and  finds  exit 
from  the  wheel  with  a  backward  velocity  of 
about  0.7  the  original  velocity.  It  flows  into  a 
tube  guide,  which  leads  It  around  a  semi-circle 
without  doing  work  and  therefore  without  loss 
of  velocity  except  through  friction,  the  object 
of  the  guide  being  to  change  the  direction  of 
the  jet  to  approximate  parallelism  with  that  of 
the  first  jet.  The  steam  then  once  more  im- 
pinges on  the  wheel,  driving  it  forward  by 
sweeping  around  the  semi-circle  of  the  larger 
of  the  two  sets  of  buckets.  In  this  type  the 
drop  of  pressure  takes  place  before  discharge 
from  the  nozzles  and  there  is  thus  no  provis- 
ion for  steps  in  pressure  fall.  The  kinetic 
energy,  however,  is  utilized  in  two  stages,  as 
outlined. 

It  appears  that  there  is  chance  for  a  con- 
siderable loss  between  stages  by  lateral  spray- 
ing or  dispersion  of  the  jet.  To  avoid  such  loss 
by  close  guidance  of  the  stream  of  steam,  the 
reversing  guides,  as  shown,  are  made  up  of  a 
group  of  separated  passages,  the  scheme  being 
that  by  sub-dividing  the  stream,  each   portion 


large  diameter,  10  per  cent,  nickel  steel  proved 
suitable.  The  center  of  gravity  of  the  rotor 
was,  by  contract,  to  be  within  0.004  inch  of  the 
geometrical  mass  center.  This  condition  was 
fairly  well  fulfilled,  and  the  center  of  gravity 
could  afterward  be  maile  correct  within  0.0004 
inch.  Under  these  circumstances  the  motion 
of  the  rotor,  runninK  at  3,000  to  4,000  revolu- 
tions per  miru'.te.  is  sail  to  be  po  steady  that  or- 
dinary observation  does  not  reveal  whether  the 
wheel  is  running  or  standing. 

The  Moabit  turbine  runs  at  3,000  revolutions 
with  steam  at  188  pounds. per  square  inch  and 
562  degrees  Fahrenheit  and  with  a  condenser 
vacuum  of  85  per  cent.  The  rotor  weighs  1,- 
875  pounds.  It  ajipears  that  several  conces- 
sions were  intentionally  made  in  this  machine 
for  the  sake  of  simplicity  at  the  expense  of  etfl- 
ciency.  Thus  there  was  a  loss  of  steam  velocity 
in  the  nozzles,  a  loss  in  the  buckets  and  also  a 
loss  because  the  steam  was  allowed  to  enter 
the  condenser  at  high  velocity.  The  steam  con- 
sumption in  the  first  trials  was  19.5  pounds  per 
kilowatt-hour  and  later  17.t>  pounds.  Another 
turbine  having  one  guide-blade  ring  and  a  di- 
ameter of  31.5  inches,  and  developing  20  horse- 
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Sketches  of  Details  of  the  Riedler-Stumpf  Steam  Turbine  and  Section  of  a  Vertical  Unit. 


Ab  shown  in  the  accompanying  illustrations, 
the  rotor  contains  peculiar  oblique  pocket  buck- 
ets. These  are  milled  out  of  the  rim  of  the 
rotor  and  the  nozzles  are  placed  obliquely  with 
respect  to  the  rotor,  in  a  ring  which  surrounds 
the  wheel,  directing  the  steam  not  at  an  angle 
with  the  plane  of  the  rotor,  but.  as  indicated, 
against  the  peripheral  surface.  The  nozzles, 
which  are  of  nickel  steel.  In  a  proportion  to  re- 
sist rusting,  are  square  in  cross-section.  They 
are  made  of  round  bored  tubes;  the  portion  be- 
low the  stricture,  the  size  of  which  depends  on 
the  desired  expansion,  is  drawn  out  square  and 
finally  cut  off  obliquely.  The  type  of  bucket 
shown  is  the  divided  or  double  pattern,  the  im- 
pinging steam  jet  being  parted  by  the  partition 
between  the  pockets.  In  a  wheel  of  6  feet  8 
inches  diameter,  with  3%-inch  width  of  rim,  the 
pitch  between  the  buckets  measured  on  the  out- 
side, periphery  of  the  wheel  is  about  1%  Inches 
and  the  total  number  of  buckets  is  150. 

Bometlmes  only  one  pocket  Is  milled  in  the 
T<^phery  of  the  rotor  and  sometimes  the  two 
tade  by  side  are  of  unequal  size.  In  the  latter 
of  s.worklng  steam  Inpinges  on  the  inner  edge 


is  saved  from  wasteful  eddies  and  cross  cur- 
rents. The  reversing  guides  shown  are  for  an 
arrangement  where  the  wheel  has  two  rows  of 
buckets. 

The  main  nozzles  may  be  placed  at  consider- 
able distances  apart  with  the  discharge  orifices 
of  the  reversing  guides  in  between.  Where  the 
buckets  are  of  the  two-size  pattern,  with  the 
nozzles  directing  on  the  smaller  series,  the  noz- 
zles can,  of  course,  be  placed  closely  together, 
so  that  the  impinging  steam  forms  a  compact 
undivided  ring-stream.  With  this  type,  when  it 
is  not  desired  to  use  all  nozzles,  it  has  been 
found  better  to  block  the  jets  in  groups  around 
the  periphery. 

The  clearance  between  rotor  and  nozzle 
amounts,  in  the  case  of  a  2,000-horse-power  tur- 
bine installed  at  the  electric  works  at  Moabit,  a 
suburb  of  Berlin,  to  0.12  inch  measured  radially 
and  to  0.39  inch  when  measured  in  the  axis  of 
the  nozzle.  The  radial  clearance  has  been  In- 
creased to  0.2  inch  without  affecting,  it  is  said, 
the  efficiency  of  the  turbine.  An  interesting 
point  that  may  t)e  mentioned  here  is  that  ex- 
perimenting first  with  single-rotor  turbines  of 


power  at  3.500  revolutions  without  pressure 
stages,  used  37  pounds  of  steam  per  horse-power 
per  hour.  This  was  not,  of  course,  a  remark- 
able performance,  but  without  the  use  of  the 
reversal  guide  blades,  the  steam  consumption 
was  57  pounds. 

When  the  pressure  fall  is  broken  into  stages, 
the  successive  turbine  wheels  are  placed  in  en- 
tirely separate  chambers.  The  accompanying 
cross-section  of  a  unit  is  to  show  the  general 
arrangement  of  a  four-stage  pressure  fall  tur- 
bine of  500  kilowatts  capacity,  with  wheel  di- 
ameter 6  feet  8  inches,  running  at  750  revolu- 
tions per  minute  on  a  vertical  shaft.  In  each 
case  the  kinetic  energy  is  spent  in  two  stages. 
The  steam  inlet  is  opposite  the  uppermost 
wheel,  and  the  passages  to  the  successive  wheels 
are  indicated.  The  weight  of  the  turbine  is 
taken  by  a  collar-bearing  above  the  turbine 
proper,  floating  on  high-pressure  oil.  At  the 
bottom  tjearing  the  shaft  drives  a  centrifugal 
pump  for  the  condensing  water.  The  inlet  for 
the  condensing  water  is  at  the  lower  right  of 
the  cut  and  the  outflow  at  the  lower  left.  The 
water  is  thrown  into  the  lowest  compartment. 
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A  Reinforced  Concrete  Stable. 


A  25x34-foot  two-story  and  basement  stable 
has  just  been  built  of  reinforced  concrete  of  the 
Wigbt-Easton-Townsend  system  for  Dr.  N.  B. 
Van  Etten  at  177th  Street  and  Anthony  Avenue, 
New  York.     It  Is  Intended  to  accommodate  sev- 


any  structural  wood,  is  entirely  fireproof  and 
sanitary  in  its  construction  and  gains  a  con- 
siderable space  on  account  of  the  thinner  floors 
and  walls.  The  cost  is  estimated  to  be  less  than 
for  any  other  completely  fireproof  design,  and 
It  is  expected  that  there  will  be  a  material  re- 
duction of  the  insurance  premiums. 
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Section    W-w 
Roof,   Floors,   Walls   and   Stairs  in   a  Concrete-Steel   Stable. 


eral  vehicles  and  three  horses,  and  to  provide 
apartments  for  the  coachman  besides  storage 
for  hay  and  grain.  The  original  design  was  for 
."  brick  and  iron  structure  at  an  estimated  cost 
of  17.000.     As  built  the  stable  does  not  contain 


The  stable  is  built  on  a  side  hill  and  the  lower 
story,  half  in  excavation,  is  used  for  the  stalls, 
with  an  adjacent  vault  which  is  intended  tor 
a  manure  pit.  The  second  floor,  at  street  level, 
is   unobstructed   by  columns  or  partitions  and 


is  used  for  harnessing  and  for  storage  of  veh- 
icles. The  third  story  is  reached  by  an  inside 
stairway  and  is  divided  into  several  rooms  for 
the  coachman  and  for  keeping  harnesses,  stores 
and  tlie  supplies  of  grain,  baled  hay,  etc.  All 
the  walls  have  concrete  footings  30  inches  wide 
and  8  inches  thick,  most  of  them  without  rein- 
forcement, and  the  basement  floor  is  a  6-incU 
concrete  slab  laid  on  2  feet  of  broken  stone.  The 
first  floor  is  supported  on  beams,  columns  and 
the  exterior  walls;;  the  second  floor  Is  supported 
by  the  exterior  walls  and  the  long  span  beams 
reaching  across  the  building,  and  the  steep 
pitched  roof,  also  of  concrete,  is  carried  by  the 
exterior  walls  and  by  interior  partitions  and 
concrete  rafters.  The  roof  is  proportioned  for 
a  total  load  of  40  pounds  per  square  foot  of 
inclined  surface,  including  wind  pressure.  The 
third  floor  is  calculated  for  a  load  of  GO  pounds 
per  square  foot,  and  the  second  floor  for  100 
pounds  working  load  and  700  pounds  ultimate 
strength. 

The  1:2:4  stone  concrete  used  throughout  the 
building  is  made  with  Tiowel  brand  Portland 
cement,  and  is  assumed  to  have  an  ultimate 
strength  of  b2,000  pounds  per  square  foot  The 
walls  are  reinforced  by  vertical  i^-inch  rods 
12  inches  apart  which  reach  from  the  footings 
to  the  second  floor  level,  above  that  there  is  a 
vertical  sheet  of  lock-woven  steel  fabric  em- 
bedded in  the  concrete  1  inch  from  the  outer 
surface,  extending  to  the  roof.  In  fhe  rear  wall 
the  vertical  rods  are  arranged  on  both  sides 
of  the  small  high  stable  windows,  but  there  are 
none  in  the  panels  below  them  where  reinforce- 
ment is  provided  by  5/16-inch  horizontal  rods 
about  12  inches  apart.  At  window  and  door 
openings  the  steel  fabric  is  bent  back  on  itself 
to  protect  both  sides  of  the  wall  for  a  short  dis- 
tance and  forms  loops,  U-shaped  in  horizontal 
section.  At  the  corners  the  fabric  is  bent  at 
right  angles  to  be  continuous  around  both  faces 
and  is  offset  a  little  and  reinforced  by  a  second 
thickness  2  feet  wide  on  each  side. 

All  reinforcement  rods  are  round  steel  with 
an  ultimate  strength  of  80,000  pounds  and  a 
maximum  working  stress  of  20,000  pounds  per 
square  inch.  The  main  reinforcement  rods  in 
beams  and  columns  are  securely  fastened  to- 
gether by  3/16-inch  transverse  rods  wound 
around  them  at  the  ends  and  tightly  wired  at 
intersections.  The  spaces  between  them  are 
about  equal  to  the  thicknesses  of  the  columns 
and  vary  according  to  the  intensities  of  the 
shears  which  they  are  calculated  to  resist  in  the 
beams  and  girders.  The  reinforcement  is  ac- 
curately arranged  and  the  relative  positions  of 
the  bars  permanently  fixed  to  template  by  skill- 
ed workmen.  The  steel  work  for  each  member 
is  then  taken  complete  and  set  flrmly  in  the 
mold  so  that  the  bars  cannot  be  disarranged  by 
ramming.  The  concreters  have  no  responsibil- 
ity for  the  reinforcement,  its  position  is  not 
jeopardized  by  their  carelessness  and  assurance 
is  had  that  the  reinforcement  is  in  accordance 
with  the  engineer's  design,  which  is  considered 
one  of  the  most  important  advantages  of  the 
Wight-Easton-Townsend  system. 

The  runway  for  the  horses  between  the  base- 
ment stable  and  the  flrst  floor  carriage  room  is 
made  with  two  inclined  planes  at  right  angles 
to  each  other,  which  slope  about  1:3  and  are 
connected  by  an  intermediate  horizontal  land- 
ing. The  inclines  are  made,  as  shown  in  the 
sections  and  details,  with  a  continuous  slab  of 
concrete  4  Inches  thick  and  6%  feet  wide,  which 
has  the  upper  surface  roughened  by  shallow 
tranverse  grooves  to  prevent  slipping.  They 
are  reinforced  with  horizontal  and  bent  trans- 
verse %-inch  rods  in  vertical  planes  8i/>  inches 
apart.  One  side  of  the  runway  is  built  into 
and  supported  by  the  outer  wall;  the  other  side 
is  carried  by  reinforced  concrete  beams.  The 
deep  upper  beam  is  bent  at  the  upper  end  and 
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is  supported  on  three  columns,  one  of  which 
carries  the  upper  eml  of  the  other  beam.  All 
theae  columns  carry  first  floor  loads  also  and 
ar«  made  with  offsets  to  receive  the  runway 
beams  intermediate  between  the  first  and  sec- 
ond floors.  An  additional  pair  of  vertical  rods 
reinforce  that  side  of  the  column  which  forms 
the  beam  seat.  The  lower  ends  of  these  rods 
are  seated  on  the  intersections  of  the  flat  re- 
inforcement bars  in  the  footing. 

The  first-floor  slab  is  3t^  and  4  inches  thick 
reinforced  with  one  layer  of  woven  steel  fabric 
and  with  longitudinal  and  transverse  Vt-inch- 
rods  spaced  SVa  to  13  Inches  apart  It  has 
panels  of  a  maximum  size  of  about  lOzlli^  feet 
clear  between  the  longitudinal  beams  and  trans- 
Terse  girders.  The  second  floor  corresponds 
in  construction  to  the  first  floor  and  has  two 
transverse  girders  and  one  line  of  longitudinal 
beama  The  coachman's  apartments  have  wood 
upper  floors,  and  there  are  removable  hard-wood 
gratings  over  the  basement  stall  floors  which 
are  pitched  to  drain  to  gutters.  The  roof  slab 
has  a  uniform  thickness  of  ZVj  inches  rein- 
forced by  14-inch  longitudinal  and  transverse 
rods  from  8  to  12  inches  apart.  Theoretically. 
it  is  entirely  supported  by  the  two  pairs  of 
steeply  inclined  rafters  6  inches  wide  and  3 
inches  deep  below  the  under  side  of  the  slab, 
but  practically  the  solid  partitions  carry  an 
indeterminate  portion  of  the  root  load.  The 
stairs  have  steps  33  inches  long  in  the  clear 
and  at  their  ends  are  built  into  the  exterior 
or  partition  walls.  The  8^C>-inch  risers  and  10- 
inch  treads  are  both  4  inches  thick  and  are  re- 
inforced by  a  continuous  sheet  of  lock-woven 
steel  fabric  and  by  a  ^-inch  transverse  rod  at 
the  lower  edge  of  each  riser. 

The  hand-made  concrete  was  mixed  wet  and 
rammed  well  in  moulds  covered  with  cheese 
cloth  to  prevent  adhesion  and  give  a  uniform 
texture  to  the  surface  which  has  not  been  other- 
wise treated.  When  the  interval  between  lay- 
ing adjacent  portions  of  concrete  was  not  more 
than  flfteen  hours  the  old  and  new  surfaces  were 
considered  to  bond  satisfactorily  If  simply  kept 
clean  and  made  in  such  a  way  that  there  was 
no  stress  tending  to  open  them. 

The  beams  and  girders  are  all  of  the  Wight- 
E^Eton-Townsend  type,  corresponding  to  the 
typ'cal  one  here  shown,  which  is  the  largest  in 
the  building.  The  reinforcement  consists  of 
horizontal  rods  in  the  lower  sides  of  the  beams 
and  of  t)ent  rods  running  from  the  upper  sides 
at  the  ends  to  the  lower  sides  in  the  center. 
Both  sets  of  rods  have  their  ends  bent  at  right 
angles  so  as  to  engage  vertically  the  concrete  in 
the  walls  and  secure  additional  anchorage. 
These  rods  are  proportioned  to  receive  all  the 
tensile  stresses  and  are  connected  by  3/16-inch 
vertical  U-shaped  rods,  with  the  loops  up, 
spaced  aliout  4  inches  apart  at  the  ends  of  the 
i>eams  and  farther  apart  in  the  center  so  as  to 
resist  all  shearing  stresses,  for  which  they  are 
proportioned  and  arranged.  The  largest  girder 
Is  in  the  second  floor,  has  a  clear  span  of  about 
22  feet  and  is  8  inches  wide  and  12  inches  deep 
below  the  floor.  It  Is  reinforced  with  two 
1  3/16-lnch  horizontal  rods  in  the  bottom  flange 
and  with  two  li^-inch  bent  rods  in  the  middle 
of  the  bottom  flange  and  at  the  ends  of  the  top 
flange.  The  longitudinal  beams  are  similar  to 
the  girders,  are  flush  with  them  on  the  upper 
surfaces,  and  like  the  girders  are  Integral  with 
the  floor  slabs.  The  depth  and  thickness  of  the 
beams  and  the  dimensions  of  their  reinforce- 
ment rods  are  smaller  than  those  of  the  girders. 
The  ends  of  the  girders  are  supported  on  pil- 
asters 8  inches  wide  which  project  2  inches  be- 
yond the  inner  faces  of  the  walls.  The  inclined 
rafters  are  of  the  same  type  of  construction  as 
the  main  transverse  floor  girders. 

Rods  1  inch  in  diameter  are  bedded  in  the 
second  story  floor  slabs  In  the  planes  of  the  4- 


inch  partitions  and  engage  the  U-shaped  loops 
bent  on  the  lower  edges  of  the  lock-woven  steel 
fabric  which  is  bedded  in  the  center  of  the 
partitions,  thus  helping  to  bond  them  to  the 
floor.  Wherever  there  is  an  intersection  of  any 
two  concrete  surfaces,  like  floors  or  roof  and 
partitions  or  walls,  the  joints  are  bonded  by 
sheets  of  steel  fabric  embedded  in  both  and 
serving  to  splice  sections  of  concrete  laid  at 
different  times.  All  details  are  designed  to 
have  the  concrete  act  only  in  compression  and 
steel  is  provided  to  take  all  shearing  and  ten- 
sile stresses. 

The  moulds  in  which  the  concrete  was  ram- 
med for  the  main  walls,  columns  and  floors 
were  similar  to  those  illustrated  in  The  Engi- 
neering Record  of  January  16,  in  the  descrip- 
tion of  a  concrete  factory  building  in  Long 
Island  City.  The  wall  moulds  were  made  in 
narrow  horizontal  panels,  raised  as  the  wall 
was  built,  and  those  for  the  beams  and  girders 
were  made  so  that  the  falsework  could  be  eas- 
ily stripped  from  them  and  permit  atmospheric 
action  on  the  surface  of  the  fresh  concrete  at 
the  same  time  that  protection  was  afforded 
against  undue  deflection  before  the  concrete  de- 
veloped full  strength.  The  falsework  and 
moulds  used  for  the  first  floor  were  used  over 
again  for  the  second  floor  and  after  the  com- 
pletion of  the  work  much  of  them  were  suit- 
able for  use  in  similar  work  elsewhere.  The 
falsework  for  the  roof  had  to  be  cut  in  short 
and  irregular  lengths  on  account  of  the  steep 
slope  and  the  numerous  partitions,  and  there- 
fore did  not  give  as  much  salvage. 

The  third-story  partitions  were  built  at  any 
convenient  time  after  the  floors  and  were  not 
intended  to  bond  with  the  floor  concrete.  They 
are  not  considered  as  supporting  any  part  of 
the  roof  loads  and  are  intended  to  act  only  as 
curtains,  although  as  a  matter  of  fact  they  are 
bonded  to  a  considerable  extent  with  the  roof 
slabs.  One  side  of  the  mould  was  first  built 
up  complete  from  the  floor  to  the  roof  and  the 
studs  set  for  the  opposite  side  which  was  built 
up  in  3-foot  courses  of  narrow  horizontal  edged 
boards  laid  up  to  correspond  with  the  filling  in 
of  the  concrete  and  its  convenient  puddling 
with  thin  bars. 

The  roof  slab  was  built  from  the  eaves  to 
the  center  continuously,  but  the  space  was  di- 
vided by  3  lines  of  2x4-inch  horizontal  strips 
laid  on  the  bottom  of  the  mould  parallel  to  the 
ridge  into  four  4-foot  zones  so  that  the  soft 
Wet  concrete  should  not  exert  too  great  a  push 
at  the  bottom  before  setting.  On  the  second 
day,  or  as  soon  as  the  concrete  had  the  initial 
set,  these  strips  were  removed  and  the  spaces 
filled  with  concrete  before  it  was  too  late  for 
it  to  bond  with  that  already  set.  The  upper 
surface  of  the  roof  was  plastered  with  a  %-inch 
waterproof  coat  of  cement  mortar. 

The  doors  and  the  window  sash  and  trim  are 
of  oak.  The  coachman's  rooms  are  finished 
with  oak  and  a  small  penthouse  roof  over  the 
side  entrance  is  tiled.  With  these  exceptions 
concrete  is  the  only  structural  material  used, 
about  200  cubic  yards  of  It  and  10  tons  of  re- 
inforcement steel  and  fabric  being  required. 
Mr.  Robert  W.  Gardner  Is  the  architect  and  the 
Wlght-Easton-Townsend  Company,  of  New 
York,  are  the  contractors. 


High-Pressure    Water    Service    for   Fire 
Protection  in  New  York. 

Slightly  condensed  from  a  report  to  Commissioner 

John    T.    Oakley,    by    .Mr.    NleUoliis   S.    11111,    Jr..    Chief 

Kuglneer,    department    of    Water    Supply,    (Jaa    and 

Electricity. 


Pkesscake  From  SE\vAf:K  Sludue  Prks.ses  has 
been  burned  by  the  aid  of  coal  dust,  according 
to  Mr.  James  Ashton,  whose  paper  on  Disposal 
and  Utilization  of  Sewage  Sludge  was  printed 
In  a  recent  number  of  "The  Surveyor."  He 
sprinkled  about  half  a  hundredweight  of  coal 
dust  on  each  ton  of  sludge  cake,  but  he  states 
that  the  gases  from  the  furnace  should  be  pass- 
ed into  the  flue  of  a  destructor  maintaining  a 
temperature  of  1,000  to  1,500  degrees;  otherwise 
there  will  be  a  nuisance  from  the  chimney. 


Pursuant  to  your  request  1  submit  a  prelim- 
inary report  on  the  proposed  high  pres- 
sure fire  service.  The  data  and  plans  presented 
are  tentative.  The  location  of  mains  and  power 
stations  are  subject  to  change.  The  estimates 
may  be  somewhat  modified  when  time  is  af- 
forded for  more  careful  consideration.  The  fol- 
.lowing  conclusions  may  be  safely  drawn: 

First,  It  is  possible  to  construct  such  a  sys- 
tem on  the  general  lines  herein  presented  sub- 
ject to  such  modifications  as  a  thorough  study 
may  suggest. 

Second,  A  high-pressure  fire  service  may  be 
installed  with  an  expenditure  not  exceeding  the 
limits  of  the  estimates  furnished. 

I  have  been  somewhat  guided  by  Fire  Chief 
Croker's  views  in  selecting  the  district  in  which 
to  install  the  first  section  of  the  proposed  ser- 
vice. A  large  number  of  factories,  wholesale 
establishments  of  various  kinds,  and  buildings 
not  fireproof  in  construction  are  located  within 
the  confines  of  this  area.  I  understand  the 
losses  from  fire  in  this  section  are  heavier  than 
in  any  other  district  of  equal  area  in  the  Boi- 
ough  of  Manhattan  It  is  a  district  contain- 
ing many  buildings  similar  in  character  and 
construction  to  those  situated  in  the  locality 
where  the  Baltimore  fire  originated. 

The  area  outlined  is  bounded  generally  by 
Twenty -third  Street  on  the  North;  Broad- 
way to  Fourteenth  to  Fourth  Avenue 
and  the  Bowery,  on  the  East;  Chambers  Street 
on  the  South  and  the  North  River  on  the  West. 

It  is  proposed  to  erect  three  pumping  stations, 
definite  locations  for  which  cannot  be  fixed  un- 
til the  relative  cost  of  land  and  other  questions 
have  been  considered.  Each  station  will  be 
capable  of  pumping  to  any  part  of  the  distribu- 
tion system.  The  sub-division  of  the  pumping 
plant  was  deemed  advisable  on  the  ground  that 
shoiild  any  one  station  be  disabled  or  rendered 
ineffective  during  the  course  of  a  conflagration, 
two-thirds  of  the  output  of  the  plant,  or  double 
the  present  capacity  of  the  fire  department 
would  be  available. 

Provision  has  been  made  for  direct  connec- 
tions to  the  high-service  mains  at  various  points 
on  the  water  front  so  that  in  the  event  of  the 
total  disability  of  the  pumping  plant  the  fire 
boats  may  be  used  to  pump  into  the  proposed 
system.  These  boats,  five  in  number,  have  a 
combined  capacity  of  about  2,400,000  gallons 
per  hour,  or  40,000  gallons  per  minute  against 
a  pressure  of  150  pounds. 

About  twenty-flve  engines  respond  to  a  fourth 
alarm  of  fire  in  the  district  mentioned.  Their 
combined  capacity  equals  about  900,000  gal- 
lons per  hour  against  a  pressure  of  125  pounds. 
The  fire  boats  directly  connected  to  the  high- 
service  mains  would  more  than  double  the  out- 
put of  the  engines. 

The  present  plans  contemplate  a  capacity  of 
1,000,000  gallons  per  hour  at  each  of  the  three 
stations  or  a  combined  capacity  of  3,000,000  gal- 
lons per  hour.  The  pressure  at  the  station  will 
be  300  pounds.  The  minimum  pressure  at  the 
hydrant  is  estimated  at  200  pounds.  The  fol- 
lowing facts  are  interesting: 

The  new  service  will  furnish  more  than  three 
times  the  water  now  supplied  at  one  fire  by  the 
present  fire  equipment. 

The  pressure  will  be  more  than  double  that 
now.  maintained.  Each  station  will  furnish  32 
streams  through  3-inch  hose  with  1%-inch  noz- 
zles. Each  hydrant  will  deliver  approximately 
2,600  gallons  per  minute  or  five  such  streams. 

Two  hydrants  are  proposed  for  each  street 
intersection  giving  ten  such  streams. 
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From  the  four  corners  of  a  block  40  such 
streams  may  be  played  on  a  fire  within  the 
block.  Forty  streams  are  equivalent  to  about 
20,000  gallons  per  minute  or  1,200,000  gallons 
per  hour. 

Thirty-three  and  one-third  per  cent,  more 
water  can  be  delivered  on  a  fire  I'rom  the  tour 
corners  of  a  block  than  is  now  furnished  at  a 
tourth  alarm  fire  with  the  engines  widely  scat- 
tered. Concentration  of  the  flre-flghtiug  force 
saves  time,  frictional  losses  in  hose  and  facili- 
tates the  operations  of  the  ofiicers  and  men. 

Ninety-six  lines  of  3-inch  hose  not  exceeding 
350  feet  in  length  may  be  concentrated  on  a 
single  fire  when  the  three  stations  are  operating 
simultaneously. 

It  has  been  proposed  to  put  in  a  system  for 
the  combined  purposes  ot  fire  protection  and 
street  cleaning.  I  consider  this  ill  advised  and 
impractical.  The  nominal  pressure  on  the  sys- 
tem is  300  pounds.  The  actual  pressure  may 
reach  600  due  to  water  hammer  and  the  pres- 
ence of  air  in  the  mains.  No  hydrant  can  be 
built  to  withstand  such  conditions  and  under- 
go rough  usage  at  the  hands  of  ignorant  work- 
men. The  system  might  fail  at  a  critical 
moment  if  used  for  other  than  fire  purposes. 
Our  experience  with  the  hydrants  on  the  low 
pressure  service  of  the  Croton  amply  justifies 
the  above  statement. 

The  pressures  which  will  be  carried  on  the 
fire  service  are  too  great  for  street  cleaning. 
The  city  should  provide  proper  stand  pipes  at 
street  intersections,  connected  with  the  Croton 
system  for  the  specific  uses  of  the  Street  Clean- 
ing Department. 

Three  sources  of  energy  may  be  used,  steam, 
gas  and  electricity.  Steam  need  not  be  con- 
sidered, unless  absolutely  necessary,  on  account 
of  the  high  first  cost  of  the  plant  and  the  ex- 
pense of  operation.  The  three  stations  will 
probably  not  be  operated  more  than  240  hours 
per  year.  The  plants,  to  be  effective,  must  start 
instantly  upon  the  stroke  of  a  gong.  Steam 
pressure  must  be  maintained  for  every  minute 
in  the  year  to  accomplish  this  in  a  steam  plant. 
Fuel  will  have  to  be  fed  continually,  therefore, 
to  maintain  stations  operating  ten  days  per 
year.  This  is  not  the  case  with  gas  or  elec- 
tricity if  the  energy  is  procured  outside.  A  gas 
engine  may  be  started  in  a  few  seconds  and 
when  closed  down  is  using  no  fuel.  An  elec- 
tric motor  may  be  started  by  throwing  a  switch 
and  the  current  shut  off  with  equal  facility.  No 
final  arrangements  can  be  made  for  the  supply 
of  current  or  gas  until  the  project  takes  more 
definite  form.  A  careful  investigation  leads  me 
to  believe  the  electric  companies  in  Manhat- 
tan are  amply  equipped,  so  far  as  power  is  con- 
cerned, to  give  us  the  maximum  amount  of  cur- 
rent needed  at  any  time  if  properly  constructed 
cables  in  duplicate  are  laid  and  interconnected 
to  prevent  a  possible  interruption  in  the  supply 
of  electricity.  The  three  plants  will  require 
about  15,000  horse-power  when  working  at  their 
full  capacity. 

The  proposition  from  the  gas  company's 
standpoint  is  rather  more  diflJcult.  To  furnish 
the  necessary  gas  involves  long  lines  of  mains 
not  less  than  30  inches  in  diameter.  This  en- 
tails heavy  expenses  and  special  generators  to 
insure  the  requisite  amount  oE  energy  at  any 
moment.  The  additional  plant  would  create  an 
annual  expenditure  of  about  $50,000  per  year 
for  maintenance  aod  repairs.  This  may  be  re- 
duced on  further  investigation,  but  I  have  not 
considered  it  safe  to  figure  on  less  than  this 
amount  in  the  estimate  of  the  cost  of  operating 
a  gas  plant.  The  cost  of  the  electric  current 
cannot  be  definitely  ascertained  until  the  condi- 
tions of  operation  and  the  locations  of  the  pump- 
ing stations  are  determined.  I  have  assumed  a 
rate  In  the  following  estimates  which  I  feel  as- 
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sured  can  be  obtained.  The  load  factor  on  the 
pumping  stations  is  small  as  the  stations  are 
operated  approximately  ten  days  per  year,  so  it 
electricity  is  paid  for,  only  when  used,  the 
question  of  cost  is  not  great  in  comparison  with 
other  expenses  of  operation  and  maintenance. 
The  total  cost,  therefore,  will  not  be  materially 
affected  by  any  i-easonable  change  from  the  rates 
assumed.  Allowance  has  been  made  for  laying 
the  necessary  electric  cables  to  connect  the 
pumping  stations.  If  gas  is  used  the  company 
will  provide  the  pipes  and  plant. 

The  plant  operated  by  gas  has  six  horizontal 
engines  of  750  horse-power  each  connected  to  six 
triplex  single  acting  plunger  pumps  or  eight  600- 
horse-power  vertical  engines  connected  to  the 
same  style  of  pumps.  The  electric  station  is  a 
multi-stage  turbine  .  plant,  consisting  of  four 
units  of  1,500  horse-power  each.  The  mechani- 
cal efficiency  of  the  gas  and  electric  plants  is  ap- 
proximately the  same. 

In  comparing  the  use  of  gas  and  electricity 
as  the  probable  source  of  energy  it  may  be  well 
to  present  the  following  points  in  favor  of  elec- 
tricity: First,  economy  in  first  cost  of  machin- 
ery and  buildings;  second,  economy  in  space 
necessary  for  installation,  thereby  reducing  cost 
of  land  required;  third,  economy  in  cost  ot 
wages,  maintenance,  repairs  and  renewals; 
fourth,  simplicity. 

5ecfion 


Disk. 


EieyotHon. 


Disk. 


DiskJ~\_ 


XJ d2El 


Tape. 


Plofn. 


II  ti.oi~ii«  Ni,  wecoffo 


Rod  for   Tape  Measurements. 

The  relative  cost  of  power  cannot  be  stated' 
with  accuracy  until  the  price  for  which  gas  can 
be  had  is  determined.  Following  is  a  statement 
of  the  comparative  cost  of  one  pumping  station 
operated  either  by  gas  or  electricity,  an  esti- 
mate of  the  probable  operating  expenses  and 
fixed  charges  per  annum,  a  similar  summary 
for  the  three  stations  and  an  estimate  of  the 
total  cost  of  high  pressure  fire  service  complete. 

Careful  attention  has  been  given  to  the  use 
of  salt  water  in  connection  with  its  deleterious 
effect  upon  the  contents  of  buildings.  Salt  water 
is  more  injurious  to  the  hydrants,  gate  valves, 
pumps  and  distributing  system  than  is  fresh, 
water.  If  salt  water  is  used  the  depreciation 
on  the  plant  will  be  increased.  The  plans  sub- 
mitted provide  for  both  fresh  and  salt  water 
connections  at  the  pumping  stations.  The  fresh 
water  is  drawn  from  the  Croton  system.  This 
system  is  capable  of  supplying  any  or  all  the 
stations.  In  the  event,  however,  of  any  short- 
age of  supply  of  fresh  water  the  salt  water  may 
be  immediately  used  without  Interference  with 
the  operation  of  the  plant. 

In  making  the  above  modification  I  wish  to 
emphasize  that  the  original  salt  water  system  is 
not  assailed  or  detracted  from.  The  use  of  fresh 
water,  with  salt  water  available  when  needed, 
as  suggested,  removes  one  of  the  chief  objec- 
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tions  offered  to  the  proposed  service  and  adds 
thereby  to  the  feasibility  of  the  proposition.  In 
conclusion  I  would  respectfully  suggest  that 
there  are  several  other  methods  by  which  addi- 
tional fire  protection  may  be  obtained,  some  of 
which  may  be  more  economical.  Time  has  not 
permitted  a  study  of  these  methods.  I  was 
asked  to  report  on  the  above  system  and  1  have 
confined  myself  to  this  work.  I  would  strongly 
recommend,  however,  that  should  appropriation 

Estimate  of  Cost. 

L'cwt  of  One  Pumping  Station. 

Electric.  Gas. 

Number  of  units  in  station.  ...  4  6 

Capacity   In   million   gallons  per 

hour    1  1 

Kstiraated   number   of   hours  of 

operation    i)er   year HU  80 

Cost  of  motors  and  turbines  in- 
cluding pli)ing,  foundations, 
switchboard  and  wiring;  and 
cables    .i!2.j3,000  

Cost  gas  engines  and  pumps,  in- 
cluding piping,  foundations 
and  auxiliaries  comijlete $448,000 

Cost  of  buildings  foundations 
and    land     90,000  270,000 

Total  cost    *345,000  $718,000 

Cost  of  wages  per  annum 57,G30  $18,150 

Cost  of  gas  per  year 17,000 

Cost  of  electricity   per  year  at 

4%c.  per  K.  W.  nour 13.200            

Cost  of  oil,  waste  and  supplies 

per  year .300  300 

Cost  of  repairs  per  year 2,400  3,60ii 

Total  cost  ot  operation ?23,.">r>0  $39,050 

Interest  and  depreciation 26,710  55,000 

Refunding  sinking  fund 11,500  27,000 

Total  cost  per  annum   $61,700         $121,050 

Cost  of  Three  Pumping  Statlon.s. 

Cost  of  three   stations $1,035,Q06     $2,154,000 

Operating    expenses    and    fixed 

charges  per  annum   for  three 

stations    185,280  363,150 

Summary  of  Total  Cost. 

Pumping  stations   $1,035,000     $2,154,000 

Mains    for    distribution    system 

complete  with  gate  valves  and 

hydrants     2,107,000       2,107,000 

Telephone  system 150,001)  150,000 

Total  cost    $3,292,000     $4,411,000 

Add    10^    contingencies 329,200  441,100 

Add   Wi     superintendence...       329.200  441,100 

Total     $3,950,400     $5,293,200 

be  made  to  increase  the  efficiency  of  the  fire  ser- 
vice, the  parties  in  whose  hands  the  erection 
of  the  work  is  placed  be  allowed  full  opportun- 
ity to  study  other  systems  and  be  requested  to 
make  a  subsequent  report  on  the  same  before 
the  city  finally  commits  itself  to  any  one 
method. 


Letters  to  the  Editor. 


Rods  for  Aiding  Tape  Measubemests. 

Sir: — Mr.  C.  W.  Swearingen's  letter  in  your 
issue  of  February  13,  describing  a  method  of 
chaining  used  by  him  in  city  work,  reminds 
me  of  pleasant  times  on  the  Adirondack  State 
Survey  in  1895,  on  which  essentially  the  same 
apparatus  was  used,  with  some  differences 
which  were  better  for  the  work  then  in  hand. 
The  work  was  the  remeasurement  of  old  town- 
ship lines,  originally  run  in  the  year  1772  with 
compass  and  chain.  The  line  was  usually  up  or 
down  a  steep  hill  and  we  made  no  pretensions 
to  the  accuracy  required  in  city  work. 

Two  rods,  2%  inches  by  1  inch,  7  feet  long, 
were  used,  divided  to  feet  and  tenths  and  shod 
with  sharp  steel  points  that  were  to  be  thrust 
in  the  ground.  A  groove  ^4  inch  square  was 
cut  in  each  rod  from  end  to  end  in  the  middle 
of  each  flat  side,  and  a  small  disk  1  inch  in  di- 
ameter with  a  tongue  14  inch  square  on  one 
side,  was  riveted  to  the  zero  end  of  the  tape, 
the  tongue  being  designed  to  engage  the  notch 
in  the  rod.  The  spring  balance  was  provided 
with  a  clamp  that  could  be  quickly  attached  to 
the  tape  at  any  point,  and  carried  a  small  level 
bubble  adjusted  parallel  to  the  direction  ot  pull 
of  the  spring  balance. 

In  going  up  hill  the  rear  chainman  reached 
up  as  far  as  possible,  put  the  tongue  of  the  disk 
in  the  groove  and  held  the  rod  plumb.  The  front 
chainman  went  ahead  and  thrust  his  rod  into 
the  ground  and  leveled  it,  adjusted  the  tape 
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clamp  at  a  convenient  distance,  put  a  strain  on 
the  tape  at  the  same  time  swinging  It  up  or 
down  the  rod  until  th*  level  on  the  spring  bal- 
ance showed  that  the  tape  was  level.  Then  he 
took  the  horiiontal  and  vertical  readings.  The 
front  rod  was  left  in  place  and  became  the 
back  rod  in  the  next  operation.  The  recorder 
took  all  notes  and  at  the  same  time  sketched 
topography  with  the  aid  of  the  elevations  de- 
duced from  the  vertical  readings.  The  use  of 
the  spring  balance  level  does  not,  of  course, 
imply  that  the  tape  is  quite  level,  the  line  of 
direction  of  the  pull  of  the  spring  balance  being 
tangent  to  the  curve  of  the  tape  at  the  point 
of  attachment  I  should  assume  from  Mr. 
Swearingen's  description  of  his  method  that 
an  additional  man  is  needed  to  hold  the  front 
rod  plumb,  or  I  should  say  that  the  up-hill  rod. 
as  the  rod  level  is  ordinarily  above  the  chain- 
man's  eyes. 

Respectfully,  R.  H.   Kkays. 
New  Tork,  February  24. 


EsTiiCATiNG  Weights  of  Rails. 

Sir: — The  letters  in  The  Engineering  Record 
of  February  20  and  March  6,  giving  formulae 
for  estimating  the  weights  of  rails  are  interest- 
ing, but,  as  regards  ease  of  memorizing,  they 
are  not  in  it  with  the  simplicity  attained  by 
using  the  metric  units  in  the  same  case.  With 
a  2g-kilo  rail,  for  instance,  that  is  one  weighing 
28  kilograms  per  running  meter,  there  are  28 
metric  tons  per  kilometer.  Nothing  could  be 
simpler  then,  than  the  rule  that  there  are  the 
same  number  of  metric  tons  per  kilometer  as 
there  are  kilograms  per  meter.  Furthermore, 
the  translation  from  our  present  standard  sec- 
tions is  remarkably  easy,  for  it  is  only  neces- 
sary to  divide  the  weight  in  pounds  per  yard 
by  two  to  get  the  number  of  kilograms  per 
meter.  This  follows  from  the  fact  that  1  meter 
=  1.1  yards  and  1  kilogram  =  2.2  pounds.  A 
kilometer  equals  %  mile,  and  a  metric  ton  is 
2.205  pounds  Avoirdupois.  For  distances  other 
than  even  kilometers  it  is  unnecessary  to  mem- 
orize a  lot  of  formulae  for  different  weight  sec- 
tions, all  that  is  required  being  to  multiply  the 
tons  per  kilometer  by  the  desired  distance  in 
kilometers  or  decimals  thereof. 

Respectfully,  Albebt  S.  Merrill. 

Washington,  D.  C,  March  8. 


Book  Notes. 


The  Office  of  Experiment  Stations  of  the  U.  S. 
Department  of  Agriculture  has  just  Issued  a 
bulletin  on  the  "Acquirement  of  Water  Rights  in 
the  Arkansas  Valley  in  Colorado,"  by  Hon. 
J.  S.  Greene,  of  Pueblo,  formerly  State  engineer 
of  Colorado,  prerpared  under  the  direction  of 
Elwood  Mead,  Chief  of  Irrigation  Investiga- 
tions. The  bulletin  is  written  especially  for 
those  who  are  contemplating  settling  In  the  Ar- 
kaasas  Valley,  and  is  intended  to  give  them 
such  an  understanding  of  water  rights  and  the 
conditions  which  affect  their  value  that  they 
can  act  intelligently  in  acquiring  a  water 
supply.  Water  rights  are  acquired  from  the 
State,  in  the  first  instance,  but  the  individual 
settler  must  usually  secure  a  right  from  some 
individual  or  company  which  has  built  a  canal 
for  the  purpose  of  supplying  water  to  farmers. 
The  value  of  both  classes  of  rights  depends 
very  largely  upon  physical  conditions  and  upon 
other  rights  to  the  streams.  Mr.  Greene  shows 
this  connection  and  points  out  the  sources  of 
information  as  to  these  conditions.  Rights  pur- 
chased from  canal  owners  are  subject  also  to 
the  conditions  of  the  contracts  under  which  the 
water  is  supplied.  A  large  number  of  these  con- 
tracts are  given  and  discussed  in  such  a  way 


that  an  intending  settler  can  tell  what  points  be 
should  look  into  before  purchasing  a  right.  The 
laws  and  contracts  are  discussed  also  from  the 
standpoints  of  the  canal  owner  and  of  the  pub- 
lic welfare.  The  report  Is  therefore  of  great 
value  to  students  of  irrigation  law  and  econom 
ics  since  it  gives  much  valuable  information 
and  its  interpretation  by  one  who  has  studied 
it  from  every  point  of  view.  The  conditions  in 
the  Arkansas  Valley  in  Colorado  do  not  differ 
essentially  from  those  in  other  parts  of  the  arid 
West,  and  the  report  Is  therefore  of  interest  to 
any  one  wishing  to  understand  the  subject  of 
water  rights  in  the  United  States. 


Lead  poisoning  and  its  relation  to  drinking 
water  has  always  attracted  more  attention  in 
England  than  in  this  country  and  several  elab- 
orate treatises  have  been  written  on  the  sub- 
ject. The  most  recent  report,  and  at  the  same 
time  one  of  the  most  exhaustive,  is  that  of  Dr. 
Houston  on  "Moorland  Waters  in  Regard  to 
Their  Action  on  Lead,"  Vol.  II.,  published  as  a 
supplement  to  the  thirty-first  annual  report  of 
the  Medical  Officer  of  the  Local  Government 
Board  of  Great  Britain  for  1901-2.  This  is  in 
continuation  of  a  previous  report  published  one 
year  ago  and  devoted  chiefly  to  descriptions  of 
certain  moorland  water  supplies  which  had  been 
the  cause  of  lead  poisoning.  The  present  vol- 
ume describes  the  laboratory  experiments  made 
in  connection  with  the  investigation.  It  is  a 
volume  of  478  pages,  contains  160  tables  ot 
analyses  and  18  plates.  The  experiments  are 
of  considerable  interest  to  the  specialist,  but 
they  do  not  add  materially  to  what  is  already 
known  by  American  water-works  engineers 
concerning  the  subject  of  lead  poisoning  in  its 
practical  aspects.  The  author  distinguishes 
three  classes  of  waters  in  their  action  on  lead. 
Those  of  the  first  class  have  a  "plumbo-erosive 
ability,"  and  possess  the  power  of  acting  on  the 
bright  metal,  forming  relatively  insoluble  com- 
pounds which  fall  away,  leaving  fresh  bright 
surfaces  exposed.  Those  of  the  second  class 
have  a  "plumbo-protective  ability,"  erosion  be- 
ing followed  by  the  adherence  of  the  insoluble 
coating  to  the  surface  of  the  lead,  thus  prevent- 
ing further  action.  Those  of  the  third  class 
have  a  "plumbo-solvent  ability,"  that  is,  they 
have  the  power  of  dissolving  lead  and  holding 
it  in  solution.  Speaking  generally,  the  erosive 
power  is  due  to  the  presence  of  dissolved  oxy- 
gen, and  the  solvent  power  to  the  presence  ot 
"acidity,"  by  which  the  author  evidently  refers 
to  dissolved  free  carbonic  acid,  although  he 
does  not  use  the  expression.  This  solvent 
power  due  to  the  presence  of  carbonic  acid  is 
considered  as  more  dangerous  than  the  erosive 
power  due  to  dissolved  oxygen.  Considerable 
attention  is  given  to  the  cause  of  the  "acidity" 
of  moorland  waters,  and  the  effect  of  bacterial 
action  on  peat  with  the  consequent  production 
of  carbonic  acid  is  emphasized  and  Illustrated 
by  experiment.  Two  species  of  bacteria  were 
isolated  which  appeared  to  be  of  special  im- 
portance in  this  connection.  From  the  analyses 
given  in  the  tables  it  would  appear  that  some 
of  the  moorland  waters  investigated  contain 
larger  amounts  of  free  carbonic  acid  than  are 
ordinarily  found  in  surface  water  supplies  in 
this  country,  and  it  is  possible  that  this  may 
explain  in  part  the  more  frequent  occurrence 
of  lead  poisoning  in  England. 


lation  must  many  times  be  furnished  to  mini- 
mize vitiation  emanating  from  sources  for 
which  the  proportion  of  carbonic  acid  is  no  in- 
dex, such  as  nauseating  odors,  smoke  and  vapor 
in  kitchens,  dusty  carpets  and  draperies,  and 
is  most  conveniently  calculated  on  the  basis  of 
a  given  number  of  renewals  of  the  air  in  the 
space  involved.  He  believes,  however,  that 
whatever  improvemer.l ;  are  to  be  noted  in  re- 
spect to  the  ventilati6n  of  buildings  are  largely 
due  to  better  measures  for  purification  of  the 
air  supply,  to  a  proper  degree  of  saturation 
with  humidity  and  not  the  least  to  better  regu- 
lation of  temperature.  The  author's  views  on 
the  subject  ot  humidity  are  interesting,  as  he 
holds  that  the  prevailing  idea  that  the  relative 
humidity  should  be  maintained  at  50  per  cent, 
indoors  represents  a  difference  that  is  keenly 
felt,  especially  by  those  exposed  frequently  to 
the  change.  Reasons  of  expediency  and  econ- 
omy, he  avers,  will  naturally  keep  the  inside 
humidity  below  40  per  cent,  when  the  outside 
air  is  dry  and  cold  and  not  less  than  60  per 
cent,  when  the  outside  air  is  moist  and  warm. 
The  pamphlet,  which  is  entitled,  "Reflections 
on  Heating  and  Ventilating  Engineering,"  is  a 
comprehensive  review  in  general  terms  of  con- 
ditions obtaining  in  both  heating  and  ventila- 
tion, without  reference  to  specific  examples. 


The  necessity  of  ventilation,  though  long  re- 
garded as  beyond  the  need  of  proof,  has  been 
discussed  by  Mr.  Konrad  Meier,  in  a  pamphlet 
published  by  him,  along  lines  that  are  rarely 
emphasized  in  print,  however  concurrent  his 
opinions  doubtless  are  with  those  of  many  lead- 
ing heating  and  ventilating  engineers.    Venti- 


Testing  of  Electbo-Magnetic  Machineby  and 
Other  Apparatus.  By  B.  V.  Swenson  and  Budd 
Frankenfield.  New  York,  Macmillan  Co.,  Vol. 
I.,  Direct  Currents.  Cloth,  9x6  Ins.,  443  pages, 
$3. 

This  is  essentially  a  testing  manual  and 
laboratory  guide.  Its  greatest  field  of  useful- 
ness will  doubtless  be  in  the  laboratories  of 
technical  schools  and  colleges.  The  scope  of 
the  first  volume  is  confined  to  direct  current 
work,  and  nearly  all  of  it  has  direct  and  prac- 
tical bearing  on  the  design,  construction  and 
operation  of  dynamo-electrio  machinery.  Un- 
der the  headings,  "Preliminary,"  and  "Instru- 
ments," a  few  pages  are  devoted  to  general 
features  of  testing  and  working  up  results,  and 
to  the  use  and  care  of  instruments.  An  appen- 
dix is  inserted  wiiereln  are  grouped  the  prin- 
cipal tests  and  methods  of  measurement  used 
in  manufacturing  concerns.  A  second  appen- 
dix contains  the  standardization  report  of  the 
American  Institute  of  Electrical  Engineers.  Of 
the  ninety-six  listed  experiments  in  the  book, 
each  one  is  complete  in  Itself.  This  is  a  feat- 
ure to  be  noted,  as  it  will  enable  instructors 
to  easily  map  out  a  good  laboratory  course 
suitable  to  the  equipment  of  the  laboratory  or 
to  the  needs  of  the  individual  student.  Ex- 
periments which  have  come  to  be  valuable  only 
from  a  philosophical  or  historical  point  of  view 
have  been  excluded  to  make  way  for  those  en- 
tirely within  the  province  of  the  engineer  and 
which  have  direct  bearing  on  his  work.  The 
object  or  reason  for  doing  each  experiment  is 
clearly  and  briefly  stated  at  the  outset.  This 
should  be  of  value  to  the  student  who  must 
work  blindly  if  he  is  not  able  to  discover  the 
exact  bearing  of  the  experiment  on  the  general 
purpose  of  the  course.  Theory  and  method  are 
briefly  stated  in  each  case  and  mathematical 
treatment  is  usually  avoided.  Special  hints 
and  cautions  are  supplied  where  it  is  deemed 
necessary.  A  list  of  the  observations  to  be  re- 
corded is  given  in  nearly  all  cases  under  the 
heading,  "Data."  Although  the  book  is  first  of 
all  a  laboratory  manual,  the  large  list  of  direct 
references  given  with  nearly  all  experiments 
will  make  it  useful  to  the  engineer  as  a  refer- 
ence book,  while  a  review  of  the  experiments 
themselves,  bearing  as  they  do  on  operation 
and  design,  may  often  be  useful  to  the  engi- 
neer. 


March  26,  1904. 
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TUp       FNCINFFR  IN(^       RFr^ORD  of  the  building  department  over  structural  work 

of  very  little  influence. 

Published  Weekly  by  the  Speculative    building    is    notoriously    bad    In 

McGRAW  PUBLISHING  COMPANY.  large  cities,  but  it  was  hoped  by  the  framers  of 

the  present  building  laws  that  the  latter  would 

114  Liberty  Steeet.  New  York.  ^*  '^^^^  prevent  dangerous  work.    Mr.  George  A. 

„      „„  Just,  who  was  a  member  of  the  commission  that 

BRANCH   OFFICES:  ,                   xv          ,                         ,                       ^,          .-  .-^ 

„  drew  up  these  laws,  was  also  a  member  ot  the 

Philadelphia:  929   Chestnut  Street.  ,      .                  ^,  ■       ,,      \ 

Chicago  :  1140  Monadnock  Block.  coroner  s   jury  on   this  disaster,  his  associates 

Cleveland  :   Cuyahoga  Building.  on  the  jury  being  men  of  exceptional  fitness  for 

London  Office,  Hastings  House,  Norfolk  St.,  Strand.  such  a  duty.     It  is  not  surprising,  in  view  of  the 

testimony  at  the   inquest,  that  the  jury  made 
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Record.     No  responsibility  Is  assumed  for  payments  lack    of   power   to    enforce    the    building    laws 

made  otherwise,  except  those  for  subscriptions  to  the  rather  than  any  defect  in  them. 

International  News  Company,  London,  or  our  London  _,       .     j.-                i,       „j    •          u  *~      „    n.„t  «„ 

„                                   K     J.              .  rpjjp  testimony  showed,  in  substance,  that  no 

competent  superintendent  was  in  charge  of  the 

Entered  at  the  New  York  Post  Office  as  Second  Class  erection  of  the  building,  and  that  it  was  being 

mall  matter.  constructed  according  to  plans  never  approved 

Copyright  1004.  by  the  McGraw  rubllshlng  Co.  jjy   the   Building  Department.     It   is  true  that 

TABLE  OF  LEADING  ARTICLES,  ^  ««*^  °^  P'^"^  *•"•  ^^«  Structure   had  received 

that  department's  approval,  but  they  were  not 
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Xlmber   Tpsts  HT^ 

„      ,        ,     T, '  ■  V ,-■;  tects  disclaimed  all  respensibility  for  the  plans 
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A  Plague  of  Investigations 374  actually  followed.     It  was  also  stated  that  no  at- 

Fire  Protection  Clauses  in  Building  Ordinances.  .   37.j  tention   was  paid  to  the  orders  of  the  Building 

^'trated)™'''   "''''^*'  "'  '''"'"'"■  '^""""J-     <"'""' 37^  Department,  because  it  was  recognized  that  its 

The  Canadian   Pacific  Railway  Shops  at  Montreal  represented  ves  had    no   power   to   enforce  their 

II.     (illustrated)  378  directors.     In  short,  it  was  demonstrated  that 

Recent  Investigations  with  Treated  Ties 381  ,             .    ..                  ....           ,     ...                 ,,    j 

Steel-Concrete  standpipo  at  Milford,  ()hi<,.  (Illus-  "''''^'"  existing  conditions  builders  could  do  as 

trated  1   382  they  liked  in  New  York,  a  condition  which  is 

'^''Bridge.''"  ( niu!."attdT''""l''.'!'^  °^  .^''.^  .'r''!'.'"''!"  383  ^°°  manifestly  dangerous  to  punllc  welfare  to 

Details  of   Street   Pavements  in  Salt  Lake  City,  need  further  comment  than  an  endorsement  of 

Itah.     ,  illnst  rated)    ...    ss.j  ^^^  recommendations  of  the  jury. 

A     *  onorete-.Steel     Reservoir     for     I'.ast     Orange. 

( Illustrated)    38G  
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trated)    390  the  past  tew  years  to  iron  and  steel   and  the 

Reminiscences  of  Early  Railway  Location  in  the  present   various    grades   of   masonry   including 

\Ve**t  390 

i„  ,-?.  n  ^i      r       ,V       .1     '   1/ »  i^i '  V  '  ii  '  W  '  concrete   steel   that  the   importance   of  timber 

Instructions     for     Onerating     Hot-Blast     Heating  ^ 

Systems   391  as  a   structural  material    is    apt    to    be    over- 
Ventilating    and     Heating     tlie    Franklin     Square  lonkprl       niivioii';Iv   it    no    loneer    nlav.^   the   1m- 

Tbeater,  Worcester.  Mass.     illlustrated) ......  .   392  'OOKea.      UDViousiy   it  no   longer   piays   me   im 

The  .Morris  High  School.  New  York  City :j93  portant  part  in  such  a  prominent  class  of  en- 
Road  .Maintenance  in  Spring 393  gineering   structures   as    bridges    that   it   once 

Substructure  Work  and   Erection   on    the   Shuben-  jj,,.    „„_   „:ii-  ji   „^„_  „„„;„    Up  of  on   tniifVi    im- 

acadie  Bridge.      (Illustrated)    394  "'" '    ^°^   W'    "t  ever  again   De  OI   SO   mucn   im 

Superheated  Steam  at  a  Small  Pumping  Station.  portance  as  it  once  was  in  that  particular  field 

„,     ,'",f^""'.'     ;. ■.,■'. ■■••■•••■  307  jjj   construction.     Great   quantities    of   timber. 

Blank  Forms  tor  Reports  and  Accounts  In  a  Large 

Engineering  (jfflce   398  however,   are   still   used    in   engineering   work 

ballast  400  tg  g^y  nothing  of  its  employment  in  architec- 

Standard  Regulations  for  Fireproof  liuiklings. .  . .    401  ,         ,  ,     .,,.                  .         ..         „„,  .^       .,,  „_   v,„v,:„ 

Book  N"  t                                                                   40'i  tural  building  construction,  and  it  will  probably 

"  remain  for  all   time  a  most  useful   structural 

The  Building  Collapse  in  New  York.  "laterial.     it  is  even  highly  probable  that  the 

1  wretchedly   wasteful    methods   of   cutting    and 

The  coroner's  jury  appointed  to  investigate  using  it  at  the  present  time  will  be  largely  re- 
the  causes  of  the  death  of  a  man  in  the  hotel  formed  in  the  near  future  in  the  effort  to  en- 
building  collapse  in  New  York,  described  in  this  courage  the  growing  of  structural  timber.  In 
journal  two  weeks  ago,  has  returned  a  verdict  short,  there  is  every  reason  to  believe  that  all 
finding  the  owner  and  the  steel-work  contractors  knowledge  of  its  physical  and  resisting  prop- 
"grossly,  criminally  negligent  in  the  methods  erties  will  possess  increasing  value  to  engi- 
adopted  and  followed  by  them  in  the  erection  of  neer  and  architect.  It  is  of  the  utmost  im- 
the  building."  The  case  is  now  in  the  hands  portance.  therefore,  that  tests  of  timber  con- 
of  the  District  Attorney  and  it  will  doubtless  ducted  for  the  purpose  of  securing  that  class 
receive  more  searching  investigation  in  the  of  information  required  in  structural  design 
criminal  courts.  Enough  testimony  has  been  and  maintenance  should  be  so  conducted  as  to 
brought  forward  to  show,  however,  that  build-  be  of  the  highest  possible  value, 
ing  operations  are  carried  forward  in  New  York  While  this  journal  has  no  disposition  or  in- 
that  are  equally  dangerous  to  those  engaged  on  tention  to  undervalue  the  results  of  the  former 
the  work  and  the  occupants  of  the  structures  series  of  timber  tests  conducted  by  the  Forestry 
subsequently.  It  is  further  shown  that  lack  of  Division  of  the  U.  S.  Department  of  Agriculture, 
legal  powers  and  of  men  renders  the  supervision  which  have  been  interrupted  for  several  years. 


it  cannot  be  denied  that  those  results  fail  to 
possess  the  value  they  should.  As  is  well 
known,  it  has  been  proposed  by  the  Bureau 
of  Forestry  to  organize  a  new  series  of  timber 
tests  which  will  be  practically  a  continuation 
of  the  former  series.  An  Informal  discussion  of 
this  proposition,  containing  many  valuable  sug- 
gestions, took  place  at  the  annual  convention  of 
the  American  Society  of  Civil  Engineers  in 
June,  1903.  In  the  main,  the  views  expressed 
in  that  discussion  as  to  the  purposes  and 
methods  of  the  investigation  appear  to  be  well 
adapted  to  elicit  results  ot  real  value  to  engi- 
neers, at  the  same  time  there  also  appeared 
to  be  at  least  a  rather  strong  impression  that 
the  former  series  of  tests  need  perhaps  only  be 
continued  without  much  change  in  character. 
While  it  cannat  be  stated  that  this  impression 
really  exists  to  any  great  extent,  it  certainly 
would  be  a  grave  mistake  in  undertaking  the 
new  series  of  tests  not  to  avoid  the  conditions 
which  so  seriously  limited  the  value  of  the  re- 
sults of  the  former  series.  These  limiting  con- 
ditions were  almost  entirely  due  to  limited  ap- 
propriations, leading  to  a  restricted  selection 
of  test  specimens  both  small  and  large. 

The  procedure  consisted  in  the  selection  of 
certain  representative  standing  trees  from 
which  the  specimens  to  be  tested  were  taken. 
Although  this  plan  is  well  adapted  to  the  study 
of  timber  physics,  at  least  in  many  of  its  ap- 
plications, it  fails  completely  to  meet  the  re- 
quirements of  engineers  engaged  in  the  build- 
ing of  timber  structures.  What  is  needed  is  not 
such  a  narrow  selection  of  sticks  of  timber  for 
testing  as  to  make  it  practically  certain  that 
their  quality  will  be  materially  different  from 
and  better  than  that  of  merchantable  timber 
which  the  engineer  or  architect  must  use  in 
his  work.  If  there  is  one  class  of  engineering 
material  in  which  the  full-size  pieces  are  more 
imperative  for  testing  than  in  any  other,  tim- 
ber is  that  class.  Whether  beams  or  columns 
are  the  subject  of  investigation,  not  only  full- 
size  sticks  should  be  used,  but  they  should  be 
secured  from  dealers  precisely  as  the  owner 
of  a  building  or  a  contractor  must  purchase 
them.  It  is  well  enough,  indeed  advisable,  that 
sticks  seasoned  by  various  methods  and  to  va- 
rious degrees  should  be  tested,  but  above  all 
the  green  and  imperfectly  seasoned  conditions 
of  actual  use  should  not  be  avoided.  Further- 
more such  dimensions  of  full-size  members 
should  be  employed  as  will  develop  the  various 
phenomena  of  resistance  and  failure  as  they 
are  found  in  the  actual  use  of  timber  in  struc- 
tures. This  observation  applies  to  such  fea- 
tures as  the  failure  of  relatively  short  beams 
by  longitudinal  shearing,  the  independence  of 
the  ultimate  resistance  of  comparatively  short 
columns  of  their  lengths,  and  other  similar 
phenomena  developed  by  testing  to  failure. 

While  engineers  already  possess  a  large 
amount  of  experimental  data  in  regard  to  the 
resistance  and  durability  of  timber  a  far  larger 
amount  of  information  than  yet  secured  is 
most  urgently  needed,  not  only  as  to  the  ulti- 
mate resistance  under  different  kinds  of  stress 
but  also  a  much  more  complete  knowledge  of 
the  conditions  under  which  greater  durability 
may  be  secured.  The  resisting  value  of  the  de- 
tails of  framing,  the  effect  of  preservative  pro- 
cesses on  both  elastic  and  ultimate  resistance 
and  a  great  variety  of  other  similar  data  are 
also  still  lacking.  The  proposed  renewal  of 
timber  investigation  under  the  auspices  of  the 
Department  of  Agriculture,  if  properly  con- 
ducted, will  yield  results  of  the  highest  value 
to  engineers  and  archiv,3cts,  but  in  order  that 
such  ends  may  be  attained  it  is  imperative  that 
the  actual  conditions  of  structural  use  must  be 
recognized  much  more  clearly  and  fully  than 
In  the  former  series  of  tests. 
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Pensions  for  Teachers. 


No  one  who  is  behind  the  scenes  ot  technical 
instruction  at  the  present  date  fails  to  recog- 
nise the  deplorable  tendency  of  certain  harsh 
circumstances  on  the  character  of  the  instruq- 
tion  given  to  engineering  students.  The  many 
men  who  are  doing  splendid  work  at  a  finan- 
cial loss  to  themselves,  who  are  literally  giving 
up  a  part  of  the  good  things  of  life  their  abil- 
Itiee  would  enable  them  to  earn  in  regular  en- 
gineering work,  will  not  take  amiss  the  state- 
ment that  no  small  part  of  the  instruction  of 
to-day  is  poor  because  the  men  who  give  It  are 
discouraged  and  careless.  The  fact  that  men 
who  occupy  responsible  positions  on  the 
faculties  of  engineering  schools  are  rarely  paid 
for  such  work  more  than  a  half  or  two-thirds 
of  the  sums  they  can  earn  in  practice  seems  to 
have  no  meaning  in  the  eyes  of  trustees.  En- 
gineering is  probably  the  worst  paid  profession 
in  the  country  to-day,  when  the  time  spent  in 
securing  proficiency  in  it  Is  considered,  but  it 
Is  by  no  means  so  badly  off  as  It  was  a  com- 
paratively few  years  ago.  This  advance  should 
encourage  those  who  are  engaged  in  teaching 
it.  for  no  trustees  will  pay  teachers  salaries  of 
several  thousand  dollars  to  fit  pupils  for  po- 
sitions which  rarely  pay  two  thousand  dollars; 
The  time  has  certainly  come,  however,  when  the 
engineering  professors  should  receive  a  rate 
of  compensation  much  higher  than  in  the  past, 
so  that  really  good  men  can  be  secured  to  take 
direction  of  the  engineering  courses. 

This  journal  has  no  intention  of  taking  up 
at  this  time  all  the  various  conditions  which 
Influence  the  fixing  of  teachers'  salaries.  It  is 
commonly  asserted  that  the  professor  has  a 
very  easy  time  because  be  has  to  work  but  nine 
or  ten  months  a  year  and  comparatively  few 
hours  a  day,  but  it  is  not  recognized  that  his 
work,  if  properly  done,  is  really  high-pressure 
work  in  which  not  only  a  knowledge  of  engi- 
neering, but  an  acquaintance  with  every  type 
of  young  manhood  is  strained  to  produce  the 
best  results.  Only  those  who  have  conscien- 
tiously endeavored  to  interest  and  instruct  a 
class  of  engineering  students  have  any  right  to 
talk  about  the  labor  involved.  It  is  also  as- 
serted that  the  degree  of  professional  knowl- 
edge requisite  to  instruct  engineering  students 
is  not  so  great  as  that  called  for  in  the  man- 
agement of  actual  works;  in  other  words,  it  is 
actually  claimed  that  an  engineering  profes- 
sor should  be  able  to  teach  what  be  does  not 
know.  In  the  same  way  all  the  arguments  con- 
cerning the  low  salaries  that  such  men  receirs 
can  be  answered.  But,  as  before  stated,  it  is 
not  intended  to  take  up  at  this  time  these  sub- 
jects in  detail,  the  present  purpose  being  to 
quote  from  President  Pritchett's  annual  report 
to  the  Corporation  of  the  Massachusetts  Insti- 
tute of  Technology  for  the  last  year,  the  fol- 
lowing excellent  recommendation,  which,  if  car- 
ried out,  will  do  much  to  attract  to  teaching, 
and  then  hold  in  its  ranks,  the  men  who  are 
needed  to  prevent  engineering  from  becoming 
overloaded  with  pedantry  and  underloaded  with 
business  sense: 

"Any  man  who  knows  American  colleges  and 
universities  is  familiar  with  the  common  ex- 
perience of  many  of  the  abler  young  men  who 
come  up  through  our  institutions,  spend  a  year 
or  two  abroad,  equip  themselves  well  for  the 
work  of  research,  and  settle  down  into  the  posi- 
tion of  an  instructor  or  assistant-professor  in 
some  institution,  full  of 'enthusiasm  and  ready 
to  consecrate  their  lives  to  research  work. 
Scientific  men  are  human  like  other  men.  After 
a  few  years  the  investigator  marries,  the  prob- 
lem of  family  support  becomes  urgent,  college 
pay  Is  small,  and,  while  It  may  pay  current  ex- 
penses, it  offers  no  opportunity  to  lay  up  for 


the  future.  The  candidate  for  research  looks 
about  for  means  of  turning  the  grindstone;  and 
a  man  who  has  started  with  flying  colors  and  a 
buoyant  heart  for  a  fine  career  in  research  ends 
by  becoming  a  fair  teacher  and  a  patient 
drudge.  This  Is  the  history  of  most  men  who 
start  in  American  institutions  to  become  in- 
vestigators. Tenure  of  office  in  all  our  Ameri- 
can institutions,  except  in  our  greatest  and 
strongest  ones,  is  more  or  less  uncertain.  Col- 
lege presidents  and  college  trustees,  like  busi- 
ness firms,  are  becoming  more  and  more  averse 
to  accepting  a  new  man  who  has  passed  his 
fiftieth  year.  I  have  known,  in  the  past  five 
years,  men  of  excellent  standing  in  science, 
who  found  it  almost  impossible,  when  turned 
out  of  one  place,  to  secure  work  elsewhere.  The 
in-breeding  in  our  colleges,  by  which  graduates 
are  coming  more  and  more  to  look  for  the 
places  of  instructors  and  professors,  increases 
this  tendency.  Any  plan  which  will  enable 
the  institution  to  offer  to  a  professor  or  to  an 
Instructor  a  certainty  ot  retired  pay  with  the 
coming  of  age  or  of  ill-health  would  go  far  to 
remove  from  his  path  as  an  investigator  an  ob- 
stacle which  turns  aside  most  Americans  who 
enter  upon  research." 


A  Plague  of  Investigations. 


It  would  be  interesting  to  learn  just  what 
the  Merchants'  Association  is  endeavoring  to 
accomplish  in  its  attacks  on  the  officials  in 
charge  of  the  water-works  of  New  York.  For 
some  years  a  little  group  of  members  and  em- 
ployees of  this  organization  have  been  thrust- 
ing themselves  forward,  with  a  pertinacity 
worthy  of  some  good  purpose,  on  the  pretense 
that  they  have  great  scandals  to  reveal  in  the 
manner  in  which  the  water-works  of  the  city 
are  managed.  These  men  have  hitherto  scored 
a  complete  failure  in  their  attempts  to  prove 
the  charges  they  keep  bringing  in  their  self- 
assumed  position  of  reformers.  The  Associa- 
tion is  losing  respect  for  fathering  such  pro- 
ceedings. Worst  of  all  the  city  is  misrepre- 
sented by  newspapers  throughout  the  country, 
which  print  under  scare  lines  reports  that  "an- 
other scandal  has  been  unearthed"  by  the  As- 
sociation's investigators,  but  never  have  room 
to  print  in  an  equally  conspicuous  manner  the 
inevitable  result  of  a  careful  investigation  into 
the  facts,  viz.,  complete  failure  to  make  good 
the  accusations.  Of  course  it  is  not  at  all  sur- 
prising that  the  editors  of  newspapers  else- 
where are  loath  to  believe  an  organization  of 
eminent  merchants  should  stand  sponsor  for 
any  proceedings  attacking  without  justifica- 
tion the  administration  of  important  city  de-- 
partments.  The  good  name  of  a  city  means 
so  much  to  its  merchants  that  few  people  can 
believe  these  continuous  attacks  are  without 
justification. 

For  several  years  past,  this  Association  has 
permitted  a  few  men  without  much  business 
or  professional  standing  to  play  a  continuous 
stream  of  accusations  of  incompetence,  dishon- 
esty and  sloth  against  various  officials  in  the 
city's  service.  These  charges  were  made  while 
Tammany  was  in  power,  again  during  the  ad- 
ministration of  Mr.  Low,  and  some  of  them 
are  now  brought  forward  for  another  assault. 
Nothing  whatever  has  yet  resulted  from  all  these 
charges  which  indicates  dishonesty  or  incom- 
petence on  the  part  of  the  officials  indicted, 
although  every  opportunity  has  been  afforded 
the  accusers  to  prove  their  assertions.  The 
only  thing  that  has  been  brought  to  light  is 
the  fact  that  there  is  an  honest  difference  of 
opinion  among  engineers  concerning  which  is 
the  better  of  two  good,  methods  of  construction. 
Up  to  the  present  time  nothing  more  has  been 


shown  concerning  the  character  of  the  work  on 
the  reservoir  undertakings  now  in  progress,  al- 
though, as  before  stated,  every  opportunity  has 
been  afforded  for  the  investigators  to  prove 
that  there  has  been  incompetence,  fraud  or  even 
extravagance. 

The  Association's  representatives  have  now 
requested  the  Mayor  to  remove  the  Aqueduct 
Commission  for  incompetence,  lack  of  diligence 
and  failure  to  safeguard  the  interests  ot  the  tax- 
payers. The  charges  are  based  on  much  the 
same  old  stories  that  have  been  proved  false  in 
the  past,  and  the  same  lack  ot  respect  for 
truth  and  careful  argument  is  again  shown. 
They  would  not  be  worth  while  noticing  at  all 
except  for  the  fact  that  in  the  papers  laid  be- 
fore Mayor  McClellan  last  week  various  asser- 
tions are  made  concerning  engineers  which  this 
journal  proposes  to  contradict  at  once.  It  would 
hardly  be  necessary  to  do  this  if  it  were  better 
known  what  unjust  proceedings  are  carried  on 
in  the  name  of  a  once  reputable  Association. 
For  example,  the  following  attack  is  made  upon 
Messrs.  William  H.  Burr,  John  R.  Freeman 
and  Rudolph  Hering:  "A  so-called  investigation 
of  some  of  these  allegations  was  made  by  a 
commission  delegated  thereto  by  former  Mayor 
Low.  These  facts  about  the  disregard  of  the 
specifications  in  building  embankments  were 
made  known  to  the  Commission,  but  were  not 
embodied  in  the  reports  made  by  it  to  yoUr 
predecessor."  The  three  engineers  thus  accused 
ot  concealing  tacts  injurious  to  the  Aqueduct 
Commission  are  respectively  a  member  of  the 
Panama  Canal  Commission,  the  president  of  six 
of  the  largest  fire  insurance  companies  in  the 
country,  and  a  consulting  specialist  in  water- 
works design  and  construction  of  the  highest 
character.  It  is  preposterous  that  these  men 
should  conceal  facts  which  could  be  brought  to 
light  by  anyone,  and  if  they  were  guilty  of 
such  concealment,  why  did  that  fact  not  come 
out  in  the  dreary  mouths  ot  investigation  ot 
these  charges  before  the  Aqueduct  Commission 
Itself,  when  every  opportunity  was  given  to 
prove  them?  Again,  it  is  stated  that  one  of 
the  division  engineers  has  changed  and  falsified 
official  records  for  five  or  six  years,  although 
such  charges  during  the  last  hearing  were 
found  to  be  ridiculous.  This  same  engineer  is 
also  asserted  to  have  gained  his  previous  hy- 
draulic engineering  experience  by  building  re- 
taining walls,  while  the  facts  of  the  matter 
are  that  he  has  been  connected  in  a  responsible 
manner  with  some  very  large  hydraulic  works. 
Similarly  an  ex-chief  engineer  has  been  accused 
of  incompetence,  presumably  on  account  of  the 
tact  that  he  made  a  number  of  important 
changes  in  his  predecessor's  plans  for  the 
Jerome  Park  reservoir.  These  changes  were 
made,  to  be  sure,  but  most  of  them  have  been 
approved  by  eminent  consulting  engineers,  and 
it  is  difficult  to  see  why  the  Merchants'  Associa- 
tion continues  to  bring  forward  this  matter  of 
change  as  though  it  were  something  to  deplore 
instead  of  something  that  has  been  approved  by 
experts  in  such  subjects. 

It  is  not  an  agreeable  duty  to  mention  such  a 
subject  as  this,  but  as  it  is  becomvng  a  nuisance 
by  the  persistence  with  which  the  Association 
brings  it  forward,  it  might  be  wel\  for  that  body 
to  do  a  little  investigating  itself.  In  making 
charges  against  public  officials,  it  is  Important 
to  be  absolutely  sure  of  the  facts  on  which  the 
charges  are  based  and  then  to  present  them  in 
a  lucid  dispassionate  manner.  In  order  to  ar- 
rive at  facts  like  those  on  which  these  charges 
are  based,  the  investigators  must  be  men  of 
great  tact,  business  shrewdness  and  strong  com- 
mon sense.  It  would  be  well  for  the  Merchants' 
Association  to  investigate  the  degree  to  which 
its  agents  in  this  matter  possess  such  qualifica- 
tions.   Are  the  business  men  on  the  committee. 
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particularly  the  chairman,  men  whose  careers 
have  been  so  successful  as  to  warrant  their  be- 
ing in  charge  of  such  serious  work?  Are  the 
Association's  employes  engaged  on  the  work 
men  of  discretion,  careful,  methodical  and  ac- 
curate? Finally,  is  the  legal  end  of  the  inves- 
tigation looked  after  by  counsel  of  proved  fair- 
ness and  ability?  In  the  last  investigation,  this 
surely  was  not  the  case,  as  the  counsel  was  a 
former  water  commissioner  of  the  city  whose 
excitability,  lack  of  administrative  ability  and 
even  of  ordinary  business  sense  in  some  mat- 
ters, made  him  a  laughing  stock  to  all  who  fol- 
low public  affairs  with  any  degree  of  closeness. 
In  short,  does  the  Association  realize  that  it 
may  be  placing  its  prestige  in  the  hands  of  men 
who  are  using  its  influence  solely  or  largely  to 
gratify   their  love   of  newspaper  notoriety? 


Fire     Protection     Clauses     in     Building 
Ordinances. 


The  National  Board  of  Fire  Underwriters 
has  just  issued  a  series  of  suggestions  for 
clauses  to  be  inserted  in  building  laws  and 
ordinances  which  merit  the  careful  considera- 
tion of  every  architect,  structural  engineer  and 
property  owner.  At  the  present  time,  when 
the  fire-hazard  of  buildings  is  receiving  uni- 
versal attention,  the  publication  of  these  notes 
is  timely,  although  it  is  to  be  regretted  that 
they  were  not  accompanied  by  some  statement 
to  indicate  what  effect  on  rates  would  result 
from  the  compliance  of  a  city  with  the  various 
suggestions.  Some  of  the  proposed  clauses  re- 
late to  minor  details  of  construction  which 
can  influence  the  fire  risk  very  little,  but  what 
can  be  said  of  such  a  proposed  clause  as  the 
following:  "The  height  of  no  building  or 
structure  either  fireproof  or  non-fireproof  here- 
after erected,  except  a  church  spire,  shall  by 
more  than  two  and  a  half  times  exceed  the 
width  of  the  widest  street  upon  which  it 
stands,  nor  shall  it  exceed  125  feet  in  any  case, 
nor  if  to  be  used  above  the  ground  floor  as 
warehouses  or  stores  for  the  storage  or  sale  of 
merchandise  shall  it  exceed  100  feet  in  height." 
The  adoption  and  enforcement  of  such  a  reg- 
ulation as  this  in  any  large  city  is  improbable, 
but  assuming  that  it  should  be  done  what 
recompense  will  the  insurance  companies  make 
to  the  property  owners  for  the  additional  in- 
cumbrance on  the  most  valuable  land  in  the 
city  by  such  a  severe  requirement?  It  is,  in- 
deed, hardly  probable  that  the  Board  of  Un- 
derwriters puts  forward  such  a  clause  except 
as  an  ideal  toward  which  cities  should  strive, 
for  it  is  manifest  that  the  business  sections  of 
New  York,  Philadelphia,  Boston  and  Chicago 
are  already  so  studded  with  structures  violat- 
ing such  a  provision  that  it  would  not  be  worth 
the  while  to  pass  it.  On  the  other  hand  the 
smaller  cities,  particularly  those  in  the  West 
having  wide  streets,  might  find  it  advisable  to 
pass  such  a  law  if  the  insurance  rates  were 
lowered  enough  to  compensate  the  people  for 
such   a  restriction   of  their  natural   rights. 

While  some  of  the  clauses  of  these  proposed 
regulations  are  far  more  important  than  others, 
the  suggestions  as  a  whole  are  most  interest- 
ing as  an  indication  of  the  best  building  sys- 
tems from  the  point  of  view  of  the  insurance 
companies.  The  structural  engineering  con- 
siderations of  builcyng  operations  are  pretty 
well  settled,  and  the  aesthetic  conditions  have 
also  approached  a  fairly  well  understood  state, 
although,  of  course,  in  matters  artistic  there 
will  always  be  great  differences  of  taste.  But 
in  the  subject  of  flre-protection  there  is  very 
little  uniformity  of  opinion  between  owners, 
architects  and  fire  underwriters.  At  the  pres- 
ent  time,   the   insurance   man    is   undoubtedly 


having  the  best  of  the  argument  because  he 
can  enforce  his  views  by  means  of  changes 
in  insurance  rates,  and  it  is  undoubtedly  true 
that  money  talks  loudly  in  such  arguments.  It 
is  not  improbable  that  the  importance  of  many 
of  his  suggestions  has  not  been  recognized 
in  the  past,  and  the  fires  at  Baltimore  and 
Rochester  have  been  needed  to  arouse  people 
to  the  necessity  of  heeding  his  warnings.  He 
has  been  the  only  party  to  the  building  situa- 
tion who  has  apparently  had  any  consideration 
of  the  fact  that  fireproof  construction  should 
mean  not  only  resistance  to  flames  by  the 
building  itself,  but  also  the  protection  of  the 
property  within  the  building  from  both  outside 
and  inside  fires.  If  the  tenant  is  to  lose  his 
property  whether  he  is  in  a  "fireproof"  build- 
ing or  not,  it  is  difficult  to  see  just  what  ad- 
vantage he  is  to  derive  from  the  high  rents 
charged  for  the  use  of  space  in  such  struc- 
tures. It  is  because  the  fire  underwriter  is 
just  as  desirous  of  protecting  the  property  of 
the  tenant  as  that  of  the  building  owner  that 
the  suggestions  he  makes  concerning  building 
laws  are  particularly  instructive.  Hence  The 
Engineering  Record  gives  considerable  space 
this  week  to  an  abstract  of  the  clauses  proposed 
by  the  National  Board  of  Fire  Underwriters. 
These  suggestions  were  prepared  for  use  in  Bal- 
timore, but  their  manifest  value  as  an  explana- 
tion of  the  views  of  the  insurance  interests  on 
sound  building  construction  are  patent. 

There  is  of  course  no  probability  that  they 
will  be  all  equally  desirable  in  every  city.  They 
represent,  however,  methods  of  construction 
which  are  perfectly  sound  from  an  engineering 
point  of  view  and  it  is  only  as  respects  the  ex- 
pense of  the  construction  they  call  for  that  they 
are  open  to  serious  criticism.  It  will  be  Im- 
practicable for  some  people  to  build  if  they  are 
forced  to  comply  with  all  the  conditions  im- 
posed in  these  suggested  laws,  but  on  the  other 
hand  buildings  erectfed  in  a  city  where  they  are 
in  general  force  will  be  much  more  safe  from 
fire  than  elsewhere  and  will  have  to  pay  lower 
rates  for  fire  insurance.  In  order  to  determine 
just  how  many  of  the  clauses  any  city  can  adopt 
in  its  building  ordinances  and  utlll  offer  no  un- 
warranted obstacle  to  healthy  building  within 
its  limits,  it  will  be  necessary  to  consider  a 
number  of  factors  which  only  local  knowledge 
can  furnish.  As  a  whole  it  is  safe  to  expect  a 
great  deal  of  good  will  result  from  these  sug- 
gestions of  the  Board. 


Notes  and  Comments. 


An  Unusal  Type  of  Filters  is  proposed  by 
Mr.  I.  M.  De  Varona  for  two  small  supplies  of 
the  Brooklyn  Water-works.  As  planned  they 
are  without  Impervious  bottoms  and  sides,  the 
collecting  pipes  being  laid  in  sand  below  the 
normal  water  level.  By  laying  them  in  this 
way  the  filters  will  discharge  not  only  the 
water  passing  through  the  beds  above,  but  also 
a  portion  of  the  ground  water  rising  through 
the   saturated    sand   below  the   beds. 


The  Famous  Morkis  Canai.  in  New  Jersey  is 
practically  condemned  In  a  report  just  ren- 
dered to  Governor  Murphy  by  ex-Governors 
Werts,  Griggs  and  Voorhees.  The  canal  com- 
pany was  incorporated  in  1824  and  built  this 
waterway  soon  afterward,  from  Phillipsburg  on 
the  Delaware  River  to  Jersey  City,  a  distance 
of  106  miles.  A  number  of  reservoirs  were  con- 
structed, some  of  which  are  now  summer  re- 
sorts and  surrounded  by  valuable  estates.  The 
State  has  a  right  to  take  the  canal  in  1974.  It 
was  leased  in  1871  to  the  Lehigh  Valley  Rail- 
road Company,  which  has  since  operated  it. 
The   eminent   commissioners   report  that   even 


were  the  property  in  perfect  condition,  it  could 
not  be  operated  at  a  profit.  The  decline  in  Its 
value  has  been  due  to  the  construction  of  rail- 
ways which  became  powerful  competitors,  car- 
rying freight  at  cheaper  rates  than  is  possible 
with  the  canal  boats  except  at  a  loss.  Event- 
ually all  traffic  was  diverted  from  it  except  the 
trifling  amount  from  the  lessee.  At  the  present 
time  it  stands  In  the  way  of  needed  public  im- 
provements, but  its  abandonment  involves  the 
untangling  of  a  complication  of  interests.  In- 
cluding the  stockholders  of  the  canal  company, 
the  lessee  railroad  company,  the  State,  the  mu- 
nicipalities along  the  route,  the  landholders 
about  the  reservoirs,  and  the  people  having  con- 
tracts for  important  water  rights,  not  to  men- 
tion a  lot  of  trifling  claimants  for  consideration. 
While  the  abandonment  is  assured,  it  now  ap- 
pears that  it  will  involve  more  trouble  and  de- 
lay than  the  original  construction  of  this  canal, 
once  the  pride  of  Northern  New  Jersey. 


Railway  Enoineering  in  this  country  is  rep- 
resented by  one  of  the  most  energetic  organi- 
zations which  exists  in  the  field  of  technical 
societies.  The  American  Railway  Engineering 
&  Maintenance  of  Way  Association  not  only 
holds  an  annual  convention  whose  high  char- 
acter is  evident  from  the  report  in  the  Cur- 
rent News  Supplement  of  the  meeting  at  Chi- 
cago last  week,  but  it  carries  on  by  means  of 
committees  careful  and  conscientious  studies 
of  different  branches  of  railway  engineering 
and  issues  a  monthly  publication  which  should 
be  in  the  hands  of  every  railway  engineer.  The 
character  of  the  committee  work  is  indicated 
by  the  abstract  of  the  report  on  ballast  pre- 
sented last  week  at  Chicago,  which  is  printed 
elsewhere  in  this  issue.  These  reports  form 
the  bulk  of  the  reading  matter  in  the  Associa- 
tion's bulletin,  although  special  papers  are  oc- 
casionally printed.  This  month,  for  example, 
a  paper  was  published  on  the  reduction  of  gra- 
dient and  elimination  of  distance,  curvature 
and  rise  and  fall  on  the  Union  Pacific  Rail- 
road, by  Mr.  J.  B.  Berry,  chief  engineer  of  that 
line.  In  some  respects  this  is  the  most  im- 
portant railway  paper  for  several  years,  for 
it  explains  in  detail  the  engineering  reasons 
for  the  very  costly  improvements  made  of  late 
years  on  the  author's  road.  Attention  is  called 
in  this  manner  to  the  American  Railway  En- 
gineering &  Maintenance  of  Way  Association 
because  its  very  successful  career  will  doubt- 
less be  of  interest  to  men  etigaged  in  other  im- 
portant fields  of  professional  work  or  industry. 
While  individuality  is  somewhat  lost  by  work- 
ing for  common  aims  by  means  of  such  socie- 
ties, nevertheless  so  much  more  is  accom- 
plished in  this  manner  than  by  individual  ac- 
tion, that  the  society  has  come  to  stay  as  one 
of  the  most  potent  agencies  of  progress.  In 
railway  affairs,  this  association  has  already  ac- 
complished a  wonderful  amount  of  good  by 
its  standardization  work,  and  no  small  measure 
of  this  good  is  also  due  to  the  fact  that  the  en- 
gineers on  its  committees  are  able  to  deal  with 
committees  of  associations  representing  manu- 
facturers whose  materials  they  use'.  The  time 
saved  by  the  joint  conferences  which  are  thus 
possible  is  too  important  to  pass  without  com- 
ment. Of  course  the  engineer  who  accepts  a 
society  standard  as  his  own  will  have  to  aban- 
don some  details,  possibly  details  on  which  he 
sets  considerable  reliance.  But  in  doing  this 
he  will  eventually  better  the  condition  of  his 
company  by  helping  to  introduce  uniformity 
of  the  highest  character.  And  it  is  important 
to  remember  that  the  greater  the  responsibili- 
ties a  man  has  the  less  he  is  able  to  have  de- 
tails as  he  desires  them,  for  in  gaining  a  com- 
mand of  many  things  he  must  give  up  detailed 
control  of  all  of  them. 


The  Masonry  Bridge  at  Plauen,  Saxony. 

Ky  Carl   V    l-alcn.   I>liil.    Iuk 


Until  quite  recently,  engineers  believed  It  bet- 
ter to  use  iron  bridges  for  long  clear  spans,  but 
now  tbose  of  stone  begin  to  compete  success^ 
fully  with  them.  There  are  serious  difBculties 
in  inspecting  and  maintaining  iron  bridges, 
while  there  is  scarcely  anything  of  that  Icind 
necessary  to  be  done  with  stone  structures. 
Many  of  the  latter  kind  in  the  old  world,  built 
more  than  five  hundred  years  ago,  are  still  in 
use  and  good  condition.  Besides  the  price  of 
steel  being  so  high  now,  a  stone  bridge  will 
often  be  much  more  economical  than  an  iron 
one.  especially  if  a  good  material  for  it  is  found 
not  far  away  the  building  place.  Until  last 
year  the  Cabin  John  aqueduct  bridge  in  Wash- 
ington. D.  C,  excelled  every  other  span  with 
its  arch  of  220  feet,  but  a  bridge  in  Luxemburg 
over  the  Petrusse  surpassed  it  by  55 Vi  feet. 
Now  even  this  one  is  no  longer  the  largest. 

This  summer  the  firm  of  Liebold  &  Company, 
of  Langebrueck,  Saxony,  will  complete  a  bridge 
at  the  city  of  Plauen,  Saxony,  having  the  re- 
markable span  of  90  metfers.  295.2  feet.     It  was 
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joint  the  masonry  of  the  foundation  begins  and 
including  that,  the  arch  ring  has  here  in  real- 
ity a  thickness  of  2.50  meters,  8.2  feet.  On  the 
outer  side  of  one  abutment  there  is  a  smaller 
opening  13.2  meters,  43.3  feet,  wide  and  (i.OS 
meters.  19.9  feet,  high.  The  arch  itself  has  a 
height  of  4.90  meters,  16  feet.  It  is  three  cen- 
tered with  radii  of  8.20  meters  =  26.9  feet,  and 
4.4  meters  =  14.4  feet.  The  main  arch  has  been 
lightened  by  six  vaults  parallel  to  the  axis 
of  the  bridge.  The  two  side  ones  are  1.80 
meters,  5.9  feet,  and  the  others  1.50  meters, 
4.9  feet  wide.  The  pillars  between  them  are 
0.4  meter.  1.3  feet  thick.  The  height  of  the  arch 
is  0.30  meter,  1  foot.  For  the  same  reason  the 
sidewalks  have  been  corbelled  out  and  are  sup- 
ported by  arches  1.2  meter,  3.9  feet,  deep,  which 
also  add  niateiial'y  to  the  attractive  aspect  of 
the  bridge;  their  width  amounts  to  3  meters  = 
9.84  feet.  The  vaults  parallel  the  axis  of  the 
bridge  are  at  each  end  connected  by  openings 
which  are  2  meters,  0.6  feet,  wide  and  2.50 
meters,  8.2  feet,  high.  They  are  intended  both  to 
save  masonry  and  to  give  an  opportunity  for 
inspection,  manholes  providing  a  means  of  de- 
scent from  the  street.    At  the  ends  these  vaults 
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water  away.  To  protect  the  masonry  from 
dampness,  it  will  be  covered  with  asphalt-felt, 
and  all  the  water  will  be  conducted  to  the  abut- 
ments and  from  these  to  the  town  sewer.  The 
backs  of  the  walls  will  be  covered  with  goudron. 
To  complete  a  work  like  this  demands  the 
most  exact  calculation  considering  not  only  be- 
sides the  weight  of  the  bridge  itself,  the  change 
of  the  live-load,  and  also  the  change  of  temper- 
ature, and  the  pressure  of  the  wind.  After  the 
bridge  was  designed  by  use  of  the  line  of  re- 
sistance for  the  weight  of  the  arch  ring  only, 
for  the  dead-load  of  the  completed  bridge,  for 
both  a  half  and  the  whole  span  covered  by  a 
live-load  consisting  of  steam  rollers,  it  was  con- 
sidered necessary  to  examine  this  calculation 
exactly  according  to  the  rules  of  the  theory  of 
elasticity.  By  use  of  the  lines  of  influence,  the 
most  unfavorable  positions  of  the  live-load  were 
determined  .for  the  three  most  dangerous  joints, 
the  crown,  the  skew-back  and  the  breaking 
point,  the  position  of  which  was  also  found  by 
calculation.  It  was  found  that  the  pressure  in 
the  masonry  rises  to  70  kilos  per  square  centi- 
meter, 953  pounds  per  square  inch,  and  on  the 
foundation  to  24  kilos,  341  pounds.     The  line  of 
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designed  by  Mr.  C.  H.  Liebold,  C.  E.,  of  that 
company.  The  accompanying  illustrations  show 
the  shape  and  dimensions  of  this  bold  piece  of 
engineering.  It  passes  in  one  immense  span 
over  the  Syra  valley,  and  connects  two  prin- 
cipal parts  of  the  town.  The  valley  being  used 
for  a  city  street,  it  was  not  advisable  to  erect 
piers  in  it,  and  thus  render  possible  two  or 
more  shorter  spans.  The  bridge  carries  a  road- 
way of  11  meters,  36.1  feet  width  with  two  1- 
meter,  3.28-foot  trolley  tracks,  the  gas  and 
water  mains,  and  two  sidewalks,  each  of  which 
is  3  meters,  9.8  feet  wide. 

The  arch  Itself  is  a  five-centered  curve,  its 
radii  being  105  meters  =  344.5  feet,  58.5  meters 
=  191.9  feet,  30.1  meters  =;  98.7  feet.  Its  inner 
surface  rising  18  meters,  59.1  feet,  above  the 
bottom  of  the  foundations  and  the  clear  span 
being  90  meters,  the  ratio  of  the  two  is  1:5.  The 
arch  ring  consists  of  two  parts,  the  lower  part 
belonging  In  reality  to  the  foundations  up  to 
a  height  of  11.50  meters,  37.7  feet,  and  the  up- 
per one  of  65  meters,  213.2  feet  width  and  6.50 
meters,  21.3  feet  height.  At  the  crown  it  meas- 
ures 1.50  meters,  4.92  feet  in  thickness,  and  at 
its  deepest  Joint  2  meters,  6.56  feet.     At  this 


are  dosed  by  walls,  their  dimensions  being  5 
meters,  16.4  feet,  height  and  from  0.8  meter, 
2.6  feet,  wide  at  the  top  to  1.50  meters,  4.9  feet, 
at  the  bottom.  The  abutments  are  lightened  by 
openings  perpendicular  to  the  axis  of  the 
bridge;  they  are  4  high  and  5  meters  wide,  13.1 
and  16.4  feet,  going  through  the  whole  bridge, 
reducing  both  the  fill  and  the  masonry  and 
besides  making  the  bridge  look  lighter.  [The 
dimensions  given  by  the  author  for  some  of  the 
minor  details  do  not  agree  entirely  with  those 
on  the  drawing  from  which  the  accompanying 
plans  and  elevations  were  prepared.] 

The  material  of  the  arch  is  a  hard  slate, 
which  is  found  in  the  neighborhood.  Bavarian 
granite  is  used  for  the  quarry-stones  of  the 
wings,  the  corbelled  parts  of  the  sidewalks,  the 
moulding,  the  balustrade  and  the  staircase 
which  connects  the  bottom  of  the  valley  with 
the  top  of  the  bridge.  The  latter  is  3  meters, 
9.84  feet,  wide,  and  has  66  steps.  Granite  is  also 
used  for  the  pavement  of  the  roadway  as  well 
as  for  the  plates  covering  the  sidewalks.  Only 
the  best  German  Portland  cement  is  used.  The 
road  ascends  from  both  ends  towards  the  cen- 
ter with  1:240  grade  in  order  to  conduct  the 


Diagrams   of  the   Masonry  Arch 
at   Plauen,  Saxony. 


resistance  runs  so  that  nowhere  will  a  danger- 
ous stress  be  caused  nor  an  important  increase 
in  the  stress  be  produced  by  temperature.  The 
temperature  was  supposed  to  cause  no  stress  at 
10  degrees  Cent.,  50  degrees  Fahr.,  and  a  change 
both  ways  of  40  degrees  Cent.,  72  degrees  Fahr., 
was  considered.  The  addition  to  the  stress  by 
temperature  being  about  15  kilos  per  square 
centimeter,  213  pounds  per  square  inch,  it  seems 
quite  necessary  to  consider  it,  though  this  cal- 
culation can  only  be  rough  as  one  has  to  as- 
sume the  temperature  to  change  evenly 
throughout  the  whole  structure,  while  in  real- 
ity the  temperature  inside  will  be  quite  con- 
stant, the  difference  in  its  distribution  causing 
a  considerable  stress. 

All  these  dlfflcult  calculations  would  not  have 
been  of  any  use  if  the  execution  of  the  work 
had  not  been  according  to  the  assumptions  on 
which  the  analytical  studies  were  based.  This 
could  only  be  done  by  using  very  skilled  labor- 
ers, of  whom  Liebold  &  Company  have  a  large 
number,  thoroughly  acquainted  with  their 
method  first  adopted  thirty  yeais  ago. 

Most  of  the  modern  European  masonry 
bridges  of  large  clear  spans  are  provided  with 
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stone  hinges,  meant  to  make  the  line  of  re- 
sistance go  exactly  through  the  middle  of  the 
crown  and  skew-back  joints,  as  is  assumed  in 
designing,  and  to  give  to  the  masonry  the 
ability  to  follow  the  movements  of  the  center. 
The  Plauen  viaduct  has  no  hinges.  On  account 
of  the  immense  weight  of  a  large  stone  bridge, 
the  friction  in  the  hinges  is  so  large  that  they 
cannot  work  according  to  the  theory.  Besides 
it  is  not  necessary  to  make  the  line  of  resist- 
ance go  through  a  certain  point.  Its  position 
can  be  exactly  stated  according  to  the  theory 
of  elasticity  and   it  does  not  leave  the  center 


meters,  16.4  feet,  was  left  for  a  thoroughfare. 
To  give  it  a  good  foundation,  a  number  of 
trenches  were  dug  to  the  firm  rock.  These 
trenches  are  20  meters,  65.6  feet,  long;  4.50  me- 
ters, 14.8  feet,  wide,  and  about  2  meters,  6.6 
feet,  deep.  They  were  filled  with  concrete  in 
which  spruce  planks  were  sunk.  These  carried 
the  wooden  columns.  The  timber  of  the  center 
had  been  framed  so  as  to  give  to  the  sheeting 
the  shape  of  a  cylinder.  But  in  order  to  lift 
the  arch  ring  more  towards  the  axis  of  the 
bridge  and  towards  the  middle  in  comparison  to 
the  sides,  beech  planks  of  different  thicknesses 


View  of  Falsework  of  Plauen  Arch,  Showing  Method  of  Laying  Masonry. 


to  give  to  the  inside  part  of  the  arch  Its  shape, 
but  also  vertical  faces  or  forms  were  placed  on 
the  sides,  the  use  of  which  will  be  explained 
later  on.  These  faces  are  kept  in  their  posi- 
tion by  Inclined  struts  which  rest  on  planks 
carried  by  the  extended  purlins. 

The  arch  was  built  in  the  manner  adopted  by 
I.iebold  &  Company.  First  the  top  of  the  sheet- 
ing and  the  inside  of  the  side  forms  were  cov- 
ered with  Portland  cement  mortar,  which  was 
thrown  on  them  with  the  spade.  Then  the 
quarry  stones  were  placed  in  it,  care  being  tak- 
en to  give  the  joints  the  direction  of  the  radii 
of  the  arch  ring,  to  prevent  the  joints  from 
opening  towards  the  bottom  and  to  use  only  a 
very  dry  mortar.  In  order  to  give  the  faces  the 
appearance  of  cut  stone,  strips  were  nailed  on 
the  forms.  This  mortar  covering  the  whole 
exterior  of  the  masonry  makes  it  possible  to 
give  it  the  appearance  of  cut  stone  and  it  also 
is  a  protection  against  the  influence  of  the 
weather,  which  was  proved  even  with  very  soft 
stone. 

The  planks  of  the  sheeting  are  5  centimeters, 
2  inches,  thick,  the  purlins,  rafters,  beams  and 
pillars,  20x20  centimeters,  8x8  inches,  and  the 
binding  pieces  14x16  centimeters,  SVixSMs 
inches. 

The  bridge  was  begun  in  May,  1903.  The  arch 
ring  was  finished  in  November,  and  in  a  few 
days  the  center  will  be  struck.  The  bridge  is 
expected  to  be  ready  for  traffic  this  summer.  It 
will  be  richly  decorated. 

The  price  of  the  structure  will  be  about  500,- 
000  marks,  or  $125,000,  a  very  low  price,  con- 
sidering that  the  Luxemburg  bridge  over  the 
Petrusse  cost  1,200,000   marks  of  $300,000. 

The  firm  of  Liebold  &  Company  will  also 
finish  this  summer  a  bridge  of  60  meters,  169.9 
feet,  clear  span  over  the  river  Mulde,  at 
Goehren,  Saxony.  This  bridge  is  provided 
with  stone  links.     The  center  of  it  was  struck 


of  the  ring  at  any  place  suflSciently  to  cause  h 
dangerous  tension.  Secondly,  it  was  consid- 
ered much  better  to  give  the  center  beforehand 
by  loading  it,  the  shape  which  it  will  obtain 
when  carrying  the  finished  arch  ring.  We  pro- 
ceeded, therefore,  in  the  following  way:  The 
arch  was  built  in  sections,  conforming  with  the 
construction  of  the  center,  all  the  materials 
wanted  being  piled  on  the  center.  The  latter 
settled  at  the  crown  2.5  centimeters,  a  trifle  less 
than  an  inch,  which  is  very  little,  considering  a 
span  of  295  feet  and  the  arch  ring  weighing 
about  12,000  tons.  Now  it  could  not  change 
considerably  any  more,  and  the  joints  were 
closed.  The  success  of  this  way  of  building  had 
been  previously  proved  at  many  German 
bridges. 

The  foundations  rest  on  a  hard  volcanic  rock, 
which  was  reached  at  a  depth  of  4  to  6  feet 
below  the  surface.  Rough  steps  were  cut  into 
it  to  prevent  the  foundation  from  slipping.  A 
difficulty  arose  when  several  levels,  the  remains 
of  an  old  mine,  were  found.  As  it  could  not  be 
known  if  there  were  more  of  these  below,  it  was 
considered  necessary  not  only  to  fill  them  with 
concrete,  but  to  cover  them  besides  with  a  gril- 
lage of  18-inch  I-beams  to  enable  the  concrete 
to   resist   a   possible  tension. 

A  very  difficult  problem  was  the  construction 
and  foundation  of  the  center  itself.  As  there 
are  no  hinges  in  the  arch  ring,  it  had  to  possess  a 
great  stiffness.  It  was  solved  by  Mr.  R.  G. 
Holzaplel,  C.  E.,  one  of  the  chief  members  of 
the  company.  About  1,600  cubic  meters,  678,000 
feet  B.  M.,  of  sawed  timber,  2,000  square  meters, 
28,000  square  feet  of  planks  and  Ib.OOO  steel  pins 
were  used  for  it.  Notwithstanding  the  high 
price  of  wood  and  the  tact  that  the  material 
had  to  be  brought  from  Bohemia  and  Styria,  we 
did  not  economize  in  our  plans  to  give  to  the 
center  the   wanted  stiffness.     An  opening  of  5 
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were  put  under  the  columns.  The  oak  wedges, 
to  strike  the  center,  were  also  dimensioned  ac- 
cording to  this  idea.  The  reason  for  that  was 
to  prevent  the  arch  in  settling  from  becoming 
out  of  shape.  The  wedges  were  placed  between 
the  second  and  third  stage.  The  first  and  sec- 
ond story  consists  of  eleven  full  girders.  Be- 
tween those  there  are  on  the  ends  of  the  arch 
half  girders,  while  the  third  story  has  twenty- 
one  full  girders.  On  these  the  purlins  rest, 
carrying  the  twenty-one  rafters  on  which  the 
sheeting  is  fastened.     The  center  has  not  only 


in  November  and  after  this  had  been  success- 
fully done,  the  royal  Saxony  government  sent 
its  congratulations. 


A  5%-FooT  Head  Water- Power  development 
has  been  made  at  Newry,  England.  A  central- 
flow  turbine  developing  49  horse-power  at  an  ef- 
ficiency of  76  per  cent,  and  therefore  requiring 
6,200  cubic  feet  of  water  per  minute  is  installed. 
It  is  placed  vertically  in  the  bottom  of  a  short 
flume  and  runs  at  55  revolutions  per  minute.  It 
drives  a  30-kilowatt  dynamo. 


378 


THE     ENGINEERING     RECORD 


Vol.  49,  No.  13. 


The  Canadian  Pacific  Railway  Shops  at 
MMitreal. 


Pact  II. — ST«rcTV«Ai.  Details  or  the  Looomo- 
Ti\'E  Shop  axd  the  Ii\>CNDBiES. 
Locomotive  Machine  and  Erecting  Shop. — -' 
The  16Sxl,16e-foot  locomotive  shop  is  on  the 
side  of  the  plant,  south  of  the  Midway  and 
adjacent  to  the  gray-iron  foundry.  There  are 
snrfaoe  tracks  on  both  sides  (tarallel  with  its 
longitudinal  axis,  and  the  >-ard  crane  crosses 
the  east  end.  The  shop  is  divided  by  longitud- 
inal rows  of  columns  into  two  main  one-story 
aisles  and  one  26-fooi  two-story  side  aisle. 
Five  standard-gauge  surface  tracks  pass 
through  one  of  the  main  aisles  from  end 
to  end  and  one  track  passes  through  the 
c«nter  of  the  other  aisle,  -and  is  connected 
with  a  parallel  outside  track  by  eight  trans- 
Terse  tracks  with  turn-tables.    One  of  the  main 


aisles  is  commanded  by  two  60-ton  girder 
cranes  of  76Vj-foot  span  and  the  other  by  one 
10-ton  and  one  15-ton  girder  crane  of  52-foot 
span.  The  boiler-making  plant  is  located  at 
one  end  of  the  shop,  where  there  is  a  special 
tower  and  riveting  machinery.  The  remainder 
of  the  main  aisles  is  used  principally  for  erect- 


ing and  repairing  locomotives,  and  the  side 
aisle  is  used  for  storage  and  for  small  machine 
tools.  On  the  west  side  of  the  shop  there  are 
four  12x24-foot  one-story  lavatory  extensions. 
The  walls  are  about  48  feet  high  to  the  eaves 
and  are  divided  into  22-foot  panels  by  the  but- 
tresses in  the  planes  of  the  root  trusses.  Each 
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panel  has  two  windows  12  feet  wide  and  16 
feet  higli,  and  each  window  has  three  sash, 
the  middle  one  being  fixed  and  the  upper  and 
lower  ones  sliding  vertically.  In  some  cases 
the  lower  part  of  the  window  opening  is  cut 
down  to  floor  level  and  the  space  is  filled  with 
a  double-leaf  door  10  feet  high.  In  each  panel 
of  the  roof  there  Is  a  12x72-foot  transverse 
monitor  with  a  double-pitched  skylight  roof  and 
walls  pierced  with  eight  2x3-foot  hinged  ven- 
tilation doors  on  each  long  side. 

In  the  steel  framework  there  are  fifty  trans- 
verse bents  22  feet  apart,  each  of  them  com- 
posed of  three  vertical  columns  and  three  roof 
trusses,  as  indicated  in  the  cross-section  dia- 
gram and  roof  plan.  On  the  south  side  the  col- 
umns are  built  into  the  pilasters  in  the  wall  of 
the  building  and  are  double  so  as  to  carry  the 
roof  truss  and  the  runway  for  the  60-ton  cranes 
independently  of  the  brick  wall,  which  is  en- 
tirely self-supporting.  The  transverse  bents 
are  connected  by  the  runway  girders  and  a  line 
of  longitudinal  lattice-girders  in  each  row  of 
columns,  by  diagonal  bracing  between  the  upper 


parts  of  the  columns  in  the  two  Interior  rows 
and  by  five  lines  of  longitudinal  girders  be- 
tween the  upper  parts  of  the  trusses.  Three 
of  these  lines  are  kneebraced  to  the  lower 
chords  of  the  trusses.  These  longitudinal  gird- 
ers and  braces  are  built  of  small  angles  with 
riveted  connections  and  form  a  light  and  rigid 
system  of  sway-bracing.  The  center  line  of  long- 
itudinal struts'  and  the  two  lines  at  the  middle 
of  the  roof  trusses  support  transverse  monitor 
trusses  parallel  to  the  roof  trusses  and  midway 
between  them  and  the  centers  of  the  panels. 
All  longitudinal  members  have  expansion 
joints  about  200  feet  apart,  where  their  con- 
nections are  made  with  bolts  through  slotted 
holes.  At  the  second  panel  from  the  west  end 
the  riveting  tower  rises  to  a  clear  height  of 
G5  feet  above  the  floor.  It  occupies  one  panel 
of  the  80-foot  aisle  and  has  in  the  upper  part 
an  80-foot  runway  for  two  25-ton  hydraulic 
cranes.  At  the  ends  of  the  building  the  roof  is 
supported  on  the  gable  walls  and  there  are  no 
roof  trusses,  but  lattice-girder  trusses  are  car- 
ried across  the  wide  aisle  to  connect  the  tops 
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of  the  end  columns  and  provide  lateral  stiffness 
for  the  runway  girders. 

The  roof  trusses  are  of  simple  construction, 
being  made  with  pairs  of  angles  back  to  back 
with  riveted  connection  plates  between  their 
flanges.  The  columns  of  the  center  row  are 
made  with  their  lower  parts  double,  so  as  to 
carry  the  runway  for  the  60-ton  crane  at  the 
top  of  one  side  21  feet  above  the  floor.  The 
base  plates  are  nearly  5  feet  square  and  the 
two  parts  of  each  column  are  practically  sep- 
arate members  riveted  together  through  their 
tie-plates.  Solid  double  web  brackets  are  riv- 
eted to  the  long  side  of  the  column  just  above 
the  seats  for  the  heavy  runway  and  carry  on 
the  opposite  side  the  parallel  runway  girders 
for  the  cranes  in  the  north  aisle  of  the  build- 
ing. These  crane  girders  are  respectively  50 
inches  and  36  inches  deep  and  have  their  lower 
flanges  riveted  to  the  extended  seats.  They  are 
braced  transversely  by  web  connections  to  hor- 
izontal tie-plates  projecting  from  the  column 
and  their  upper  flanges  are  braced  together  by 
zigzag  lateral  angles.     There  is   %  inch  clear- 
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aiic«  betweeo  the  abutting  ends  of  the  girders, 
•ad  the  trmrk  nils  are  hook-bolted  to  the  top 
flanges  on  the  center  line.  The  trusses  are  con- 
■ectad  to  the  column  webs  by  vertical  flange 
■a^ea  riveted  to  the  connection  plates  at  the 
ends  of  the  lower  chords.  The  top  chords  of 
the  trusses  are  braced  to  the  tops  of  the  col- 
umns by  pairs  of  angles  riveted  to  diaphragms 
projecting  from  the  sides  of  the  column.  The 
longitudinal  trusses  between  the  tops  of  the 
columns  on  the  center  line  of  the  building  have 
drop  ends  seated  on  their  caps,  and  the  diagonal 
angles  in  the  same  planes  have  column  connec- 
tions similar  to  those  of  the  bottom  chords  of 
the  roof  trusses.  The  columns  between  the 
main  aisle  and  the  side  aisle  are  made  of  two 
built  channels  latticed,  and  carry  crane  run- 
ways on  eccentric  brackets.  These  brackets 
are  made  by  extensions  of  cover-plates  riveted 
to  both  flanges  of  the  column  and  have  longi- 
tudinal solid  web  knee-brace  extensions  on  both 


sides  to  give  a  longer  bearing  for  the  lower 
flanges  of  the  runway  girders  and  to  brace  the 
latter  more  securely.  The  runway  girders  are 
also  braced  to  the  columns  by  horizontal  tie- 
plates  riveted  across  the  flanges  of  the  latter 
and  to  the  vertical  web  stitfeners  of  the  girders. 
The  top  flanges  of  the  runway  girder  on  this 
line  of  columns  and  along  the  wall  columns  of 
the  other  aisle  of  the  building  are  transversely 
braced  by  zigzag  angles  riveted  to  a  horizontal 
angle  Just  clear  of  the  wall  and  20  Inches  dis- 
tant from  the  center  of  the  girder.  This  angle 
is  supported  by  kneebrace  angles  to  the  verti- 
cal web-stiffener  angles  in  the  girder  and  the 
arrangement  serves  to  give  great  rigidity  to  the 
runway  girders  and  to  prevent  tremor  and  de- 
flection under  impact  and  traction  of  heavy 
crane  loads.  The  connections  of  the  root 
trusses  and  longitudinal  girders  to  the  wall  col- 
umns are  similar  to  those  already  described. 
The  columns  In  the  south  wall  of  the  bulld- 
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ing  are  similar  to  those  between  the  main 
aisles,  but  are  lighter.  The  short  parts  of  the 
columns  carry  the  runway  girder  and  are  se- 
cured to  the  long  parts  by  diaphragms  riveted 
to  them  on  the  center  lines.  The  long  part  of 
each  column  is  built  solid  into  the  brickwork 
and  serves  only  to  carry  the  roof  truss.  The 
monitor  trusses  are  about  36  feet  long.  They 
are  8  feet  deep  at  the  ends  and  5  feet  deep  in 
the  center,  and  are  made  of  single  angles.  The 
connection  plates  are  riveted  between  the  oppo- 
site flanges  of  chord  and  web  angles.  The 
truss  is  divided  into  9-t'oot  panels  by  vertical 
angles  and  each  panel  is  braced  by  a  single 
diagonal  angle.  This  shop  is  the  largest  in 
the  plant  and  covers  an  area  of  191,552  square 
feet.  The  structural  steel  in  It  weighs  about 
2,700  tons  and  was  built  by  the  Dominion  Bridge 
Company. 

Oray-Iron  Foundry. — The  122x342-foot  gray- 
iron  foundry  is  adjacent  to  the  locomotive  shop 
with  surface  tracks  alongside  and  the 
yard  cranes  on  one  side  and  one  end  of 
the  building.  It  is  divided  into  a  60-toot 
center  aisle  and  two  30-foot  side  aisles  by 
two  main  longitudinal  rows  of  steel  col- 
umns. There  are  no  wall  columns  ex- 
cepting those  to  carry  the  crane  runway 
and  some  to  support  the  charging  floor. 
The  side  walls  are  about  22  feet  high  and 
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Port  Section   showing  Longitudinal  Sway  Bracing. 
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Part    Section    W-VV. 

DETAILS  OF  LOCOMOTIVE  SHOP  OF  CANADIAN  PACIFIC  RAILWAY  AT  MONTREAL. 


Wall  Column   No.l.  Runway  Column  No.(, 
,and    End   o-f  Roof  Truss 
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the  roof  of  the  main  aisle  is  40  feet  high  at  the 
eaves,  giving,  above  the  side  roofs,  clerestories 
12  feet  high,  which  have  their  entire  surfaces 
glazed.  About  half  of  the  area  of  the  side  walls 
is  occupied  by  large  double  windows  and  wide 
doors.  A  22-foot  monitor  extends  nearly  from 
end  to  end  of  the  center  aisle  and  has  a  double- 
pitched  skylight  roof  and  solid  walls  with 
hinged   ventilating  doors. 

The  main  floor  of  the  building  is  used  for  a 
moulding  floor,  and  the  north  aisle  is  reserved 
for  flask  and  core  makers,  and  for  the  cupola 
room,  sand  room,  blower  room,  tumbler  room 
and  offices.  Over  the  cupola  room  there  is  a 
second  story  with  a  coke  storage  bin  and  a  very 
heavy  platform  which  serves  as  a  charging 
floor,  with  an  outside  extension  to  which  the 
yard  crane  delivers  pig-iron  and  coke.  The 
charging  floor  has  24-inch  and  15-inch  beams 
and  girders  supported  on  special  one-story  col- 
umns and  covered  with  -ys-inch  flat  plates  52 
inches  wide.  It  is  proportioned  for  a  maxi- 
mum load  of  400  pounds  per  square  foot.  In 
one  corner  of  the  building  a  lavatory  and  toilet 
room  is  provided  and  has  a  special  set  of 
shower-baths. 

The  framework  of  the  building  is  simple;  it 
has  sixteen  main  transverse  bents  20  feet  apart, 
besides  the  extension  for  the  charging  plat- 
form. The  regular  bents  are  symmetrical  about 
the  center  line  and  correspond  with  the  left- 
hand  side  of  the  cross-section  diagram.  Through 
the  core  room  the  construction  is  modified,  by 
the  side  aisle  crane  and  its  wall  columns,  and 
through  the  cupola  room  the  side  aisle  roof 
trusses  are  replaced  by  the  roof  girders,  shown 
by  dotted  lines  at  the  right  of  an  accompany- 
ing drawing,  and  the  second  floor  and  outside 
platform  are  added.  The  bents  are  braced  by 
the  crane  runways,  by  X-bracing  and  horizontal 
struts  between  the  columns  underneath  them 
and  by  seven  lines  of  lattice-girder  purlins.  The 
second  panel  from  each  end  of  the  roof  is  X- 
braced  by  single  4x4-inch  angles  riveted  to  the 
top  chords  of  the  roof  trusses.  The  roof  trusses 
are  made  with  pairs  of  angles  back  to  back 
with  connection  plates  riveted  between  them. 
They  are  supported  from  their  lower  chords, 
which  at  one  end  are  riveted  to  the  faces  of  the 
posts  through  vertical  connection  angles,  and 
at  the  other  end  are  seated  on  stone  templates 
in  the  side  walls.  The  top  chord  angles  of  the 
center  aisle  trusses  are  continued  to  the  column 
tops  to  serve  as  struts.  The  main  columns  are 
made  with  two  parts,  the  long  part  carries  the 
roof  and  is  built  with  two  channels  latticed. 
The  tie-plates  on  both  flanges  extend  about  12 
Inches  beyond  one  channel  and  are  riveted  to 
the  flanges  on  an  I-beam  which  is  connected 
to  the  same  base-plate  and  independently  sup- 
ports the  runway  girder  for  the  traveling  crane. 

The  columns  adjacent  to  the  charging  floor 
are  similar  to  the  main  columns  illustrated, 
but  are  made  heavier  and  have  special  connec- 
tions to  receive  the  floorbeams.  The  columns 
in  the  outer  wall  of  the  cupola  room  are  made 
double,  as  shown  in  the  detail,  so  as  to  pro- 
vide for  the  independent  support  of  the  yard 
crane  runway  girders.  The  side  aisle  runway 
girders  are  carried  along  the  wall  on  special 
I-beam  columns,  which  have  horizontal  brack- 
ets engaging  the  face  of  the  wall  and  bolted  to 
it.  These  girders  are  ]5inch  I-beams  without 
latera;  bracing  and  are  anchored  to  the  masonry 
by  horizontal  bolts  through  their  webs  as  shown 
in  the  detail.  The  main  runway  girders  are 
transversely  stiffened  by  horizontal  bracing  to 
parallel  girders,  as  described  for  the  locomotive 
shop  and  as  practiced  for  the  principal  crane 
girders  throughout  the  plant.  This  shop  covers 
an  area  of  42,475  square  feet.  The  structural 
Bteel  work  weighs  about  385  tons  and  was  built 
and  erected  by  the  Dominion  Bridge  Company. 


Wheel  Foundry. — The  107xl87-foot  wheel 
foundry  is  a  rectangular  building  with  two  521/3- 
foot  main  aisles  and  a  27xl48-foot  extension 
for  the  cupola  room,  core  room,  blower  room, 
office  and  storeroom.  The  walls  have  one  tier 
of  wide  double  windows  which,  with  the  doors, 
occupy  more  than  half  of  their  total  surface. 
The  roof  is  lighted  by  eight  transverse  moni- 
tors 9  feet  wide  and  53  feet  long  with  solid 
walls  and  double  pitched  skylight  roofs  of  the 
standard  type  adopted  throughout  this  plant. 
The  cupola  room  extension  is  two  stories  high 
for  a  length  of  90  feet  and  the  second  floor  is 
built,  like  that  in  the  gray-iron  foundry,  for  a 
charging  floor.  On  the  opposite  side  of  the 
building  there  fs  a  one-story  12x27-foot  exten- 
sion for  toilet  room,  lavatory  and  shower- 
baths.  Across  one  end  of  the  building  an  un- 
obstructed space  40  feet  wide  is  reserved  for  a 
stacking  floor  and  soaking  pits,  and  is  served 
by  a  3,000-pound  crane  running  transversely  to 
the  longitudinal  axis  of  the  building.  The  roof 
here  is  supported  by  longitudinal  lattice-girder 
trusses  17i/.  feet  apart,  which  are  carried  at 
one  end  by  the  gable  wall  and  at  the  other  end 
by  a  special  row  of  transverse  columns.  The 
remainder  of  the  roof  is  supported  by  two  sets 
of  5214-foot  steel  trusses  carried  by  the  side 
walls  and  by  a  center  longitudinal  row  of  col- 
umns 18  feet  apart.  The  roof  trusses  are  braced 
by  five  lines  of  lattice-girder  purlins  in  the 
main  part  of  the  building  and  have  sway-braces 
between  them  in  the  plane  of  the  columns,  but 
have  no  diagonal  bracing  in  the  planes  of  the 
chords.  There  are  fifteen  longitudinal  lines  of 
horizontal  7-inch  I-beams  seated  on  the  lower 
chords  of  the  roof  trusses  9  feet  apart  and  18 
feet  clear  of  the  floor  which  serve  as  supports 
for  hoists  used  for  lifting  the  wheels  from  the 
moulds  and  for  handling  the  flasks. 

The  roof  trusses  are  similar  to  those  in  the 
gray-iron  foundry  and  have  corresponding  con- 
nections to  the  columns.  The  latter  are  made 
with  a  pair  of  channels  latticed  and  have  ver- 
tical transverse  plates  riveted  across  the  caps 
to  receive  the  connections  with  the  lattice- 
girder  purlins.  Where  they  support  runway 
girders,  the  latter  are  carried  on  double  gusset 
plate  brackets  riveted  to  the  channel  webs.  The 
columns  supporting  runway  girders  adjacent  to 
the  wall  are  single  I-beams  anchored  to  the  ma- 
sonry, as  in  the  gray-iron  foundry.  The  build- 
ing covers  an  area  of  24,516  square  feet.  The 
structural  steel  weighs  162  tons  and  was  built 
by  the  Dominion  Bridge  Company. 
(To  be  continued.) 


Recent     Investigations     With     Treated 
Ties. 

An  article  by  Dr.   Hermann  von  Schrenck  append- 
ed   to    Ihe    rt'iiort    of    the    Committee    on    Ties    of    the 
American  Itallwa.v   Knglneerlng  &  .MalDtenance  of  Way 
AsBocIation. 


The  Powkr  Plant  of  Watson  Brothers,  Lin- 
wood,  England,  the  performance  of  which  is 
noted  in  this  issue  on  page  388,  in  the  article 
on  "The  Cost  of  Generating  Electric  Power,"  in- 
cludes two  250-kilowatt  steam-driven  dynamos 
employing  triple-expansion  engines  working 
with  a  boiler  pressure  of  250  pounds  at  a  tem- 
perature of  500  degrees  Fahrenheit  at  the  stop 
valve.  By  means  of  jet  condensers  a  vacuum  of 
25  to  2514  inches  is  obtained.  Each  unit  runs 
about  128  hours  per  week,  the  output  at  night 
being  only  slightly  less  than  that  during  the 
daytime.  There  are  two  Babcock  &  Wilcox  boil- 
ers, each  of  3,580  square  feet  of  heating  sur- 
face. Chain-grate  stokers  are  employed  and  the 
boilers  are  fitted  with  their  own  superheaters, 
each  made  up  of  sixty-four  4-inch  tubes  having 
a  heating  surface  of  460  square  feet.  There  is 
a  feed-water  heater  containing  316  square  feet 
of  heating  surface,  designed  to  handle  22,000 
pounds  of  water  per  hour,  utilizing  the  exhaust 
from  the  pumps.  The  feed  water  is  heated  in 
it  to  160  degrees,  and  is  then  passed  through  an 
economizer,  which  it  leaves  at  about  300  de- 
grees. The  total  cost  per  kilowatt-hour,  includ- 
ing interest  and  depreciation.  Is  0.67  cent. 


In  February,  1902,  an  experimental  section  of 
track  was  laid  on  the  Beaumont  Division  of  the 
Gulf,  Colorado  &  Santa  Fe  Railway.  In  this 
track  both  treated  and  untreated  timbers  of 
various  kinds  were  laid  to  test  the  comparative 
lasting  powers  of  timbers  treated  with  various 
kinds  of  treatment.  These  ties  have  now  been 
in  position  about  two  years,  and  while  it  is  as 
yet  rather  early  to  derive  any  definite  conclu- 
sions from  this  test,  an  inspection  made  during 
the  month  of  December  showed  the  following 
general  results: 

(1)  All  of  the  untreated  timbers  show  more 
or  less  signs  of  decay.  Tamarack,  loblolly  pine 
and  beech  have  so  far  shown  themselves  as  the 
least  resistant  of  all  the  timbers.  In  the  case 
of  the  untreated  tamarack,  out  of  49  ties,  37 
had  fungi  growing  on  the  ends  of  the  ties,  in- 
dicating that  they  were  beginning  to  decay. 
The  various  species  of  oak  showed  the  highest 
resistance  in  the  untreated  state. 

(2)  Referring  to  the  treated  timbers,  the 
most  striking  results  so  far  evident  refer  to  the 
bad  results  with  oak  timbers  which  were  over- 
heated in  the  treatment  with  creosote.  These 
timbers  were  for  a  brief  period  of  time  exposed 
to  an  extreme  heat.  A  large  percentage  of  the 
ties  so  treated  have  during  the  last  year  or  so 
broken  in  the  middle  or  underneath  the  rail 
bearing,  so  as  to  endanger  the  safety  of  the 
track,  and  they  had  to  be  removed.  Great  stress 
should  be  laid  upon  the  results  in  this  particu- 
lar instance,  which  should  serve  as  a  warning 
to  avoid  excessive  heating,  whether  the  same 
be  dry  or  moist  heat. 

(3)  The  ties  treated  with  the  zinc-chloride 
process  have  so  far  shown  no  signs  of  decay, 
and  there  is  little  evidence  of  any  wear  under 
the  rail.  The  same  is  true  of  the  ties  treated 
by  the  zinc-creosote,  two-injection  process. 

(4)  Ties  treated  with  spirittine  are  in  every 
case  sound. 

(5)  Summing  up  the  results  which  are  so 
far  evidetit,  one  can  say  that  every  treatment 
has  so  far  protected  the  timbers  against  decay, 
and,  in  view  of  the  fact  that  all  of  the  untreated 
timbers  are  decaying,  this  stretch  of  track  is 
already  forming  an  object  lesson  of  great  inter- 
est as  to  the  value  of  treated  timbers. 

(6)  Some  of  the  ties  treated  with  the  Bar- 
schall  process  have  fungi  growing  on  the  ends. 
These  are,  however,  a  lot  of  ties  which  were 
poorly  treated,  and  it  is  not  thought  that  the 
appearance  of  these  fungi  on  the  ends  war- 
rants the  conclusion  that  this  treatment  will 
not  protect  the  timber  against  decay.  Another 
year  ought  to  be  allowed  to  elapse'  before  any 
definite  conclusion  is  drawn. 

During  the  past  year  a  number  of  modifica- 
tions in  the  treatment  of  various  timbers  have ' 
been    made,    of   which    the   following   may    be 
noted: 

Treatment  of  Seasoned  Pine  Timbers  with 
Zinc-chloride  Without  Steaming. — The  value  of 
seasoning  pine  timbers  before  treatment  has 
been  urged  for  a  number  of  years.  In  hardly 
any  case  is  timber  steamed  in  Europe  before 
being  treated.  During  the  last  summer  tests 
were  made  at  the  Las  Vegas  treating  plant  of 
the  Santa  Fe,  with  seasoned  mountain  pine, 
with  the  following  results: 

Absolutely  dry,  air-seasoned  timber  was  put 
into  the  cylinder,  and  the  following  is  a  record 
of  a  run:  Vacuum  begun  5.50  P.  M.;  21  inches 
vacuum  reached  6.50  P.  M.;  zinc-chloride 
pumped  in  6.50  P.  M.;  80  pounds  pressure 
reached    at    7.15    P.    M.;    started   forcing   back. 
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1015  P.  M.;  completed  10.35  P.  M.;   total  time 
of  treatment,  3  hours  .45  minutes. 

The  ties  were  carefully  weighed  before  apd 
after  treatment,  and  when  the  treatment  was 
flniataed  they  showed  an  average  gain  in  weight, 
because  of  the  solution  absorbed,  of  8-4.22  per  • 
cent.  The  solution  had  thoroughly  penetrated 
the  wood.  This  test  was  repeated  a  number  of 
times  with  the  same  results,  and  since  those 
tests  were  made  the  steaming  operation,  which 
is  not  only  a  lengthy  one,  but  costly  likewise, 
has  been  eliminated  from  the  treatment. 

Similar  tests  are  now  under  way  at  the  treat- 
ing plants  of  the  Burlington  &  Missouri  River 
Railroad  in  Nebraska  and  at  Somerville,  Tex. 
Attention  should  be  called  to  the  fact  that  this 
treatment  will  only  succeed  with  absolutely  dry 
timt>er.  In  view  of  the  fact  that  the  penetra- 
tion is  so  much  greater  and  takes  place  with 
so  much  greater  rapidity,  and.  furthermore.  In 
view  of  the  fact  that  the  heating  is  left  out,  it 
is  believed  to  be  a  great  improvement  over  the 
present  method  of  treatment.  Tests  are  now 
in  progress. 

Creototing. — An  increasing  amount  of  creo- 
BOting  is  being  done  at  the  present  time,  and 
the  necessity  for  a  careful  inspection  of  the  oil 
is  being  realized  more  and  more.  It  is  gener- 
ally being  realized  that  only  a  good  oil  will 
serve  the  purpose.  What  constitutes  a  good 
oil  is  a  matter  which  has  been  much  discussed. 
In  spite  of  many  researches  conducted  in  this 
country  and  in  Europe,  it  has  not  yet  been  de- 
cided whether  (referring  now  only  to  ties  or 
bridge  materials)  any  one  of  four  or  five  com- 
pounds is  the  essential  constituent  of  good  tar 
oil. 

What  is  known,  however,  is  that  tar  oil,  in 
order  to  be  of  a  high  grade,  should  have  such 
products  in  it  as  will  not  disappear  from  the 
wood  when  the  same  is  exposed  to  atmospheric 
influences,  but  that  will  remain  in  the  wood  for 
indefinite  periods.  Every  inspection  ought  to 
determine  whether  the  tar  oil  has  this  quality 
of  remaining  In  the  wood.  This  method  of  in- 
spection should  be  simple,  easy  and  one  which 
can  be  rapidly  executed  by  almost  anyone. 

The  following  set  of  specifications  are  being 
urged  by  the  Department  of  Agriculture  as  to 
what  constitutes  high-grade  oil:  (1)  The  tar 
oil  must  be  clear;  that  is,  there  must  be  no  sub- 
stances In  suspension.  This  is  best  tested  by 
putting  a  drop  of  the  oil  on  a  piece  of  filter 
paper.  The  resulting  spot  must  be  clear  and 
translucent.  (2)  The  specific  gravity  must  be 
about  1.04  to  1.05  at  a  temperature  of  20  deg. 
C,  68  F.  (3)  Boiling  points.  Up  to  150  deg.  C. 
nothing  must  come  off.  Up  to  200  deg.  C.  n6t 
more  than  10  per  cent  may  come  off.  Up  to 
235  deg.  C.  not  more  than  25  per  cent,  may 
•  come  off.  Up  to  355  deg.  C.  at  least  90  per  cent. 
must  come  off.  (4)  The  oil  must  be  absolutely 
soluble  in  benzine  or  absolute  alcohol. 


Steel-Concrete 


Standpipe     at 
Ohio. 


Milford, 


Ax  Eabth  Dam  110  Feet  High  at  its  maxi- 
mum and  1.830  feet  long  is  under  construction 
for  the  extension  of  the  water  works  of  Leeds, 
England.  As  described  In  a  recent  Issue  of 
"The  Surveyor,"  this  embankment  will  be  32 
feet  wide  on  top  with  a  maximum  width  at  toe 
of  600  feet,  and  will  have  inside  slopes  of  1  on 
3  and  outside  slopes  of  1  on  2^.  The  outside 
slope  will  have  three  almost  horizontal  bench- 
Ings  20,  30  and  45  feet  respectively,  thus  ap- 
proximating the  best  form  of  resistance.  The 
puddle  wall  will  be  about  80  feet  at  Its  greatest 
depth.  The  trench  for  retaining  the  under- 
ground waters  is  to  be  filled  with  concrete  in 
its  lower  portion  and  clay  puddle  above.  When 
the  reservoir  Is  full  the  pressure  at  the  bot- 
tom of  this  concrete  will  be  about  250  feet.  The 
capacity  of  the  reservoir  will  be  over  2,000,000,- 
000  gallons. 


A  steel-concrete  standpipe  was  recently  con- 
structed for  Milford,  Ohio,  from  the  designs 
and  under  the  superintendence  of  Mr.  J.  L. 
H.  Barr,  of  Batavia.  Ohio.  The  system  of  rein- 
forcing the  concrete  is  known  as  the  Weber 
system,  and  makes  use  of  small  steel  tees  for 
the  reinforcement.  The  general  appearance  of 
the  finished  standpipe  is  shown  in  one  of  the 
accompanying  Illustrations,  and  the  other  Indi- 
cates the  method  of  construction,  having  been 
taken  when  the  walls  had  reached  the  height 
of  57  feet  The  standpipe  is  81  feet  high 
from  the  base  to  the  roof,  and  the  dome-shaped 
roof  has  a  rise  of  3  feet,  making  the  total 
height  above  the  foundation  84  feet  The  mini- 
mum inside  diameter  is  14  feet.  For  the  lower 
30  feet  the  wall  Is  9  inches  thick;  for  the  next 


Steel-Concrete   Standpipe,   Milford,   Ohio. 

25  feet  the  thickness  Is  7  inches,  and  the  upper 
section  of  the  wall  is  5  inches  thick,  the  reduc- 
tions in  thickness  being  made  on  the  inside. 
The  outside  surface  of  the  wall  is  perpendicu- 
lar. The  foundation  is  octagonal,  with  an  in- 
scribed diameter  of  20  feet,  and  it  is  6  feet 
deep.  The  concrete  for  the  foundation  was 
mixed  in  the  proportion  of  1  part  cement  to  7 
parts  gravel,  whilp  the  concrete  for  the  wall 
was  made  of  1  part  cement  and  3  parts  clean, 
sharp  sand.  The  standpipe  proper  was  washed 
with  neat  cement  grout  and  the  top  was 
troweled  smooth. 

The  wall  Is  reinforced  with  lxlx%-lnoh  steel 
tees  bent  into  rings  with  the  ends  lapped  about 
6  Inches.  These  rings  are  set  about  3  incnes 
from  the  outer  surface  of  the  wall  and  are  held 
in  place  liy  perpendicular  tees  spaced  about  18 
Inches  apart,  to  which  the  rings  are  fastened 


by  wire  bands.  The  perpendicular  tees  are  also 
Intended  to  reinforce  the  concrete  for  wind 
pressure.  The  intake  pipe  extends  about  18 
Inches  above  the  bottom  of  the  standpipe  and 
the  overflow  pipe  reaches  to  within  18  inches 
of  the  top,  thus  giving  78  feet  of  available  water 
space.  There  is  also  a  washout  pipe.  AH  these 
pipes  are  embedded  in  the  concrete  foundation. 
A  steel  ladder  extends  from  the  bottom  of 
the  standpipe  on  the  inside  to  the  top  of  the 
wall  and  down  on  the  outside  to  within  10  feet 
of  the  base. 

The  forms  were  made. of  1%-inch  flooring 
boards  3  Inches  wide  cut  to  3  feet  in  length,  for 
the  staves,  and  4x4-inch  ribs.  The  staves  were 
nailed  to  the  ribs  and  the  upper  rib  projected 
1  inch  above  the  ends  of  the  staves  so  as  to 
form  a  rabbet  to  receive  the  section  of  the 
forms  next  above.  Three  sets  of  forms  were 
used,  each  consisting  of  an  outer  and  an  inner 


Erection   of  Steel   Concrete   Standpipe. 

form,  and  each  form  was  divided  into  eight  sec- 
tions for  convenience  in  handling.  The  sec- 
tions in  each  ring  of  the  outside  forms  were 
held  together  with  latches,  and  those  of  the  in- 
side forms  were  bolted  together.  When  taking 
off  the  lower  set  of  forms  the  different  sections 
were  temporarily  hooked  to  the  form  above.  The 
average  rate  of  progress  in  building  the  wall 
was  5  feet  per  day.  The  work  was  carried  on 
every  day,  and  so  the  cement  in  one  ring  did 
not  set  hard  before  the  next  was  placed.  The 
cost  of  this  style  of  construction  Is  said  to  be 
about  the  sarne  as  that  of  steel,  while  greater 
durability  is  claimed  for  the  concrete. 


TiiK  Ciiai«;k  roR  Ei.wthic  Powkr  from  the 
water  power  at  Schaffhausen,  Switzerland,  is 
3.86  cents  per  kilowatt-hour,  with  a  minimum  ot 
|9.65  per  year  per  kilowatt  capacity. 
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The     Plate-Girder    Approaches    of    the 
Clairton  Bridge. 

The  double-track  railroad  bridge  across  the 
Monongahela  River  at  Clairton,  near  Pittsburg, 
Is  designed  largely  for  steel  mill  traffic  and  is 
of  unusually  massive  construction  proportioned 
according  to  the  specifications  of  the  Pittsburg 
£  Lake  Erie  Railroad.  It  has  a  498-foot  chan- 
nel span,  illustrated  in  The  Engineering  Rec- 
ord of  March  12,  at  each  end  of  which  there  is 
a  viaduct  approach  with  center  lines  curved  to 
a  radius  of  about  475  feet.    These  viaducts  have 


from  the  mills  and  the  viaduct  at  this  end  of 
the  bridge  has  only  single  track  spans.  The 
pier  between  spans  Nos.  2  and  3,  however,  is 
built  to  accommodate  the  future  span  for  the 
north  leg  of  the  Y. 

On  the  east  side  of  the  river  both  tracks  leave 
the  bridge  in  the  same  line,  and  the  approach 
has  two  single  track  deck  spans,  Nos.  5  and  6, 
and  one  double  track  span.  No.  7.  Although 
the  piers  have  been  built  for  double  track,  the 
superstructure  has  not  yet  been  provided  for 
the  second  track  for  spans  5  and  6,  this  being 
deferred    until    the   second   track    is    required. 


line  2.1  feet  from  the  center  of  the  inside  girder 
at  the  end.  Allowance  has  been  made,  conse- 
quently, for  the  centrifugal  force  due  to  a  train 
speed  of  30  miles  an  hour,  which  was  consider- 
ed as  equally  divided  between  the  top  and  bot- 
tom flanges.  Spans  3  and  5  are  nearly  dupll> 
cate  and  each  is  113  feet  8  inches  long  on  cen- 
ters of  piers  and  116  feet  long  from  out  to  out 
of  girders.  The  girders  are  of  soft  steel  which, 
above  %  inch  thickness,  was  reamed  after 
punching. 

The  outside  girder  has  maximum  moments  of 
flexure  as  follows:  Dead  load,  888,200  foot- 
pounds; live  load,  5,227,800  foot-pounds;  cen- 
trifugal, 576,500  foot-pounds;  total,  6,692,500 
foot-pounds.  This  gives  a  maximum  flange 
stress  of  691,400  pounds,  which,  at  8,500  pounds 
per  square  inch,  requires  a  net  section  of  81.34 

?0'0"C.  ta  C  of  eirders 
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Details      of      103-  Foot    Girder. 


Lotero  I     Bracing    on^    Cantilever    Sidewoiik 
t     End    o-r  116-  Foot   Sinqlo  Track  Deck   Spon    No-5, 


Steelwork  Details  of  the  Plate-Girder  Approaches  of  the  Clairton  Bridge. 


masonry  piers  8  feet  wide  under  the  coping 
which  support  three  plate-girder  spans  on  each 
side  of  the  river.  At  the  east  end  of  the  bridge 
the  girders  are  from  103  to  117  feet  long,  and 
at  the  west  end  from  86  to  117  feet  long.  The 
abutment  spans  are  through  girders  and  the 
others  are  deck  girders. 

On  the  west  side  of  the  river  the  tracks  from 
the  mills  and  from  the  Pittsburg  &  Southwest- 
ern Railway  arrive  at  the  river  crossing  from 
opposite  directions,  and  converge  to  the  chan- 
nel span,  forming  a  Y.  The  superstructure,  as 
now  constructed,  comprises  only  the  approach 


Span  7  is  of  through  girder  type  in  order  to  give 
clearance  underneath  for  the  tracks  of  the 
Pittsburg  &  Lake  Erie  Railroad,  and  was  built 
double-track  for  the  purpose  of  securing  a  bet- 
ter alignment  of  the  second  track  whenever  It 
may  be  added,  than  if  two  complete  single  track 
spans  were  used. 

All  the  spans  have  been  built  for  the  same 
loading  as  the  channel  span,  namely:  one  152%- 
ton  engine  followed  by  a  train  load  weighing  5,- 
000  pounds  per  linear  foot.  The  dead  load  was 
assumed  to  be  2,200  pounds  per  linear  foot.  The 
track  is  on  a  12-degree  curve  with  the  center 


square  inches.  This  section  was  made  up  of 
8x8x%-inch  angles  and  five  24x%-inch  cover- 
plates  having  a  combined  area  of  82.38  square 
inches.  The  maximum  flange  stress  and  the 
net  area  of  the  inside!  girder  are  respectively 
559,700  pounds  and  69.88  square  inches.  The 
dead-load  shear  is  62,500  pounds,  live  shear 
178,700  pounds,  giving  a  maximum  of  241,200 
pounds,  which,  at  4,000  pounds  per  square  inch, 
requires  a  total  web  area  of  60.3  square  inches. 
The  %-inch  web  exceeds  this  amount  and  has 
an  area  of  73.1  inches.  The  web  is  stiffened  by 
the  splice  plates  from  9  to  12  feet  apart  and  by 
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intennedtate  pairs  of  vertical  6x3H-inch  angles 
aad  fillers,  both  of  which  are  finished  to  bear 
on  the  flange  angles.  At  every  web  splice,  that 
is  at  every  alternate  panel  point,  the  girders 
are  braced  together  by  sway  frames  and  the 
panels  between  the  sway  frames  are  X-braced 
by  top  and  bottom  laterals.  These  are  single 
or  double  angles  3H  or  4  inches  wide,  riveted 
to  horixontal  connection  plates  engaging  the 
inner  edg^es  of  the  cover  plates.  The  vertical 
flanges  are  turned  down  in  the  top  laterals  and 
op  in  the  bottom  laterals.  One  diagonal  is  made 
continuous  and  the  other  diagonal  is  cut  to 
clear  it  and  spliced  across  it  by  a  horizontal 
flange  plate,  shop-riveted  to  it  and  field-riveted 
to  the  continuous  angles.  The  connection  plates 
are  shop-riveted  to  one  of  the  diagonals  and 
field-riveted  to  the  sway-brace  frames,  the  other 
diagonals  and  the  main  girders.  From  the  south 
girder  of  each  span  long  cantilever  open  brack- 
eta  project  at  alternate  main  panel  points  to 
carry  a  foot  w^alk  a  considerable  distance  clear 
of  the  girders.  This  walk  is  parallel  with  the 
girders,  except  in  the  end  panel  where  it  is 
divergent,  as  indicated  in  the  diagram. 

The  main  girders  are  7  feet  apart  in  the  clear 
and  support  th?  track  ties  on  their  upper 
fianges.  The  web  splices  are  made  with  a  pair 
of  13sH-inch  plates,  two  angles  and  two  fillers, 
and  all  of  them  are  riveted  up  complete  in  the 
shops,  the  girders  being  shipped  whole  to  the 
site.  At  the  ends  of  the  span  the  web  is  rein- 
forced by  two  28x%-inch  and  two  24xM>-inch 
plates,  besides  the  six  vertical  6x3i^-inch  an- 
gles, and  is  seated  on  cast-steel  pedestals  with 
pin-bearings.    At  one  end  of  the  span  the  upper 


flange  extends  12  inches  beyond  the  end  of  the 
girder  and  is  supported  by  solid-web  kneebraces 
to  carry  the  ties  over  to  meet  the  track  on  the 
adjacent  span. 

The  end  pedestals  are  bolted  to  the  lower 
flange  and  consist  of  steel  castings  having  thick 
transverse  and  longitudinal  webs  with  half-hole 
bearings  on  the  5-inch  pins,  which  engage  cor- 
responding lower  castings  and  are  locked  in 
place  by  shoulders  and  recessed  discs  engag- 
ing bosses  in  the  faces  of  the  castings.  At  the 
expansion  end  of  the  bridge  the  lower  casting 
is  seated  on  a  nest  of  seven  SVfe-inch  rollers, 
which  are  centered  by  the  usual  guide  ribs.  The 
rollers  are  set  on  a  28x31-inch  bed-plate  having 
pairs  of  angles  on  both  sides,  which  form  Z- 
shaped  guides  enclosing  both  rollers  and  pedes- 
tal flange  so  as  to  exclude  dirt.  At  the  fixed 
end  of  the  bridge  the  lower  pedestal  is  made  5 
inches  higher  than  that  at  the  expansion  end 
80  as  to  allow  for  the  thickness  of  rollers  and 
bed-plate,  and  is  seated  directly  on  the  masonry, 
which  is  built  to  the  same  height  in  both  cases. 
At  both  bearings  there  is  a  clearance  of  % 
inch  between  the  upper  and  lower  pedestals  to 
allow  for  possible  deflection  in  the  girder.  The 
track  ties  are  dapped  a  variable  amount  equal 
to  the  thickness  of  the  cover-plates  so  that  their 
lower  edge  is  always  flush  with  the  top  of  the 
flange  angles.  The  outer  rail  is  raised  by  oak 
wedges. 

The  through  spans  at  the  shore  ends  of  both 
approaches  are  similar,  except  that  one  of  them 
is  for  single  and  the  other  for  double  track 
service.  In  both  of  them  the  general  character 
of  the  main  girders  corresponds  with  those  of 


the  deck  spans  already  described,  except  that 
the  upper  corners  are  rounded  to  a  radius  of 
214  feet;  that  there  are  no  upper  lateral  struts 
or  sway-bracing,  and  that  there  are  floorbeams 
about  19  feet  apart  in  the  double  track  spans 
and  17  feet  apart  in  the  single  track  spans,  web- 
connected  to  the  main  girders  with  gusset 
plates,  which  form  the  end  sections  of  the  floor- 
beam  webs  and  have  a  height  equal  to  the  full 
depth  of  the  main  girders.  Both  spans  are  con- 
siderably skewed  and  carry  a  parallel  sidewalk 
cantilevered  out  from  the  main  girders  on  solid 
web  brackets  about  7  feet  long.  The  general 
system  of  bracing  in  the  double-track  span  is 
shown  by  the  plan,  elevation  and  cross-section 
diagrams  of  the  end  panel.  In  the  103-foot 
double^track  through  span  the  girders  have  a 
%-inch  web  9  feet  9  inches  deep  and  a  maxi- 
mum flange  section  composed  of  two  8x8x%- 
inch  angles,  two  16x%-inch  web  plates  and  six 
20x%-inch  cover  plates.  There  are  four  lines  of 
rivets  in  the  web  connection  to  the  flange  and 
four  lines  through  the  cover-plates  and  hori- 
zontal legs  of  the  flange  angles. 

The  ends  of  the  girders  are  connected  by  ob- 
lique lattice-girder  struts  riveted  to  the  stringer 
webs.  The  ends  of  the  end  stringers  are  sup- 
ported on  riveted  pedestals  seated  on  the  abut- 
ment masonry.  The  top-chord  angles  terminate 
at  the  rounded  corners  and  the  vertical  end 
flange  angles  are  made  continuous  from  the 
lower  flange  around  the  curved  corners  to  a 
tangent  with  the  top  flange  angles,  thus  avoid- 
ing the  bending  of  the  long  angles.  The  gir- 
ders are  supported  on  pedestals  and  pin  bear- 
ings   corresponding    with    those    of    the    deck 
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spans.  The  connection  at  each  end  of  each 
floorbeam  has  forty-four  %-inch  field-driven 
rivets  in  double  shear  and  each  stringer  has 
twenty-six  %-inch  riveits  at  each  connection. 
The  intermediate  stringers  have  a  41x9/lG-inch 
web  and  pairs  of  6x6x9/16-inch  flange  angles 
without  cover-plates  or  web  stiffeners.  The  sin- 
gle-track through  span  corresponds  closely  to 
the  double-track  span  as  above  described,  ex- 
cept in  the  height  of  the  girders  which  are  only 
9  feet,  in  the  cross-sections  of  their  flanges  and 
in  the  length  and  depth  of  their  floorbeams. 

The  weight  of  the  116-foot  single-track  deck 
span  is  268,000  pounds.    The  weight  of  one  103- 


foot  double-track  through  girder  is  118,000 
pounds  and  the  weight  of  the  complete  span  is 
415,000  pounds.  All  girders  were  shipped  whole 
and  separately  to  the  site,  where  they  were 
run  to  position  on  tracks  carried  by  trestle 
falsework.  They  were  unloaded  and  set  in  posi- 
tion on  the  falsework  by  an  ordinary  tower 
traveler  and  the  lateral  bracing  and  floor  sys- 
tems were  assembled  and  fleld-rlveted  by  pneu- 
matic hammers. 

Mr.  J.  B.  Mclntyre  was  the  chief  engineer, 
and  the  bridge  was  built  and  erected  by  the 
American  Bridge  Company. 
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Details  of  Street  Pavements  in  Salt  Lake 
City,  Utah. 

On  December  11  of  last  year  the  engineering 
department  of  the  Board  of  Public  Works,  of 
Salt  Lake  City,  Utah-,  opened  bids  for  grading, 
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curbing  and  paving  First  South  Street  from 
State  Street  to  Second  East  Street.  From  the 
excellent  drawings  prepared  for  this  work  a 
number  of  details  have  been  selected  and  are 
reproduced  herewith,  and  a  few  extracts  from 
the  speciflcatlons  are  printed  below.  First 
South  Street  is  132  feet  wide  between  property 
lines  and  has  two  street  car  tracks  In  the  mid- 
dle. On  each  side  of  the  street  a  space  20  fetft 
wide  is  reserved  for  a  sidewalk,  but  the  mono- 
lithic sidewalk  pavement  is  only  8  feet  wide. 
The  roadway,  including  the  gutters,  is  92  feet 
wide. 

The  curbs  at  the  outer  edges  of  the  sidewalk 
reservation  are  of  Utah  sandstone  5  inches 
thick,  not  less  than  4  feet  long;  their  exposed 
surfaces  are  dressed  smooth  and  the  upper  outer 
edges  are  rounded  to  a  radius  of  li^  inches. 
Ends  of  curbstone  are  dressed  for  14-inch  joints 
to  a  depth  of  1  foot.  As  the  stones  are  set  the 
ends  are  supported  by  a  concrete  base  at  every 
joint,  as  shown  in  the  detail.  Except  at  the 
joints,  the  curbs  rest  on  screened  pea  gravel  not 
less  than  6  inches  deep  and  are  backed  with  the 
same  kind  of  gravel  for  a  thickness  of  6  inches 
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to  within  6  inches  of  the  top,  the  gravel  being 
thoroughly  tamped. 

The  qmces  between  the  street-car  tracks  ana 
a  strip  2  feet  wide  on  each  side  of  the  tracks  are 
to  be  paved  with  ftone  blocks,  the  outer  edges 
of  the  2-foot  stripe  being  toothed  in  order  to 
bond  with  the  sheet  asphalt  which  is  to  be  laid 
on  the  remainder  of  the  roadway  surface  be- 
tween curbs,  excepting  the  gutters.  The  gut- 
ters are  to  be  paved  with  stone  blocks  arranged 
as  shown  in  the  detail  sections,  on  pea  gravel 
foundations.  The  drawings  also  show  typical 
details  for  gutters  to  be  used  with  wood-block 
or  bituminous  macadam  pavements.  Around 
the  outer  edge  of  the  sidewalk  at  each  of  the 
four  comers  of  a  street  intersection,  as  shown 
in  general  on  the  plan  and  in  detail  by  the 
section  on  line  &F.  the  gutter  is  formed  by  set- 
ting a  false  curb  14  inches  from  the  curb  and 
filling  the  bottom  of  the  space  between  them 
with  concrete  so  as  to  leave  a  clear  waterway 
about  1  foot  deep,  which  is  covered  by  cast-iron 
plates  16  inches  wide,  supported  in  rebates  cut 
into  the  curbstones.  The  bottoms  of  these  cov- 
ered gutters  are  finished  with  1^  inch  of  1  to  1 
Portland  cement  plaster.  At  these  comers  the 
sidewalk  curb  is  made  24  inches  deep.  This 
construction  does  away  with  open  gutters  at 
the  crosswalks. 

The  covered  gutters  at  street  corners  are 
connected  by  gutters  extending  across  First 
South  Street  at  each  side  of  the  cross  street, 
as  shown  on  the  plan.  These  gutters  are  formed 
in  concrete  and  have  a  waterway  11  inches  wide 
finished  all  around  with  ^  inch  of  cement  plas- 
ter, in  accordance  with  one  of  the  detail  draw- 
ings herewith.  They  are  covered  with  cast-iron 
plates  18  inches  wide  and  1  inch  thick  having 
square  bosses  projecting  \i  inch  from  the  upper 
surface  and  reinforcing  ribs  on  the  bottom  % 
Inch  thick,  li^  inches  deep  at  the  middle.  These 
covers  are  set  in  cement  mortar  under  their 
edges  so  as  to  have  a  full  and  even  bearing.  Be- 
neath railroad  and  street  car  tracks  it  is  re- 
quired that  gutters  of  this  class  shall  have  a 
clear  depth  of  at  least  12  inches.  The  covers 
for  the  gutters  at  the  crosswalks  are  similar, 
bat  only  %  inch  thick  and  have  a  diamond  pat- 
tern on  the  upiier  surface.  In  front  of  the  fire 
department  station  the  gutter  is  to  be  of  con- 
crete-steel construction,  as  shown  by  one  of  the 
detail  drawings,  the  top  being  reinforced  with 
%-inch  square  corrugated  steel  bars  20  inches 
long  bent  to  a  radius  of  18  inches  and  spaced  4 
Inches  apart  on  centers. 

It  Is  specified  that  when  making  the  prelim- 
inary excavations  for  grading  the  street,  the 
plow  point  shall  not  penetrate  below  a  line  3 
Inches  above  the  sub-grade  surface;  the  remain- 
ing 3  inches  are  to  be  dressed  oft  carefully  with 
picks.  Filling,  wherever  needed,  is  to  be  placed 
and  rolled  in  layers  not  more  than  6  inches 
thick.  It  is  required  that  the  sub-grade  surface 
U  to  be  brought  to  an  exact  parallel  with  the 
finished  surface  by  trimming  and  rolling. 

The  specifications  for  stone  paving  blocks 
state  that  all  blocks  shall  be  free  from  lamina- 
tion, stratifications  or  other  defects;  that  stones 
from  different  quarries  or  of  different  colors 
shall  be  laid  together  in  different  portions  of  the 
work.  All  stone  blocks  are  to  be  neatly  cut  with 
the  following  dimensions:  In  length,  not  more 
than  10  nor  less  than  7  inches;  In  width,  not 
more  than  V/t,  nor  less  than  3%  Inches,  and  to 
a  uniform  depth  of  7  Inches.  The  sides  and 
ends  shall  be  dressed  so  as  to  make  %-inch 
Joints  the  full  depth  of  the  blocks.  The  blocks 
are  to  be  laid  on  a  foundation  of  well  compact- 
ed clean  screened  pea  gravel  6  inches  thick,  and 
all  longitudinal  Joints  shall  be  broken  by  a  lap 
of  at  least  2  inches.  Screened  pea  gravel  is  to 
be  swept  into  the  Joints  after  the  blocks  are  laid 
and  rammed,  but  the  upper  3  inches  of  all  Joints 
are  subsequently  to  be  cleaned  out  and  filled 


with  1:2  Portland  cement  grout.  No  grouting 
is  allowed,  however,  when  the  day  or  night  tem- 
perature falls  below  35  degrees  Fahrenheit. 
After  the  Joints  have  been  grouted,  a  ^-inch 
layer  of  dry  coarse  sand  Is  to  be  spread  over 
the  whole  surface  of  the  pavement  and  left  for 
a  period  to  be  determined  by  the  engineer. 

A  6-inch  concrete  foundation  is  required  for 
asphalt  and  wood-block  pavements,  and  the  spe- 
cifications stipulate  that  as  soon  as  laid  and  be- 
fore the  top  becomes  dry,  the  entire  surface  of 
the  concrete  foundation  shall  be  covered  by  1 
inch  in  depth  of  clean  sand  to  protect  it  from 
the  sun  and  wind.  The  sand  so  spread  shall  be 
kept  moist  for  a  period  of  10  days,  and  the  con- 
crete shall  be  protected  against  use  during  that 
time.  No  concrete  is  to  be  laid  when  the  tem- 
perature at  any  time  during  the  day  or  night 
falls  below  35  degrees  Fahrenheit.  The  con- 
crete gutters  are  likewise  to  be  kept  moist  for 
10  days  and  protected  by  covers  of  2-inch  planks. 
The  specifications  for  the  asphalt  pavement  con- 
tain the  usual  requirements. 

The  prices  bid  for  paving  the  portion  of  First 
South  Street  above  mentioned  were  printed  in 
detail  in  the  contracting  news  columns  of  The 
Engineering  Record,  January  9.  Mr.  P.  J.  Mor- 
an,  of  Salt  Lake  City,  was  the  lowest  bidder 
and  was  awarded  the  contract.  Mr.  Louis  C. 
Kelsey,  as  city  engineer,  has  charge  of  the  work. 


A    Concrete-Steel    Reservoir    for    East 
Orange,  New  Jersey. 

East  Orange,  situated  In  the  northeastern 
part  of  the  State  of  New  Jersey,  is  practically 
a  suburb  of  New  York,  being  about  twelve  miles 
from  the  metropolis.  The  community  has  a 
population  of  about  25,000,  and  uses  on  the  aver- 
age between  2,500,000  and  3,000,000  gallons  of 
water  per  day,  of  which  nearly  one-half  is 
purchased  from  the  water-works  of  the  city  of 
Newark,  the  remainder  being  pumped  from  the 
leased  works  of  the  Orange  Water  Company. 
Desiring  to  be  independent  In  this  respect,  the 
city  is  constructing  water-works  of  its  own.  The 
source  of  supply  which  is  being  developed  is 
a  water-bearing  deposit  of  sand  and  gravel  in 
the  valley  of  the  Passaic  River,  at  White  Oak 
Ridge,  about  two  and  a  half  miles  northeast 
of  the  village  of  Milburn.  Here  the  city  has 
purchased  a  tract  of  about  600  acres  and  is 
sinking  two  groups  of  wells  about  110  feet 
deep.  The  water-bearing  sand  is  overlaid  by 
clay  and  hard  pan  in  such  a  manner  as  to  ex- 
clude any  possible  sources  of  pollution.  The 
water,  as  determined  by  a  large  number  of  test 
wells,  is  of  excellent  quality  and  abundant  in 
quantity,  reaching  the  wens  only  after  filtering 
through  deep  beds  of  sand.  Near  one  of  these 
groups  of  wells  a  pumping  station  is  to  be 
built,  which  will  pump  the  water  from  all  the 
wells  to  a  covered  reservoir. 

The  reservoir  is  to  be  of  concrete-steel  con- 
struction and  is  somewhat  novel  in  design. 
This  part  of  the  works  was  recently  put  under 
contract;  the  details  of  the  bids  were  printed 
in  the  contract  news  columns  of  this  Journal 
in  the  Issue  of  March  12.  The  site  of  the  reser- 
voir is  on  Orange  Mountain,  in  the  town  of 
South  Orange,  about  200  feet  above,  and  nearly 
five  miles  distant  from,  the  pumping  station 
site.  A  24-inch  cast-iron  pipe  will  connect  the 
station  with  the  reservoir,  but  only  for  4,000 
feet  will  this  pipe  be  a  force  main,  this  portion 
ending  at  a  surge  standpipe  on  the  top  of  the 
mountain.  From  the  surge  standpipe  the  water 
will  fiow  by  gravity  to  the  reservoir.  As  the 
reservoir  site  is  approximately  200  feet  above 
the  general  level  of  the  city,  the  water  will 
flow  by  gravity  Into  the  distribution  system  and 
will  have  a  pressure  at  the  hydrants  of  about 
80  pounds.  All  parts  of  the  bottom  of  the  res- 
ervoir will  be  in  excavation  In  a  stiff  hardpan. 


the  depth  of  the  cut  varying  from  2  to  over  20 
feet,  owing  to  the  slope  of  the  hillside.  The 
materials  excavated  will  be  used  for  covering 
the  roof  of  the  reservoir,  embanking  around  its 
walls  and  terracing  the  side  of  the  hill  down 
to  the  adjoining  street. 

The  reservoir  will  be  139  by  240  feet  inside, 
and  with  the  proposed  maximum  depth  of  water 
of  20  feet  will  have  a  capacity  of  5,000,000  gal- 
lons. The  interior  height  from  floor  to  roof  is 
to  be  21  feet  4  inches.  A  partition  wall  will  di- 
vide the  reservoir  into  two  equal  and  nearly 
square  basins,  each  independent  of  the  other, 
so  that  either  one  may  be  shut  off  and  emptied 
without  interfering  with  the  other.  The  novel 
feature  of  the  design  is  the  use  of  very  thin 
walls  over  twenty  feet  high  braced  by  thin  tri- 
angular buttresses  at  intervals  of  10  feet.  All 
masonry,  except  the  superstructure  of  the  small 
gatehouse  Just  below  the  reservoir.  Is  to  be  of 
rich  Portland  cement  concrete  made  with  trap 
rock  broken  to  iv.-inch  size.  Sand  and  trap 
rock  can  be  obtained  near  the  site.  Special 
pains  are  to  be  exercised  to  make  the  structure 
as  nearly  monolithic  as  possible  and  to  secure 
smooth  surfaces.  The  tops  of  the  floor  and  of 
the  roof  are  to  be  floated  and  troweled  to  a 
smooth  hard  finish. 

Expansion  joints  are  to  be  formed  in  the  ex- 
terior and  dividing  walls  of  the  reservoir  at 
intervals  of  about  50  feet  by  inserting  a  plate 
of  steel  '^  inch  thick  and  6  inches  wide,  21  feet 
long,  covered  with  two  sheets  of  lead  %  inch 
thick,  bent  in  U  shape  and  fitting  tightly  to  the 
steel  plate.  Interruptions  in  the  building  of 
the  walls  will  be  permitted  only  at  the  expan- 
sion Joints.  The  reservoir  is  to  be  waterproofed 
by  covering  the  water  sides  of  the  floor  and 
walls  with  a  1-inch  coating  of  1:2  Portland  ce- 
ment mortar  mixed  with  a  solution  of  light  soft 
soap  in  the  proportion  of  1%  pounds  to  15  gal- 
lons of  water,  and  having  3  pounds  of  powdered 
alum  incorporated  with  each  bag  of  cement. 
This  mortar  is  to  be  deposited  in  the  forms  for 
the  concrete  as  the  work  progresses.  For  the 
reinforcement  of  the  concrete  St.  Louis  corru- 
gated bars  will  be  used.  The  specifications  re- 
quire a  tensile  strength  for  the  steel,  in  test 
pieces  not  less  than  i/i  inch  square,  of  100,000 
to  110,000  pounds  per  square  inch  and  an  elas- 
tic limit  of  50,000  to  60,000  pounds. 

In  making  the  excavation  tor  the  reservoir 
no  plowing  will  be  allowed  within  6  inches  of 
the  sub-grade.  The  last  6  inches  of  material 
are  to  be  removed  by  pick  and  shovel,  and  the 
bottom  so  trimmed  as  to  be  thoroughly  com- 
pacted by  means  of  a  10-ton  steam  roller.  The 
floor  concrete  will  be  placed  directly  on  the 
hardpan  as  thus  prepared.  The  embankments 
are  to  be  rolled  and  tamped,  and  the  lighter 
surface  soil  is  to  be  used  for  dressing  the  slopes 
and  covering  the  roof  to  a  depth  of  2  feet.  The 
slopes  are  to  be  one  on  one  and  one-half. 

The  floor  concrete  is  to  be  8  Inches  thick,  ex- 
cepting under  the  wall  buttresses,  where  it  la 
to  be  12  inches,  and  will  be  deposited  in  one 
layer,  surrounding  the  reinforcing  rods,  directly 
upon  the  earth,  formed  in  blocks  about  10  by  lO' 
feet.  The  floor  is  to  be  extended  beyond  the 
walls  on  all  four  sides  to  a  width  of  7  feet  with 
a  thickness  Of  12  inches  as  a  footing  for  the 
wall  buttresses,  and  under  the  outer  edge  on 
each  side  there  will  be  a  beam  12  inches  wide 
and  30  inches  deep,  formed  in  a  trench  cut  in 
the  hardpan.  These  beams  will  be  reinforced 
by  four  1-inch  rods  placed  1  Inch  above  their 
bottoms.  The  floor  is  to  be  reinforced  for  the 
most  part  with  i/4-inch  rods  6  inches  center  to 
center  in  both  directions,  with  additional  %- 
inch  rods  4  feet  long,  6  Inches  on  centers  under 
the  exterior  walls  and  the  columns,  as  shown. 

The  exterior  walls  will  have  a  uniform  thick- 
ness of  12  inches  from  top  to  bottom,  with  ver- 
tical and  horizontal  steel  bars  of  the  sizes  and 
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spacing  shown,  and  will  be  braced  by  triangu- 
lar buttresses  12  inches  thick  and  7  feet  wide 
at  the  bottom,  formed  as  integral  parts  of  the 
wall  monolith.  As  shown  in  an  accompanying 
drawing,  the  outer  edges  of  the  buttresses  will 
be  reinforced  with  steel  rods,  which  will  ex- 
tend downwards  so  as  to  tie  into  the  beams  un- 
der the  edges  of  the  floor.  The  buttresses  are 
to  be  spaced  10  feet  apart  on  centers  and  are 
intended  not  so  much  to  aid  in  resisting  the 
pressure  of  the  water  from  within  as  to  with- 
stand the  pressure  of  the  earth  from  without 
and  to  brace  the  structure.  The  dividing  wall 
is  14  inches  thick  and  has  buttresses  12  inches 
in  thickness  6  feet  wide  at  the  bottom,  also 
spaced  10  feet  on  centers.  There  is  likewise  a 
beam  beneath  the  floor  under  the  outer  ends  of 
each  row  of  buttresses  at  this  wall.     All  but- 


laches  deep  below  the  under  side  of  the  roof. 
The  columns  are  12  inches  square  and  are 
spaced  10  feet  on  centers  in  each  row.  They 
bear  directly  on  the  floor,  being  flared  slightly 
at  their  bottoms  in  order  to  increase  the  bear- 
ing area,  and  at  their  tops  corbelled  out  to  a 
length  of  3  feet  under  the  girders.  Each  col- 
umn will  be  reinforced  by  four  vertical  Vj-inch 
bars  connected  by  3/16-inch  tie  wires,  and  over 
each  column  there  are  to  be  additional  rein- 
forcing rods  in  the  roof  slab.  The  girders  are 
to  be  reinforced  with  four  %-inch  bars  in  each, 
placed  as  shown  in  the  illustration,  with  four 
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tresses  and  the  floor  slabs  beneath  them  are  to 
be  reinforced  with  horizontal  rods,  as  Indicated. 
The  roof  is  to  be  a  flat  concrete  slab,  6  inches 
thick  for  10  feet  from  the  exterior  walls  and 
5  inches  thick  over  the  remaining  area,  rein- 
forced with  Mi-inch  steel  bars  spaced  24  Inches 
apart  longitudinally  and  S^/l.  and  3  inches  trans- 
versely, in  the  5-inch  and  6-inch  slabs,  respect- 
ively, embedded  1  inch  below  the  top.  It  will 
be  supported  by  the  walls  and  by  transverse 
rows  of  columns  spaced  10  feet  apart  on  cen- 
ters,  carrying   girders    12   inches   wide  and   16 


additional  %-inch  rods  5  feet  long  over  the  top 
of  each  column;  there  will  also  be  stirrups  to 
resist  the  shear.  The  spacing  of  the  girders 
and  columns  brings  them  in  line  with  the  but- 
tresses on  the  long  sides  of  the  reservoir. 

Three  manholes  will  be  placed  in  each  alter- 
nate bay  of  the  roof,  staggered  in  adjacent  rows, 
making  fifteen  in  each  basin  or  thirty  In  all. 
They  will  be  30  by  42  Inches  and  will  provide 
means  of  access,  light  and  ventilation  when 
the  reservoir  is  being  cleaned.  Their  walls 
will  be  of  concrete  built  up  from  the  roof  slab. 


and  each  manhole  will  have  a  frame  and  cover 
of  cast-iron  with  a  secondary  sheet  steel  cover 
3  inches  below. 

At  the  end  of  the  dividing  wall  toward  the 
street  a  4  by  9-foot  screen  chamber  is  to  be 
formed  In  each  basin  with  18-lnch  walls  ex- 
tending from  floor  to  roof.  Over  these  cham- 
bers there  is  .to  be  a  16  by  20-foot  concrete 
platform  with  granolithic  finish,  with  a  3  by  4- 
foot  opening  above  the  screen  groove  In  the 
longer  wall  of  each  chamber.  The  openings  in 
the  walls  for  the  screens  are  to  be  30  Inches 
wide.  The  screens  will  have  oak  frames  and 
%-inch  copper  netting  of  No.  10  wire.  One 
screen  91/0  feet  high  will  be  kept  in  the  lower 
part  of  the  opening  in  each  chamber  and  the 
space  above  the  screen  will  be  filled  with  a 
wooden  diaphragm. 

The  gatehouse  containing  the  valves  which 
are  to  control  the  pipes  to  and  from  the  reser- 
voir will  be  built  on  a  terrace  below  the  reser- 
voir, as  Indicated  on  an  accompanying  section 
through  the  embankment  showing  the  vertical 
arrangement  of  the  pipes.  The  substructure 
walls  will  be  of  concrete,  but  those  of  the  su- 
perstructure will  be  of  brick  with  cut  stone 
trimmings.  The  roof  will  be  of  cinder  concrete 
reinforced  with  3-inch  mesh  number  10  ex- 
panded metal,  supported  on  a  steel  frame.  The 
concrete  will  be  covered  with  terra  cotta  tiles 
%  inch  thick.  The  superstructure  Is  to  be  22 
feet  4  inches  by  27  feet  4  inches  outside.  From 
the  street  concrete  stairs  will  lead  up  the  slope 
to  the  gatehouse  and  thence  to  the  platform 
over  the  screen  chambers. 

From  the  street  to  the  reservoir  the  pipes  are 
parallel,  in  plan  and  in  duplicate,  one  set  to 
each  basin.  Only  one  main  from  the  pumping 
station  and  one  supply  main  to  the  city  will, 
however,  be  completed  at  present;  the  other 
main  of  each  kind  will  be  stopped  at  a  gate 
valve  near  the  street  which  passes  the  reser- 
voir and  will  be  cross-connected  to  the  com- 
pleted main.  The  inlet  mains  cross  the  basins 
diagonally  to  the  farther  corner  of  each,  while 
the  outlet  mains  start  in  the  screen  chambers. 
All  of  these  are  18  inches  in  diameter.  The 
overflow  pipe  from  one  basin  will  extend  direct- 
ly to  a  brook  and  the  overflow  from  the  other 
basin  will  be  connected  to  it  by  turning  so  as  to 
run  across  the  gate-chamber,  Intercepting  In 
the  chamber  the  two  8-inch  mud  pipes  or  blow- 
offs  from  the  basins.  The  overflow  pipes  are 
each  18  inches  in  diameter.  An  18-inch  Ven- 
turi  meter  will  be  installed  in  the  gatehouse 
in  the  supply  main  to  the  city  so  as  to  measure 
the  quantity  of  water  consumed.  This  meter 
will  be  fitted  with  a  register  and  a  chart  re- 
corder. 

The  estimated  quantities  involved  in  the 
construction  of  the  reservoir  and  its  appurte- 
nances are:  Excavation,  16,800  cubic  yards; 
puddled  embankment,  11,500  cubic  yards;  Port- 
land cement,  4,310  barrels;  concrete,  2,900  cu- 
bic yards;  steel  bars  and  wire  for  reinforcing 
the  concrete,  187  tons  of  2,000  pounds.  Mr.  C. 
C.  Vermeule,  of  New  York  City,  Is  the  engineer 
in  charge  of  all  the  work  connected  with  these 
water-works.  Mr.  Asher  Atkinson  has  had  im- 
mediate charge  of  the  preparation  of  the  plans 
for  the  reservoir  and  some  other  portions  of 
the  work.  The  contract  for  the  reservoir  was 
awarded  to  the  Commonwealth  Roofing  Com- 
pany, of  Newark,  N.  J. 


A  Power-Gas  Plant  at  the  Embrach  Pottery, 
Switzerland,  ran  8,235  hours  during  1903,  devel- 
oped 355,233  kilowatt-hours  and  consumed  1.56 
pounds  of  coal  per  kilowatt-hour,  or  0.99  pound 
per  horse-power-hour,  according  to  the  "Schwel- 
zerische  Bauzeitung."  The  plant  includes  three 
2B0-hcrse-power  gas  generators  and  three  100- , 
horse-power  gas  engines. 


388 


THE     ENGINEERING     RECORD 


\'oL.  49,  No.  13. 


Data  for  Locating  Engineers. 

One  of  the  most  interesting  and  extensive 
series  of  improvements  in  location  which  have 
been  undertaken  In  recent  years  by  American 
railroads  was  that  inaugurated  on  the  main 
line  of  the  Union  Pacific  Railroad  in  1898.  While 
a  sreat  deal  of  information  has  been  made  pub- 
lic concerning  the  actual  construction,  the  en- 
gineering reasons  for  it  were  not  fully  stated 
until  Mr.  J.  B.  Berry,  chief  engineer  of  the 
company,  contributed  to  a  recent  "Bulletin"  of 
the  American  Railway  Engineering  &  Mainten- 
ance of  Way  Association  a  full  explanation  of 
the  principles  governing  the  relocation.  As 
the  paper  is  sold  by  the  Association,  no  attempt 
will  be  made  to  give  an  abstract  of  it.  but  it  is 
nevertheless  believed  that  the  following  data 
for  the  field  use  of  locating  engineers  will  prove 
of  Interest  to  many  readers  of  The  Engineering 
Record,  who  will  not  care  to  send  for  the  full 
paper. 

For  general  purposes  the  tractive  power  of 
a  locomotive  can  be  considered  at  20  per  cent. 
of  the  weight  on  the  drivers  at  a  velocity  of  10 
to  12  miles  per  hour,  although  with  fair  weather 
conditions  a  well-designed-  locomotive  should 
develop  a  tractive  power  of  22\4  per  cent,  of  the 
weight  on  the  drivers  at  10  miles  per  hour. 

Assuming  6  pounds  per  ton  for  velocity  and 
frictional  resistances  as  a  fair  average  for  slow 
and  fast  freights,  with  the  grade  resistance  20 
times  the  rate  per  cent,  of  grade,  the  tons 
weight  of  train,  including  engine  and  tender, 
will  be:  Tractive  power  -^  (6  -f  20G),  where 
G  Is  the  per  cent,  of  grade.  In  using  this  for- 
mula for  estimating  the  number  of  trains  neces- 
sary to  handle  the  tonnage,  the  weight  of 
freight  may  be  considered  as  50  per  cent,  of  the 
weight  of  the  train  exclusive  of  the  locomotive. 

A  reduction  of  gradient  on  an  engine  district 
100  miles  long  so  as  to  require  one  less  daily 
train  in  each  direction  will  result  in  a  saving 
of  $37,200  per  annum.  For  other  lengths  of  dis- 
trict or  a  greater  reduction  in  the  required 
number  of  trains,  the  saving  m  operating  ex- 
penses per  annum  will  be  in  direct  proportion 
to  this. 

Any  reduction  in  the  length  of  helper  grades 
or  other  change  that  will  eliminate  one  helper 
engine  of  the  same  size  as  the  standard  road 
engine,  will  result  in  a  saving  of  $14,600  per 
annum,  provided  the  helper  engines  average  100 
miles  per  day.  For  other  average  daily  mile- 
ages of  the  helper,  the  saving  can  be  estimated 
as  directly  proportional  to  this. 

A  saving  in  distance  will  result  in  the  fol- 
lowing savings  per  annum  per  daily  train  one 
way:  1,  Distances  so  short  as  not  to  affect  the 
wages  of  engine  or  train  men,  2.6  cents  per  foot, 
or  $137  per  mile.  2,  Distances  affecting  train 
wages  but  not  affecting  the  number  of  side 
tracks  required,  3.7  cents  per  foot  or  $196  per 
mile.  3,  Distances  so  great  as  to  affect  the 
number  of  side  tracks  required,  4.8  cents  per 
foot  or  $252  per  mile. 

The  elimination  of  one  degree  of  curvature 
will  result  In  a  saving  per  annum  per  daily 
train  one  way  of  23  cents  per  degree  for  un- 
compensated curvature  and  19  1/3  cents  for 
compensated  curvature. 

The  elimination  of  one  foot  rise  and  fall  will 
result  in  a  saving  per  annum  per  daily  train 
one  way  as  follows:  Where  grades  are  such 
as  to  require  shutting  off  steam  in  descending, 
but  not  to  require  the  application  of  brakes; 
$0.55  per  foot  on  minor  grades  and  $0^96  per 
foot  on  ruling  grades.  Where  grades  are  so 
heavy  as  to  require  the  application  of  brakes, 
$1.15  per  foot  on  minor  grades  and  $1.57  per 
foot  on  ruling  grades. 

In  Mr.  Berry's  opinion  these  values  are  suf- 
ficiently close  for  the  use  of  the  locating  en- 


gineer in  comparing  the  various  lines,  although 
a  final  and  more  careful  comparison  is  to  be 
made  in  the  office  of  the  chief  engineer. 


The  Cost  of  Generating  Electric  Power. 


A  Test  of  Wire  Glass  at  Baltimore. 

The  importance  of  wire  glass  as  a  fire-resist- 
ing material  was  pointed  out  in  this  journal  a 
number  of  years  ago,  when  it  was  first  brought 
out  commercially.  A  good  proof  of  its  useful- 
ness for  this  purpose  was  furnished  by  many 
windows  which  passed  through  the  fire  at  Bal- 
timore with  comparatively  little  damage. 
Among  the  buildings  glazed  in  this  manner  may 
be  mentioned  the  transformer  house  of  the 
United  Electric  Light  &  Power  Company.  An 
important  factor  in  its  escape  from  the  heavy 
injury  and  destruction  of  other  structures  in  its 
vicinity  in  the  burned  district  was  the  resist- 
ance offered  to  exterior  flames  by  the  wire 
glass  windows  of  its  front,  which  were  in  the 
path  of  the  fire  and  parallel  to  it.  They  were 
thus  not  exposed  to  the  Impact  of  the  flames 
although  they  received  the  full  heat  effect  from 
a  burning  building  on  the  opposite  side  of  a 
narrow  street.  The  side  walls  of  the  structure, 
which  were  across  the  path  of  the  Are,  were  of 
solid  brickwork  without. any  openings. 

The    accompanying    photograph    shows    the 


Wire  Glass  in  Transformer  House,  Baltimore. 

present  condition  of  the  front  of  the  building.  It 
will  be  noticed  that  the  wire  glass  with  its 
metal  sash  and  frames  occupies  a  very  large 
part  of  the  surface.  Some  of  the  windows  were 
broken  by  falling  walls,  and  there  are  small 
holes  in  the  glass  of  other  windows,  caused  by 
the  intense  heat.  The  building  escaped  prac- 
tically uninjured  and  served  as  a  shield  for  the 
low  brick  building  adjacent  to  it  on  the  leeward 
side,  as  shown  in  the  engraving. 


The  Test  of  a  Refrigerating  Plant  was  re- 
ported last  year  in  the  "Zeltschrift"  of  the  So- 
ciety of  German  Engineers  by  Mr.  E.  Brauer. 
A  brewery  installation  having  175-hors*e -power 
in  compressors,  918  ice  tanks  of  28.6  pounds 
capacity  each  and  cooling  surface  in  the  refrig- 
erator and  condenser  amounting  to  2,153  square 
feet  was  tested.  The  cooling  effect  was  meas- 
ured by  passing  hot  water  through  pipes  In 
the  brine,  and  the  gross  performance,  that  is, 
the  hourly  amount  of  heat  represented  by  the 
heat  abstracted  In  this  way  together  with  the 
equivalent  represented  by  the  lowering  of  tem- 
perature of  the  generator  contents  and  the  heat 
radiated  into  the  refrigerator,  was  14.6.')7  British 
thermal  units  per  indicated  horse-power -hour. 


At  a  meeting  of  the  Cleveland.  England,  In- 
stitution of  Engineers,  held  February  22,  a 
paper  was  read  by  Mr.  E.  J.  Fox  on  the  cost  of 
generating  electric  power.  The  total  unit  costs 
of  power  production  of  the  British  plants  which 
serve  largely  as  the  source  of  his  information 
are  not  in  themselves  of  primary  interest  In 
this  country,  but  as  showing  the  relative  differ- 
ence between  generating  costs  in  the  plants  of 
public  service  corporations  and  in  those  of  pri- 
vate industrial  establishments  they  will  prove 
quite  instructive.  Not  the  least  interesting  of 
his  observations,  however,  deal  with  the  effect 
of  different  classes  of  auxiliary  apparatus  in  a 
power  plant  and  with  the  effect  of  different  de- 
grees of  refinement  to  secure  economy  in  pro- 
duction. These  are  given  more  or  less  fully  in 
the  succeeding  review,  and,  it  should  be  added, 
refer  only  to  stations  employing  reciprocating 
steam  engines. 

Throughout  the  paper  reference  is  made  to 
the  important  bearing  that  the  power  factor 
has  on  the  economy.  The  auxiliary  plant  re- 
quires, in  the  words  of  the  author,  an  amount 
of  power  that  is  largely  constant,  regardless  of 
the  load,  and  is  liable,  if  the  plant  is  frequently 
worked  at  light  loads,  to  cost  more  than  the 
savings  which  it  introduces.  In  the  case  of  the 
Salford  station  he  states  that  the  auxiliary 
plant  absorbed  between  6.5  and  8.3  per  cent, 
of  the  total  electrical  output  generated,  depend- 
ing on  the  state  of  the  load  factor.  Of  this 
lower  figure  the  motor-driven  air  pump  is  re- 
sponsible for  4.67  per  cent.,  the  motor-driven 
boiler  feed  pump  for  1.18  per  cent.,  the  re- 
mainder being  divided  between  the  mechanical 
stokers,  ash  conveyors,  economizer  scrapers, 
ooal  elevators  and  workshops.  It  appears  that 
the  station  operates  with  a  low  load  factor. 
The  electrically-driven  auxiliaries  in  the  case 
of  Crompton's  Works  at  Chelmsford,  when 
taken  over  a  period  of  six  months'  working, 
amounted  to  31/j  per  cent,  only  of  the  total 
units  generated,  showing  how  great  is  the  sav- 
ing in  running  the  auxiliary  plant  with  an  im- 
provement in  the  load  factor,  as  existed  in  this 
case.  This  figure,  he  says,  has  not  been  ob- 
tained without  being  carefully  watched,  and 
without  improvements  being  introduced  from 
time  to  time,  leaving  us  with  the  moral  that 
attention  should  be  paid  to  these  points. 

With  regard  to  boiler-feed  pumps,  the  author 
refers  to  the  performance  of  a  4.000-gallon 
motor-driven  pump  in  use  at  the  Salford  plant. 
When  8.971  gallons  were  delivered,  27.6  kilo- 
watt-hours were  absorbed  by  the  unit  and  when 
15,822  gallons  were  pumped,  36  kilowatt-hours 
were  absorbed.  Assuming  each  electrical  unit 
as  requiring  30  pounds  of  steam  to  generate  it, 
which,  the  author  says,  is  more  than  25  per 
cent,  above  the  full-load  consumption  of  the 
steam  engines  installed,  it  will  be  found  that 
108  and  147  pounds  of  water  were  delivered  per 
pound  of  steam  used  in  the  two  conditions  of 
load  cited.  This  performance  was  realized,  the 
author  points  out,  in  spite  of  the  fact  that  the 
pump  is  worm-geared  with  a  full  load  efllciency 
of  only  60.67  per  cent.  It  absorbs  1.18  per  cent, 
of  the  total  station  output. 

As  to  the  duty  of  steam  pumps,  he  gives  77, 
79,  81.5  and  84  as  the  number  of  pounds  of 
water  delivered  per  pound  of  steam  correspond- 
ing to  deliveries  of  1,000,  2,000,  4,000  and  6,000 
gallons  respectively.  These  figures  were  taken 
from  a  paper  read  some  time  ago  before  the 
Institute  of  Electrical  Engineers,  and  in  discus- 
sion on  it,  some  further  comparisons  were  made 
and  these  are  quoted  by  the  author.  The  duties, 
in  pounds  pumped  per  pound  of  steam,  are 
given  for  full,  three-quarter,  one-half  and  one- 
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quarter  loads  in  order.  For  the  standard  steam 
pump  they  are  stated  to  be  86,  85,  84  and  80; 
for  an  old  pump.  58,  56,  49  and  36;  for  an  elec- 
trically-driven, 164,  123,  82  and  41;  for  an  elec- 
tric variable-stroke,  164.  163,  152  and  129.  These 
figures  indicate  among  other  things  that  the 
efficiencies  for  the  electrically-driven  outfit  de- 
pend greatly  on  the  proportion  of  load  and 
point  to  the  desirability  of  a  careful  sub- 
division of  plant  where  ordinary  motor-driven 
pumps  are  used.  In  this  connection,  however, 
it  must  be  remembered,  the  author  intimates, 
that  as  the  motor-driven  pump  costs  about 
three  times  as  much  as  the  steam  pump,  the 
interest  and  depreciation  on  the  extra  capital 
expenditure  must  be  debited  to  the  saving  in 
the  coal  bill. 

With  regard  to  the  value  of  superheated 
steam,  he  gives  the  results  of  a  trial  of  a  400- 
horse-power  Willans  engine  which  had  been 
at  work  in  a  Lancashire  cotton  mill  for  eight 
years.  A  superheater  was  introduced  into  the 
downtake  of  the  boiler.  The  amount  of  super- 
heat obtained  in  the  engine  was  not  definitely 
known,  but.  as  far  as  can  be  ascertained  was 
somewhere  between  50  and  100  degrees  Fahren- 
heit. The  length  of  steam  pipe  between  the 
boiler  and  engine  was  120  feet  and  it  was 
found  that  before  the  superheat  was  employed 
18  per  cent,  of  moisture  was  present  in  the 
steam  at  the  engine  stop-valve.  The  compara- 
tive figures  obtained  from  the  test  are  as  fol- 
lows: Thef  water  per  indicated  horse-power 
per  hour  was  13.7  pounds,  using  the  super- 
heater; 16.08  pounds  with  the  saturated  steam; 
showing  a  gain  in  favor  of  the  superheater  of 
2.38  pounds,  or  14.8  per  cent.  The  coal  per 
indicated  horse-power  per  hour  was  1.76  pounds 
with  the  superheater  and  1.89  pounds  with  the 
saturated  steam,  showing  a  gain  in  favor  of 
the  superheater  of  0.13  pound,  or  6.88  per  cent. 
These  figures  are  interesting  as  showing  the 
difference  between  the  saving  on  the  basis  of 
the  water  rate  and  on  the  basis  of  the  coal 
consumption. 

The  high-speed  steam  engine  in  power-plant 
work  has  an  advocate  in  the  author  of  the  paper. 
He  says  that  the  piston  speed  is  less  in  most 
high-speed  engines  than  it  is  in  slow-speed 
engines.'  and  that  for  fifteen  years'  running, 
comprising  the  period  over  which  he  was  able 
to  obtain  reliable  figures,  the  results  of  eight  of 
the  older  stations  in  England  show  that  the 
repairs  were  as  small  during  the  later  years  as 
they  were  during  the  first  years. 

Condensing  versus  non-condensing  is  then 
considered  by  the  author.  At  Salford,  the  jet 
condensers  absorb  4.6  per  cent,  of  the  total 
power  generated;  while  at  Southport,  the 
power  required  for  circulating  water  for  the 
ejector  condensers  during  a  three  hours'  trial 
came  out  at  5.8  per  cent,  of  the  power  of  the 
engine,  and  7.26  per  cent,  of  the  total  units 
generated,  when  taken*  over  an  evening's  work- 
ing. At  Crewe,  the  power  absorbed  for  circu- 
lating water  for  ejector  condensers  has  come 
out  at  6.3  per  cent,  of  the  total  units  generated, 
when  taken  over  a  period  of  twelve  months' 
working.  He  does  not  wish  to  imply  that  con- 
densing has  not  paid  in  these  three  cases,  but 
mentions  the  figures  as  representative  of  the 
cost  of  condensing  in  stations  \vith  a  compara- 
tively poor  load  factor.  He  thinks  every  plant 
that  aims  at  obtaining  low  running  costs  should 
make  a  point  of  recording  the  amount  of  power 
expended  in  condensing  for  different  periods  of 
the  day,  when  it  may  be  found  that  while  con- 
densing pays  during  certain  periods  of  the 
twenty-four  hours,  it  may  be  cheaper  to  run 
non-condensing  during  other  periods.  In  Not- 
tingham 6.000  kilowatts  of  plant  has  been  In- 
stalled, all  running  non-condensing,  and  the 
costs,  he  feels,  compare  favorably  with  many 


stations    which    are    running    condensing,    as 
shown  in  an  accompanying  table. 

In  one  table  herewith  are  given  the  results 
obtained  during  1902  by  twelve  towns  which 
have  achieved  the  lowest  working  costs  per 
unit  sold,  the  capital  charges  being  omitted. 
In  another  is  set  forth  the  working  costs  in  a 
few  private  power  stations  with  a  large  output 
per  unit  of  plant  installed.  In  discussion  of 
the  tables  he  points  out  that  the  actual  size  of 
the  plant  has  little  to  do  with  the  cost  of  pro- 
duction. Other  things  being  equal,  a  station 
with  a  large  output,  he  feels,  has  no  doubt  a 
better  chance  than  a  station  with  a  small  one, 
but  a  good  deal  more  depends  upon  the  condi- 
tions of  working  and  the  nature  of  the  load 
than  upon  the  actual  kilowatt  of  plant  installed. 
As  an  instance  of  this,  he  refers  to  Messrs. 
Kynoch's  works  in  Birmingham,  where  the 
working  costs  in  these  works  amount  to  0.68 
cent,  per  kilowatt-hour  when  they  run  during 
the  day  time  only,  generating  18,400  kilowatt- 
hours  per  week,  whereas  when  they  increase 
their  output  to  22,400  kilowatt-hours  per  week. 

Table  D. 

ii.^     C        Costs  per  Kw. -hi',  in  cents. 

Town.      il     l=.2    £S  =        ./;        I        v.  « 

^1  i^  ii  I  -si  III' 

KradfiHcl.      (!.:J80   14.'i0  20.n:!  O.-'j^  0.1  O.Ki  0  26  1.04 

I-eeds H.~4i)     .-,08  li;.:)l  ..1«  .0(5  .:u  .28  1.24 

.St.    Helens  l..-!40     !I20  17.84  .r>2  .00  ..34  .38  1.3 

IMInhiii-gh  10.477      742  14.7.5  .08  .08  .18  .36   1.3 

Kolton    ...    3.700  1028  18.87  .70  .12  .3  .2     132 

Hootle    ...       8.-)0   lOOe  28.44  .82  .00  .3  .22    1.4 

Liverpool.    21.100   1004  2,"). 11  .74  .12  3  '6  14" 

So.  Shields  l.Hoo     71(i  l.")..S2  .74  .08  .4  .3      1  .">2 

Notfgham    .-i.042      727  12.07  .02  .2  ..32  18  1  62 

Preston...    1.020     ."i.-jO  13.31  .72  .12  .36  .46  1.66 

Karnworth.       610     730  14.;")4  .02  .2  36  •'■'   1  7 

Lelth 000     02.->  l!(.7!l  1.10  .08  .42  .18   1.78 

Table   E. 

'Z  -J  ^   — Costs  per  Kw.-lu-.  in  cents. — ^ 

*  r  a    o  4        §         _■  f        .=        .    37         .=  g 
.a'—   i.-      ;,         g-       s         'Si? 

Watson,     Lin-  ~ 

wood   .1400  3.2.'j  0.276  0.022  0.022  0.030  0.37 

Watson.  Lln- 
wood   .-.400  3  .306     .024     .042     .042     .414 

Watson,  Lln- 
wood .-)400  4  .342     .032     .054     .0.-)4     .484 

Watson,  lAn- 
wood .")400  3.1        .262     .028     .046     .046     .382 

Dorman,  Long 
&  Co.,  1003.. 5037  2.8 

Dorman,  Long 
&  Co.,  1002.. jODO  3.04     .358     .038     .17       .06       .626 

Kjnoch,  day 
load   1240  5.5       .38       .00     '.13       .086     .086 

Kynoch.  day 
and  night..  .1400  7.0       .486     .1  .15       .00       .828 

Cit.v  &  South 
London    Ity.2817  4.16     .614     .074     .128     .076     .802 

Crorapt  o  n  & 
<'o..  Chelms- 
ford    2820  4.25     .86       .030     .218     .044   1.158 

Vlckers.  .Shef- 
field,   South. 2000     ...      .51        .064     .202     .102     .038 

Vlckers.  Shef- 
field,  North. 32.80     ...      .626     .126     .204      .202   1.158 

and  maintain  a  supply  during  the  night  time, 
their  costs  come  up  to  0.83  cent.  Most  public  light- 
ing and  traction  stations,  such  as  are  enumerat- 
ed in  Table  D,  have  bad  load  factors,  by  which 
is  meant  the  yearly  output  of  the  station  in 
comparison  with  what  this  output  would  be  if 
the  maximum  demand  were'  maintained  contin- 
ually dui-ing  the  whole  year,  instead  of  over  a 
lew  hours  per  day,  and  then  often  during  the 
winter  months  only,  a  state  of  affairs  prevailing 
in  many  stations.  As  this  load  factor  is  rather 
a  difficult  figure  to  arrive  at  in  the  case  of  pri- 
•vate  power  plants,  he  has  substituted  in  its 
place  a  figure  which  represents  units  generated 
per  year  per  kilowatt  of  plant  installed.  If  the 
figure  is  too  low,  it  is  obvious  either  that  a  lib- 
eral amount  of  spare  plant  is  being  carried,  or 
that  the  number  of  working  hours  are  small. 
In  Table  D  the  maximum  yearly  output  per 
kilowatt  of  plant  installed  in  public  stations  is 
1,900,  whereas  the  average  is  well  under  1,000. 
Corresponding  figures  in  private  works  are 
about  5,500,  and  the  average  about  4,000.  This 
gives  private  power  plants  a  considerable  ad- 
vantage In  their  capital  charges  per  unit  sold, 


as  well  as  advantages  in  wages,  repairs  and 
maintenance,  which  involve  practically  the 
same  cost,  whether  the  plant  is  working  fully 
loaded  or  ro'i. 

In  Table  D  the  cost  of  fuel  is  the  highest 
item  making  up  the  works  costs  in  public  power 
statioiis.  This  figure,  however,  is  the  cost  of 
fuel  per  unit  sold,  and  includes  all  distribution 
losses,  consequently  It  is  necessarily  somewhat 
higher  than  the  figure  corresponding  with  the 
cost  of  fuel  in  private  power  plants.  By  keep- 
ing the  plant  at  work  more  hours  per  day  and 
loaded  more  fully  to  its  economical  capacity,  a 
set  of  conditions  impossible  in  public  stations, 
this  item  for  fuel  can  undoubtedly  be  consider- 
ably lowered.  From  Table  E  it  will  be  noted 
that  several  plants  are  producing  a  kilowatt  on 
the  switchboard  for  an  expenditure  3  to  4Vi 
pounds  of  coal,  including  the  steam  used  in  the 
auxiliary  plant. 

The  wages  of  workmen  may  vary  between 
0.05  and  2  cents  per  unit,  depending  almost  en- 
tirely upon  the  output  obtainable.  Public  sta- 
tions are  handicapped  in  two  ways.  The  costs 
include  labor  outside  the  engine-house,  such  as 
looking  after  mains,  and  a  public  power  sta- 
tion, being  isolated,  must  have  labor  sufficient 
for  dealing  with  an  emergency,  whereas  a  pri- 
vate works  need  only  have  sufficient  labor  for 
keeping  the  plant  in  good  condition,  and  in  the 
event  of  a  breakdown,  or  one  of  the  staff  being 
indisposed,  there  is  usually  little  difficulty  in 
drawing  from  another  department; 


The  Pumping  Machinery  for  the  new  dock  at 
Chatham,  England,  was  described  recently  in 
"Engineering."  There  are  two  sets  of  main 
pumps,  each  set  in  a  separate  excavated  shaft. 
The  pumps  are  of  the  vertical  centrifugal  type, 
with  8-foot  horizontal  impellers,  each  driven 
by  a  horizontal  compound  condensing  engine. 
These  have  16  and  32-inch  cylinders  with  a  24- 
inch  stroke,  but  the  high  and  low  pressure 
parts  of  the  engine  are  placed  at  right  angles 
to  each  other  in  a  horizontal  plane,  both  work- 
ing on  the  same  crank  which  rotates  about  a 
vertical  shaft.  The  pumps  are  capable  of  emp- 
tying the  dock  in  4  hours,  the  maicimum  quan- 
tity of  water  discharged  in  this  time  being 
66,000  tons  against  a  head  of  38.5  feet,  with  a 
pump  speed  of  122  revolutions  per  minute. 
Two  sets  of  drainage  pumps  are  used  for 
keeping  the  dock  clear  of  leakage  water,  and 
these  consist  in  each  case  of  three  single- 
acting  lift  pumps,  with  diameters  of  22  inches 
and  a  48-inch  stroke.  Each  set  of  three  pumps 
is  driven  by  a  compound  vertical  engine,  with 
14  and  24-inch  cylinders  and  16-inch  stroke. 
These  pumps  are  in  separate  shafts,  and  three 
long  connecting  rods  extend  from  each  set  ver- 
tically upward  to  cranks  in  the  pumping  sta- 
tion, and  the  horizontal  crank  shaft  is  driven 
by  its  corresponding  engine  through  heavy 
spur  gears.  The  drainage  pumps  have  a  ca- 
pacity of  lifting  1,500  tons  of  water  per  hour 
at  a  lift  of  53  feet  9  inches.  All  the  steam  ma- 
chinery is  operated  condensing.  The  pumping 
and  auxiliary  machinery  is  located  in  a  build- 
ing above  the  shafts,  65x67  feet  in  inside  di- 
mensions, with  boiler  room  adjoining.  The  con- 
densers, of  which  there  are  two.  are  of  the  sur- 
face type,  each  designed  to  handle  30,000  pounds 
of  steam  per  hour.  There  are  3,000  square  feet 
of  surface  in  each  condenser  and  the  air  pumps 
are  of  the  twin  type,  with  water  ends  16  inches 
in  diameter  by  8  Inches  stroke,  directly  driven 
by  compound  steam  cylinders  9  and  14  inches 
in  diameter  by  8  inches  stroke.  The  circulat- 
ing pump  is  of  the  centrifugal  type.  10  inches 
in  diameter,  driven  by  a  7x6-inch  steam  engine. 
The  plant  was  designed  and  constructed  by 
Messrs.  W.  H.  Allen,  Son  &  Company,  Ltd.,  of 
Bedford. 
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Cylindrical     Movable     Dams 
Schweinfurt,  Germany. 


at 


Two  hollow  cylinder  dams,  one  of  which  is 
the  subject  ot  the  accompanying  engraving. 
have  been  constructed  at  Schweinfurt,  Ger- 
many, across  the  River  Main.  They  were  built 
partly  to  render  the  stream  above  them  nav- 
igable and  panly  to  divert  the  water  for  power 
utilization.  As  the  river  is  one  subject  to 
heavy  floods,  a  type  of  dam  that  could  pro- 
vide for  the  rapid  discharge  of  the  freshet 
water  had  to  be  designed,  and  the  cylindrical 
form,  arranged  to  roll  upward  above  the  flood 
level,  was  adopted.  To  demonstrate  fully  its 
practicability,  the  first  was  constructed  across 
a  secondary  branch  of  the  river  at  Schwein- 
furt. with  a  toul  length  of  59  feet  and  a  diam- 
eter of  13.58  feet.  The  satisfactory  operation 
of  this  led  to  the  construction,  across  the  main 
branch,  of  the  dam  shown  in  the  engraving. 
mis  is  115  feet  long  and  6.56  feet  in  diam- 
eter. Briefly,  it  is  a  hollow  cylinder  of  sheet 
steel,  on  each  end  of  which  is  fixed  a  toothed 
wheel  which  meshes  into  an  inclined  rack  built 
in  each  abutment. 

The  dams  were  erected  under  the  authority 
of  the  Direction  royale  des  Routes  et  Voles 
navigables  by  the  Vereinlg^e  Maschinenfabrik 
Augsburg-Nuernberg.  The  first  dam  was  ar- 
ranged to  be  hauled  upward  from  its  lowest 
position  by  cables  on  each  end,  while  in  the 
longer  dam,  as  indicated  in  the  view,  the  driv- 
ing mechanism  is  all  located  at  one  end.  When 
the  downstream  level  of  the  water  rises,  the 
pressure  would  have  a  tendency  to  lift  the  gate. 
While  the  cylinder  itself  is  watertight,  to  pre- 
vent the  freezing  of  water  which  might  other- 
wise collect  in  it,  an  interior  pipe  is  provided 
in  the  smaller  dam  open  at  each  end  of  the 
dam,  but  shielded  by  its  interior  location  from 
the  cold.  This  pipe  is  filled  with  water  to  se- 
cure gn-eater  stability  by  the  weight  of  the 
water.  The  toothed  racks  in  this  case  are 
placed  at  an  angle  of  45  degrees.  The  cylinder, 
in  its  lowest  position,  rests  on  a  sill  of  oak 
and  the  tightness  of  the  dam  at  each  end  is 
provided  for  by  a  band  of  leather  around  the 
periphery,  the  pressure  of  the  water  acting  to 
hold  the  leather  against  the  masonry.  There 
is  a  stairway  in  each  abutment  giving  access 
to  the  racks.  The  weight  of  the  movable  cyl- 
inder of  the  first  dam  was  158,400  pounds.  To 
bring  it  above  the  level  of  the  highest  flood  it 
is  necessary  to  raise  it  a  distance  of  16.4  feet. 
It  is  arranged  for  hand  working,  with  six  men 
on  each  side.  In  "Genie  Civil,"  from  which  this 
account  is  taken,  an  interesting  calculation  of 
the  time  necessary  to  lift  It  is  made.  Giving 
each  man  the  capacity  for  work  of  57.75  foot- 
pounds per  second  (8  kilogrammeters),  and  al- 
lowing for  an  efficiency  of  35  per  cent,  in  the 
hoisting  mechanism,  the  time  required  to  lift 
the  cylinder  the  gtlven  distance  is  determined 
as  follows,  remembering  that  twelve  men  are 
engaged  all  told:  158,400xl6.4-i-(57.75xl2x 
0.35)  =10,710  (seconds),  or  3  hours. 

To  lift  the  cylinder  above  ordinary  freshets, 
only  about  half  this  time  is  consumed.  Since 
January,  1902,  when  the  work  was  completed, 
the  operation  of  the  dam  has  not,  it  is  stated, 
given  any  trouble. 

The  larger  dam  was  begun  in  May,  1903,  and 
was  put  in  service  in  December.  While  it  has 
a  rollway  length  of  114.8  feet,  its  actual  length 
Is  121.3  feet,  3.28  feet  of  each  end  extending 
Into  the  masonry  of  the  abutment.  The  steel  is 
1.1  inches  thick,  and  constructed  in  sections 
9.84  feet  long  with  a  single  longitudinal  Joint. 
The  transverse  Joints  are  butt  Joints  and  each 
section  is  reinforced  in  the  middle  by  a  brace 
contributing  to  iU  rigidity.     This  cylinder  la 


watertight  except  in  two  chambers  in  the  upper 
part  at  each  extremity.  When  the  downstream 
water  level  does  not  rise  more  than  3  feet  or  so 
above  the  bottom  of  the  dam  the  weight  of  the 
cylinder  is  sufiicient  to  counterbalance  the 
pressure.  When,  on  the  contrary,  the  water 
level  rises  above  this  limit,  the  water  enters 
the  two  chambers,  giving  the  cylinder  added 
stability.  The  racks  in  the  case  of  this  dam  are 
at  an  angle  of  45  degrees  only  along  the  upper 
part.  Toward  the  bottom  the  pitch  is  increased, 
attaining  4  to  1.  This  increase  in  pitch  is  made 
on  a  radius  of  10.46  feet.  The  steepness  of  the 
bottom  part  of  these  racks  gives  the  dam  better 
bearing  against  water  pressure  tending  to  raise 
it.  The  weight  of  the  cylinder  is  193,600  pounds. 
The  operating  apparatus  includes  two  steel 
cables  of  1.8  inches  diameter,  each  formed  of 
six  strands.  Each  cable  has  a  useful  section  of 
1.3  square  inches  and  is  designed  to  withstand 
a  stress  of  154  tons.  One  cable  is  calculated 
equal  to  three  times  the  maximum  effort  to  lift 
the  dam,  so  that  by  the  use  of  two  cables  there 
is  a  factor  of  safety  of  6.  The  two  cables  are 
rolled   on   drums,   and    to     raise    the   cylinder 


Reminiscences   of   Early   Railway   Loca- 
tion in  the  West. 


The  experiences  of  the  men  who  located  the 
railways  across  the  Western  plains  are  diffi- 
cult to  appreciate  at  the  present  time.  Their 
pioneer  work  was  followed  so  rapidly  by  the 
growth  of  villages  and  the  reduction  of  this  vast 
territory  to  a  law-abiding  condition  that  it  is 
hardly  conceivable  the  change  has  been  so 
speedy.  It  is  interesting  to  read  of  the  work  of 
these  pioneers,  and  for  this  reason  attention  is 
called  to  the  following  considerably  condensed 
report  of  an  address  recently  made  before  the 
Montana  Society  of  Engineers  by  Mr.  George  T. 
Wickes,  the  retiring  president,  who  took  an 
active  part  in  running  the  line  from  Kansas 
City  to  Denver  during  the  Civil  War. 

My  earliest  far  Western  experience  com- 
menced at  Wyandott,  now  Kansas  City,  Kan- 
sas, in  the  year  1862-63.  Kansas  City,  it  now 
seems  to  me,  could  not  then  have  had  a  total 
population  over  3,500 — Wyandott,  not  half  that. 
Leavenworth  was  then  the  metropolis  of  the 
"border,"  from  which  the  freight  teams  In  large 


Barrel  Dam  across  River  Main,  Schweinfurt,  Germany. 


above  high  water,  that  is  to  say  13.12  feet,  an 
electric  motor  of  18  horse-power  is  employed, 
and  the  operation  takes  less  than  a  quarter  of 
an  hour.  The  mechanism  possesses,  however, 
four  cranks  which  allow  for  lifting  the  dam  by 
hand.  As  is  shown,  the  cranks  drive  a  worm 
gearing  through  chains,  and  this,  in  turn,  is 
meshed  by  a  train  of  gears  and  a  chain  to  the 
hoisting  drums.  The  watertightness  at  each 
end  of  this  dam  is  provided  for  by  hemp  fixed 
to  the  masonry  on  each  side. 


Pulverized  Coal  for  combustion  under  steam 
boilers  was  the  subject  of  a  paper  read  at  a 
recent  meeting  of  the  Western  Society  of  Engi- 
neers, Chicago,  by  Mr.  John  M.  Sweeney.  Ac- 
cording to  the  results  of  comparative  trials 
cited  by  him,  9.4  pounds  of  water,  equivalent 
evaporation  from  and  at  212  degrees  Fahr.,  were 
realized  per  pound  of  fuel  with  the  pulverized 
coal  and  7.5  pounds  per  pound  of  fuel  with  hand 
firing.  On  the  basis  of  combustible  the  equiv- 
alent evaporation  In  the  two  cases  was  10.47 
and  8.4  pounds,  respectively. 


trains,  loaded  for  the  West  and  New  Mexico, 
were  sent.  Leavenworth  could  not  have  had  a 
population  of  over  5,000.  Kansas  City  had  evi- 
dently seen  better  days,  judging  from  the  then 
vacant  warehouses  on  the  bank  of  the  Missouri 
River. 

Beyond  Wyandott,  west  40  miles,  was  a  small 
settlement  called  Lawrence;  then  a  few  miles 
farther  was  a  still  smaller  congregation  of  stone 
houses  at  Topeka;  then  came  Fort  Riley;  ad- 
joining this  was  the  true  "border,"  125  miles 
west  from  the  Missouri  River.  Beyond  Fort 
Riley,  then  the  farthest  western  United  States 
Government  military  post,  was  a  vast  rolling 
plain,  500  miles  wide,  before  reaching  the  Rocky 
Mountains,  in  my  recollection,  with  not  a  tree 
in  the  whole  district. 

This  country,  though,  was  covered  with  a 
thick  matting  of  buffalo  grass,  a  surprising 
thing,  for  it  grew  from  a  hard  baked  surface 
soil,  something  like  a  concrete  pavement  of  to- 
day; from  this  hard  surface  would  be  emitted 
a  rumbling  noise  like  the  roll  of  distant  thunder 
when  herds  of  buffalo  were  stampeded  over  it. 
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At  the  time  of  my  arrival  in  Wyandott  ttiere 
were  two  projected  lines  for  Pacific  railroads, 
both  subsidized  by  the  Government;  one  was 
planned  to  go  west  upon  the  Piatt  River  Valley, 
starting  at  Omaha;  the  franchise  for  this  was 
then  held  by  Mr.  Durant,  of  New  York.  The 
other  was  to  leave  the  Missouri  River  at  Kan- 
sas City,  or  Wyandott,  going  west  through  Kan- 
sas.   This  franchise  was  originally  held  by  John 

C.  Fremont,  afterwards  transferred  by  him  to 
Mr.  Samuel  Hallett,  a  New  York  Wall  street 
broker.  Mr.  Hallett  at  that  time  had  rails  laid 
on  about  ten  miles  of  road  west  from  Wyandott. 

This  was  during  the  Civil  War.  Men  were 
very  difficult  to  secure  to  prosecute  the  work,  so 
that  progress,  at  the  start,  was  very  slow;  and, 
I  am  quite  sure,  that  money  for  building  a  road 
across  what  was  then  considered  a  desert,  was 
also  very  hard  to  obtain.  It  was  a  scheme  that 
seemed  to  most  people  at  the  East,  of  the  wild- 
est nature,  and  most  likely  never  to  be  accom- 
plished. 

Mr.  Hallett  built  perhaps  15  or  20  miles  when 
some  trouble  arose  between  him  and  one  of  the 
engineers  in  regard  to  a  report  he  wished  the 
engineer  to  make.  This  report  was  thought  by 
the  engineer  to  be  a  misstatement  of  facts ;  this 
led  to  the  abuse  of  the  engineer  by  Mr.  Hallett,' 
and  finally  to  Mr.  Hallett's  being  shot  by  the 
engineer,  and  almost  instantly  killed.  To  give 
an  idea  of  the  times,  this  created  but  little  ex- 
citement, and  in  a  few  days  was  apparently  for- 
gotten. The  engineer  afterward  gave  himself 
up,  stood  his  trial,  and  was  acquitted. 

Before  his  death,  Hallett  had  interested  John 

D.  Perry,  and  with  him  Adolphus  Meyer,  Carlus 
S.  Greeley,  Thomas  L.  Price  and  Mr.  Arc,her, 
with  some  others  of  St.  Louis,  in  his  enterprise. 
After  his  death,  Mr.  Perry  sent  Mr.  Bartholow 
to  Wyandott,  who  for  a  time  had  charge  of  the 
railroad  construction. 

Under  the  latter,  having  been  a  rodman  for 
Mr.  Hallett,  I  was  continued  as  such  on  the  line 
between  Wyandott  and  Lawrence;  of  the  exact 
time  a  more  responsible  position  was  given  me 
I  do  not  remember,  but  do  recall  locating  the 
line  from  Leavenworth  to  Lawrence,  then,  be- 
ginning near  Topeka,  and  carrying  the  prelimin- 
ary surveys  through  to  the  mountains,  and 
after,  the  final  location  of  a  portion. 

Until  the  road  was  completed  to  the  neighbor- 
hood of  Topeka,  work  progressed  very  slowly; 
then  the  St.  Louis  men  interested  parties  in  Cin- 
cinnati, under  the  leadership  of  R.  M.  Schoe- 
maker,  of  that  place,  and  a  unique  company  was 
formed,  something  on  this  fashion:  They  di- 
vided themselves  into  two  parties;  one  was  the 
president  and  directors,  the  other  were  the 
builders,  under  R.  M.  Schoemaker  as  chief  en- 
gineer and  manager.  This  arrangement  worked 
out  very  satisfactorily  to  all  concerned.  Con- 
tracting with  themselves  was  an  admirable 
scheme,  and  the  work  was  rushed  vigorously.  I 
will  not  trifle  with  you  by  saying  our  orders 
were  to  avoid  going  through  any  ant  hills;  but 
we  were  to  avoid  any  others  if  we  could  get 
around  them.  This,  though,  before  20  or  even  9 
degree  curves  were  considered  practicable. 
Long  tangents,  though,  were  not  in  it;  miles  of 
road  was  what  was  wanted.  The  country  was 
such  that  we  could  get  a  good  alignment,  on 
easy  grades,  and  very  light  work. 

The  Government  subsidy  of  |16,000  per  mile, 
the  land  grant,  and  then  the  privileges  of  issu- 
ing other  securities  in  the  way  of  bonds  and 
stock,  made  probably  a  rich  harvest  for  those 
interested. 

The  grading,  tie-making  and  other  kindred 
work  was  done  by  men  brought  from  Canada. 
The  men  suited  for  such  service  in  our  own 
country  were  in  the  army.  These  importations 
were  sent  out  on  the  line  with  guns  as  well  as 
shovels  and  picks.    If  a  party  of  a  half  dozen  or 


more  Indians  made  a  dash  toward  them,  I  have 
known  75  or  100  graders  to  fling  down  their 
guns  with  their  shovels  and  picks  and  rush  pell- 
mell  for  their  adobe  houses.  Drawing  guns  to 
stop  them  was  no  use.  The  Indians  in  the  start, 
I  think,  before  they  realized  what  they  were  up 
to,  would  make  these  dashes  for  the  fun  of  see- 
ing these  fellows  run,  and  a  possible  scalp;  they 
would  turn  very  quickly  if  a  very  few  sub- 
contractors or  engineers  started  after  them  on 
horseback.  Such  chases  were  apt  to  be  excit- 
ing, particularly  if  one  of  the  pursuers  got 
separated  from  his  friends  unaware.  The  In- 
dians would  quickly  see  this,  and  would  then 
circle  around  in  a  gulch  to  corral  this  lone  in- 
dividual; then  he  would  have  to  lay  down  on 
his  horse  and  stick  the  spurs  in — good  horses 
were  important  at  such  a  time. 

The  general  course  of  the  survey  was  that  of 
the  Smoky  Hill  River.  Divides  had  to  be  fol- 
lowed to  avoid  the  deep  canyons  washed  out 
through  the  great  depth  of  easily  washed  sur- 
face. The  immediate  surface  crust  was  hard 
and  would  shed  water  like  a  roof,  but  when  this 
water  began  to  gather  together  into  channels, 
with  ever  increasing  numbers  of  streams  added, 
they  would  become  mighty  floods  that  would 
tear  down  these  gulches  as  if  they  would  cut 
through  to  the  under  side  of  everything.  There 
were  great  areas  for  these  floods  to  gather  in; 
now,  with  the  land  cultivated,  so  that  rain  may 
be  absorbed,  such  floods  are  probably  rare. 

Following  the  high  lands  with  the  road,  for  a 
long  time,  getting  water  was  a  serious  problem; 
at  first  the  low  places  were  selected  in  which  to 
dig  wells,  but  they  were  without  success.  After- 
ward, wells  were  tried  at  or  near  the  divide,  and 
water  was  found  at  reasonable  depth.  We  fol- 
lowed these  uplands  until  some  of  the  head- 
waters of  the  Arkansas  and  Piatt  rivers  were 
reached,  and  then,  following  down  the  Piatt 
branches,  to  Denver. 

Our  outfits  for  these  surveys  had  to  be  very 
complete,  having  to  provide  for  necessaries  that 
would  cover  our  wants  for  six  months'  absence 
from  sources  of  supply.  Our  teams,  wagons 
and  tents  were  obtained  from  the  Government, 
paid  for  by  the  railroad  company.  I  had  an 
order  from  Government  Headquarters  at  Wash- 
ington that  any  requisition  I  plight  make  upon 
any  post  for  supplies,  in  case  of  necessity, 
should  be  honored. 

We  a'bsolutely  lived  upon  buffalo  meat;  it 
was  almost  bread  and  meat.  To  be  sure,  we  had 
quick-made  bread,  but  that  did  not  count.  My 
recollection  goes  back  to  the  perfect  satisfac- 
tion of  sitting  down  on  the  ground  with  a  stack, 
a  tin  plate  heaped  with  nicely  fried  hump  or 
tenderloin  before  me,  which  was  none  too  m&ch 
to  satisfy  the  appetite,  with  a  quart  or  two  of 
coffee  sweetened  with  brown  sugar. 

This  was  before  the  tin  can  age.  We  once 
tried  what  the  men  called  "desecrated  vege- 
tables." This  was  a  desecated,  dried-up,  ap- 
parently hydraulic  pressed  mass  of  old  cab- 
bage, mostly,  and,  it  seemed  like,  any  other  old 
thing  mixed.  But  it  had  one  quality  that  sur- 
passes belief,  in  the  way  it  would  swell  when 
put  to  soak.  I  think  one  cake  would  expand 
to  the  bulk  of  a  fair  horse  feed.  It  was,  when 
cooked,  about  as  good  as  eating  toothpicks,  so 
we  gave  it  up.  Our  regular  meals  were  at  day- 
light in  the  morning,  and  just  before  dark  at 
night.  We  carried  jerked  buffalo  meat  in  our 
pockets  which  we  ate,  when  inclined,  during 
the  day,  while  walking  or  riding. 

This  "jerked"  buffalo  meat  is  worthy  of  es- 
pecial note.  All  of  ours  was  made  from  the 
"hump"  and  "tenderloin"  of  the  bull;  it  was 
cut  into  strips  about  1%  inches  thick,  about 
three  inches  wide,  and  say  about  a  foot  long; 
then  it  was  threaded  upon  small  rope,  which 
was    wound    around    our    wagons,    bodies    and 


bows;  sometimes  a  wagon  would  be  literally 
covered  with  such  a  fringe.  At  first  a  thin  but 
very  strong  cuticle  would  form,  which  would 
strengthen  and  thicken  In  lime  to  say  about  the 
thickness  of  blotting  paper.  Cutting  a  piece  of 
this  meat  to  eat,  cross  the  grain,  the  inside^ 
unless  it  was  very  old,  would  be  found  soft, 
with  none  of  its  flavor  gone.  Even  if  very  old, 
when  properly  prepared.  It  was  the  delicious 
meat  it  was  before  it  had  gone  through  this 
process  of  curing. 


Hot-Blast 


Instructions   for    Operating 
Heating  Systems. 

It  Is  unusual  to  find  formal  lists  of  Instruc- 
tions covering  the  operation  and  care  of  the 
hot-blast  heating  systems  now  common  in 
modern  school  buildings.  In  East  St.  Louis, 
however,  directions  of  this  character,  have  been 
prepared  for  the  plants  of  the  Webster  and 
Franklin  schools.  To  indicate  the  scope  of  the 
directions,  which  were  written  by  the  consult- 
ing engineer,  Mr.  William  H.  Bryan,  of  St. 
Louis,  it  may  be  stated  that  the  points  treated 
are  as  follows:  Raising  steam;  starting  sys- 
tem; shutting  down;  air  (Inlets,  circulation, 
etc.) ;  hours  of  operation;  heating  coils;  boiler; 
firing;  engine;  heat  regulating  system;  main- 
tenance and  repairs.  The  following  extracts 
will  give  an  idea  of  their  detail: 

Hours  of  Operation. — In  mild  weather  the  en- 
tire plant  may  be  shut  down  after  the  session 
closes,  and  the  fires  banked.  Close  track  of 
the  weather  must  be  kept  at  all  times,  and  at- 
tention paid  to  the  weather  predictions,  so  as  to. 
operate  the  plant  to  the  best  advantage.  Fires 
must  be  started  at  a  sufficiently  early  hour  in 
the  morning  to  Insure  the  building  being  thor- 
oughly warm  before  sessions  begin,  using  the 
Indoor  air  before  9  a.  m.  it  necessary.  In 
severe  winter  weather  steam  should  be  kept  up 
at  night,  and  pressure  carried  on  the  coils,  cir- 
culating indoor  air.  The  fan  may  also  be  run 
if  found  necessary,  although  natural  circulation 
of  air  will  be  sufficient  except  in  extremely 
cold  weather.  The  sarr:o  precautions  should  be 
observed  on  Sundays  and  holidays. 

Heating  Coils. — Use  only  the  outer  section 
of  tempering  coil  In  ordinary  winter  weather. 
In  mild  weather  (above  40  degrees)  cut  out 
both  sections.  Use  both  sections  in  very  cold 
weather.  The  temperature  in  the  engine  room 
should  not  be  over  65  degrees.  When  the 
weather  is  mild  one  or  more  of  the  heater  sec- 
tions should  be  shut  off,  those  nearest  the  fan 
being  shut  off  first.  In  very  mild  weather  shut 
oft  all  coils,  but  run  the  fan  to  give  ventilation. 
Close  main  steam  valve  at  boiler  whenever  all 
coils  are  off.  A  steam  pressure  of  from  2  to 
3  pounds  on  heating  coils  will  usually  be  suf- 
ficient, but  this  should  be  raised  to  5  pounds. 
In  extremely  cold  weather,  the  pressure  reduc- 
ing and  relief  valves  being  adjusted  to  corre- 
spond. 

Boiler.j — Carry  an  average  of  20  pounds 
steam  pressure  on  boiler  (range  15  to  25)  and 
about  1%  gauges  of  water.  Carry  pressure 
and  water  as  nearly  uniform  as  possible.  Blow 
out  gauge-glass  and  water  columns  frequently 
to  be  sure  they  are  working  properly,  and  are 
not  choked  with  scale.  Clean  boiler  flues 
from  soot,  at  least  every  second  day  in  mild 
weather,  and  every  day  in  severe  weather.  Set 
safety  valve  at  25  pounds  and  try  it  at  least 
once  a  week  to  insure  that  it  is  not  stuck. 
Blow  down  the  boiler  about  two  gauges,  about 
twice  a  week.  Clean  boiler  Internally  twice  a 
season. 

Firing. — ^Flre  frequently  and  In  small  quanti- 
ties. Break  up  the  lumps  to  fist  size.  Carry 
a  level  fire  over  the  entire  grale  surface,  not 
too  thick.  Avoid  thin  or  bare  spots.  Keep  the 
fires  clean.    Fire  one  door  at  a  time,  and  wait 
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«nUl  that  Are  is  in  good  shape  before  charg- 
ing the  other  door.  Keep  the  time  intervals 
between  firings  as  nearly  uniform  as  possible. 


Ventilating   and'  Heating  the    Franklin 
Square  Theatre.  Worcester,  Mass. 

In  the  Kranklin  Square  Theatre.  Worcester.- 
Mass..  an  interesting  plant  for  ventilating  and 
heating  has  been  installed.  While  much  of  the 
scheme  is  familiar  to  heating  engineers,  there 
are  several  noteworthy  features  in  construc- 
tion, such  as  ah  elliptical-shaped  diffuser  for 
dispersing  the  supply  of  air  entering  a  plenum 
chamber  and  the  use  of  screened  openings  in 
the  chair  legs  for  the  admission  of  air  into  both 
orchestra  and  balcony. 

The  theatre,  built  along  the  lines  of  usual 
playhouse  construction,  comprises  an  orchestra 
seating  658  persons,  a  balcony  artd  boxes  ac- 
commodating 459.  and  a  gallery  which  provides 
room  for  519  more;  toUl.  1.636.  The  stage  is 
38x56  feet  in  size  and  the  ground  floor  plan 
covers  about  10.520  square  feet.  Besides  the  or- 
chestra and  stage  on  the  ground  floor  are  the 
actors"  dressing  rooms,  an  entrance  vestibule 
and  foyer,  and  check  and  various  rooms.  In  the 
basement  the  greater  part  of  the  space  directly 
beneath  the  orchestra  floor  is  utilized  as  a 
plenum  chamber.  Under  the  stage  there  are 
two  dressing  rooms,  a  property  room,  coal 
bunkers  and  a  boiler  room  at  one  side.  On  the 
balcony  floor  there  are  several  small  compart- 
ments, such  as  the  manager's  office,  counting 
room  and  dressing  rooms.  The  gallery  floor 
above  contains  dressing  rooms  also;  all  these 
small  rooms  on  each  level  are  heated  by  direct 
radiation.  An  attic  above  the  gallery  utilized 
as  a  foul  air  chamber  gives  a  total  height  to  the 
building  of  64  feet. 

The  boiler  and  pump  room  conveniently  lo- 
cated contains  a  horizontal  tubular  boiler,  60 
inches  In  diameter,  enclosing  eighty  3-inch 
tubes,  16  feet  long.  Out  of  the  top  of  the  boiler 
are  taken  two  steam  connections;  one,  a  G-inch 
to  supply  the  indirect  radiation  and  incidentally 
a  Warren  boiler  feed  pump;  and  the  other  a  3- 
inch,  supplying  the  direct  radiation.  The  boiler 
has  a  24x24-inch  smoke  breeching  attached, 
which  Is  carried  off  at  right  angles  to  a  brick 
chimney  of  the  same  dimensions.  In  regard  to 
the  piping  for  the  heating  apparatus,  which  is 
two-pipe,  a  number  of  the  sizes  are  given  on  the 
accompanying  plan  and  those  on  other  floors 
are  proportioned  similarly.  Both  steam  and  re- 
turn pipes  in  the  basement  are  covered  with 
asbestos  and  carried  overhead  on  ceiling  hang- 
ers. A  2-inch  vapor  line,  taken  out  of  the  re- 
turn from  the  direct  radiation  is  carried  over 
to  the  24x24-inch  smoke  flue  and  extends  up- 
ward to  the  roof.  Radiation  on  this  floor  is 
supported  on  brackets  at  sufficient  height  above 
floor  level  so  as  to  have  a  positive  gravity  re- 
turn to  the  pump  or  boiler. 

Because  of  the  importance  of  the  ventilation 
over  the  heating,  which  is  helped  out  approxi- 
mately 5  to  10  degrees  Fahrenheit  by  the 
warmth  given  off  from  the  audience,  a  positive 
circulation  of  tempered  air  has  been  planned 
through  the  agency  of  a  large  centrifugal  fan 
delivering  into  plenum  chambers  supplying 
both  orchestra  and  balcony,  assisted  by  the 
withdrawal  of  foul  air  by  an  electrically  driven 
fan  in  the  attic  discharging  into  the  atmos- 
phere. 

Fresh  air  is  taken  into  the  building  through 
two  rectangular  openings  in  the  basement  ma- 
sono'  aggregating  approximately  36  square  feet. 
Cheese  cloth  filters,  constructed  in  the  usual 
way  on  light  pine  frames,  which  are  spread 
across  the  intakes  cleanse  the  air  of  dust  before 
it  passes  on  to  the  tempering  coils.  The  latter 
Is  composed  of  several    lengths  of  black-iron 
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pipe  arranged  in  tiers,  receiving  steam  at  3  to 
5  pounds  pressure  through  a  2-inch  connection 
and  releasing  the  water  of  condensation 
through  a  IVi-lnch  pipe  provided  with  a  gate 
and  a  check  valve.  Drawn  through  this  heater 
into  the  fan  shown  the  air  is  forced  through  a 
second  heater  similar  to.  but  larger  than,  the 
first,  and  thence  into  various  ducts  extending 
to  desired  locations.  The  fan  wheel  is  7  feet 
in  diameter  and  4  feet  in  peripheral  width,  de- 
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closed  in  a  three-quarter  steel  plate  housing  and 
connected  by  sheet  steel  to  the  heating  stacks. 
The  fan  wheel  is  driven  by  a  direct-connected 
6-100  M.  P.  8  Sturtevant  electric  motor.  Temper- 
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Plan  of  the  Basement  of  the  Franklin  Theater,  Worcester. 


signed  to  deliver  32,200  cubic  feet  of  air  per 
minute,  so  that  on  the  basis  of  the  total  seating 
capacity  fresh  air  is  supplied  at  the  rate  of  20 
cubic  feet  per  minute  per  capita.    The  fan  is  en- 


ing  colls,  a  tempered  air  by-pass,  volume  and 
mixing  dampers  are  installed  as  shown.  It 
will  be  noted  that  the  individual  ducts  start 
from   a  so-called  blast  chamber,   in   which  an 
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equalization  of  air  pressure  can  be  realized,  so 
that  each  duct  can  obtain  a  volume  of  air  pro- 
portionate to  its  cross-section  area,  other  things 
being  equal.  The  elliptical  diffuser  is  made 
of  heavy  galvanized  iron  and  supplied  with 
guide  blades  which  distribute  or  diffuse  the 
inflow  of  air  into  the  chamber,  as  indicated  in 
the  cross-section  engraving.  The  deflecting 
blades  are  spaced  4  inches  apart. 

The  orchestra  is  warmed  indirectly  by  the 
heated  air  issuing  from  the  plenum  chamber  up- 
ward through  the  chair  legs  having  grated 
openings.  The  temperature  is  regulated  by  a 
thermostat  operating  automatically  the  mixing 
damper  for  the  12x76-inch  duct  shown.  The  stage 
is  heated  directly  by  coils  placed  in  the  rear 
and  sides,  aggregating  413  square  feet  of  radiat- 
ing surface.  Two  and  three-column  National  pat- 
tern radiators,  of  the  American  Radiator  Com- 
pany, are  provided  for  the  small  rooms.  The 
balcony  is  warmed  in  a  similar  manner,  there 
being  three  flues  emptying  into  its  plenum 
chamber.  The  temperature  is  governed  thermo- 
statically and  vent  registers  and  flues  are  pro- 
vided for  the  exit  of  foul  air.  In  the  gallery 
more  attention  is  paid  to  the  ventilation  than' 


The  Morris  High  School,  New  York  City. 


Foul-Air  Chamber  in  Attic. 

the  warming  as  the  heat  rising  from  below  is 
all  that  is  sufficient.  Twelve  grills  each  24x36 
inches  in  size  encircle  the  dome  overhead  and 
foul  air  passing  through  them  is  received  in  an 
attic  space  where  a  66-inch  electric  propeller 
fan  is  installed  to  accelerate  the  circulation.  It 
will  thus  be  noted  that  the  air  issuing  into  the 
auditorium  at  the  floor  line  of  both  orchestra 
and  balcony  is  arranged  to  rise  gradually  and 
escape  through  the  ceiling,  but  in  addition  the 
rear  space  of  the  balcony  is  served  by  vent 
registers  which  admit  the  air  into  flues  lead- 
ing to  the  exhaust  chamber  in  the  attic.  There 
are  four  of  these,  nearly  one-eighth  the  com- 
bined area  of  the  auditorium  ceiling  registers. 
The  exhaust  fan  is  driven  by  a  1-100  M.  P.  8 
motor  and  discharges  into  a  galvanized  iron 
riser,  controlled  by  a  dampeT,  leading  to  the 
atmosphere.  Ventilation  of  the  stage  portion 
Is  accomplished  by  natural  means  through  a 
ventilator  on  the  roof  having  adjustable 
louvres  and  a  damper  operating  from  below. 

The  architects  for  the  theatre  were  Cutting, 
Carleton  &  Cutting,  of  Worcester,  Mass.,  and 
the  complete  heating  and  ventilating  plant  was 
designed  and  installed  by  the  B.  F.  Sturtevant 
Company,  of  Boston,  Mass. 


The  Yukon  Riveb  has  a  length  of  about  2,- 
400  miles,  and  it  is  stated  that  it  is  navigable 
by  steamer  tor  over  2,000  miles. 


Schoolhouse  construction  in  New  York  City, 
as  exemplifled  in  the  Morris  high  school  at 
One  Hundred  Sixty-sixth  Street  and  Boston 
Road,  was  the  objective  of  an  excursion  on  Sat- 
urday, March  19,  by  the  Municipal  Engineers 
of  the  City  of  New  York.  Through  the  courtesy 
of  Mr.  C.  B.  J.  Snyder,  superintendent  of  school 
buildings  of  the  city,  this  building,  which  is 
now  practically  completed,  was  thrown  open 
for  inspection.  It  has  accommodations  for  2,- 
735  pupils  and  was  erected  at  a  cost,  including 
both  building  and  equipment,  but  excluding 
real  estate,  of  $240  per  pupil.  Its  exterior  is  of 
gray  brick  with  gray  stone  and  terra  cotta 
trimmings.  The  most  striking  feature  is  a 
central  tower  nearly  50  feet  square  and  about 
189  feet  in  height,  which  contains  a  large  ven- 
tilating shaft  for  conducting  away  from  the 
building  the  vitiated  air.  The  shaft  is  embel- 
lished with  turrets  in  each  corner,  and  in  one 
of  these  is  placed  the  boiler  chimney,  which.  In 
this  way,  is  entirely  hidden.  In  the  sub-base- 
ment at  one  end  of  the  building,  where  mini- 
mum rock  excavation  was  necessary,  is  located 
the  heating  plant;  and  in  the  basement  are 
lunch  rooms  at  opposite  ends,  one  for  boys  and 
the  other  for  girls.  On  the  top  floor  at  each 
end  are  gymnasiums,  one  for  girls  and  the  other 
for  boys,  each  provided  with  a  running  track, 
shower  baths  and  locker  rooms.  Besides  this, 
on  the  ground  level,  extending  backward  from 
the  center  of  the  building,  is  an  auditorium 
seating  1,300  persons.  This  has  a  gallery,  a 
large  stage  and  is  accessible  by  separate  en- 
trances opening  directly  out  of  doors,  so  that, 
if  the  occasion  demands,  the  room  may  be  used 
for  other  purposes  outside  of  regular  school 
work. 

The  building  is  ventilated  by  the  plenum  sys- 
tem, designed  to  deliver  67,500  cubic  feet  of  air 
per  minute,  when  all  class-rooms  are  occupied. 
There  are  four  tubular  boilers,  each  5^.-  feet  in 
diameter,  18  feet  long,  containing  104  tubes  3 
inches  in  diameter  and  representing  a  boiler 
capacity  of  110  horse-power  each.  For  heating, 
direct  radiation  surface  in  the  rooms  is  em- 
ployed, so  that  the  air  supply  is  for  ventilation 
only.  There  are.  all  told,  for  the  eight  floors, 
24,580  square  feet  in  radiators  and  coils  and  the 
entire  length  of  steam  and  return  pipes  is  31,- 
257  linear  feet.  There  are  three  heating  cham- 
bers having  a  total  of  5,250  square  feet  of  in- 
direct heating  surface.  Three  of  the  blowers 
setve  the  building  proper  and  are  all  belted  to  a 
long  shaft  supported  by  specially  constructed 
stands.  These  are  of  iron  of  a  sort  of  braced 
A-frame,  bringing  the  shaft  some  7  feet  above 
the  floor  line.  By  connecting  the  blowers  in 
this  way  to  one  shaft,  one  engine  is  able  to 
drive  them  all.  The  total  cubical  contents  of 
the  building  is  over  2,700,000  cubic  feet,  and 
the  cost  per  cubic  foot,  less  rock  excavation, 
was  about  $20.50.  The  sub-division  of  the  total 
cost  is  as  follows:  Building,  $469,383;  eleva- 
tors, $9,000;  heating  and  ventilation,  $49,447; 
sanitary,  $35,545;  electric,  $43,836;  furniture, 
$47,670:  total,  $654,881.  The  blower  and  en- 
gine equipment  was  furnished  by  the  Buffalo 
Forge  Company,  and  the  heating  work  was  in- 
stalled by  the  United  Heating  Company,  of  New 
York,  from  designs  of  the  Building  Bureau. 

Some  of  the  special  features  of  schoolhouse 
construction  in  New  York  were  described  in 
The  Engineering  Record  of  June  16,  1900. 
Among  these  is  the  arrangement  of  two  stair- 
ways in  each  stairway  well.  Through  each 
story  each  stairway  has  two  runs;  the  flrst 
run  of  the  second  flight  starts  beneath  the  sec- 
ond run  of  the  flrst  flight.  Generally  the  ward- 
robes resemble  large  lockers  placed  along  one 
side  of  the  corridor  and  are  provided  with  doors 


which  are  locked  at  one  point  for  each  group. 
This  makes  it  impossible  for  anyone  to  get 
clothing  from  any  part  of  the  locker  until  the 
one  having  the  key  in  charge  can  release  the 
doors.  At  the  lower  part  the  doors  are  pro- 
vided with  ventilating  screens  and  the  tops  are 
entirely  of  wire  mesh  to  allow  for  a  circulation 
of  air.  The  corridors  are  notably  wide  and  the 
partitions  between  them  and  the  classrooms 
are  glazed  above  the  wardrobes.  The  building 
is  built  with  steel  frame  and  interior  cast-iron 
columns,  but  no  brick  walls,  so  that,  if  the  city 
should  at  any  time  wish  to  dispose  of  any  build- 
ing, it  could  readily  be  made  into  a  manufac- 
turing structure,  cutting  out  the  partitions  if 
desired. 

The  building  is  tastefully  decorated,  the  gen- 
eral style  of  wainscoting  consisting  of  a  base- 
board and  a  chair  rail  with  green  painted  plas- 
ter between  and  the  upper  walls  white.  All 
radiation  is  painted  a  terra  cotta  enamel  and 
stands  behind  a  screen  of  the  same  color,  the 
screens  serving  to  protect  the  nearest  pupils 
from  the  heat  of  radiation  and  also  as  a  means 
for  accelerating  the  flow  of  air  upward  through 
the  radiator.  The  corridors  on  the  main  floor 
have  a  wainscoting  of  large  white  tile  and  tint- 
ed walls  above.  The  auditorium  has  stained 
glass  windows. 


Maintenance  of  Roads  in  Spring. 

The  worst  condition  of  highways  occurs  in 
the  spring  as  the  frost  comes  out  of  the 
ground.  As  a  rule  very  little-  is  done  at  such 
times  in  the  way  of  maintenance,  and  on  this 
account  it  is  interesting  to  notice  that  Mr. 
James  H.  Macdonald,  State  Highway  Commis- 
sioner of  Connecticut,  has  just  issued  some 
suggestions  on  the  subject.  He  has  found  it 
a  very  good  practice  in  the  early  spring  im- 
mediately on  the  roads  becoming  bare  to  rake 
off  whatever  stones  have  become  loosened 
through  whatever  cause  and  immediately  roll 
the  surface.  This  treatment,  however,  is  not 
to  be  done  until  after  the  frost  has  completely 
left  the  ground  so  as  to  have  a  reasonable 
degree  of  surety  that  after  the  rolling  has 
become  an  accomplished  fact  the  roads  will 
remain  in.  the  compact  condition  left  by  the 
roller. 

All  shoulders  should  be  pared  down  suffi- 
ciently to  allow  an  uninterrupted  flow  of  the 
water  from  the  crown  of  the  road  directly  to 
the  gutters.  All  culverts  should  be  opened  up 
as  quickly  as  possible  so  that  whatever  the 
spring  may  offer  in  the  way  of  constant  rains 
will  in  no  way  injure  the  road.  Gutters  should 
be  cleaned  out  and  a  general  overhauling  take 
place.  It  may  be  possible,  however,  that  the 
road  scraper  cannot  be  used  to  advantage  or 
with  profit  immediately,  but  it  would  be  cer- 
tainly a  wise  plan  to  rake  oft  all  stones  that 
have  worked  up  through  the  action  of  the  frost 
or  by  the  assistance  of  travel  in  any  way  and 
immediately   roll  the  road. 

In  addition  to  this  treatment  it  would  be 
well  to  add  whatever  screenings  are  neces- 
sary to  protect  the  surface  of  the  road.  One 
of  the  most  certain  indications  of  the  neces- 
sity of  repair  is  when  the  stones  show  bare 
on  the  surface.  Immediately  a  cushion  of 
some  kind  should  be  provided  to  interrupt  the 
impact  of  the  hoof  and  the  destructive  influ- 
ence of  the  wheel  coming  in  contact  with  the 
bare  stone  surface.  These  may  appear  little 
matters  and  to  those  who  are  not  students  in 
the  art  of  road  building  it  might  suggest  that 
such  things  could  be  put  off  until  the  general 
road  repairing  time;  but  delays  are  always  . 
dangerous;  the  expenditure  of  a  few  dollars 
immediately  on  the  frost  leaving  the  ground 
will   remove  the  necessity  for  the  expenditure 


394 


THE    ENGINEERING    RECORD 


Vol.  49,  No.  13. 


of  perhaps  hundreds  of  dollars  later  on  in  the 
summer  months.  ' 

The  absence  of  rolling  a  macadam  road  in 
the  early  spring  assists  to  its  destruction  by 
leaving  the  road  very  porous  and  open  in  its 
construction,  which  is  always  fatal  in  dry 
weather.  On  newly  built  roads,  those  which 
were  finished  last  year,  a  sufficient  number  of 
screenings  were  doubtless  left  by  the  several 
contractors  to  accomplish  any  necessary  repair 
without  any  expense  to  the  town  except  that 
of  placing  the  screenings  upon  the  road.  It 
will  not  be  necessary  after  the  application  of 
the  screenings  to  do  any  extensive  rolling;  the 
principal  part  of  the  rolling  should  be  done 
prior  to  the  application  of  the  screenings.  If 
any  rolling  should  be  done  afterwards  it  should 
be  done  at  the  time  the  shoulders  have  been 
pared  down  and  make  a  general  rolling  of  the 
roadbed  proper  and  the  shoulders  at  the  same 
time. 


Substructure  Work  and  Erection  of  the 
Shubenacadie  Bridge. 


The  Midland '  Railway  crosses  the  Shubena- 
cadie River,  Nova  Scotia,  w^here  tt  is  about  1,- 
220  feet  wide  at  high  water,  at  a  point  about 
fire  miles  above  its  mouth.  At  low  water  the 
channel  is  about  200  feet  wide  and  10  feet  deep; 
the  river  bed  is  composed  of  shifting  sand  vary- 
ing from  nothing  to  10  feet  in  depth,  over- 
lying a  stratum  from  about  5  to  20  feet  thick  of 
Sr&vel,  clay  and  loose  stones  on  the  irregular 
surface  of  the  solid  rock.  Here  the  tides  have  a 
maximum  range  of  more  than  32  feet,  and  the 
water  rushes  between  the  bridge  piers  with  a 
Telocity  of  fifteen  miles  an  hour.  At  high  water 
there  is  never  more  than  about  40  minutes 
when  boats  can  be  handled  in  the  river,  but  at 
low  tide  there  is  about  five  hours  when  the  cur- 
rent is  moderate  and  the  sand  flats  above  low 
water  mark  are  bare.  The  tide  comes  in  with 
a  bore  not  exceeding  2  feet  in  height,  and  when 
It  turns  froni.  flood  to  ebb  the  water  flows 
•wlftly  up  stream  in  the  center  of  the  river 
for  half  an  hour  after  it  commences  to  flow 
down  stream  on  the  sides  of  the  river.  At  cer- 
tain seasons  the  current  carries  large  masses 
of  ice,  and  as  the  lx)ttom  in  some  places  is 
very  irregular  and  in  others  is  very  ^ft,  the 
building  of  the  substructure  and  the  erection 
of  the  superstructure  was  dangerous  and  cost- 
ly work,  requiring  special  and  interesting  meth- 
ods and  plant  There  are  six  concrete  piers 
carried  down  to  a  maximum  depth  of  57V^ 
feet  below  high  water,  two  concrete  abutments 
and  five  215-foot  pin-connected,  through  Pratt 
tnisa  channel  spans  which  weigh  about  330,- 
000  pounds  each. 

Preliminary  test  borings  were  made  with  a 
l>i4-incb  drill  and  a  150-pound  sliding  hammer, 
with  which  It  took  two  hours  to  drill  20  feet 
through  the  gravel,  with  four  men  on  the  lift- 
ing ropes.  The  Engineering  Contract  Company, 
New  York,  the  contractor  for  the  substructure, 
commenced  oiierations  by  the  installation  of  a 
1,350-foot  span  Lidgerwood  cableway  across  the 
river  parallel  with,  and  24  feet  from,  the  bridge 
axis.  It  bad  a  2"/i-inch  cable  supported  on 
heavy  timber  towers  66  feet  above  high  water, 
and  anchored  at  each  end  to  three  heavy  logs 
laid  Ic  trenches  and  loaded  with  stone.  Dur- 
ing its  erection  the  cable  was  caught  by  the 
tidal  bore  while  it  was  stretched  across  the 
river  bottom  and  a  length  of  800  feet  was 
buried  5  feet  deep  by  the  shifting  sand.  The 
cableway  was  considered  invaluable  for  trans- 
porting botit  men  and  materials  at  all  times 
and  was  used  to  handle  all  of  the  8,000  cubic 
yard*  of  concrete.  With  It  a  one-yard  bucket 
of  concrete  oould  be  sent  790  feet  from  the  mix- 


ing platform  to  pier  5  and  returned  empty  in 
3V*  minutes. 

The  substructiire  contains  about  8,000  cubic 
yards  of  concrete  averaging  1%  barrels  of  Eng- 
lish Portland  cement  to  each  cubic  yard.  It 
was  all  hand-mixed  and  was  made  of  three  dif- 
ferent grades,  grade  No.  1  containing  one  part 
cement,  one  and  one-half  parts  sand,  one  part 
gravel  up  to  >.{[  inch  diameter  and  three  parts 
crushed  stone,  was  used  from  the  foundations  to 
a  point  2  feet  above  low  water.  Above  this 
level  the  facing,  1  foot  thick,  was  made  with 
one  part  cement,  two  parts  sand  and  one  part, 
gravel  up  to  1  Inch  diameter.  The  correspond- 
ing hearting  was  made  one  part  cement,  one 
and  one-half  parts  sand,  one  part  gravel  up  to 
^  inch  diameter  and  four  parts  crushed  stone 
up  to  2  inches  diameter.  The  stone  was  quar- 
ried near  the  bridge  site  and  crushed  at  the 
mixer  platform. 

Tier  No.  1  was  IS  feet  wide,  23  feet  long  at 
the  foot  and  about  43^  feet  high.  It  was  bat- 
tered on  all  sides,  and  was  built  in  a  permanent 
open  coffer  dam  made  of  12xl2-inch  spruce  tim- 
ber above  water  and  v/hite  hemlock  below  water 
level.  The  other  five  piers  were  founded  with 
wooden  pneumatic  caissons  built  on  shore, 
launched  and  floated  to  position.  The  extreme 
dimensions  were  62  feet  long,  38  feet  wide  at 
the  cutting  edge  and  10i/4  feet  high.  They 
were  built   chiefly  of    12xl2-inch     white    hem- 


wlth  as  much  concrete  as  the  caisson  could 
carry  and  still  float,  and  on  the  third  daylight 
tide  additional  concrete  was  placed  to  sink  it 
to  bearing,  the  position  being  accurately  reg- 
ulated by  twenty  or  thirty  men  operating  the 
anchnr  cables.  This  work  was  difficult  and  haz- 
ardous. In  one  case  only  part  of  the  anchor 
cables  could  be  secured  in  time  and  the  cais- 
son was  carried  two  miles  down  stream  before 
it  could  be  reached.  It  was  brought  back  on 
the  next  flood-tide  and  successfully  ani'hored, 
but  on  the  succeeding  night  broke  away  again, 
overturning  one  of  the  anchor  cribs  and  pull- 
ing out  the  drift-bolted  deck  fastenings,  which 
were  afterwards  screw-bolted. 

"While  the  last  caisson  was  being  grounded, 
after  having  been  accurately  located,  the  chang- 
ing current  of  the  ebb-tide  was  concentrated  on 
it  and  broke  two  of  the  lines,  allowing  it  to 
move  several  feet  out  of  position.  The  next 
day  an  unsuccessful  attempt  was  made  to  pull 
it  back  to  place  and  the  men  had  just  left  the 
caisson  v/heu  another  line  broke  and  the  cais- 
son turned  bottom  up.  The  following  day 
while  an  attempt  was  being  made  to  right  it, 
it  made  a  complete  revolution,  broke  all  moor- 
ing lines  and  floated  bottom  up  for  four  miles 
up  stream.  It  was  towed  to  the  shipyard  and 
repaired,  the  concrete  removed  and  finally  it 
was  brought  back  to  position  and  successfully 
sunk.     After  the  caissons  had  been  grounded 


Floating  Finished  Span  from  Erection  Piers  to  Site. 


lock  and  were  braced  by  four  transverse  hori- 
zontal timbers  just  above  the  cutting  edge. 
These  timbers  were  from  12x12  inches  to  12x24 
inches  and  were  cut  4  inches  short  and  wedged 
against  the  vertical  walls  to  insure  solid  bear- 
ing. Adjacent  and  parallel  to  each  was  a  IVi- 
inch  tension  rod  passing  through  the  walls 
with  outside  nuts  and  washers  and  inside  turn- 
buckle  adjustment.  To  the  solid  timber  deck 
was  screw-bolted  a  mooring  crib,  which  con- 
bitted  of  four  12-inch  courses  of  timber  designed 
especially  to  receive  the  connections  of  the  an- 
choring cables.  For  each  caisson  six  12x12x12- 
foot  anchor  cribs  were  sunk  around  the  site, 
each  of  which  had  a  %-inch  vertical  rod  pass- 
ing through  each  corner  from  top  to  bottom. 
The  lower  ends  of  the  rods  engaged  two  heavy 
cross-logs  around  which  was  secured  a  %-lnch 
steel  cable  which  passed  up  through  the  stone 
filling  and  bad  a  loop  in  the  upper  end  to  re- 
ceive the  mooring  cables.  There  was  one  114- 
Inch  upstream  and  one  114-inch  downstream 
cable  and  four  %-inch  breast  cables  for  each 
caisson. 

Each  caisson  was  towed  from  the  yard  on 
one  daylight  tide  and  beached  near  the  bridge 
site.  The  next  day  it  was  towed  to  approximate 
position  and  at  high  tide  was  secured  there  by 
the  six  mooring  cables.     The  deck  was  loaded 


just  enough  concrete  was  placed  on  them  to 
Insure  their  stability,  and  80x22x7 »^-foot  twin 
barges  were  moored  to  them  to  carry  the  der- 
ricks and  machinery.  The  water  supply  was 
kept  in  a  large  number  of  oil  casks  in  the 
hulls  of  the  barges.  The  caissons  were  pro- 
vided with  combination  shafts  having  Moran 
air-locks  for  men  and  materials. 

The  work  was  done  in  two  5  or  6-hour  shifts 
dally.  Fifteen  or  twenty-five  men  went  down 
in  each  shift  when  the  tide  was  three-quarters 
ebb  and  came  up  when  the  bore  of  the  incoming 
tide  reached  the  bridge  site,  no  men  being  al- 
lowed in  the  caissons  during  the  strongest  run 
of  the  tides.  One  shift  trenched  evenly  around 
the  cutting  edge  throwing  the  material  into 
the  center  of  the  working  chamber  near  the 
material  shaft.  The  following  shift  loaded  this 
material  into  the  hoisting  buckets  and  made 
the  center  excavation.  The  material  was  all 
too  hard  to  be  discharged  through  the  blow-out 
pipes.  When  the  caisson  reached  bed  rock, 
holes  2  feet  deep  were  drilled  in  it  5  feet  apart, 
and  2-inch  steel  bars  4  feet  long  were  grouted 
In  them  to  dowel  into  the  concrete  filling.  The 
surface  of  the  rock  was  benched  level  and 
cleaned  before  the  concrete  was  deposited.  The 
rock  at  pier  No.  2  dipped  at  a  considerable  angle 
and   so   the  highest  corner   was  blasted   down 
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And  the  low  corner  built  up  with  hard  clay 
and  stone  to  make  a  landing  place  for  the  cais- 
son. During  the  sinking  ot  caisson  No.  5  the 
attendant  allowed  both  air-lock  doors  to  be  open 
at  once  and  the  caisson  immediately  filled  with 
water,  drowning  four  men. 

The  concrete  used  in  the  working  chambers 
was  dumped  from  the  cableway  on  elevated 
platforms  at  the  air-locks.  A  cylindrical  bucket 
2V'  feet  in  diameter  and  8  feet  long  was 
wedged  into  the  air-lock  between  the  upper 
and  lower  doors.  It  had  a  hopper  bottom  closed 
■by  a  hinged-flap  operated  by  a  wire  rope  pass- 
ing up  through  the  bucket  and  through  a  stuff- 
ing box  in  the  upper  lock  door.  When  the 
lower  lock  door  and  the  hopper  bottom  were 
•closed  the  upper  lock  door  was  opened  and  con- 
crete was  shoveled  from  the  elevated  platform 


Great  trouble  was  experienced  in  preventing  the 
fresh  concrete  from  being  scoured  by  the  vio- 
lent tides.  Work  was  always  stopped  some  time 
before  high  tide  arrived,  and  the  concrete  was 
protected  by  planks  and  covered  with  old  sails, 
weighted  down  with  large  stones  so  that  very 
little  of  it  was  lost.  Large  quantities  of  mud 
were,  however,  deposited  under  the  covering, 
making  it  necessary  to  sweep  the  surface  ot  the 
concrete  daily  with  brooms.  The  concrete  was 
reinforced  by  ?i-inch  round  horizontal  longi- 
tudinal bars  with  hooked  ends  lapping  1  foot 
and  placed  3  feet  apart  vertically  and  1  foot  in 
from  the  faces  of  the  cut-water.  Similar  verti- 
cal bars  4  feet  apart  on  the  sides  and  2  feet 
apart  in  the  cut-water  faces  extended  from  the 
top  to  the  bottom  of  the  concrete.  Four  li/i-inch 
transverse  tie-rods  were  bedded  in  the  concrete 


floor-beams  riveted  to  the  vertical  posts  above 
the  lower  chord  pins.  There  Is  a  stiff  bottom 
lateral  system  of  X-brace  angles  and  a  top  later- 
al system  of  screw-ended  diagonal  rods.  These, 
with  the  overhead  sway-bracing  and  the  deep 
portal  struts,  make  stiff  spans  which  were  able, 
without  extra  reinforcement,  to  endure  the 
stresses  caused  by  moving  them  in  the  erection 
operations  finally  undertaken. 

The  river  bottom  under  the  first  two  spans  at 
one  end  of  the  bridge  is  compact  clay  and 
gravel,  with  very  irregular  surface,  exposed  at 
low  tide,  and  on  it  a  special  steel  falsework 
was  built.  Each  bent  consisted  of  two  vertical 
posts  connected  by  transverse  timber  struts  and 
diagonal  rods  as  indicated  in  the  transverse 
elevation.  The  45-foot  posts  had  closed  rectan- 
gular cross-sections  made  with  a  pair  of  9-inch 
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into  the  bucket.  Then  the  upper  lock  door  was 
shut,  the  lower  door  opened  and  the  bottom  ot 
the  bucket  was  tripped,  the  concrete  being  dis- 
charged through  the  air  shaft  to  a  platform  in 
the  bottom  of  the  caisson,  whence  it  was  shov- 
eled to  position.  After  the  working  chamber 
was  filled  with  concrete,  the  air  lock  was  re- 
moved and  from  three  to  five  sections  of  shaft 
■were  filled  with  concrete  and  left  permanently 
In  each  pier. 

As  each  caisson  was  sunk.  Its  sides  were  con- 
tinued up  above  the  deck  by  bolting  on  horizon- 
tal courses  of  timber  to  form  the  tapered  walls 
of  the  upper  crib,  which,  for  a  long  time,  were 
submerged  by  every  tide.  The  concrete  was 
deposited  in  these  cribs  by  the  large  derricks 
which  received  the  buckets  from  the  cableway. 


in  planes  4  feet  apart  vertically  and  passed 
through  the  crib  timbers  ot  every  fourth  course. 
They  had  nut  and  washer  bearings  at  both  ends 
and  turn-buckles  in  the  middle.  The  concrete 
above  high  water  mark  was  built  in  plank 
moulds  which  were  afterwards  removed.  The 
bridge  seats  were  made  of  Halifax  granite  2 
feet  thick.  The  cut-waters  from  3  feet  below 
low  tide  to  high  water  mark  were  sheathed 
with  vertical  6-inch  birch  planks  drift-bolted 
to  the  crib  timbers.  The  nose  and  shoulders 
of  the  cut-waters  between  high  water  and  a 
point  4  feet  below  low  tide  were  protected  from 
Ice  by  steel  angle  plates  %  inch  thick  secured 
by  drift-bolts  with  countersunk  heads. 

The  spans  are  ot  standard  construction  for 
light   railroad    service    and    have    plate-girder 


channels  and  two  13x%-inch  cover-plates.  Spur 
castings  were  bolted  to  the  bottom  flanges  to 
give  them  secure  bearing  on  the  hard  ground. 
Nine  2%-inch  holes  8  inches  apart  were  bored 
through  the  lower  ends  of  the  cover-plates  to 
receive  the  connection  bolts  for  the  loop  eyes 
of  the  diagonal  rods.  In  the  upper  ends  of  the 
posts  there  were  thirty-six  3  9/16-inch  holes  12 
Inches  apart  to  receive  the  pins  for  the  pairs  of 
20-inch  adjustable  cap  beams.  The  upper  ends 
ot  the  diagonal  rods  had  sleeve-nut  connections 
to  5xy2-inch  bars  with  thirteen  2%-inch  holes 
6  inches  apart  which  afforded  ample  adjustment 
corresponding  to  the  different  lengths  ot  rod  re- 
quired by  the  irregularities  ot  the  bottom. 

The  posts  were  set  in  place  with  the  diagonal 
rods  bolted  to  the  lower  ends  and  were  after- 
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w«rds  plumbed  and  conne<'ted  to  the  upper  ends 
of  the  diagonal  rods  just  above  high  water 
level,  the  adjustments  making  the  columns  In- 
terchangeable. The  lower  struts  were  set  be- 
t«*^  the  channel  flanges  and  pushed  down  to 
position  just  above  the  base  plates  when  the 
latter  were  exposed  at  low  tide.  The  caps  con- 
sisted of  pairs  of  20-inch  I-beams  32  feet  long 
over  all  with  tbe  flanges  cut  off  at  both  ends  on 
one  side  so  that  the  web  would  fit  against  the 
side  of  the  column,  where  it  was  secured  by  a 
3^-inch  pin  through  the  column  and  both 
beams.  The  bents  had  no  longitudinal  X-brac- 
ing, but  were  connected  by  8x8-inch  timbers 
bolted  to  the  columns  and  by  the  track  and  floor 
stringers.  The  former  each  consisted  of  12- 
tnch  I-beams  spaceu  32  feet  apart  on  centers 
which  carried  long  transverse  planks  receiving 
the  traveler  rails  and  the  rails  of  the  material 
track. 

The  traveler  was  of  the  ordinary  two-bent 
striding  type  built  entirely  of  timber  and  hav- 
ing vertical  and  horizontal  inside  clearances  of 
about  49  feet  and  22V4  feet  respectively.  At  the 
front  ends  of  the  sills  it  supported  two  derrick 
booms  32  feet  long,  which  were  used  for  the 
erection  of  the  falsework.  The  comer  posts  ot 
the  traveler  served  as  masts  for  them  and  were 
back-stayed  by  adjustable  1-inch  rods  to  the 
ends  of  the  sills.  The  traveler  was  operated 
by  a  hoisting  engine  seated  on  a  14x28-foot  trav- 
eling tower  which  ran  on  a  track  of  11-foot 
gauge  and  had  TVj  feet  vertical  clearance  over 
it  so  that  material  could  be  run  through  it  on 
the  service  track  at  the  same  level.  Two  spans 
were  successfully  erected  and  afterwards  the 
falsework  was  swept  out  by  the  Ice. 

The  river  bottom  under  the  remaining  three 
spans  was  so  soft  that  it  was  feared  that  false- 
work supported  on  it  would  settle  excessively 
owing  to  the  scour,  and  so  it  was  determined 
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gaged  a  pair  of  double  flange  wheels  24  inches 
in  diameter. 

Jacks  were  placed  under  the  ends  of  the  com- 
pleted span  and  it  was  swung  in  the  usual  way 
by  slacking  off  the  camber  wedges.  The  trucks 
were  run  underneath  the  end  panel  points  so 
that  the  seats  were  centered  with  the  trusses 
and  the  span  was  lowered  to  bearing  on  them 
by  slacking  off  the  jacks.  It  was  then  moved 
forward  by  operating  tackles  attached  to  the 
trucks  and  anchored  to  the  river  ends  of  the 
trestles.  The  movement  was  made  slowly  and 
the  trucks  were  advanced  until  they  engaged 
timber  stops  bolted  across  the  ends  of  the 
tracks.  Scows  previously  used  on  the  caisson 
work,  were  then  floated  under  the  bridge  in  the 
second  panel  from  each  end  and  with  the  ris- 
ing tide  lifted  it  clear  oft  the  trucks.  At  the 
slack  water  of  high  tide  they  were  pulled  around 
into  position  between  the  piers,  by  means  of 
lines  operated  by  stationary  hoisting  engines, 
and  safely  deposited  the  span  in  its  final  posi- 
tion as  they  were  lowered  by  the  falling  tide. 

The  20x80-foot  wooden  scows  7  feet  deep  were 
EtlRened  by  five  longitudinal  full  depth  Howe 
trusses  with  their  top  and  bottom  chords  spiked 
to  the  deck  and  bottom  planking.    Timber  tow- 
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these  bolts  were  removed  leaving  the  nuts  in 
the  bed  plates.  At  the  expansion  end  of  the 
span  the  roller  nests  and  bed  plates  were  se- 
cured to  the  shoes  by  tap  bolts,  and  after  the 
span  was  seated  in  final  position,  the  tap  bolts 
were  removed  and  the  anchor-bolt  holes  were 
drilled  in  the  positions  they  had  occupied.  Very 
careful  provision  was  made  for  the  connections, 
lead  and  reactions  for  the  lines  used  to  pull  the 
bridge  from  the  position  on  the  falsework  piers 
to  its  position  on  the  masonry  piers.  The  span 
was  towed  by  two  %-inch  wire  ropes  led 
through  the  sheave  blocks  on  the  piers,  as  in- 
dicated in  the  diagram.  The  ropes  were  oper- 
ated by  two  Beatty  hoisting  engines  on  trucks 
on  the  permanent  track  of  the  finished  spans. 
The  trucks  were  clamped  to  the  bridge  floor 
and  had  solid  timber  platforms  to  which  the 
engines  were  bolted  and  which  were  set  skewed 
with  the  track  so  that  the  axis  of  the  engine 
was  parallel  with  the  lead  of  the  lines. 

For  moving  span  No.  3  the  lines  were  led 
through  snatch  blocks  attached  to  the  end  posts 
of  span  No.  2.  The  end  posts  were  braced  by  a 
horizontal  timber  lashed  to  them  at  the  points 
where  the  snatch  blocks  were  attached.  Block 
No.  1  was  lashed  directly  to  the  end  post  and 
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to  erect  the  spans  on  falsework  located  just 
above  the  site  and  parallel  to  the  river  bank, 
and  to  float  them  into  position  at  high  tide.  Or- 
dinary pile  falsework  was  accordingly  built  in 
shallow  water  at  right  angles  to  the  axis  of  the 
bridge,  and  about  200  feet  in  the  clear  upstream 
from  It.  From  each  end  of  the  falsework  a 
ten-bent  timber  pile  trestle  or  pier  was  built  at 
right  angles  to  It  extending  146  feet  further 
Into  the  river,  where  the  high-tide  depth  of  the 
water  was  about  15  feet.  The  bents  were  X- 
braced  in  two  stories,  the  submerged  lower 
story  braces  being  put  on  when  exposed  at  low 
tide.  The  double  caps  of  the  bents  carried 
double  and  triple  lines  of  20-inch  I-beam  string- 
ers. These  supported  cross-ties  with  2-foot 
gauge  tracks  on  each  of  which  a  special  eight- 
wheel  truck  was  seated.  The  body  of  the  truck 
consisted  of  a  single  12xl2-inch  timber  22  feet 
long,  but  it  was  widened  at  eaich  end  by  two 
3zl2-inch  filler  planks  5  feet  long  bolted  to  the 
sides.  An  18x%-lnch  cover  plate  5  feet  long 
was  put  on  top  of  the  beam  at  each  end  and 
through  it  two  pairs  of  vertical  U-bolta  were 
set  at  each  end  to  engage  each  of  the  two  axles, 
which  had  semi-circular  bearings  in  cast-iron 
bloclis  on  the  under  side  of  the  timber  and  en-. 


ers  14  feet  high  and  41  feet  long  were  built  on 
the  decks  of  the  scows  to  receive  the  span.  The 
tower  bents  had  timber  longitudinal  caps  18 
feet  long  supporting  2  to  4  feet  of  removable 
blocking,  on  which  rested  a  pair  of  transverse 
plate-girders  4  feet  deep  and  29  feet  long.  At 
their  ends  the  girders  had  timber  X-braces  bear- 
ing against  the  flange  angles,  held  in  position 
by  horizontal  hook  bolts  engaging  the  flanges 
and  adjusted  by  turn-buckles.  These  girders 
were  the  end  track  stringers  of  the  span  and 
were  suspended  at  each  end  from  the  floor- 
beams  of  the  bridge  by  four  %-inch  vertical 
•bolts  engaging  4x6-inch  top  and  bottom  oak 
yokes.  Oak  cushion  blocks  were  inserted  for 
bearing  between  the  top  flanges  of  the  girders 
and  the  lower  flanges  of  the  floorbeams,  and 
the  bolts  were  screwed  up  to  produce  compres- 
sion on  them.  The  girders  were  attached  to 
the  floor-beams  before  the  scows  were  floated 
under  the  span. 

Before  the  span  was  lifted,  the  cast-iron  bed 
plates  were  secured  in  position  to  the  pedestals 
at  the  fixed  end  by  mean's  of  vertical  bolts 
through  the  anchor  bolt  holes  which  engaged 
special  nuts  placed  In  recesses  in  the  cast  plates. 
After  the  bridge  was  seated  in  final  position, 


was  free  to  adjust  itself  to  the  varying  angle 
of  the  line.  Block  No.  2  was  journaled  rigidly 
In  a  horizontal  timber  bolted  longitudinally 
across  vertical  posts  No.  1  and  2  of  span  No.  2. 
The  lines  were  attached  to  the  end  posts  of 
span  No.  3  as  indicated  in  the  diagram.  At  the 
west  end  of  the  span  the  line  passed  around  a 
snatch  block  having  a  long  flexible  connection 
to  the  foot  of  the  end  post,  thus  making  a  sort 
of  bridle  which  was  adjustable  to  correspond 
with  the  variation  of  the  angle  with  the  mov- 
ing span.  At  pier  No.  3  the  line  from  the  west 
end  of  span  No.  3  passed  around  a  snatch  block 
lashed  to  the  timber  framework  bolted  to  the 
pier  so  as  to  enclose  it  and  distribute  the  reac- 
tion around  the  masonry,  as  indicated  on  the 
elevations  of  the  pier.  At  this  point  there  was 
also  a  stop  built  of  vertical  timbers  thoroughly 
braced  to  the  crib  work  to  engage  the  truss  and 
prevent  the  bridge  from  being  pulled  too  tar 
over.  A  similar  framework  and  stop  was  pro- 
vided at  pier  No.  2.  Span  No.  3  was  braced 
by  horizontal  transverse  timbers  between  the 
pedestals  at  each  end  and  by  longitudinal  tim- 
bers bolted  across  the  end  panels,  as  indicated 
in  the  sketch  of  pier  No.  3. 
For  span  No.  4  the  lengths  of  the  hauling 
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cables  were  respectively  about  400  and  940  feet, 
and  the  greater  portion  of  each  rested  on  the 
river  bottom  between  the  finished  span  and  the 
moving  span  while  the  latter  was  in  transit. 
Before  the  span  was  floated  these  parts  of  the 
cables  were  suspended  from  the  lower  chords  of 
the  spans  Nos.  5  and  C.  As  soon  as  the  floating 
span  had  cleari^d  the  ends  of  the  parallel  piers, 
the  cables  were  successively  dropped  and  each 
one  in  falling  to  the  river  bottom  gave  a  strong 
Impulse  to  its  end  of  the  floating  span  so  that 
it  zigzagged  instead  of  progressing  steadily  and 
the  hoisting  engines  had  little  more  to  do  than 
to  wind  up  slack,  the  weight  of  the  sagging 
cables  supplying  a  large  part  of  the  traction 
required. 

For  spans  Nos.  1  and  2  the  lengths  of  the 
cables  were  increased  to  correspond  with  the 
distances  of  their  piers  from  the  erection  piers, 
and  the  river  bottom  was  roughly  leveled  and 
cleared  of  obstructions  in  those  places  where 
the  cables  would  drag  during  the  floating  oper- 
ations, li  was  found  impossible  to  remove  a 
crib  anchor  which  obstructed  the  line  of  the 
cable  for  span  2  and  it  was  planked  over  so 
as  to  provide  a  smooth  surface  on  which  the 
cable  would  slip  freely.  When,  however,  the 
span  was  moving  satisfactorily  in  the  middle 
of  the  river,  one  of  the  cables  fouled  on  this 
crib  and  had  to  be  cut  away  at  the  floating  sp?n. 
A  reserve  tug  boat  was  in   readiness  for  an 


for  the  complete  operations.  Span  No.  4  was 
pulled  from  the  parallel  piers  to  position  In  8 
minutes. 

The  superstructu'-e  was  built  and  erected  by 
the  Dominion  Bridge  Company,  of  Montreal, 
Mr.  Phelps  Johnson,  M.  Am.  Soc.  C.  E.,  man- 
ager. At  the  time  this  work  was  executed,  Mr. 
G.  H.  Duggan  was  chief  engineer.  This  descrip- 
tion has  been  prepared  from  original  data  re- 
ceived from  Mr.  Johnson,  and  from  a  paper  pre- 
sented to  the  Canadian  Society  of  Civil  Engi- 
neers by  Mr.  J.  J.  Taylor. 


Superheated   Steam   at    a   Water-Works 
Pumping  Station. 

In  the  early  part  of  this  year,  one  of  the 
boilers  at  the  Spring  Creek  pumping  station  of 
the  Brooklyn,  N.  Y.,  water-works  was  equip- 
ped with  a  Foster  superheater,  the  Idea  being 
to  determine  by  comparative  testa  the  amount 
of  saving  due  to  superheating  the  steam.  The 
pumping  plant  is  one  of  a  number  of  small  sta- 
tions which  secure  their  supply  from  driven 
wells  and  discharge  into  a  conduit  which  car- 
ries the  water  to  the  Kidgewood  pumping  sta- 
tion. From  there  it  is  delivered  to  the  reser- 
voir by  more  economical  engines  of  larger  size 
and  power. 

The  equipment  of  the  Spring  Creek  station 
consists  of  two  horizontal  return  tubular  boil- 


Arrangement  of  Superheater. 


emergency  and  immediately  towed  the  discon- 
nected scow  while  the  other  one  was  hauled  by 
the  remaining  cable  and  so  the  span  was  land- 
ed on  its  piers  without  trouble. 

The  spans  were  floated  out  from  between  the 
parallel  piers  on  the  last  of  the  flood  tide  so 
that  it  would  carry  them  away  from  the  bridge 
and  they  could  be  positively  controlled  by  pull- 
ing them  to  position  against  the  current.  While 
the  spans  were  floating  between  their  piers 
they  were  kept  in  position  laterally  by  bear- 
ing against  the  vertical  stop-timbers  already 
mentioned.  They  were  adjusted  accurately 
longitudinally  by  tour  men  with  bars  at  each 
snoe  who  easily  guided  the  shoes  to  their  seats 
as  they  were  lowered  by  the  falling  tide.  In  a 
few  minutes  after  the  spans  were  landed  on  the 
piers  the  scows  dropped  clear  of  them  and  were 
beached  just  below  the  bridge  In  positions 
whence  they  were  easily  towed  back  to  the 
erection  piers  at  the  next  flood  tide.  Span  No. 
3  was  raised  from  its  trucks  at  12:19  P.  M., 
August  14;  it  wasr  started  out  from  between 
the  ends  of  the  parallel  piers  at  12: 471/2;  at 
1:20  was  in  position  between  the  piers,  and 
was  seated  on  them  at  2:15,  thus  completing 
the  whole  operation  in  1  hour  and  57  minutes. 
Spang  Nos.  4  and  2  were  floated  to  position  July 
30  and  August  28,  respectively,  and  required  1 
hour  and  42  minutes  and  1  hour  and  50  minutes. 


ers,  each  60  inches  in  diameter  by  15  feet  long, 
having  sixty-six  3inch  tubes  and  914  square 
feet  of  heating  surface.  Each  boiler  has  25 
square  feet  of  grate  and  natural  draft.  The  fuel 
burned   was   large-size,   white-ash   anthracite. 

The  pumping  plant  consists  of  two  Knowles 
compound  condensing  direct-acting  duplex 
pumps,  size  fiVi  and  Il'^.xl6x24  inches,  and  one 
Davidson  triple  condensing  direct-acting  sim- 
plex pump,  size  8  and  14  and  24x24x24-inches. 
These  three  pumps  are  equipped  with  independ- 
ent jet  condensers,  the  exhaust  steam  from 
which  's  used  to  heat  the  feed-water  to  the  boil- 
ers. These  pumps  get  their  water  through  a 
common  suction  pipe  from  the  driven  wells  and 
deliver  it  through  separate  delivery  pipes  into 
the  conduit,  the  total  head  against  which  they 
work  being  in  the  neighborhood  of  30  feet.  On 
its  way  to  the  conduit  the  water  flows  over  a 
weir,  making  it  easy  to  check  the  plunger  dis- 
placement. One  of  the  boilers  was  equipped 
with  a  Foster  superheater,  as  anown  in  the  il- 
lustration. The  superheater  was  connected  up 
to  the  old  steam  main,  making  it  possible  to 
make  a  test  on  each  boiler  under  the  same  con- 
ditions. 

It  was  decided  to  run  two  tests,  one  using  the 
boiler  containing  the  Foster  superheater  and  a 
second  using  the  boiler  without  the  superheater. 
In  both  tests  the  main  object  was  to  determine 


the  amount  of  work  which  could  be  developed 
per  100  pounds  of  coal.  It  was  determined  to 
base  the  results  on  the  weir  measurement  and 
careful  measurements  were  taken  and  checked 
by  plunger  displacement.  In  the  first  test  the 
slip  was  22.3  per  cent..  In  the  second  22.2  per 
cent.,  checking  very  closely.  That  these  figures 
are  so  high  is  explained  by  the  fact  that  the 
water  as  it  comes  from  the  walls  contains  a 
very  large  quantity  of  air,  and  further,  that  the 
pumps  did  not  make  full  stroke.  The  coal  and 
feed  water  supplied  to  the  boiler  during  both 
tests  were  carefully  weighed.  The  station  was 
in  charge  of  the  regular  crew  and  no  attempt 
was  made  to  direct  their  handling  of  the  plant 
during  either  test. 

The  first  test  was  made  using  the  boiler  con- 
taining the  Foster  superheater  and  lasted  for 
24  hours,  starting  at  noon,  February  8,  and 
ending  noon,  February  9.  The  boiler  without 
the  superheater  was  then  cut  in  and  the  other 
shut  down.  After  running  a  few  days  to  get 
properly  warmed  up,  a  24-hour  test  was  started, 
using  the  boiler  without  the  superheater,  start- 
ing at  11  A.  M.,  February  11  and  ending  11  A. 
M.,  February  12. 

The  results  obtained  on  the  two  tests  were 
figured  back  to  the  same  basis  for  comparison, 
that  is,  the  foot-pounds  of  work  done  by  the 
pumps  (as  measured  by  the  weir  and  the  total 
head  pumped  against)  per  100  pounds  of  coal 
and  per  1,000  pounds  of  steam,  termed  duty  of 
the  pump.  It  was  shown  by  this  comparison 
that  25%  per  cent,  more  work  was  developed 
from  100  pounds  of  coal  and  30.2  per  cent,  more 
work  was  developed  from  1,000  pounds  of  steam 
when  superheated  about  200  degrees  than  was 
developed  when  the  steam  was  saturated.  Also 
that  the  same  amount  of  work  was  accom- 
plished with  a  saving  in  coal  of  20.2  per  cent, 
and  a  saving  in  feed  water  of  23.2  per  cent. 

Since  making  the  above  tests  a  five-day  run 
was  made  with,  and  an  equally  long  run  with- 
out, the  superheater  and  the  station  records 
show  that  during  the  five  days  without  the 
superheater  the  station  pumped  21,956,400  gal- 
lons of  water  with  31,780  pounds  of  coal,  and 
that  with  the  superheater  the  station 'pumped 
22,337,500  gallons  of  water  and  burned  23.730 
pounds  of  coal,  showing  a  saving  of  about  25 
per  cent. 

Results  of  Twenty-four  Hour  Tests  With  and  Without 
Superheating. 

Condition  of  steam.  Superheated.        Saturated. 

Av.   steam  pressure.   lbs .  .  79.3  79  4 

Total   head  triple,   ft.  .  .  .  29.05  29.46 

Total   heart   comp'd,  ft...  33.04  33  39 

Pumpage   by    weir.    gals..         4.492,680  4,549,480 

Work    done,    ft.-ibs 1,103,815,819     1,184,983,596 

Total  coal  consumed,  Ibu.  5,015  6,410 

Total    refuse,    lbs 1.188  1.203 

Total  feed  water,  lbs....  38.399  50.960 

Duty    per   100    lbs.    coal..       23.206,696  18,486.483 

Duty  per  1,000  lbs.  steam      30,308,498  23,233,213 

Av.    temp,    steam    leaving 

superheater,    degs 527.4 

Av.    temn.    steam   entering 

superheater,    dess 320.1 

Av.   deg.   .superheat,   degs.  207.3 

These  tests  are  particularly  interesting  as 
showing  the  value  of  superheated  steam  in  a 
plant  which  is  of  an  ordinary  low-duty 
type  and  has  been  in  operation  for  sev- 
eral years  on  regular  city  service.  No 
special  arrangements  were  made  for  the 
introduction  of  superheated  steam  and  no 
special  oil  or  stufilng  box  packing  nor  steam 
pipe  gaskets  were  used.  The  plant  is  in  the 
same  condition  as  it  has  been  running  for 
years  past.  Mr.  Dean  remarked  In  a  recent 
address  before  the  New  England  Water  Works 
Association  that  one  of  the  most  promising 
fields  for  increa.-.'ni;  the  lu'j  of  steam  pumping 
engines,  and  in  fact  about  the  only  remaining 
correction  or  radical  improvement,  was  using 
superheated  steam  in  place  of  saturated  steam. 
The  results  obtained  in  Brooklyn  would  seem 
to  bear  out  this  opinion  with  greater  positlve- 
ness. 
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Blank  Forms  for  Reports  and  Accounts  in 
a  Large  Engineering  Office. 

Probably  few  persons  will  dispute  the  state- 
ment that  the  prime  requisite,  or  at  least  one  of 
the  most  important  elements,  In  the  successful 
and  efficient  accomplishment  of  any  large  engf- 
neering  project  is  an  able  chief  engineer.  The 
man  who  is  well  fitted  to  fill  such  a  position 
will  naturally  surround  himself  with  as  capable 
assistants  as  he  can  employ  and  will  arrange 
them  into  a  properly  subordinated  and  closely 
articulated  organiiation  in  which  each  mem- 
ber will  have  as  definite  functions  and  respon- 
sibilities as  practicable.  For  the  economical 
and  efficient  performance  of  its  various  duties 
such  an  organization  will  require  reasonably 
commodious  and  convenient  quarters  and  a 
sufficient  equipment  of  furniture,  instruments 
and  tools.  Furthermore,  it  is  necessary  that  the 
chief  engineer  should  keep  constantly  posted 
on  the  operations  of  his  staff,  the  doings  of  his 
contractors  and  the  receipt  and  use  of  materials 
and  machinery,  and,  besides,  that  the  account- 
anU  should  have  the  necessary  information. 

Much  of  the  work  of  collecting  and  recording 
Information  in  an  orderly  manner  is  jocularly 
termed  "red  tape,"  and,  unfortunately,  is  some- 
times regarded  as  more  or  less  unnecessary  by 
men  with  a  certain  turn  of  mind.  The  receiv- 
ing of  complete  and  accurate  reports  promptly 
and  regularly  by  the  chief  engineer  and  the 
beads  of  departments  greatly  facilitates  the 
orderly  conduct  of  any  large  work.  Uniform- 
ity, also,  is  to  be  desired  in  these  reports,  as 
It  saves  time  and  is  a  great  aid  to  the  avoid- 
ance of  mistakes,  both  in  the  making  and  the 
interpreting  of  the  reports. 

This  element  of  uniformity  in  reports  as  well 
as  those  of  punctuality,  completeness  and  ac- 
curacy. Is  probably  most  readily  secured  by  the 
use  of  a  set  of  printed  forms,  each  of  which 
has  been  well  considered  and  carefully  pre- 
pared with  a  keen  regard  for  the  way  it  will 
"work"  in  everyday  use.  Such  minutiae  some- 
times seems  trivial  to  the  busy  man  who  finds 
office  details  Irksome  and  prefers  the  more 
active  parts  of  the  work;  but  a  proper  atten- 
tion to  these  matters  early  In  the  development 
of  the  organization,  and  as  new 'features  of 
the  work  are  introduced,  will  save  time  and 
annoyance  later.  In  some  cases  It  may  be  wise 
to  put  this  duty  upon  an  assistant'  who  has 
taste  and  skill  for  It.  Report  blanks  should  be 
made  as  simple  and  convenient  as  practicable 
in  shape  and  arrangement,  and  they  should  not 
be  unnecessarily  increasfed  In  number,  lest  a 
snarl  of  red  tape  result.  The  column  head- 
ings, directions  and  other  matter  printed  upon 
them  should  be  as  plain  and  terse  as  may  be. 
Good  typography  is  an  aid  not  to  be  despised, 
and  different  colors  of  paper  and  ink  are  some- 
times useful. 

To  be  sure,  the  form,  of  organization,  the 
equipment  and  the  methods  which  may  be  very 
successful  for  a  given  undertaking  or  In  a  cer- 
tain part  of  the  world  may  not  be  well  adapted  to 
a  different  class  of  work  or  even  to  the  same 
kind  of  work  In  a  different  place  having 
other  conditions.  However,  one  of  the  best 
ways  to  present  a  method  or  prin- 
ciple intelligibly  is  to  illustrate  it  by  the 
description  of  a  concrete  example.  Hence,  in 
this  instance,  a  number  of  the  blank  forms  used 
In  the  office  of  the  Metropolitan  Water  Works, 
Boston,  will  be  forced  into  service.  So  many 
articles  have  been  printed  describing  not  only 
the  extensive  works  of  this  system,  but  also 
the  organization  of  the  engineering  force  and 
the  office  furniture  and  equipment,  that  they  all 
are  familiar  to  the  readers  of  this  Journal.  Con- 
sequently, the  purposes  of  the  various  forms  de- 
scribed below  will  be  the  more  readily  under- 


stood. Many  other  offices,  no  doubt,  are  using 
blanks  which  might  serve  as  useful  models  or 
suggestions  to  other  engineers  if  brought  to 
their  knowledge.    Why  not  make  them  known? 

To  describe  or  reproduce  all  the  forms  used 
on  the  Metropolitan  Water  Works  would  fill  a 
number  of  pages  of  The  Engineering  Record, 
and  so  several  of  those  of  a  more  general  char- 
acter have  been  selected  for  description  below. 
The  detailed  descriptions  may  be  prefaced  by  a 
few  statements  applicable  to  all  forms.  Every 
form  has  a  heading  containing  the  words 
"Commonwealth  of  Massachusetts,"  which  are 
followed  by  "Metropolitan  Water  and  Sewerage 
Board,"  or  "Metropolitan  Water  Works,"  to- 
gether with  the  name  of  the  department,  as,  for 
example,  "Distribution  Department."  These 
lines  are  usually  followed  by  a  line  in  bold  type 
Indicating  the  purpose  of  the  form.  A  standard 
height  of  about  10^s  inches  has  been  adopted 
for  all  forms  for  which  some  decidedly  differ- 
ent dimension  is  not  necessary  or  esnecially  de- 
sirable. The  regular  width  is  8  inches;  a  num- 
ber of  forms,  however,  which  are,  of  necessity, 
much  wider,  are  made  so  that  they  can  be 
folded  to  file  with  8x10%  inch  sheets,  if  de- 
sired, either  in  gummed  invoice  files  or  other 
kinds  of  files. 

Weekly  and  other  reports  by  assistant  or  di- 
vision engineers  to  the  department  engineers, 
and  of  the  department  engineers  to  the  chief, 
are  usually  written  -upon  plain  8xlOVL>-inch 
sheets,  as  uniform  an  arrangement  of  state- 
ments being  followed  as  the  nature  of  the  work, 
varying  in  different  cases  and  from  time  to 
time,  will  permit.  Each  man  retains  a  carbon 
copy  of  each  report  that  he  makes.  From  these, 
largely,  the  annual  reports  are  prepared. 

Progress  of  construction  work  is  reported  by 
the  inspectors  on  standard  printed  blanks 
adapted  to  the  general  class  of  work  in  hand. 
For  example,  the  distribution  department  uses, 
for  reporting  the  laying  of  pipe,  a  form  which 
may  be  outlined  as  follows :  tfnder  the  general 
heading  is  a  prominent  line,   Progress  Report, 

Section followed  by Street; 

City  or  Town,   and  Contractor ; 

For  week  ending 190. .,  on  two  lines.  Be- 
low a  double  red  line  are  the  following  state- 
ments, without  column  rulings,  with  short 
spaces  for  figures  after  each.  On  the  left  side: 
Number  of  Working  Days;  Men  employed  for 
the  Week,  Pipes  (Delivered,  Returned)  (full 
lengths);  Specials  and  Cut  Pipes  (Delivered, 
Returned);  Specials  Laid;  Pipes  Laid  (cut 
pieces);  Joints  run;  Joints  Caulked;  Pipes 
Broken;  Trench  Open  to  Sta.;  Number  of 
Brick  Chambers  built;  Bbls.  Cement  used 
(brick   masonry,   concrete) ;    Descriptions   and 

Stas.  of  valves  set;  Explosives  on  hand 

lbs.  On  the  right  side:  Serial  No.  of  Last  Pipe 
Laid  (Main  Line);  Horses  Employed  for  the 
Week;  Pipes  Laid  (full  lengths);  Joints  run 
solid;  Joints  caulked  and  not  covered;  Trench 
excavated  to  grade  to  Sta.;  Trench  backfilled 
to  subgrade,  to  Sta.;  Trench  resurfaced  to 
Sta.;  Pigs  of  Lead  used.  At  the  bottom  are  a 
few  lines  for  remarks  and  a  place  for  signature 
by  the  inspector,  followed  by  the  following  line 
at  the  lower  edge  of  the  sheet:  Note. — Report 
to  be  filled  out  and  mailed  to  the  Assistant 
Engineer  in  charge  of  Section  not  later  than 
6  P.  M.  Sunday. 

For  the  smaller  Jobs  done  by  the  day  labor 
force  of  the  distribution  department,  a  simpler 
form  is  used.  Its  sub-heading  is:  Report  of 
Pipe  l.ald  and  Materials  Used.  This  is  fol- 
lowed by  several  blank  lines  for  the  description 
of  the  work  and  Its  location,  the  last  line  hav- 
ing For  week  ending  ,  190...     Below  a 

double  red  line  the  following  words  are  spaced 
across  the  sheet  so  as  to  serve  as  column 
headings  although   there  are  no  vertical   rul- 


ings: Size;  Pipe  and  Specials;  Length;  Class; 
Weight;  Cost,  and  a  few  lines  farther  down  are 
the  following  words,  similarly  arranged,  with 
two  lines  beneath  them:  Size;  Valve;  Make; 
Weight;  Cost.  Below  a  single  red  line  are  the 
following  statements,  each  having  a   line  half 

across  the  page:     Lead  used lbs.;  Yarn 

used lbs.;  Coke  used lbs.;  Kerosene 

oil  used gals.;  Gasoline  used,  ....  gals.; 

Sand,  loads,   ....   40  cu.  ft.;   Brick  used ; 

Tools  sharpened ;  Cement,  Portland,  bbls., 

. . . . ;  Cement,  American,  bbls.,  . . . . ;  Lumber, 
....ft.  at  ....;  Wooden  wedges  ....  at  ....; 
No.  chambers  built,  ....;  Paving  blocks,  ....; 

Cement  used   in  concrete,   bbls Below 

are  four  lines  for  remarks. 

For  reporting  progress  on  the  construction  of 
the  Wachusett  reservoir,  forms  similar  to  the 
following  were  employed,  the  example  at  hand 
being  one  of  the  earliest  and  printed  before 
the  present  name  of  the  reservoir  was  adopted. 
The  sub-heading  is  Force  Report,  Section  1, 
Nashua  Reservoir.  Beneath  this  is  printed  on 
one  line,  at  the  left.  Contractor,  Joseph  D. 
Gennaro,  and  at  the  right,  For  week  ending 
....  189...  Below  the  general  heading  the 
sheet  is  divided  into  a  number  of  columns  of 
suitable  widths  headed  as  follows:  Descrip- 
tion of  work;  Class  of  Labor;  Sun.;  Mon.; 
Tue.;  Wed.;  Thu.;  Fri.;  Sat.;  Total;  Rate; 
Amount;  Total;  Remarks.  Above  the  heading 
of  the  second  column  are  printed  the  words. 
Day  of  Month,  opposite  which,  over  the  col- 
umns headed  for  the  days  of  the  week,  are 
small  spaces  for  the  date  figures.  In  the  first 
column  are  designations  for  the  different 
classes  of  wprk,  such  as  Clearing;  Grubbing; 
Soil  Excavations;  Dry  Rubble  Masonry.  In  the 
second  column  are'  printed:  Gen.  Foremen; 
Time  Keeper,  on  the  first  two  lines,  and  below, 
in  connection  with  the  designations  in  the  first 
column,  are  groups  of  words  like  the  follow- 
ing, each  on  one  line:  Laborers;  Water  boys; 
Plow  teams;  Two-horse  carts;  One-horse  carts. 
This  form  consists  of  several  attached  sheets, 
the  amount  In  each  column  being  carried  for- 
ward and  summarized  in  the  spaces  provided  at 
the  bottom  of  the  last  inside  page.  The  back 
of  this  form  is  endorsed:  Reservoir  Depart- 
ment;   Force    Report;    Section    1;    For    week 

ending  189 . . ,  arranged  so  that  the  sheet 

may  be   folded   to  one-third  its  height. 

In  order  to  determine  as  nearly  as  practicable 
the  actual  cost  of  contract  work,  forms  like 
the  following  were  provided.  The  sheets  are  of 
the  standard  height,  but  24  inches  wide,  di- 
vided longitudinally  into  an  upper  and  a  lower 
part,  the  former  for  Labor  and  the  latter  for 
Materials.  The  sub-heading  reads:  Statement 
of    Force    employed.    Material    Delivered,    and 

Work  done  during  the   ending   189  , 

Section   At  the  left  of  the  upper  part  of 

the  sheet,  under  the  column  heading,  Labor, 
are,  printed  on  separate  lines,  the  words. 
Foremen,  Sub-foremen,  Mason,  Tender,  Ma- 
chinist, Carpenter,  Caulkers,  Blacksmith,  Der- 
rick-men, Teamsters,  Time-keepers,  Laborers, 
Water-boy,  Horses,  with  two  blank  lines  and  a 
line  for  totals.  At  the  right  are  twelve  wide 
columns  headed  respectively:  Earth  Excava- 
tion, Rock  Excavation,  Pipe  Laying,  Refilling, 
Resurfacing,  Brick  Masonry,  Concrete  Masonry, 
Timber  Foundations,  Sheeting  and  Bracing, 
Handling  Water,  with  the  last  two  columns 
blank.  Each  of  these  wide  columns  is  sub- 
divided under  the  headings  Day's  Work,  Rate, 
Amount.  The  lower  part  of  the  sheet  Is  di- 
vided into  columns  similar  to  those  above,  but 
no  headings  nor  designations  are  printed.  At 
the  bottom  of  the  sheet,  on  separate  lines,  are 
Total  Cost,  Quantities,  Cost  per  unit.  Per  cent, 
of  total  cost.  There  are  a  few  lines  left  at  the 
bottom  of  the  sheet  for  remarks. 
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A  much  simpler  form  is  used  for  weekly  re- 
turns on  the  force  account.  Under  the  general 
heading  is  a  blank  line  for  a  brief  description 
of  the  piece  of  work,  below  which  is  a  line  for 

Contract  No ,  at  the  left,  and  Contractor, 

at  the  right-    Under  this,  in  bold  type,  is  the 

line:     Force  Account  for  Week  ending  

1 with  the  last  line  of  the  heading  devoted 

to  Class   of   Work Sub-Division At 

the  loft  is  a  wide  column  headed  Class  of  La- 
bor, and  containing  designating  words  like  the 
following,  each  on  a  separate  line:  Gen.  Fore- 
man; Time-keeper;  Carpenter;  Engineer;  La- 
borer, pick;  Laborer,  shovel;  Horses.  There 
are  twenty-eight  of  these,  separated  into  class 
groups  by  skipping  a  line  after  each  group.  The 
bottom  two  lines  are  marked  Total  Men  and 
Total  Horses.  Narrow  columns  at  thei  right 
are  headed  with  the  days  of  the  week,  with 
spaces  above  for  figures  for  the  day  of  the 
month,  and  are  followed  by  other  columns  head- 
ed, respectively,  Total,  Rate,  Amount,  Total,  Re- 
marks. These  reports  are  signed  by  the  Inspec- 
tors. Summary  Force  Account  sheets  are  pro- 
vided to  be  used  with  these  weekly  sheets  on 
each  contract.  The  left-hand  column  is  like 
that  of  the  weekly  report  sheet,  and  several 
columns  at  the  right  provide  for  summation  un- 
der the  headings  Days,  Amount. 

For  the  regular  day  labor  force  of  the  dis- 
tribution department  a  very  simple  Force  Re- 
port form  is  used.  The  last  line  of  the  head- 
ing reads  Distribution  of  time  for. . .  .ending. . . 
In  a  wide  column  at  the  left  are  the  names  of 
the  pumping  stations,  reservoirs  and  other 
properties  under  the  care  of  the  department, 
opposite  which  against  the  words  Construction 
and  Maintenance,  on  separate  lines,  entries  of 
time  can  be  made  in  one  of  seven  columns, 
each  headed  Days  at,  with  space  in  the  head- 
ing for  the  rate  of  wage.  At  the  extreme 
right  are  two  columns  headed  Horses,  Single 
Team;  Horses,  Double  Team.  The  back  of 
the  sheet  is  ruled  horizontally  and  bears  the 
heading.  Foreman's  Report,  and  has  a  place 
for  signature. 

To  assist  in  reporting  progress  on  the  con- 
struction of  large  buildings,  like  pumping  sta- 
tions, which  it  was  sometimes  difficult  to  make 
clear  in  words,  diagrammatic  plans  and  eleva- 
tions were  made  on  a  small  scale  so  that  they 
could  be  printed  in  blue  or  brown  lines  on  a 
white  background,  using  the  ordinary  blue- 
print or  Van  Dyke  print  methods.  A  few  lines 
and  figures  placed  on  such  prints  from  week  to 
week  would  make  apparent  at  a  glance  the 
approximate  condition  of  the  building  at  the 
time  of  report  and  the  part  of  the  structure  re- 
maining to  be  built. 

Pile-driving  was  reported  by  the  inspector 
on  a  sheet  16  inches  wide  of  the  standard 
height,  divided  into  two  pages.  The  left-hand 
page  had  the  subheading:  Record  of  Pile- 
Driving;    Section A    line    below    read, 

Work  at ; 189..      The  page   is 

divided  into  twenty  columns,  the  first  twelve 
of  which  have  the  following  headings:  Sta- 
tion; Pile  Number;  Bent  Number;  No.  of  the 
Pile  in  Bent  from  East  or  North;  Kind  of  Tim- 
ber; Total  Length  of  Pile,  Feet;  Length  of 
Cut-Off,  Feet;  Diam.  of  Butt  .Below  Cut-Oft, 
Ins.;  Diam.  of  Point,  Ins.;  Elev.  of  Top  of 
Ground;  Elev.  of  Top  of  Pile  Below  Cut-Oft. 
The  remaining  columns  are  grouped  under  the 
heading,  Data  on  Penetration,  sub-divided  into 
two  minor  groups.  Consecutive  Blows;  Last 
Blows.  'Under  Consecutive  Blows  there  are 
four  columns  in  which  the  regular  horizontal 
spaces  are  divided  into  two  and  over  these 
columns  is  printed  the  instruction:  Use  upper 
space  for  number  of  blows  and  lower  space  for 
penetration  in  feet.  Beneath  this  the  first  of 
the    four   columns    has   the    heading:    Mud    or 


Peat;  and  the  other  three  columns  have  the 
common  heading:  Harder  Material.  The  fifth 
column  under  Consecutive  Blows  is  headed 
Average  Fail  in  Feet.  Under  Last  Blows  the 
three  columns  are  headed:  Number,  Penetra- 
tion in  Inches,  Fall  in  Feet.  At  the  bottom  of 
the  page  is  the  half  line.  Weight  of  Hammer, 

pounds,   with   a   place    for    the    Inspector's 

signature  at  the  right.  At  the  head  of  the 
right-hand    page    the    first    line  reads.    Actual 

Load   per   Pile, tons; Below  this   is  a 

statement  of  the  formula  as  follows:  Figure 
on  worst  case,  safe  load  =  2  (weight  of 
hammer  In  pounds)    X    (^^H  ^^  ^^^t)   -^   ('*^'- 

sinking   in   inches   -|-   1.)    =    Beneath 

the  formula  there  Is  a  place  for  signature  by 
the  assistant  engineer.  A  column  21/2  inches 
wide  at  the  left  is  provided  for  Remarks,  and 
the  rest  of  the  page  is  reserved  for  such  com- 
ment or  general  description  of  the  work  as 
may  be  desired. 

Estimates  for  monthly  payments  on  contract 
work  are  made  in  triplicate.  For  minor  con- 
tracts on  which  there  will  probably  be  but  few 
payments,  standard  blanks  are  provided  which 
can  be  used  for  any  class  of  work  or  materials. 
.  For  large  contracts  requiring  a  considerable 
number  of  estimates,  much  writing  is  saved 
from  month  to  month  by  printing  the  contract 
number,  contractor's  name,  designation  of  the 
work  and  list  of  items  with  prices  so  as  to 
leave  only  the  quantities  and  amounts  of  the 
payment  to  be  filled  in.  These  blanks,  as  well 
as  some  others,  are  printed  in  copying  ink,  so 
that  a  letter-press  copy  may  be  made  in  the 
"Estimate  Book,"  or  other  copy  book. 

For  pipe  inspectors  at  the  foundries,  forms  8 
inches  high  and  lli/l.  inches  wide  have  been 
used.  Beneath  the  general  heading  these  forms 
read,  Report  of  . . .  .inch  pipes;  class test- 
ed at Foundry  during  week  ending 

189..     Length  of  pipe,  exclusive  of  socket.... 

maximum    weight lbs.;    minimum   weight 

lbs.        Note — Return    the    different   sizes 

and  classes  of  pipes  on  separate  sheets.  These 
statements  are  arranged  on  three  lines.  Be- 
low this  heading  the  sheet  is  divided  into  two 
parts  exactly  alike,  each  of  which  is  sub-di- 
vided into  three  columns  about  1  inch  wide, 
headed  respectively.  Date;  Number  of  the  Pipe; 
Weight,  lbs.;  and  a  column  2%  inches  wide  for 
Remarks.  At  the  bottom  of  the  sheet  is  the 
statement:  I  certify  that  the  above  weights 
are  correct,  and  that  the  pipes  have  passed  the 
contract  tests.  This  is  followed  by  a  place  for 
the  inspector's  signature.  Similar  blanks  with 
the  obvious  changes  necessary  are  used  for 
special  castings.  Special  castings  blanks,  how- 
ever, are  SxlOVi  inches. 

To  aid  the  auditor  of  the  Board  in  keeping 
proper  cost  accounts  for  the  works,  printed 
backers  were  provided  to  be  attached  to  each 
bill  approved  for  payment.  These  forms  have 
two  pages.  On  the  first  page  the  amount  of 
the  bll'  Is  divided  between  General  Construc- 
tion Accounts  and  General  Maintenance  Ac- 
counts or  charged  wholly  to  one  or  the  other,  as 
the  case  may  be.  Under  the  former  are  the 
general  subdivisions.  Administration,  Engi- 
neering, Real  Estate,  and  Construction,  under 
which  the  charge  is  itemized  opposite  such 
words  as  Commissioners;  Clerks  and  Stenog- 
raphers; Chief  Engineer  and  Department  En- 
gineer; Engineering  Assistants;  Instruments 
and  Tools;  Advertising;  Day  Work;  Tools, 
machinery,         etc.;  Contracts.  General 

Maintenance  Accounts  are  classified  in  a  some- 
what similar  way.*  The  second  page  is  ar- 
ranged so  that  the  bill  can  be  properly  divided 
among  the  different  parts  of  the  works,  under 
Construction  and  Maintenance.  Some  of  the 
sub-headings  on  this  page,  on  the  form  used 
for  the  Distribution  Department,  are  Low  Ser- 


vice, Northern  High  Service,  Stock,  Glenwood 
Pipe  Yard. 

During  the  most  active  periods  of  pipe-laying, 
several  yards  for  the  storing  and  delivering  ol 
pipe  and  special  castings  were  in  use.  All 
pipes,  special  castings  and  other  etock  received 
at  these  yards  were  promptly  reported  to  the 
department  engineer  on  simple  blanks,  for 
Pipes  Received,  Pipes  Delivered,  Special  Cast- 
ings Received,  Special  Castings  Delivered, 
Miscellaneous  Stock  Received,  Miscellaneous 
Stock  Delivered.  To  properly  provide  for  pipe- 
laying  to  be  done  It  was  very  Important  to  have 
accurate  information  at  frequent  Intervals  of 
the  stock  of  various  kinds  on  hand  at  each  of 
the  yards.  For  this  purpose  a  four-page  folded 
form  was  devised  and  reports  were  usually  pre- 
pared monthly.     The  sub-heading  read:  Report 

of  Stock  on  Hand  (date),  at Yard.    Two 

pages  were  divided  into  groups  of  columns;  in 
the  first  column  of  each  group  were  printed  the 
designations  for  the  pipes  and  special  castings, 
and  the  other  four  coluinns  of  the  group  were 
headed.  Last  Report,  Received  Since,  Delivered 
Since,  On  Hand.  Pipes  were  designated  by  a 
number  representing  the  diameter  in  inches 
and  a  letter  for  the  class.  Special  castings 
were  grouped  according  to  their  kinds,  such  as 
%  Curves,  Reducers,  Caps,  etc.,  under  each  be- 
ing a  list  of  sizes  and  classes,  as  the  patterns 
of  branches  and  Y-branches  were  numerous,  a 
page  was  devoted  to  them,  but  the  sizes  were 
not  printed,  it  being  found  simpler  to  list  only 
those  patterns  which  were  actually  on  hand. 
The  last  page  was  conveniently  ruled  for  a 
statement  of   Miscellaneous   Stock. 

While  actual  specimens  of  the  various 
forms  would,  of  course,  be  more  satisfactory 
than  descriptions,  most  of  those  mentioned 
above  have  been  described  in  adequate  fulness. 
It  is  believed,  to  enable  anyone  sufficiently 
interested  to  block  out  the  sheet,  by  the  exer- 
cise of  a  little  judgment  as  to  the  widths  of 
columns  and  horizontal  rulings  and  the  sizes 
of  spaces  devoted  to  headings. 


Metaixio  Office  Fuknitube  was  given  a  good 
trial  in  a  recent  fire  in  the  office  building  of  the 
American  Sheet  &  Tin  Plate  Company,  at  Wells- 
vllle,  Ohio.  There  were  several  metallic  desks 
among  the  furnishings  in  rooms  badly  damaged 
by  the  flames.  In  one  of  these  rooms  all  of  the 
wroden  furniture  was  completely  destroyed,  but 
only  the  wooden  top  and  outside  finish  of  the 
metal  desk  were  in  any  way  injured,  while  its 
contents  were  preserved  intact.  The  desks  were 
supplied  by  the  Art  Metal  Construction  Com- 
pany, of  Jamestown,  N.  Y. 


The  Origin  of  the  U.  S.  Land  Subvey  System 
was  the  subject  of  an  interesting  talk  by  Mr.  W. 
A.  Truesdell  before  a  recent  meeting  of  the 
Civil  Engineers'  Society  of  St.  Paul.  The  germ 
of  the  scheme  seems  to  have  originated,  he 
stated,  In  1764,  with  Thomas  Hutchlns,  after- 
ward the  U.  S.  geographer,  and  the  first  official 
surveyor  of  the  public  lands.  His  successor, 
Rufus  Putnam,  the  first  surveyor-general,  ap- 
parently was  the  first  to  suggest  the  6-mlle 
township  of  36  lots  laid  out  in  ranges.  The 
present  system  was  established  in  1785,  and 
Hutchlns  surveyed  the  seven  ranges  in  Eastern 
Ohio  during  the  following  ye^r.  Putnam,  his 
successor,  continued  the  Ohio  survey  In  1796, 
his  townships  being  groups  of  sections  instead 
of  lots  and  numbered  In  the  order  of  to-day. 
The  military  bounty  lands  were  laid  out  in  that 
year  in  townships  5  miles  square.  Jefferson  de- 
posed Putnam  after  six  years'  service  for  ac- 
cepting careless  work,  and  his  successor  was 
Richard  Mansfield,  a  careful  and  expert  sur- 
veyor. He  introduced  the  correction  lines  and 
spherical  provisions,  and  perfected  the  system 
In  its  minor  details. 


400 


THE     ENGINEERING     RECORD 


Vol.  49,  No.  13. 


Ballast. 


Among  the  interesting  reports  presented  at 
the  meeting  of  the  American  Railway  Engi- 
neering and  Maintenance  of  Way  Associaiion. 
was  one  by  a  committee  on  ballasting,  which 
has  been  considering  the  subject  since  1899. 
In  1902,  this  committee  presented  a  number 
of  definitions  and  recommendations,  which  were 
adopted  at  the  convention  of  that  year.  In 
the  convention  of  1903,  the  committee's  report 
was  not  considered  from  lack  of  time,  while 
the  action  taken  this  year  is  reported  in  the 
account  of  the  meeting  in  this  week's  Current 
News  Supplement.  The  report  contains  an  in- 
teresting historical  introductiun,  largely  con- 
tributed by  Mr.  Octave  Chanute,  and  is  signed 
by  J.  V.  Hanna.  assistant  chief  engineer,  St. 
Louis  A  San  Francisco  R.  R. ;  C.  A.  Paquette,  su- 
perintendent. Big  Four  R.  R.;  W.  W.  Colpltts, 
assistant  chief  engineer,  Kansas  City,  Mexico  & 
Orient  Ry.;  F.  T.  Hatch,  superintendent,  Van- 
dalia  Line:  E.  Holbrook,  chief  engineer,  Mis- 
souri. Oklahoma  &  Kansas  City  R.  R.;  J.  O.  Os- 
good, chief  engineer.  Central  R.  R.  of  New  Jer- 
sey: J.  G.  Sullivan,  division  engineer.  Canadian 
Pacific  Ry.:  G.  M.  Walker,  Jr..  assistant  engi- 
neer, Kansas  City  Belt  Ry. 

The  prime  object  in  the  use  of  ballast,  the  re- 
port states,  is  economy  in  the  maintenance  of 
line  and  surface.  Good  ballast  will  resist  any 
tendency  to  displacement  in  the  ties;  will  dis- 
tribute the  weight  oir  the  ties  over  the  roadbed 
beneath  them;  will  prolong  the  life  of  the  tie 
and  rail  by  conveying  water  away  from  them; 
will  prevent  the  growth  of  weeds;  will  be  suffi- 
ciently pliable  to  yield  under  the  blow  given 
the  rails  by  moving  load  and  thus  prevent  or 
lessen  injury  to  them,  and  will  be  sufficiently 
elastic  to  return  to  its  original  position  after 
the  blow.  To  resist  abrasion  when  handled,  it 
must  be  hard  and  tough.  Sharp  corners  in- 
crease friction  between  ballast  and  ties  and  be- 
tween the  particles  of  the  ballast  themselves. 
This  in  turn  increases  the  capacity  of  the  bal- 
last to  distribute  weight  over  the  roadbed.  Large 
interstices  between  particles  of  the  ballast  fa- 
cilitate the  passage  of  water.  Good  drainage 
tends  to  lengthen  their  lite,  to  prevent  churn- 
ing and  heaving  by  frost,  and  is  the  most  im- 
portant single  requisite  for  economical  main- 
tenance. 

The  presence  of  earth,  sand  or  fine  particles 
of  any  sort  tends  to  lessen  friction  between  ad- 
jacent larger  particles  of  the  ballast  and  to 
prevent  drainage,  and  is  consequently  detri- 
mental. Chemical  constituents  which  prevent 
growth  of  weeds  may  also  injure  ties  and  rail, 
and  thus  offset  the  advantage  gained. 

Heavy  ballast  is  less  easil}  displaced  than 
light,  hence  weight  is  an  advantage.  Resist- 
ance to  decay  is  essential  on  account  of  the  ex- 
pense of  renewal.  Freedom  from  dust  is  desir- 
able on  account  of  comfort  of  passenger  and  the 
fact  that  dust  increases  wear  of  rail  and  rolling 
stock. 

Having  set  forth  the  requirements  of  good 
ballast.  It  is  next  in  order  to  consider  the  ma- 
terials available  for  the  purpose  and  see  how 
nearly  they  fill  them. 

Crushed  Rock. — In  general,  crushed  rock 
comes  nearer  to  filling  the  requirements  of  an 
Ideal  ballast  than  any  other  material.  Trap 
rock,  granite,  limestone  and  sandstone  are  all 
used.  Some  limestones  and  most  sandstones 
make  poor  ballast,  the  latter  being  apt  to  wear 
Into  round  form  under  tamping.  Trap  and  gran- 
ite are  probably  most  satisfactory  on  account  of 
hardness  and  toughness.  It  will  nOb  entirely 
prevent  growth  of  weeds,  but  Is  much  more  ef- 
fective in  this  regard  when  clean  than  when  the 
spaces  are  filled  with  dirt.  Complete  filling  of 
the  spaces  In  crushed  rock  almost  entirely  de- 


stroys its  usefulness,  and  it  then  becomes  neces- 
sary to  put  new  ballast  on  top  of  the  old  or  to 
clean  it.  It  is  the  Committee's  opinion  that  it 
is  cheaper  to  put  in  new  ballast  than  to  take 
out  and  clean  the  old,  but  an  additional  raise 
may  be  objectionable,  particularly  on  the  ap- 
proach to  a  large  bridge  which  cannot  be 
raised  without  great  expense. 

With  broken  stone,  the  question  of  what  kind 
of  stone  to  use  may  be  one  of  availability,  but 
the  size  to  which  the  stone  shall  be  crushed  and 
the  size  of  the  particles  to  be  screened  out  are 
matters  upon  which  there  is  room  for  argu- 
ment. Advocates  of  the  larger  sizes  of  stone 
contend  that  they  give  larger  spaces  between 
the  stones,  thus  affording  better  drainage;  also 
that  the  spaces  are  longer  in  filling  up  with 
dirt,  thus  giving  longer  life  to  the  ballast  and 
reducing  cost  of  cleaning  where  this  is  prac- 
ticed. The  larger  sizes  of  crushed  rock  also 
cost  less  to  produce.  The  advocates  of  the 
smaller  sizes  admit  the  greater  first  cost,  but 
contend  that  the  labor  of  surfacing  is  less  to 
begin  with  and  the  cost  of  maintenance  is  also 
less  thereafter.  With  smaller  rock,  joints  can 
be  picked  up  and  put  in  shape,  which  could  not 
be  handled  with  larger  rock  except  by  making 
a  uniform  raise  of  two  inches  or  more  and  a 
general  surface.  It  is  claimed  that  the  fllllng 
of  the  ballast  with  dirt  is  too  slow  a  process  to 
offset  the  advantages  of  light  surfacing  afforded 
by  the  finer  sizes.  Advocates  of  a  minimum 
size  of  screen  hole  of  %-inch  contend  that,  with 
smaller  holes  in  wet  weather  the  fine  screenings 
stick  together  and  do  not  go  through  the  holes 
at  all,  thus  making  dirty  ballast  to  begin  with. 
So  far  as  the  Committee  knows,  it  has  not  been 
shown  that  there  Is  any  advantage  in  retain- 
ing particles  less  than  94-inch  in  size  unless  it 
be  in  the  matter  of  cost. 

In  crushing  rock,  many  fine  particles  are 
made  and  usually  screened  out.  The  screenings 
must  be  disposed  of  in  some  manner,  and  the 
question  of  their  suitability  for  oallast  arises. 
They  can  be  used  in  ballasting  sidetracks,  for 
leveling  up  between  tracks  in  yards  and  for 
making  platforms  at  unimportant  stations. 
Used  as  ballast,  they  form  a  firm  bed  around  the 
tie,  but  do  not  drain  well,  and  consequently 
churn  when  wet.  They  are  unsuitable  for  main 
line  work.  Specifications  for  stone  ballast  are 
submitted  as  follows: 

(1)  Quality — a.  Stone  should  be  durable 
enough  to  resist  the  disintegrating  influences  of 
the  climate  where  it  is  used.  b.  It  should  be 
hard  enough  to  prevent  pulverizing  under  the 
class  of  traffic  to  which  it  is  subjected,  c.  It 
should  break  in  angular  pieces  when  crushed. 

(2)  Size. — a.  It  is  recommended  that  the 
maximum  size  of  ballast  shall  not  exceed  pieces 
which  will  pass  through  a  1%-inch  ring,  but  a 
ring  of  li/^-inch  diameter  is  preferred  as  the 
maximum  measure  of  size.  b.  It  is  recom- 
mended that  the  minimum  size  should  not  pass 
through  a  screen  with  %-inch  holes. 

(3)  Quantity  in  Track. — a.  It  Is  recommend- 
ed that  the  minimum  thickness  of  6  inches  un- 
der the  tie'  be  considered  as  ballasted  track,  but 
that  a  minimum  thickness  of  8  inches  under  the 
tie  is  preferred,  b.  The  extreme  maximum 
thickness  of  18  inches  under  the  tie  is  recom- 
mended, with  an  ordinary  maximum  of  12 
inches,  c.  The  upper  surface  of  the  ballast 
should  be  level  with  the  top  of  the  ties.  d.  The 
upper  surface  of  the  ballast  should  extend  9 
inches  beyond  the  ends  of  the  ties.  e.  The  slope 
should  not  be  steeper  than  1%  to  1. 

Oravel. — Gravel  cannot  be  procured  ordinari- 
ly In  a  form  which  will  satisfy  definite  specifi- 
cations, therefore  it  is  not  worth  while  to  draw 
them.  The  most  desirable  gravel  ballast  con- 
sists of  a  clean  uncementing  gravel,  varying  in 
size  from  coarse  sand  to  stone  2  inches  in  diam- 


eter. With  gravel  of  the  above  quality  avail- 
able, track  can  be  held  in  line  by  shoulders  of 
gravel  put  up  to  the  elevation  of  top  of  tie  and 
varying  in  width,  depending  on  quality  of  road 
and  traffic  on  same. 

When  it  is  necessary  to  use  gravel  contain- 
ing clay  or  cementing  material,  where  it  is  im- 
practicable to  wash  same,  it  is  better  to  depend 
on  friction  to  hold  track  in  line  and  place  the 
ballast  so  that  after  settlement  has  taken  place 
the  ends  of  ties  will  not  be  imbedded  more  than 
one  inch  in  ballast.  The  Committee  believes 
that  the  practice  of  surfacing  new  track  with 
earth  and  loam  is  not  economical  when  gravel 
is  available  with  a  haul  of  not  over  100  miles. 

Sand. — Coarse  sand,  where  the  particles  are 
regular,  with  proper  care  will  maintain  track 
in  good  line  and  surface,  but  is  liable  to  wash 
easily  and  is  apt  to  blow  in  dry  weather.  Un- 
der rapidly  moving  trains  it  is  dusty  and  has 
an  appreciable  influence  in  increasing  the  wear 
on  the  rails  and  rolling  stock.  Sand  which  has 
a  tendency  to  cement  together  is  largely  free 
from  these  detrimental  influences. 

Burnt  Clay. — The  employment  of  burnt  clay 
as  ballast  dates  prior  to  1857,  but  has  not  until 
recent  years  been  used  extensively  in  this  coun- 
try and  has  been  practically  confined  to  the 
great  central  basin,  where  sufficient  quantities 
of  good  stone  or  gravel  are  not  available  with- 
out excessive  cost.  Its  use  has  met  with  vary- 
ing results,  largely  due  to  the  quality  of  the  ma- 
terial burned  and  the  manner  of  burning.  When 
the  clay  contains  little  sand  and  a  sufficient 
quantity  of  fluxing  material  to  produce  a  semi- 
vitreous  mass,  a  very  good  quality  of  ballast 
will  be  produced,  giving  good  results  on  roads 
with  comparatively  light  traffic,  and  is  to  be 
commended  because  of  the  ease  with  which  It 
can  be  worked.  On  roads  with  heavy  traffic  and 
heavy  rolling  stock  burnt  clay  ballast  has  not 
given  good  satisfaction  because  of  being  too 
soft  to  stand  the  load  and  the  disintegrating 
effect  of  the  weather.  The  clay  may  be  burned 
in  a  kiln  or  in  the  open,  in  which  case  a  length 
of  pile  of  one-half  mile  is  possible. 

The  Committee  suggests  the  following  specifi- 
cations for  burnt  clay  ballast:  (a)  The  mate- 
rial should  preferably  be  black  gumbo  from 
riyer-bottom  lands.  It  should  be  free  from  sand 
or  silt,  and  should  be  thoroughly  tested  in  small 
test  kilns  before  establishing  a  ballast  kiln,  (b) 
The  material  should  be  burned  hard,  (c)  The 
fuel  used  must  be  fresh  and  clean  enough  to 
burn  with  a  clean  fire,  (d)  The  quantity  of 
fuel  and  time  of  burning  will  vary  with  the 
moisture  in  the  clay  and  the  weather  condi- 
tions, (e)  Burning  should  be  done  under  the 
supervision  of  an  experienced  and  competent 
burner,  (f)  Care  should  be  taken  that  fuel  is 
always  on  hand  when  required,  (g)  Ballast 
should  not  be  loaded  out  of  the  pit  hot.  (h) 
Absorption  of  water  should  not  exceed  15  per 
ment. 

When  fuel  is  cheap  and  suitable  material  at 
hand,  burnt  clay  ballast  may  be  produced  f. 
o.  b.  cars  at  about  the  cost  of  crushed  rock.  The 
cost  of  placing  under  track  is  much  less  than 
stone  and  it  is  for  a  time  more  easily  main- 
tained. The  life  of  burnt  clay  ballast  varies 
from  four  to  eight  years,  depending  on  the  qual- 
ity of  the  material  and  the  amount  of  traffic 
it  has  to  sustain. 

Engine  Cinders. — Since  the  advent  of  coal 
burning  in  locomotives,  engine  cinders  have 
been  used  for  ballast,  and  until  within  recent 
years  as  generally  on  main  line  as  elsewhere. 
Roads  having  a  total  of  72.055  miles  (46,894 
miles  main  line),  report  5,186  miles  of  cinders, 
7,753  miles  of  stone,  and  16,331  miles  of  gravel 
ballast.  Like  gravel,  cinders  cannot  be  pro- 
duced to  conform  to  definite  specifications,  but 
it  may  be  remarked  that  if    cinders    are    wet 
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down  immediately  after  being  drawn,  ttieir 
quality  as  ballast  will  be  greatly  Improved.  An- 
thracite coal  cinders  make  a  better  ballast  than 
soft  coal  cinders,  and  there  is  considerable  at- 
ference  in  the  quality  of  cinders  produced  from 
different  kinds  of  soft  coal. 

Cinders  as  ballast  find  their  greatest  use  in 
the  following  situations:  On  branch  lines  with 
a  light  traffic;  on  sidings  and  yard  tracks  near 
point  of  production;  in  wet,  spongy  places  in 
cuts  and  on  bad  fills;  as  sub-ballast  on  new 
work  where  dumps  are  settling;  at  places  where 
the  track  heaves  from  frost;  in  retarding  vege- 
table growth. 

When  the  cost  of  loading  cinders  from  the 
ash  pit  and  laying  down  on  the  side  of  the 
track  is  charged  against  the  ballast,  it  will  not 
be  found  economical  to  haul  cinders  more  than 
twenty  miles,  and  consequently  they  are  used 
mostly  in  the  vicinity  of  division  points. 

The  remarkable  capacity  of  cinder  ballast  for 
absorbing  water  renders  it  more  valuable  than 
either  stone  or  gravel  in  maintaining  a  dry 
track.  During  a  heavy  rain  the  water  will  sel- 
dom penetrate  more  than  two  inches  from  the 
top  and  dries  out  rapidly  whew  exposed  to  the 
sun. 

Cinder  ballast  has  the  disadvantage  of  being 
dusty  in  dry  weather,  and  the  sulphur  It  con- 
tains is  generally  conceded  to  have  an  Injurious 
effect,  tending  to  shorten  both  the  life  of  the  tie 
and  the  rail.  The  latter  may  very  largely  be 
obviated  by  so  forming  the  ballast  section  that 
the  bottom  of  the  rail  will  be  from  two  to  three 
inches  above  the  cinder.  Cinders  are  also  ob- 
jectionable where  track  circuits,  in  connection 
with  crossing  bells,  signals,  etc.,  are  maintained, 
on  account  of  the  readiness  with  which  short 
circuits  are  formed.  [Mr.  Walter  G.  Berg  has 
pointed  out  that  the  injurious  action  of  the 
cinders  on  ties  is  offset  by  their  tendency  to 
keep  down  weeds.] 

Chats. — Chats  are  tailings  from  mills  in 
which  zinc  and  lead  ores  are  separated  from  the 
rock  in  which  they  occur,  and  their  value  as  bal- 
last is  dependent  on  their  hardness  and  size. 
There  is  considerable  variety  in  these  respects, 
though  practically  all  of  the  product  of  the  lead 
and  zinc  mines  of  Southwestern  Missouri  and 
Southeastern  Kansas  is  suitable  for  ballast  pur- 
poses. It  gives  a  fair  idea  of  the  size  to  say 
it  is  about  the  same  as  shelled  corn,  or  will  pass 
a  screen  with  half-inch  mesh  or  possibly  a  lit- 
tle smaller.  Chats  are  elastic;  not  dusty  ex- 
cept at  high  speeds,  and  then  only  slightly; 
cheap  to  load,  unload  and  handle  under  ties; 
hold  well  in  both  line  and  surface  and  particu- 
larly check  growth  of  vegetation.  They  practi- 
cally prevent  the  latter  entirely.  They  wash 
more  easily  than  stone  or  gravel  of  larger  size; 
settle  somewhat  when  first  put  in  track  and 
require  a  second  surfacing  to  hold  well;  do  not 
drain  so  well  as  larger  crushed  rock,  and  con- 
sequently churn  when  soil  gets  mixed  with  them 
or  there  is  an  insufficient  thickness  under  the 
tie.  To  hold  line  on  curves  there  should  be  a 
wider  shoulder  than  with  crushed  rock,  prefer- 
ably 12  inches.  Minimum  thickness  under  tie 
for  good  results,  S  inches.  The  cost  may  be  as 
low  as  25  cents  per  yard  in  track.  They  are 
easily  and  cheaply  loaded  by  hand.  At  the 
larger  piles  the  steam  shovel  is -economical. 

Chert. —  (Extract  from  letter  addressed  to  K. 
Montfort,  Chief  Engineer,  Louisville  &  Nash- 
ville Railroad,  by  T.  D.  Harrison,  Assistant  En- 
gineer.) Chert  is  almost  all  pure  silica  and  in 
this  district  (Birmingham.  Ala.)  is  of  three 
kinds — white,  yellow,  and  pink — all  of  which 
are  used  for  building  roads.  White  chert  is  a 
clean  chert  and  is  not  much  account  for  build- 
ing roads.  Yellow  chert  and  pink  chert  contain 
more  or  less  clay  and  consequently  pack  and 
make  an  excellent  road.  Some  of  the  chert  in 
this  district  is  found  in  strata,  while  that  which 
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is  worked  is  principally  drift  chert,  and  found 
in  large  beds,  broken  up  to  a  great  extent,  and 
can  be  worked  easily  by  blasting  from  a  large 
face. 

Chert  is  similar  in  action  under  track  to 
gravel  containing  clay,  but  on  account  of  the 
stone  begin  sharp,  where  gravel  is  rounded  off, 
the  chert  holds  better  than  the  gravel. 

Slag.— S]ag  which  is  most  uniform  in  size  and 
heaviest  in  weight  is  most  valuable  for  ballast 
purposes.  These  qualities  depend  largely  on 
how  it  is  made.  Sometimes  the  slag  is  drawn 
from  the  furnace  and  run  directly  into  long  de- 
pressions or  shallow  ditches.  This  gives  a 
number  of  slabs  of  half  round  section,  10  or  12 
inches  wide,  sometimes  called  "hog  wallow" 
slag,  from  the  form  of  the  depressions.  This, 
of  course,  must  be  broken  up  with  hammers 
or  crushers  before  it  Is  used.  The  large  pieces 
may  be  used  at  the  foot  of  the  slope  of  the  bal- 
last to  hold  the  smaller  pieces  in  place,  but  are 
a  decided  disadvantage  when  they  get  under 
the  tie.  They  must  then  be  broken  up  with 
sledge  before  track  can  be  surfaced. 

The  product  is  much  more  satisfactory  where 
the  slag  is  carried  in  a  hot  pot  from  the  fur- 
.  nace  and  poured  upon  a  dump.  The  dump,  by 
reason  of  continued  additions,  may  become  al- 
most a  mountain,  and  many  very  large  ones 
may  be  seen  in  the  iron  district  of  Alabama. 
While  it  might  seem  that  this  dump  would  be 
as  solid  as  rock,  having  solidified  from  a  melted 
state,  this  is  not  the  fact.  The  application  of 
a  hot  upper  layer  upon  a  cold  one  beneath  ap- 
pears to  crack  the  latter  in  all  directions,  much 
as  cold  glass  is  cracked  by  hot  water.  The 
result  is  that  the  mass  may.  although  with  dif- 
ficulty, be  worked  with  pick  and  shovel.  The 
usual  way  of  loading  Is  by  steam  shovel.  A 
little  powder  is  a  decided  help  toward  loosen- 
ing and  breaking  the  mass,  whether  for  hand 
or  shovel  loading. 

When  the  slag  contains  an  excess  of  free 
lime  or  has  been  formed  in  thick  layers,  a 
large  portion  will  be  found  to  be  spongy.  This 
is  likely  to  become  pulverized  under  the  track, 
cementing  together,  becoming  difficult  to 
work  and  churning  in  wet  weather.  The  vit- 
reous or  glassy  slag  often  breaks  into  pieces 
nearly  cubical  in  form  and  of  r9markable  uni- 
formity in  size,  the  pieces  being  about  one  inch 
in  each  dimension.  A  slag  dump  will  not  run 
uniformly  to  one  size  or  kind,  however,  and  the 
run  of  the  pile  must  be  taken  as  it  comes. 
There  is  a  great  deal  of  difference  in  the  slag 
from  different  furnaces.  To  some  extent  it  may 
be  said  that  those  that  make  the  most  perfect 
separation  of  iron  from  ore  and  flux  make  best 
slag  for  ballast.  It  is  certain  that  any  s*at- 
tered  masses  of  metallic  iron  are  objectionable. 
Slag  ballast  track  usually  requires  a  lift  of  2 
or  3  inches,  and  to  be  surfaced  out  of  face  at 
intervals  of  two  to  six  years,  depending  on  the 
quality  of  the  material  and  the  traffic  it  sus- 
tains. 

Slag  is  cheaper  In  first  cost  than  broken 
stone,  but  the  cost  of  maintenance  is  somewhat 
higher  and  the  effect  upon  the  ties  is  said  to  be 
detrimental  because  of  the  chemical  action. 

Conclusions. — While  there  Is  great  variation 
in  the  qualities  of  the  different  natural  mate- 
rials for  ballast,  the  choice  of  these  qualities 
is  not  usually  left  to  the  engineer,  but  has  been 
made  already  by  nature,  and  all  that  is  left  to 
decide  is  what  is  most  available  or  most  ex- 
pedient. This  each  one  must  decide  for  him- 
self in  the  light  of  his  own  circumstances.  The 
question  of  finance  may  be  a  ruling  considera- 
tion or  there  may  be  but  one  thing  to  be  had, 
and  he  must  take  that  or  nothing. 

In  the  case  of  crushed  rock,  however,  there 
is  a  choice,  and  it  is  the  conclusion  of  the 
Committee,    in   the    light     of    arguments    pre- 
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sented,  that  stone  ballast  made  from  hard,  dura- 
ble stone,  broken  in  sizes  from  %-inch  to  1V1> 
Inches,  having  a  depth  under  tie  of  12  inches, 
resting  on  a  firm,  well-drained  roadbed,  will 
best  meet  the  requirements  of  roads  with 
heavy  traffic,  large  engines  and  fast  survice. 


Standard  Regulations  for  Fire-Proof 
Buildings. 

Abstract    of   the   National    Hoard    of    Fire   Under- 
writers'   Suggestions    to    be    Incorporated   In    Building 
Laws. 


Elevator  Inclosures. — All  elevators  placed  In 
any  building  shall  be  entirely  inclosed  in  suit- 
able walls  of  brick,  or  with  a  suitable  frame- 
work of  iron  and  burnt  clay  filling,  or  with 
such  other  fireproof  material  and  form  of  con- 
struction as  may  be  approved  by  the  Inspector 
of  Buildings,  except  that  the  inclosure  walls  of 
elevators  In  non-fireproof  buildings  exceeding 
3  stories  In  height  and  used  as  ware-houses, 
factories,  and  stores  shall  be  of  brick.  In  fire- 
proof buildings,  when  the  construction  of  the 
elevator  inclosure  is  of  iron  and  burnt  clay  1111- 
ing  or  other  approved  materials  the  said  con- 
struction shall  not  be  less  than  6  inches  In 
thickness.  Said  walls  or  construction  in  all 
cases  shall  extend  through  and  at  least  3  feet 
above  the  roof. 

All  door  openings  in  any  said  Inclosures  shall 
be  provided  with  approved  fireproof  doors  made 
solid  for  their  full  height  and  hung  to  rabbited 
iron  frames  or  to  eyes  built  into  the  wall,  and 
shall  have  iron  door  sills  of  the  full  width  and 
length  of  the  openings.  Lights  of  wired  glass, 
in  approved  metal  frames,  may  be  placed  In 
such  doors,  but  no  one  pane  shall  exceed  in 
area  250  square  inches  between  muntins  or  di- 
viding bars. 

All  window  openings  in  any  said  inclosing 
walls  or  construction  opening  from  the  shaft 
to  within  the  birilding  shall  have  window  frames 
of  metal  or  of  wood  covered  with  metal  and 
fixed  sash  of  metal  of  the  kind  approved  by  the 
National  Board  of  Fire  Underwriters,  and  the 
sash  shall  be  glazed  with  wired  glass,  no  pane 
of  which  shall  exceed  250  inches  V)etween  divid- 
*  ing  bars. 

The  roofs  over  all  elevator  inclosures  shall  be 
made  of  fireproof  materials,  with  a  metal  sky- 
light at  least  three-fourths  the  area  of  the  shaft 
and  glazed  with  glass  not  over  one-twelfth  of 
an  Inch  thick  covered  above  and  below  with 
strong  wire  netting,  but  wired  glass  shall  not 
be  used  in  lieu  of  this  requirement. 

Openings  in  Floors  and  Roofs  for  Light. — AH 
openings  in  floors  for  the  tran&inisslon  of  light 
to  floors  below  shall  be  covered  over  with  floor 
lights  constructed  of  metal  frames  and  bars  and 
glazed  with  suitable  glass  not  less  than  three- 
quarters  of  an  inch  in  thickness,  and  the  floor 
lights  shall  be  of  the  same  proportional  strength 
as  the  floors  in  which  they  are  placed. 

All  openings  in  roofs  for  the  transmission  of 
light  other  than  elsewhere  provided  In  this  or- 
dinance over  elevator  and  stair  shafts  shall 
have  metal  frames  and  sash,  glazed  with  not 
less  than  one-quarter-inch  thick  wired  glass  or 
with  glass  protected  above  with  wire  screens. 

Every  fireproof  roof  hereafter  placed  on  any 
building  shall  have,  besides  the  usual  scuttle 
or  bulkhead,  a  skylight  or  skylights  of  a  su- 
perficial area  equal  to  not  less  than  one-fiftieth 
the  superficial  area  of  such  fireproof  roof,  and 
glazed  as  other  skylights  are  required  to  be 
in  this  section. 

Ducts  for  Pipes. — All  ducts  for  pipes,  wires, 
and  other  similar  purposes  shall  be  inclosed  on 
all  sides  with  fireproof  materials,  and  the  open- 
ing through  each  floor  shall  be  properly  flre- 
stopped.  Any  door  opening  in  such  duct  shall 
be  provided  with  a  fireproof  self-closing  door. 
If  the  area  of  such  duct  exceeds  four  square  feet 
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the  thickness  of  such  fireproof  inclosure  shall 
be  not  less  than  four  inches,  and  shall  extend 
by  a  proper  flreproof*outlet  to  and  through  the 
roof. 

Duett  for  YeHtiialiOH. — Ducts  for  the  removal 
of  foul  or  vitiated  air  in  which  the  temperature 
of  the  air  cannot  exceed  the  temperature  of 
the  room,  if  passing  through  any  door,  parti- 
tion, room,  or  roof  shall  be  constructed  of  suit- 
able incombustible  material.  In  buildings  of 
fireproof  construction  ventilating  shafts  passing 
through  floors  shall  be  constructed  of  fireproof 
material  not  less  than  4  inches  in  thickness, 
and  any  opening  in  same  shall  be  protected  by 
automatic  closing  doors  or  by  metal  louvres 
riveted  Into  metal  frames. 

Pipe*  Patsing  Through  Floors. — In  chases  in 
walls  for  water  or  other  pipes,  the  chases  around 
said  pipes  shall  be  filled  up  with  solid  flreproor 
material  for  the  space  of  one  foot  at  the  top 
and  bottom  of  each  story. 

Steam  or  hot-water  heating  pipes,  passing 
through  floors,  shall  be  provided  both  at  the 
floor  and  ceiling  line  with  metal  caps  of  suffi- 
cient size  to  fully  cover  the  open  space  surround- 
ing any  and  all  such  pipes;  and  any  cold  water 
or  other  exposed  plumbing  pipes  shall  have  tha 
surrounding  air  space  closed  off  at  the  ceiling 
and  floor  line  of  any  floor  through  which  any 
such  pipe  or  pipes  shall  be  carried. 

No  opening  in  any  floor  or  root  shall  be  with- 
out a  solid  covering  or  an  inclosure,  as  provided 
In  this  ordinance,  to  prevent  the  communica- 
tion of  flre  from  story  to  story. 

Stair  Ball  Inclosures. — In  all  stores, 
warehouses  and  factories  the  staircase  halls 
shall  be  inclosed  with  suitable  walls  of  brick, 
or  with  burnt  clay  blocks  set  in  iron  frames,  or 
such  other  fireproof  materials  and  forms  of  con- 
struction as  may  be  approved  by  the  Inspector 
of  Buildings,  except  that  the  inclosure  walls  in 
such  buildings  exceeding  three  stories  in  height 
shall  be  of  brick.  Said  walls  or  construction 
shall  be  continuous  and  extend  at  least  3  feet 
above  the  roof.  The  roof  over  the  stair  hall 
inclosure  shall  be  covered  with  a  metal  and 
glass  skylight  at  least  three-eights  of  the  area 
of  the  inclosure,  and  constructed  and  glazed  as 
required  for  skylights  over  elevator  inclosures. 
All  door  openings  in  such  stair  hall  inclosures 
shall  be  provided  with  self-closing  fireproof 
doors  and  frames,  and  all  window  openings 
shall  have  window  frames  of  metal  or  wood  cov- 
ered with  metal,  and  the  window  sash  shall  be 
fixed  sash  of  metal  and  glazed  with  wired  glass. 
At  least  one  of  such  inclosed  stair  halls  in  each 
of  said  buildings  shall  have  a  like  connecting 
Inclosure  hallway  in  the  first  story  and  extend 
to  the  street,  and  all .  door  or  window  openings 
In  the  same  shall  be  provided  with  doors  and 
windows  as  provided  for  openings  in  the  stair 
hall  inclosures. 

In  all  fireproof  buildings,  other  than  stores, 
warehquses  and  factories,  if  exceeding  three 
stories  and  40  feet  in  height,  the  stair  halls 
shall  be  inclosed  on  each  story  with  fireproof 
material,  same  as  required  for  elevators,  to  so 
form  an  Inclosure  the  floor  area  of  which  shall 
not  be  more  than  three  times  the  united  area 
of  the  floor  openings  for  the  elevators  and 
stairs. 

Fireproof  Buildings. — Every  building  here- 
after erected  or  altered  to  be  used  as  a  theatre, 
lodging-bouse,  school,  jail,  public  station,  hos- 
pital, asylum,  institution  for  the  use,  care  or 
treatment  of  persons,  the  height  of  which  ex- 
ceeds three  stories  and  not  more  than  40  feet 
in  height  and  every  building  hereafter  erected 
or  altered  to  be  used  as  a  hotel,  which  exceeds 
four  stories  and  not  more  than  50  feet  in  height, 
excepting  all  buildings  for  which  specifications 
and  plans  have  been  heretofore  approved  by  the 
proper  authoritiefi,  and  every  other  building  the 
height  of  which  exceeds  55  feet  or  more  than 


four  stories  in  height,  shall  be  built  fireproof, 
that  is  to  say — 

They  shall  be  constructed  with  walls  of  brick, 
stone,  Portland  cement  concrete,  iron  or  steel 
in  wbich  wood  beams  or  lintels  shall  not  be 
placed,  and  in  which  the  floors  and  roofs  shall 
be  constructed  with  rolled  wrought-iron  or  steel 
floor  beams,  so  arranged  as  to  spacing  and 
length  of  beams  that  the  load  to  be  supported 
by  them,  together  with  the  weights  of  the  ma- 
terials used  in  the  construction  of  the  said 
floors  shall  not  cause  a  greater  deflection  of  the 
said  beams  than  one-thirtieth  of  an  inch  per 
foot  of  span  under  the  total  load;  and  they  shall 
be  tied  together  at  intervals  of  not  more  than 
eight  times  the  depth  of  the  beam  with  suitable 
tie-rods. 

Between  the  floorbeams  shall  be  placed  brick 
arches  springing  from  the  lower  flanges  of  the 
steel  beams,  or  the  spaces  between  the  beams 
may  be  filled  with  hollow  tile  arches  of  hard- 
burnt  clay  or  porous  terra  cotta,  or  arches  of 
Portland  cement  reinforced  with  metal,  or  such 
other  fireproof  composition  may  be  used,  pro- 
vided that  in  each  and  all  cases  the  strength 
and  method  of  construction  shall  be  acceptable 
to  the  Inspector  of  Buildings. 

The  stairs  and  staircase  landings  shall  be 
entirely  of  brick,  stone,  Portland  cement  con- 
crete, iron  or  steel. 

No  woodwork  or  other  inflammable  material 
shall  be  used  in  any  of  the  partitions,  furrings 
or  ceilings  in  any  such  fireproof  buildings,  ex- 
cepting, however,  that  when  the  height  of  the 
building  does  not  exceed  eight  stories  nor  more 
than  100  feet,  the  doors  and  windows  and  their 
frames  and  trims,  the  casings,  the  interior  fin- 
ish when  filled  solidly  at  the  back  with  fire- 
proof material,  and  the  floor  boards  and  sleep- 
ers directly  thereunder,  may  be  of  wood,  but 
the  space  between  the  sleepers  shall  be  solidly 
filled  with  fireproof  materials  and  extend  up  to 
the  floor  boards. 

When  the  height  of  a  fireproof  building  ex- 
ceeds eight  stories,  or  more  than  100  feet,  the 
fioor  surfaces  shall  be  of  stone,  cement,  rock  as- 
phalt, tiling  or  similar  incombustible  material, 
or  the  sleepers  and  floor  boards  may  be  of  wood 
treated  by  some  process  approved  by  the  In- 
spector of  Buildings,  to  render  the  same  fire- 
retarding.  All  outside  window  frames  and  sash 
shall  be  of  metal,  or  of  wood  covered  with 
metal. 

The  inside  window  frames  and  sash,  doors, 
trim  and  other  interior  finish  may  be  of  wood 
covered  with  metal,  or  of  wood  treated  by  some 
process  approved  by  tue  Inspector  of  Buildings 
to  render  the  same  fire-retarding. 

All  hall  partitions  or  permanent  partitions 
between  rooms  In  fireproof  buildings  shall  be 
built  of  fireproof  material,  and  shall  not  be 
started  on  wood  sills,  nor  on  wood  boards,  but 
be  built  upon  the  fireproof  construction  of  the 
floor  and  extend  to  the  fireproof  beam  filling 
above. 

The  tops  of  all  door  and  window  openings  In 
such  partitions  shall  be  at  least  12  inches  below 
the  ceiling  line. 

Incasing  Structural  Iron  and  Steel  Work. — 
The  bottom  flanges  of  all  wrought-iron  or  rolled 
steel  floor  and  flat  roof  beams,  and  all  exposed 
portions  of  such  beams  below  the  abutments  of 
the  floor  arches  shall  be  entirely  incased  with 
hard-burnt  clay,  porous  terra  cotta  or  other  fire- 
proof material  corresponding  to  the  filling  be- 
tween the  beams,  such  incasing  material  to  be 
properly  secured  to  the  beams.  The  exposed 
sides  and  bottom  plates  or  flanges  of  wrought- 
iron  or  rolled  steel  girders  supporting  iron,  or 
steel  floorbeams,  or  supporting  floor  arches  or 
floors,  shall  be  entirely  incased  in  the  same 
manner. 

All  cast-iron,  wrought-iron  or  rolled  steel 
columns,  including  the  lugs   and    brackets   on 


same,  used  in  the  interior  of  any  fireproof  build- 
ing, or  used  in  any  building  to  support  any 
fireproof  floor  shall  be  protected  with  not  less 
than  4  inches  of  fireproof  material,  securely  ap- 
plied. The  extreme  outer  edge  of  lugs,  brackets 
and  similar  supporting  metal  may  project  to 
within  seven-eighths  of  an  inch  of  the  surface 
of  the  flreprooflng. 

In  skeleton  constructions  where  columns  are 
used  to  support  iron  or  steel  girders  carrying 
inclosure  walls,  the  said  columns  shall  be  of 
cast-iron,  wrought-iron,  or  rolled  steel,  and  on 
their  exposed  outer  and  inner  surfaces  be  con- 
structed to  resist  flre  by  having  a  casing  of 
brickwork  not  less  than  8  inches  in  thickness 
on  the  outer  surfaces,  nor  less  than  4  inches 
in  thickness  on  the  inner  surfaces,  and  all 
bonded  into  the  brickwork  of  the  inclosure 
walls.  The  exposed  sides  of  the  iron  or  steel 
girders  shall  be  similarly  covered  in  with  brick- 
work not  less  than  4  inches  in  thickness  on  the 
outer  surfaces  and  tied  and  bonded,  but  the  ex- 
treme outer  edge  of  the  flanges  of  beams,  or 
plates  or  angles  connected  to  the  beams,  may 
project  to  within  2  inches  of  the  outside  sur- 
face of  the  brick  casing.  The  Inside  surfaces 
of  the  girders  may  be  similarly  covered  with 
brickwork,  or  if  projecting  inside  of  the  wall, 
they  shall  be  protected  by  terra  cotta,  concrete 
or  other  fireproof  material. 

In  all  buildings  hereafter  erected  or  altered, 
where  any  iron  or  steel  column  or  columns  are 
used  to  support  a  wall  or  part  thereof,  whether 
the  same  be  an  exterior  or  an  interior  wall,  and 
columns  located  below  the  level  of  the  sidewalk 
which  are  used  to  support  exterior  walls  or 
arches  over  vaults,  the  said  column  or  columns 
shall  be  protected  with  not  less  than  4  inches 
of  fireproof  material  securely  applied,  except 
protected  columns  shall  not  be  required  for 
walls  fronting  on  streets  or  courts. 

Floor  Areas  in  Stores,  Warehouses  and  Fac- 
tories.— In  all  non-fireproof  stores,  warehouses 
and  factories,  in  case  iron,  steel  or  wood  col- 
umns, or  piers  of  masonry,  are  used  in  place 
of  brick  partition  walls  the  buildings  between 
partition  walls  of  a  thickness  corresponding  to 
the  main  bearing  walls — 

When  extending  from  street  to  street  may 
cover  an  area  of  not  more  than  6,000  square 
feet; 

Or  when  otherwise  located  fronting  on  one 
street  only,  may  cover  an  area  of  not  more 
than  5,000  square  feet; 

Or  when  such  a  building  fronts  on  three 
streets  it  may  cover  an  area  of  not  more  than 
7,500  square  feet; 

Or  if  a  corner  building  fronting  on  two 
streets  it  may  cover  not  more  than  6,000  square 
feet; 

In  all  stores,  warehouses  and  factories,  not 
exceeding  55  feet  in  height  which  may  be  built 
fireproof,  the  areas  between  nrick  partition 
walls  of  a  thickness  corresponding  to  the  main 
bearing  walls,  may  be  100  per  cent,  greater  than 
the  areas  stated  hereinbefore  in  this  section  for 
non-fireproof  buildings.  But  in  case  any  such 
fireproof  building  exceeds  the  height  of  55  feet, 
the  areas  between  brick  partition  walls  of  a 
thickness  corresponding  to  the  main  bearing 
walls  may  be  the  same,  but  no  greater,  than  the 
areas  hereinbefore  stated  in  this  section  for 
non-fireproof  construction; 

Provided,  however,  in  case  the  foregoing  de- 
scribed buildings  are  completely  equipped  with 
a  system  of  automatic  sprinklers  in  a  manner 

approved  by  the Board  of 

Fire  Underwriters,  the  areas  between  the  brick 
partition    walls   may   be   increased   as   follows: 

For  the  non-flreproof  constiacted  buildings, 
the  respective  areas  hereinbefore  stated  may  be 
increased  50  per  cent.; 

For  flreproof  constructed  buildings  not  ex- 
ceeding 55  feet  In  height,  the  respective  areas 
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hereinbefore  stated  may  be  increased  33  1/3  per 
cent.;  and, 

For  the  fireproof  constructed  buildings  ex- 
ceeding 55  feet  in  height,  the  respective  areas 
hereinbefore  stated  may  be  increased  33  1/3 
per  cent. 

The  automatic  sprinkler  system  hereby  re- 
quired shall  be  installed  and  kept  in  perfect 
working  order  by  the  owner,  lessee  or  occupant 
of  the  premises. 

Openings  in  the  brick  partition  walls  of 
buildings  specified  in  this  section  shall  in  no 
case  exceed  8  feet  in  width,  and  above  each 
such  opening  there  shall  be  a  brick  curtain  wall 
between  the  top  of  the  opening  and  the  ceil- 
ing line  of  at  least  3  feet.  The  openings  shall 
be  provided  with  approved  automatic  self-clos- 
ing fireproof  doors  on  both  sides  of  the  open- 
ings. 

When  more  than  two  fireproof  or  non-iire- 
proof  buildings  communicate  although  protected 
by  double  fireproof  doors,  they  shall  be  pro- 
vided with  a  system  of  approved  automatic 
sprinklers  where  occupied  as  stores,  warehouses 
and  factories. 

Stairs,  Ntimber  of,  in  Proportion  to  Floor 
Areas. — In  any  building  hereafter  erected  to  be 
used  as  an  office  building,  a  store,  factory,  hotel, 
lodging-house,  or  school  covering  a  lot  area — 

Exceeding  2,500  feet  and  not  exceeding  5,000 
feet,  there  shall  be  provided  at  least  two  contin- 
uous lines   of  stairs  remote  from  each   other; 

And  every  such  building  shall  have  at  least 
one  continuous  line  of  stairs  for  each  5,000  feet 
of  lot  area  covered,  or  part  thereof,  in  excess  of 
that  required  for  5,000  feet  of  area. 

When  any  such  building  covers  an  area  of  lot 
greater  than  15,000  feet  the  number  of  stairs 
shall  be  increased  proportionately,  or  as  will 
meet  with  the  approval  of  the  Inspector  of 
Buildings. 

Electrical  Work. — No  electrical  wiring  or  in- 
stallation of  electrical  apparatus  or  appliances 
for  furnishing  light,  heat  and  power  shall  be  in- 
troduced into  or  placed  in  any  building  or  struc- 
ture in  the  city  of except  in  com- 
pliance with  the  rules  and  regulations  Of  the 
National  Board  of  Fire  Underwriters,  known  as 
the  "National  Electric  Code,"  and  the  said  rules 
and  regulations  are  hereby  made  a  part  of  the 
requirements  of  this  ordinance.  No  such  elec- 
trical wiring,  apparatus  or  appliances  shall  be 
placed  in  service  until  a  certificate  of  approval 

of  same  has  been  issued  by  the Board 

of  Fire  Underwriters.  The  installation  of  all 
such  electrical  work  shall  be  subject  to  the  ap- 
proval of  the  Inspector  of  Buildings. 

Fireproof  Shutters  and  Doors. — Every  build- 
ing which  is  more  than  two  stories  in  height 
above  the  curb  level,  except  dwelling-houses, 
hotels,  schoolhouses  and  churches,  shall  have 
fireproof  doors,  blinds  or  shuttets  hung  to  iron 
hanging  frames  or  to  iron  eyes  built  into  the 
wall,  on  every  exterior  window  and  opening 
above  the  first  story  thereof,  and  excepting  on 
the  front  openings  of  buildings  fronting  on 
streets  which  are  more  than  30  feet  in  width, 
or  where  no  other  buildings  are  within  30  feet 
of  such  openings. 

The  said  doors,  blinds  or  shutters  may  be 
constructed  of  pine  or  other  soft  wood  of  two 
thicknesses  of  matched  boards  at  right  angles 
with  each  other,  and  securely  covered  with  tin, 
on  both  sides  and  edges,  with  folded  lapped 
joints,  the  nails  for  fastening  the  same  being 
driven  inside  the  lap;  the  hinges  and  bolts  or 
latches  shall  be  secured  or  fastened  to  the  door 
or  shutter  after  the  same  has  been  covered 
with  tin,  and  such  doors  or  shutters  shall  be 
hung  upon  an  iron  frame,  independent  of  the 
woodwork  of  the  windows  and  doors,  or  to  Iron 
hinges  securely  fastened  to  the  masonry;  or 
such  frames,  if  of  wood,  shall  be  covered  with  tin 
In  the  same  manner  as  the  doors  and  shutters. 


On  any  opening  where  the  window  frame  and 
sash  are  of  metal,  or  of  wood  covered  on  the 
outside  with  metal,  and  the  sashes  are  glazed 
with  wired  glass  not  less  than  one-quarter  of 
an  inch  in  thickness,  and  each  pane  measuring 
not  more  than  600  square  inches,  no  fireproof 
shutters  shall  be  required. 

All  shutters  opening  on  fire-escapes,  and  at 
least  one  row,  vertically,  in  every  three  rows  on 
the  front  window  openings  above  the  first  story 
of  any  building,  shall  be  so  arranged  that  they 
can  be  readily  opened  from  the  outside  by  fire- 
men. 

All  rolling  iron  or  steel  shutters  hereafter 
placed  in  the  first  story  of  any  building,  shall 
be  counter-balanced  so  that  said  rolling  shutters 
may  be  readily  opened  by  firemen. 

No  building  hereafter  erected,  other  than  a 
dwelling-house  or  fireproof  building,  shall  have 
inside  iron,  steel  or  other  fireproof  shutters  to 
windows  above  the  first  story. 

All  windows  and  openings  above  the  first 
story  of  any  building  may  be  exempted  from 
having  shutters  by  the  Inspector  of  Buildings 
upon  filing  in  the  Department  of  Buildings  a 
petition  on  suitable  blanks  to  be  furnished  to 
applicants  by  the  said  department,  by  the  owner 
or  lessee  of  the  property,  or  the  agent  of  either, 
requesting  exemption,  or  a  partial  exemption, 
or  a  modification  of  the  requirement  for  shut- 
ters; but  no  such  exemption  or  modification 
shall  be  granted  by  the  Inspector  of  Buildings 
until  such  petition  shall  have  been  referred  by 
him  to  the  Chief  of  the  Fire  Department  for  ex- 
amination, and  a  report  and  recommendation 
thereon   is  received   from  the  said  Chief. 

All  buildings  specified  in  this  section,  here- 
after erected  or  altered,  having  openings  in  in- 
terior walls,  shall  be  provided  with  suitable 
fireproof  doors  where  deemed  necessary  by  the 
Inspector  of  Buildings,  and  to  be  provided  with 
approved  automatic  self-closing  devices. 

All  occupants  of  buildings  shall  close  all  ex- 
terior and  Interior  fireproof  shutter,  doors  and 
blinds  at  the  close  of  the  business  of  each  day. 

Fire  Appliances. — Every  building  unless  al- 
ready provided  with  a  3-inch  or  larger  vertical 
pipe,  which  exceeds  100  ft.in  height  andin  every 
building  hereafter  to  be  erected  exceeding  85 
feet  in  height  and  when  any  such  building  does 
not  exceed  125  feet  in  height  it  shall  be  pro- 
vided with  a  4-inch  stand-pipe,  running  from 
cellar  to  roof,  with  one  two-way  3-inch  Siamese 
connection  to  be  placed  on  street  above  the  curb 
level,  and  with  one  2%-incn  outlet,  with  hose 
attached  thereto  on  each  floor,  placed  as  near 
the  stairs  as  practicable;  and  all  buildings 
now  erected,  or  hereafter  to  be  erected,  unless 
already  provided  with  a  3-inch  or  larger  ver- 
tical pipe,  exceeding  100  feet  in  height,  shall  be 
provided  with  an  auxiliary  fire  apparatus  and 
appliances,  consisting  of  water  tank  on  roof,  or 
In  cellar,  stand-pipes,  hose,  nozzles,  wrenches, 
fire  extinguishers,  hooks,  axes  and  such  other 
appliances  as  may  be  required  by  the  Fire  De- 
partm9nt;  all  to  be  of  the  best  material  and 
of  the  sizes,  patterns  and  regulation  kinds  used 
and  required  by  the  Fire  Department. 

In  every  building  exceeding  100  feet  in 
height  a  power  pump  and  at  least  one  passen- 
ger elevator  shall  be  kept  in  readiness  for  im- 
mediate use  by  the  Fire  Department  during  all 
hours  of  the  night  and  day,  including  holi- 
days and  Sundays.  The  said  pumps,  if  located 
in  the  lowest  story,  shall  be  placed  not  less 
than  2  feet  above  the  floor  level.  The  boilers 
which  supply  power  to  the  passenger  eleva- 
tors and  pumps,  if  located  in  the  lowest  story, 
shall  be  so  surrounded  by  a  dwarf  brick  wall 
laid  in  cement  mortar,  or  other  suitable  per- 
manent waterproof  construction,  as  to  exclude 
water  to  the  depth  of  2  feet  above  the  floor 
level  from  flowing  into  the  ash  pits  of  said 
boilers.     When    the    level   of  the  floor   of   the 


lowest  story  is  above  the  level  of  the  sewer 
in  the  street,  a  large  cesspool  shall  be  placed 
in  said  floor  and  connected  by  a  4-inch  caat- 
iron  drain  pipe  with  the  street  sewer. 

Any  building  which  may  have  been  erected 
prior  to  the  enactment  of  thl»  ordinance,  ex- 
ceeding 125  feet  in  height,  and  not  now  equip- 
ped with  stand-pipes,  shall  be  provided  with 
such  pipes  not  less  than  6  Inches  In  diameter. 
All  stand-pipes  shall  extend  to  the  street  and 
there  be  provided  at  or  near  the  sidewalk  level 
with  Siamese  connections.  Said  stand-pipes 
shall  also  extend  to  the  roof.  Valve  outlets 
shall  be  provided  on  each  and  every  story,  in- 
cluding the  basement  and  cellar,  and  on  the 
roof. 

If  any  of  the  said  buildings  extend  from 
street  to  street,  or  form  an  L  shape,  they  shall 
be  provided  with  stand-pipes  for  each  street 
frontage. 

In  such  buildings  as  are  used  or  occupied 
for  business  or  manufacturing  purposes  there 
shall  be  provided,  in  connection  with  said 
stand-pipe  or  pipes,  2i^  automatic  sprinkler 
pipes  placed  on  and  along  the  ceiling  line  of 
each  floor  below  the  first  floor  and  extending 
to  the  full  depth  of  the  building.  Said  sprink- 
ler pipes  shall  be  provided  with  a  valve  placed 
at  or  near  the  stand-pipes,  so  that  water  can 
be  let  into  same  when  deemed  necessary  by  the 
firemen.  When  the  building  is  25  feet  or  less 
in  width,  two  lines  of  sprinkler  pipe  shall  be 
provided,  and  one  line  additionally  for  each 
1214  feet  or  part  thereof  that  the  building  is 
wider  than  25  feet.  A  suitable  iron  plate  with 
raised  letters  shall  be  fastened  to  the  wall 
near  said  stand-pipe  to  read:  "This  stand-pipe 
connects  to  sprinkler  pipes  in  celler." 


Book  Notes. 


The  New  York  State  Engineer  has  issued  a 
104-page  pamphlet  containing  a  full  report  of 
the  proceedings  of  the  fifth  annual  good  roads 
convention  of  the  boards  of  supervisors  in  the 
State.  This  meeting  was  held  to  discuss  all 
the  aspects  of  road  building  under  the  State- 
aid  law,  and  is  correspondingly  valuable  as  in- 
dicating the  condition  of  such  work  at  the 
present  time.  Most  of  the  discussions  related 
to  financial  affairs,  but  some  engineering  in- 
formation is  given  and  there  are  many  excel- 
lent engravings  of  highways  built  under  the 
State  Engineer's  supervision.  The  illustrations 
of  roads  are  accompanied  by  notes  explaining 
the  construction  used  in  each  case  and  occa- 
sionally furnishing  a  statement  of  the  amount 
of  repairs  needed  since  the  road  was  put  in 
service. 


A  fifteenth  edition  of  A.  E.  Seaton's  "Manual" 
of  Marine  Engineering,"  a  work  long  and  favor- 
ably known  as  a  standard  in  the  field  of  marine 
design,  has  just  appeared.  The  work  as  a  whole 
Is  divided  into  26  chapters  of  which  three  are 
new,  while  three  in  particular  contain  import- 
ant new  material.  Of  the  new  chapters,  one 
deals  wfth  the  weight  of  marine  machinery  in 
Its  various  relations  to  the  performance  of  the 
ship,  and  as  affected  by  the  various  circum- 
stances of  the  design,  and  the  second  with 
inertia  forces  and  the  balancing  of  engines. 
This  general  topic  has  become  of  the  greatest 
importance  in  recent  years,  and  every  marine 
designer  must  be  competent  to  deal  intelligently 
with  the  problems  which  the  investigation  of 
the  balancing  of  inertia  forces  presents.  Both 
analytical  and  vector  methods  are  given,  the  lat- 
ter being  naturally  preferred  for  obtaining  com- 
bination effects.  The  treatment  is  clear  and 
sufficiently  comprehensive  for  all  usual  pur- 
poses of  the  designer  of  marine  engines.  In 
the  third  new  chapter  the  author  gives  an  in- 
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teresting  and  valuable  discussion  of  oils  and 
lubrication,  a  topic  to  which  usually  but  scant 
reference  Is  made  in  the  general  literature  of 
engine  design.  As  a  whole,  this  boolt  covers 
the  broad  field  of  the  design  of  marine  machin- 
ery, including  engines,  boilers,  auxiliaries  and 
fittings,  as  well  as  propellers  and  paddle  wheels, 
and  with  reference  to  both  general  dimension 
and  structural  detail.  The  high  favor  in  which 
it  has  been  held  from  the  first  edition  in  1883 
is  an  index  of  the  need  for  such  a  work  and  of 
the  satisfactory  manner  in  which  this  has  filled 
the  requirements.  The  present  edition  marks 
a  most  decided  advance  over  the  preceding  edi- 
tions. [New  York,  D.  Van  Nostrand  Co.;  700 
pages.  $6.) 


The  "Proceedings"  of  the  eleventh  annual 
meeting  of  the  Society  for  the  Promotion  of 
Engineering  Education,  which  has  just  ap- 
peared, was  sent  out  for  review  accompanied  by 
a  statement  that  one  of  the  most  important 
papers  in  it  was  "a  valuable  report  by  a  strong 
committee  on  technical  books  for  public  li- 
braries." As  the  reviewer  has  but  recently 
been  compiling  some  notes  from  practicing  en- 
gineers of  large  experience  regarding  the 
iKwks  they  found  most  useful,  he  naturally 
turned  to  this  pedagogical  list.  The  number  of 
important  books  omitted  and  poor  ones  given 
is  surprising.  Burr's  "Materials  of  Engineer- 
ing," one  of  the  most  scholarly  and  scientific 
as  well  as  practical  American  works,  is  omitted 
under  "Materials;"  in  the  section  on  drawing 
no  mention  is  made  of  Wilson's  "Free-hand 
Perspective"  and  "Free-hand  Lettering,"  two 
iKwks  that  every  young  engineer  should  mas- 
ter thoroughly;  under  steam  and  gas  engineer- 
ing, Monroe's  unique  book  on  heating  and  ven- 
tilation is  overlooked  as  is  Seaton's  famous 
treatise  on  the  marine  engine;  Richard's  book 
on  compressed  air,  everywhere  acknowledged 
to  be  the  best  work  on  the  subject,  is  unno- 
ticed; in  the  numerous  divisions  of  electricity, 
the  search  for  Stelnmetz's  classic  treatises  will 
prove  vain;  Merriman's  "Treatise  on  Hy- 
draulics," a  book  no  engineering  library  should 
lie  without,  has  been  forgotten.  In  fact,  the 
list  is  a  very  poor  one  and  no  public  library 
should  adopt  it.  The  portion  of  the  book  re- 
lating to  the  teaching  of  engineering  is  very 
interesting,  and  it  is  encouraging  to.  notice  run- 
ning through  all  the  volume  an  evident  spirit 
of  high  endeavor  to  make  instruction  in  tech- 
nical schools  thoroughly  scientific  yet  dis- 
tinctively useful,  as  compared  with  what  are 
commonly  called  culture  studies.  I  New  York, 
Engineering  News  Pub.  Co.,  cloth,  9x6  ins.,  400 
pages,  $2.50.] 


At  the  meeting  of  the  British  Association 
last  year.  Prof.  James  Swinburne  read  a  paper 
on  the  reversibility  of  thermodynamics,  which 
was  presented  to  draw  from  specialists  in  that 
subject  criticisms  of  the  author's  views  on 
teaching  this  branch  of  physics  to  engineoricg 
students.  The  criticisms  amounted  to  little, 
however,  so  the  author's  views  were  subse- 
quently presented  much  more  fully  in  a  series 
of  papers  in  "Engineering,"  of  London.  These 
have  since  been  arranged  for  publication  in  a 
small  book  entitled  "Entropy,  or  Thermody- 
namics from  an  Engineer's  Standpoint."  The 
author's  reason  for  continuing  to  urge  the  sub- 
ject in  the  face  of  some  coldness  from  others 
is  explained  as  follows:  "As  a  young  man  I 
tried  to  read  thermodynamics,  but  I  always 
came  up  against  entropy  as  a  brick  wall  that 
stopped  my  further  progress.  I  found  the  or- 
dinary mathematical  explanation,  of  course,  but 
no  sort  of  physical  Idea  underlying  it.  No 
author  seemed  even  to  try  to  give  any  physical 
idea.  Having  in  those  days  great  respect  for 
text-books,  I  concluded  that  the  physical  mean- 


ing must  be  so  obvious  that  it  needs  no  ex- 
planation, t^aA  that  I  was  especially  stupid  on 
that  particular  subject.  Alter  a  few  years  I 
would  tackle  the  subject  again,  and  always  was 
brought  up  dead  by  the  idea  of  entropy.  I 
asked  people,  but  I  never  met  any  one  who 
could  tell  me.  and  I  met  one.  an  engineer,  who 
admitted  he  did  not  know.  Not  only  could  I 
get  no  physical  idea  of  entropy,  but  the  defini- 
tion of  entropy  and  the  statements  about  It 
did  not  make  sense  as  soon  as  one  tried  to 
understand  irreversible  changes.  Later  on,  in- 
stead of  making  the  common  mistake  that  ele- 
mentary books  are  easy  to  understand  1  got 
into  the  study  of  irreversible  thermodynamics 
by  the  road  of  physical  chemistry,  and  found 
that  my  previous  troubles  were  due  to  inac- 
curate definitions  and  faulty  analogies  on  the 
part  of  writers  who  had  an  incomplete  grasp 
of  thermodynamics.  Having  once  got  accurate 
and  consistent  definitions,  It  is  not  so  difllculi 
to  get  some  sort  of  physical  idea  of  entropy." 
The  book  is  very  interesting  and  written  in  a 
style  most  unusual  and  outspoken.  Of  the 
theta-phi  diagram,  for  example,  it  is  said:  "It 
will  be  treated  with  great  respect,  because 
people  always  respect  what  they  do  not  under- 
stand, especially  if  it  looks  at  all  mathemati- 
cal." The  author  believes  in  the  diagram,  but 
not  as  it  is  usually  taught.  As  for  entropy,  he 
considers  it  fis  the  sum  of  quantities  having 
only  one  property  in  common  and  therefore 
without  any  single  physical  meaning  except 
as  regards  the  results  of  its  increase.  Splitting 
up  heat  into  factors  and  abolishing  the  idea  of 
entropy  except  as  the  sum'of  the  quantity  fac- 
tors and  the  expansion  function  will,  he  is  con 
vinced,  make  the  study  of  thermodynamics 
more  simple.  At  a  later  time,  these  views 
may  be  considered  more  in  detail;  the  purpose 
of  this  note  is  merely  to  call  attention  to  this 
Interesting  book.  [London,  Archibald  Con- 
stable &  Co.;  cloth,  7x5  ins.,  150  pages,  4s.  6d.l 


The  No.n-Metallic  Minerals.  Their  Occur- 
rence and  Uses.  By  Geo.  P.  Merrill.  New 
York,  John  Wiley  &  Sons;  cloth,  9x6  ins.,  422 
pages.  $4. 

In  the  discharge  of  his  official  duties  as  head 
curator  of  geology  in  the  U.  S.  National  Mu- 
seum, Mr.  Merrill  prepared  several  years  ago 
a  guide  to  the  study  of  the  collections  of  that 
Institution.  In  the  course  of  this  work  he  col- 
lected a  great  number  of  notes  and  references 
relative  to  the  occurrences  and  uses  of  valuable 
minerals  other  than  ores  of  metals.  This  ma- 
terial has  been  utilized  as  the  basis  of  the  vol- 
ume bearinig  the  above  title.  In  its  general 
character  it  is  throughout  a  compilation  rather 
than  a  new  treatise,  which  is  fortunate  because 
such  a  broad  subject  can  only  be  handled  sat- 
isfactorily by  many  references  to  other  pub- 
lications. It  is  evident  in  some  places  that  the 
author's  information  was  derived  from  anti- 
quated sources;  on  page  143,  for  example,  oc- 
curs the  following  paragraph:  "Several  brands 
of  Portland  cement  are  manufactured  in  Amer- 
ica, usually  from  a  mixture  of  materials,  the 
proportions  of  which  have  been  worked  out  by 
experiment.  At  the  Coplay  cement  works.  In 
I.«hlgh  County,  Pa.,  a  blue-gray  crystalline! 
limestone  and  dark-gray  more  siliceous  variety 
are  ground  and  mixed  in  the  desired  propor- 
tions, molded  into  a  brick  and  burnt  to  the 
condition  of  a  slag.  The  material  is  then  ground 
to  a  powder  and  forms  the  cement."  While 
these  statements  are  true  they  give  a  wholly 
erroneous  idea  of  the  American  cement 
industry. 

The  minerals  are  classified  according  to  their 
chemical  nature  and  not  by  the  element  at 
their  base;  accordingly  the  various  sections 
are  arranged  so  as  to  present  together  all  non- 
metallic  elements  occurring  naturally,  then  the 


sulphides  and  arsenides,  halides,  oxides,  car- 
bonates, silicates,  niobates  and  allied  groups, 
phosphates  and  vanadates,  nitrates,  borates, 
uranates,  sulphates,  the  hydrocarbon  group 
and  finally  the  miscellaneous  minerals  that  fall 
under  none  ot  the  preceding  heads.  The  physi- 
cal properties  of  each  mineral  are  described, 
the  places  where  it  is  found  are  mentioned, 
and  its  uses  are  explained  in  a  very  general 
way.  The  style  Is  sketchy  throughout,  and  It 
would  be  Impossible  to  recognize  some  of  the 
minerals  from  the  descriptions  of  them  In  this 
book. 


TiiK  Tri'tii  Aboit  the  Tri'sts.  a  Descrip- 
tion and  Analysis  of  the  American  Trust 
Movement.  By  John  Moody.  New  York,  Moody 
Publishing  Co.;  cloth,  6x9  Ins.,  536  pages, 
numerous  plates,  $5.00. 

There  are  to-day  in  this  country  about  450 
corporations  of  a  trust  character  having  a  float- 
ing capital  considerably  over  $20,000,000,000, 
or  these  there  are  seven  so  great  as  to 
far  overshadow  the  others,  and  at  their 
present  market  value,  considerably  over  a 
half  are  more  or  less  controlled  by  a  small 
group  of  men  of  whom  John  D.  Rockefeller  Is 
the  head.  The  remainder  are  largely  influ- 
enced by  the  group  of  financiers  who  look  to 
J.  P.  Morgan  for  inspiration.  In  the'  minor  in- 
dustrial, public  service  and  railway  trusts  the 
same  division  of  control  probably  exists,  al- 
though it  is  not  so  directly  apparent.  It  Is 
self-evident  that  these  facts  merit  the  careful 
attention  of  everybody.  The  centralization  of 
power  has  been  so  rapid  that  it  Is  inevitable 
that  It  should  be  abused  and  that  it  should  be 
foolishly  criticised. 

In  order  to  study  any  subject  successfully  it 
is  absolutely  essential  to  have  facts  as  a  basis 
of  the  investigation.  Almost  all  discussion 
of  the  trust  problem  is  based  on  prejudice  and 
political  aspirations,  and  is  correspondingly 
dangerous.  At  the  present  time  this  Is  particu- 
larly so,  for  great  wealth  and  powerful  news- 
papers will  shortly  be  used  to  Inflame  public 
opinion  against  capital  in  the  approaching 
presidential  campaign.  Under  the  circum- 
stances Mr.  Moody's  statistical  and  historical 
work  Is  of  timely  value,  particularly  as  it  car- 
ries the  authority  for  accuracy  which  his  name 
guarantees  and  is  written  in  a  sane  and  scien- 
tific spirit. 

A  large  part  of  the  work  Is  devoted  to  the 
seven  great  industrial  trusts,  their  history  and 
analysis  of  their  position.  The  minor  indus- 
trial trusts,  over  eighty  in  number,  are  then 
taken  up  in  a  similar  manner,  but  more  briefly. 
Finally  the  industrial  trusts  in  process  of  re- 
organization are  discussed  thoroughly.  The 
public  service  and  railway  trusts  are  next 
taken  up,  and  a  large  amount  of  statistical  in- 
formation regarding  them  is  introduced  In  a 
clear  and  readable  manner.  Charts  are  em- 
ployed to  emphasize  the  Importance  of  some  of 
the  figures,  and  some  very  Instructive  dia- 
grams are  given  to  show  the  relations  of  va- 
rious companies.  A  condensed  table  is  also 
given  of  the  financial  affairs  of  all  the  compa- 
nies of  a  trust  character. 

The  book  closes  with  a  general  review  of  the 
trust  movement,  the  magnitude  and  dominating 
Influences  of  these  corporations,  their  chief 
characteristics  and  the  so-called  remedies.  In 
these  chapters,  Mr.  Moody  shows  that  the 
trust  was  the  result  of  evolution,  which  has 
steadily  worked  to  place  the  control  of  affairs 
In  the  hands  of  the  men  with  power  to  exercise 
it.  Legislation,  In  his  opinion,  cannot  prevent 
evolution,  and  the  only  successful  laws  will  be 
those  which  preserve  equal  individual  liberty 
and  the  free  working  of  natural  tendencies. 
Otherwise  socialism  and  all  it  signifies  may  be 
expected  in  a  few  generations. 
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The  Pioneer  Steam  Road  to  Run  Electric 
Trains  in  Suburban  Service. 

It  is  certainly  somewhat  disconcerting  to  a 
belief  in  American  precedence  in  matters  elec- 
trical to  notice  the  {ipproaching  successful  ter- 
mination of  the  arrangements  for  handling  the 
heavy  suburban  traffic  from  and  into  the  I-.iver- 
pool  terminus  of  the  Lancashire  &  Yorkshire 
Railway.  Although  the  New  Haven  road  made 
experiments  with  electricity  at  Nantasket 
Beach  and  is  running  an  interurban  electric  line 
in  Connecticut  and  the  Pennsylvania  road  con- 


ducted experiments  on  its  Mount  Holly  branch, 
it  has  been  reserved  for  two  English  companies 
to  lead  in  substituting  electricity  for  steam 
for  important  main  line  business.  It  might  as 
well  be  acknowledged  that  the  Lancashire  & 
Yorkshire  Railway,  or  possibly  the  North 
Eastern  Railway,  will  be  the  pioneer  in  this 
particular  branch  of  service,  and  content  our- 
selves with  the  confident  expectation  that  while 
America  is  not  the  first  it  will  soon  be  the  lead- 
ing exponent  of  this  method  of  handling  the 
local  business  of  important  cities. 

In  the  case  of  the  Lancashire  road,  the  new 
system  of  operation  was  forced  upon  the  com- 
pany as  an  alternative  to  very  costly  additions 
to  its  tracks  and  terminal  facilities.     Its  sub- 
urban business  into  Liverpool  from  Southport, 
18^/^  miles  distant,  an<J  intermediate  points  was 
as  heavy  as  could  be  handled  by  locomotives 
with   the   existing   facilities.     There   were   74 
trains  each  way  daily  for  this  traffic,  and  two 
platform   tracks   were   set  apart  for  it   at  the 
Liverpool  station.     The  handling  of  the  trains 
into   and   out  of  this   station,   which  is  a  ter- 
minal   one,    involved    four    distant    operations, 
and  the  time  required  for  them  limited  the  ca- 
pacity of  the  station  in  this  respect.    To  secure 
more  land  for  additional  tracks  would  be  very 
costly,  and  the  general  manager,   Mr.  J.  A.  F. 
Aspinall,    accordingly    recommended   the   adop- 
tion of  electric  means  for  increasing  the   ser- 
vice.    Engineers  who  recall  the  prolonged  con- 
troversy over  the  operation  of  trains  on  the 
Brooklyn  Bridge  will  understand  that  the  sit- 
uation in  Liverpool   was  the  same   as  that  in 
New  York,  and  its  solution  has  been  the  same, 
'^iz.,  the  reduction  of  terminal  switching  move- 
nents   by  eliminating  the   locomotive  and  the 
operations   entailed    by   its   use.      This   makes 
it  possible  to  handle  approximately  double  the 
number  of  trains  in  the  same  time,  and  it  is 
interetting  to  learn  that  as  a  result  of  the  in- 
stallation  of   its    electrical    system    the    Lan- 
cashire  tc  Yorkshire  management  proposes  to 
increase  its   suburban  service  from   74   to   119 
trains  daily  each  way. 

There  is  another  feature  of  this  change  that 
appeals  stroagly  to  the  local  passenger.  It  is 
perfectly  well  known  to  those  who  read  the 
comic  papers  that  the  amenities  of  life  in  the 
suburbs  are  ruteiy  jarred  at  times  by  the  lack 
of  respect  showa  for  the  running  schedules  by 
those  who  control  the  destinies  of  these  local 
trains.  This  unfortunate  fact  may  add  to  the 
printed  humor  of  the  land,  but  it  does  not  ap- 
peal in  such  a  ludicrous  manner  to  those  who 
wait  in  the  trains  wondering  what  has  hap- 
pened. The  Engineering  Record  has  long  been 
confident  that  the  running  of  suburban  trairfs 
by  electricity  would  prove  a  great  success,  when 
the  equipment  is  well  designed  for  the  purpose, 
on  account  of  the  increased  facility  afforded  by 
it  for  the  actual  management  of  trains.  A 
proper  equipment  should  enable  the  engineer 
to  accelerate  his  trains  far  more  rapidly  than  is 
possible  with  a  steam  locomotive  and  also  slop 
them  more  quickly.  It  has  been  found  that 
with  the  140-ton  Liverpool  trains,  which  were 
briefiy  described  on  February  6  in  this  journal, 
a  speed  of  34  miles  an  hour  can  be  reached  in 
half  a  minute.  It  is  not  proposed  to  make  any 
such  starts  in  practice,  of  course,  for  their  ef- 
fect on  the  central  station  would  be  too  severe, 
but  they  show  what  can  be  done  in  an  emer- 
gency. Consequently,  the  handling  of  the  trains 
along  the  line  will  be  so  improved  that  delays 
at  stations  can  be  made  up  in  a  manner  impos- 
sible with  steam  locomotives  where  stops  are 
frequent,  and  in  this  way  one  of  the  greatest 
drawbacks  of  suburban  traffic  can  be  reduced. 
It  has  been  mentioned  that  the  Lancashire  & 
Yorkshire  directors  are  not  the  only  board  in 
England  which    have    determined    to    operate 


main-line  trains  electrically.  The  directors  of 
the  North  Eastern  road  decided  some  time  ago 
to  follow  this  plan  and  their  installation  is  so 
far  advanced  that  it  is  possible  they  will  have 
the  honor  of  running  the  first  trains  electrically 
in  regular  service.  Just  which  company  actu- 
ally wins  the  honor  is  not  so  much  a  question 
to  Americans,  however,  as  the  fact  that  the 
honor  will  not  come  to  this  country. 


The  Portland  Landslide. 


Several  months  ago,  The  Engineering  Rec- 
ord took  occasion,  in  connection  with  some  com- 
ments on  the  landslide  at  the  railway  tracks  at 
Cleveland,  to  point  out  the  dearth  of  informa- 
tion on  this  subject  in  American  technical  lit- 
erature. It  is  therefore  proper  to  call  atten- 
tion to  a  very  valuable  paper  by  Mr.  D.  D. 
Clarke  on  "A  Phenomenal  Landslide,"  which 
will  be  presented  before  the  American  Society 
of  Civil  Engineers  next  Wednesday.  Readers 
of  this  journal  have  had  some  information  con- 
cerning this  remarkable  landslide,  but  compara- 
tively few  facts  concerning  it  have  ever  been 
made  public  up  to  the  present  time.  In  some 
respects  the  phenomenon  is  the  most  important 
of  its  character  that  ever  occurred  in  this  coun- 
try. The  city  of  Portland  built  ten  years  ago 
four  reservoirs,  of  which  two,  with  a  joint 
capacity  of  about  24,000,000  gallons,  occupy  a 
narrow  ravine  about  two  miles  west  of  the 
business  center  of  the  city.  One  of  these  basins 
was  about  70  feet  above  the  other,  and  the  two 
were  formed  by  dressing  down  the  banks  of  the 
ravine.  After  their  completion,  their  western 
slopes  were  seriously  injured  by  a  movement  of 
the  adjacent  hillside.  For  a  time  this  move- 
ment was  not  at  all  understood,  and  was  be- 
lieved to  be  due  to  faulty  construction,  although 
this  is  now  known  to  be  an  unwarranted  sup- 
position. Since  then  the  slip  has  been  found 
to  extend  nearly  the  full  length  of  both  reser- 
voirs, a  distance  of  about  1,100  feet.  This  slid- 
ing tract  covers  about  30  acres  and  the  volume 
of  the  moving  mass  has  been  estimated  at  3,- 
400,000  cubic  yards. 

This  slide  has  prevented  the  use  of  the'  reser- 
voirs and  brought  prolonged  litigation  on  the 
city.  Fortunately,  it  has  now  been  thoroughly 
investigated  and  remedied,  and  Mr.  Clarke's 
valuable  paper  gives  a  full  account  of  the  man- 
ner in  which  the  investigations  were  carried 
out  and  the  many  important  results  they  yield- 
ed. In  some  respects  the  information  he  af- 
fords exceeds  in  value  that  in  any  of  the  for- 
eign publications  on  the  subject.  The  German 
literature  mainly  relates  to  very  small  land- 
slides or  those  in  rock.  This  is  a  case  of  a 
vast  slide  in  which  a  mass  of  rotten  rock  and 
clay  slipped  over  a  hard  rock  surface.  Water 
was  present  and  it  is  interesting  to  learn  that 
the  final  remedy  for  the  condition  has  been 
drainage,  the  remedy  that  almost  invariably 
proves  most  successful  in  smaller  work. 

In  this  particular  case  drainage  tunnels  have 
been  run  in  various  directions  over  the  hard 
rock  surface,  amounting  in  all  to  about  2,500 
fee*  and  costing  an  average  of  $5.65  per  foot. 
Ver,,  careful  observations  have  been  made  to 
show  ■L^e  effect  of  these  tunnels  on  the  sliding 
mass,  ana  It  was  soon  discovered  that  the  move- 
ment decreai^'d  regularly  as  the  tunnel  work 
progressed.  T>  "  average  flow  of  water  from 
the  tunnels  variess  .  'om  10,000  gallons  a  day  in 
summer  to  50,000  gai  ""ns  in  winter,  and  may 
rise  to  75,000  gallons  du  'ng  short  periods  after 
heavy  rainfalls.  The  n  'ults  achieved  have 
been  particularly  gratifying  for  at  an  expense 
of  only  ?31,000,  this  enorm  'is  slip  has  now 
been  stopped  and  the  two  bas..'S  affected,  sup- 
plying the  western  district  of  ti."  city,  will  be- 
come serviceable  as  soon  as  their  Unings  have 
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been  repaired.  For  a  number  ot  years  state- 
ments appeared  more  or  less  regularly  to  the 
effect  that  the  two  reservoirs  could  never  be 
uaed  and  that  their  location  and  construction 
was  a  huge  engineering  blunder.  They  are  not 
.vet  in  use.  ii  is  true,  but  the  voluminous  dafa 
which  Mr.  Clarke  has  furnished  on  this  very 
important  subject  leave  little  reason  for  doubt 
that  the  outcome  of  these  many  years  of  skil- 
ful patient  engineering  work  will  be  satisfac- 
tory. 


The  Flood  Danger  at  Kansas  City. 

The  terrible  floods  that  occurred  at  Kansas 
City  last  year  are  still  fresh  in  the  minds  of 
every  one,  and  for  this  reason  attention  is 
particularly  called  to  a  report  recently  made 
by  Col.  Amos  Stickney,  Major  J.  G.  Warren  and 
Capt.  H.  M.  Chittenden,  Corps  of  Engineers  U. 
S.  A.,  on  the  reasons  for  the  great  damage  done 
to  that  city  and  in  the  vicinity.  They  report, 
in  effect,  that  the  Kaw  River  for  a  distance  ot 
about  three  miles  above  its  mouth,  is  in  a  con- 
dition constituting  a  positive  menace  to  life 
and  property  on  its  banks.  The  channel  has 
Ijeen  encroached  upon  by  riparian  owners  until 
its  normal  average  width  of  about  850  teet 
( minimum  540  feet »  as  shown  by  surveys  of 
1856.  is  reduced  to  an  average  of  about  590  fee^, 
with  a  minimum  at  one  place  01  420  fepl.  As 
if  that  were  not  enough,  bridges  have  been  built 
with  more  piers  than  are  necessary,  and  these 
have  not  been  carried  down  to  rock  but  have 
lieen  founded  on  piles  which  were  protected 
against  scour  by  enormous  quantities  of  loose 
rock,  forming  little  islands.  Between  these 
piers  the  piling  of  the  falsework  used  in  erec- 
tion has  often  been  left,  the  tops  being  at  about 
low-water  level  where  the  upper  part  was  cut 
off.  In  addition  to  these  obstructions  dikes 
have  been  run  out  into  the  river  from  both 
banks. 

As  a  result  of  this  encroachment,  the  natural 
channel  of  the  stream  has  been  materially  di- 
minished, its  bottom  made  so  rigid  that  it  will 
not  yield  to  scour  during  high  water  and  its 
original  flood-carrying  capacity  reduced  prob- 
ably about  one-half.  At  the  present  time,  its 
condition  is  even  worse,  for  over  a  dozen 
bridges  He  In  the  bed  of  the  stream,  clogged 
with  the  enormous  mass  of  wreckage  brought 
down  by  the  last  flood.  The  sites  of  these 
bridges  are  occupied  by  the  piling  for  new 
structures  and  the  resulting  situation  is  said 
to  be  such  that  even  an  ordinary  flood  will 
cause  serious  damage. 

The  restriction  of  the  waterway  by  so  many 
and  such  important  interests  makes  the  prob- 
lem of  its  improvement  a  difficult  one.  The  en- 
gineer ofllcers  suggest  that  if  the  channel  is  to 
be  left  In  its  present  location  the  following 
measures  must  be  taken:  "The  river  to  be  re- 
stored to  a  width  of  at  least  734  feet;  masonry 
walls  to  be  built  on  each  bank,  reaching  to  an 
approximate  height  of  30  feet  above  low  water 
and  extending  for  a  distance  of  17,000  feet 
above  the  mouth;  the  bed. of  the  river  to  W 
dredged  free  of  all  solid  obstructions  to  a  der,th 
of  15  feet  below  low  water:  bridges  to  be  Um- 
Ited  to  two  river  piers  300  teet  apart,  meas- 
ured in  a  line  perpendicular  to  the  center  line 
of  the  channel  and  to  be  carried  down  to  rock, 
and  the  lowest  points  of  the  superstructure  to 
be  above  the  flood  line  ot  the  improved  chan- 
nel; above  the  place  wbere  the  pressure  tor 
space  necessiUtes  rivef  walls  earth  levees  with 
paved  slopes  to  be  carried  to  bluff  contacU 
above  Argentine  and   Armourdale." 

Such  a  prograis  ig  a  radical  and  expensive 
one  which  will  take  a  long  time  to  carry  out, 
even  It  It  is  ever  forced  upon  those  interested, 
wbicb   is  problematical.     Until   It   is   adopted. 


however,  the  board  advises  that  further  en- 
croachments on  the  banks  be  stopped  and  those 
now  existing  be  removed  so  as  to  give  the  chan- 
nel a  free  average  width  of  GOO  feet.  The  chan- 
nel should  also  be  cleared  of  obstructions  to  a 
(Ippth  of  15  feet  below  low  water  and  the  bridge 
owners  should  "be  required  to  remove  obstruc- 
tions around  or  between  existing  piers  and  to 
reconstiuct  their  bridges  with  only  two  piers" 
as  before  mentioned.  The  subject  Is  one  that 
should  leceive  immediate  attention,  in  the  opin- 
ion of  these  engineers,  who  consider  the  pres- 
ent situation  fraught  with  great  danger.  Either 
the  government  or  the  city  should  take  action 
without  delay,  in  their  opinion,  and  the  general 
desire  is  said  to  be  for  the  federal  authorities 
to  take  the  work  in  hand.  It  is  stated  that  any 
s>ich  undertaking  will  be  opposed,  however,  by 
the  parties  who  have  encroached  on  the  river, 
for  they  fear  the  expense  of  removing  the 
obstri:itions. 

Thete  statements  are  of  far  more  than  local 
importance.  They  indicate  that.  In  the  opinion 
of  eminent  engineers,  the  damage  from  the 
Hoods  at  Kansas  City  last  year  were  mainly  due 
to  the  obstruction  of  the  normal  river  channel 
by  vai-ious  works  which  should  never  have  been 
placed  there.  This  opinion  other  engineers  also 
have  expressed.  Many  times  it  has  been  pre- 
dicted that  the  railways  whose  bridges  and 
bridge  approaches  were  obstructing  the  channel 
of  the  Kaw  would  pay  dearly  for  their  encroach- 
ment on  its  natural  waterway,  for  it  is  an  ele- 
mentary axiom  of  engineering  that  nature  can 
be  teased  in  this  way  until  she  passes  into  a 
condition  of  ungovernable  fury  against  which 
man  and  his  works  are  powerless.  That  is  the 
lesson  of  the  Kansas  City  floods,  and  the  fa't 
thai  a  board  of  engineer  officers,  wholly  impir- 
tial  in  their  views,  have  repeated  it  officially 
ought  to  carry  great  weight.  The  proposal  im- 
prcvcments  will  be  very  costly,  but  what  is 
their  expense  to  the  loss  of  life  and  property 
that  a  repetition  of  the  flood  of  last  year  will 
bring  upon  the  cities  at  the  mouth  of  the  Kaw? 


Methods  of  Carrying  on  Construction. 

As  the  season  approaches  when  construction 
will  again  be  undertaken  vigorously.  The  En- 
gineering Record  desires  to  urge  its  readers 
connected  with  such  work,  both  engineers  and 
contractors,  to  send  it  for  publication  notes, 
sketches  and  photographs  concerning  all  in- 
teresting methods  of  conducting  work.  No  in- 
considerable portion  of  the  success  attending 
the  execution  of  engineering  works  in  this 
country  is  due  to  the  methods  and  plant  em- 
ployed in  the  field.  In  fact,  there  are  certain 
branches,  particularly  bridge  work,  in  which 
satisfactory  designing  is  only  possible  when 
methods  of  construction  are  fully  understood 
in  detail.  It  sometimes  happens  that  even  in 
such  simple  work  as  pipe  laying  and  sewer  con- 
struction, the  cost  would  have  been  much 
lower  and  the  results  as  good  had  the  designs 
been  drawn  with  more  complete  knowledge 
of  the  best  methods  of  meeting  the  local  condi- 
tions. In  foundation  work  it  is  often  desirable 
to  give  a  contractor  great  leeway,  for  the  orig- 
inal plans  and  specifications  may  impose  con- 
ditions making  the  cost  far  greater  than  neces- 
sary. This  is  particularly  true  in  soils  con- 
taining much  groundwater,  where  such  novel- 
ties as  concrete  piling,  for  example,  may  be 
able  to  secure  desired  results  with  unexpected 
economy. 

The  most  serious  defect  in  the  literature 
ot  civil  engineering  to-day  is  the  paucity  of 
reliable  data  concerning  the  construction  of 
different  classes  of  works  of  a  civil  engineer- 
ing nature.  Design  is  largely  standardized 
and  the  real  novelties  of  a   character  useful 


in  the  ofllce  are  very  few  indeed.  It  is  in  the 
field  that  the  great  improvements  are  taking 
place,  and  it  is  for  this  reason  that  for  many 
years  past  The  Engineering  Record  has  printed 
so  much  information  about  the  manner  in 
which  construction  is  being  carried  on.  It  is 
believed  that  no  other  publication  in  any  lan- 
guage has  devoted  so  much  space  to  articles 
of  this  nature,  but  even  this  showing  is  not 
satisfactory  to  the  managers  of  the  paper  and 
the  attention  of  its  readers  is  parliculaflly 
called  to  the  following  statement  of  the  rea- 
son. 

Construction  work  in  all  parts  ot  this  coun- 
try cannot  be  properly  covered  by  the  perma- 
nent staff  of  a  technical  journal.  The  area  of 
the  country  is  too  great  for  personal  visits 
to  all  sections.  The  Engineering  Record  has 
editorial  representatives  engaged  exclusive!" 
on  such  work  in  New  York,  Cleveland.  Chicago 
and  San  Francisco,  and  it  has  arrange-aenls 
with  engineers  in  many  other  cities  who  give 
it  a  part  of  their  time.  In  thi"'  way  it  is 
possible  to  keep  in  touch  with  what  is  going 
on  in  offices  and  to  some  enent  in  the  field. 
But  a  great  amount  of  inf..rmation  concerning 
novel  methods  of  convicting  construction  and 
special  plant  is  never  printed,  although  it 
ought  to  be  The  Engineering  Record  wishes 
to  priit  it.  The  attention  of  the  reader  is 
draw.i  to  the  fact  that  although  the  price  of 
the  subscription  has  been  decreased  in  the  last 
ytar  two-fifths,  the  number  of  reading  pages 
Aas  been  increased  three-quarters.  There  will 
always  be  room,  for  it  will  be  made,  for  ac- 
counts of  interesting  construction,  and  The 
Engineerine  Record  feels  that  what  it  has 
done  of  late  for  its  readers  is  justiflcalion  for 
a  request  to  one  and  all  to  send  it  contributions 
of  this  nature.  It  is  unnecessary  to  send  fin- 
ished articles;  if  the  material  for  them  is  sup- 
plied, the  editorial  staff  will  attend  to  its  pre- 
paration for  publication.  In  this  way  alone 
will  it  be  possible  to  furnish  the  complete  re- 
view of  field  work  which  is  desired  lor  this 
journal.  After  a  most  careful  analysi.s  of  the 
situation  this  decision  seems  unavoidable,  and 
it  is  hoped  that  such  a  frank  statement  will 
result  in  numbering  many  more  readers  in  the 
list  of  contributors. 


Bids  for  Municipal  Works. 

The  letter  from  Mr.  Alexander  Potter  printed 
on  page  436  of  this  issue,  brings  up  a  subject 
that  has  been  discussed  a  number  of  times  by 
The  Engineering  Record.  It  is  claimed  by 
this  correspondent  that  the  lists  of  bids  re- 
ceived for  sewerage  and  water-works  construc- 
tion are  so  incomplete  when  printed  by  them 
selves  as  to  be  misleading  to  engineers  and 
contractors,  unless  accompanied  by  a  large 
amount  of  information  from  the  specifications 
and  plans.  Even  then,  it  would  seem,  the  data 
would  not  be  satisfactory  to  this  correspondent, 
for  they  would  lack  a  statement  of  the  wages 
of  labor  and  the  local  prices  for  materials. 
This  criticism  would  be  an  excellent  one.  pro- 
vided it  recognized  what  this  journal  intends 
to  accomplish  by  publishing  such  tables  of 
tenders.  If  it  claimed  that  its  Current  News 
Supplement  furnished  -a  complete  statement 
of  the  items  of  cost  of  such  work,  its  readers 
would  have  just  cause  to  complain  about  what 
they  receive,  but  no  such  claim  is  made.  The 
lists  of  bids  received  are  simply  what  they 
purport  to  be,  the  tenders  submitted  for  a  speci- 
fied piece  of  work.  If  an  engineer  or  contrac- 
tor desires  to  know  more  about  the  work  he 
should  secure  a  copy  of  the  specifications  and 
a  set  of  plans  if  possible.  In  this  way  he  will 
learn  in  a  general  way  what  the  completed 
work   is  expected   to  be   and  how  it  must   be 
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constructed.  If  he  wishes  still  more  informa- 
tion he  must  visit  the  site  of  the  work  and  find 
out  for  himself  what  local  conditions,  such  as 
those  mentioned  by  Mr.  Potter,  influence  the 
cost  of  the  work. 

The  prices  published  in  these  lists  of  bids 
received  should  never  be  used  by  any  one, 
engineer  or  contractor,  without  a  thorough 
investigation  of  just  what  they  represent. 
They  have  a  very  important  purpose  in  indi- 
cating to  readers  those  pieces  of  work  on  which 
construction  will  shortly  begin  that  it  may  pay 
them  to  look  into.  They  also  interest  engin- 
eers and  contractors  in  the  vicinity,  who  are 
more  or  less  acquainted  with  the  enterprise 
and  desire  to  know  how  much  various  men 
believe  it  would  cost.  Still  other  people  who 
are  desirous  of  obtaining  sub-contracts  and 
furnishing  supplies  will  find  such  information 
of  value.  This  statement  is  printed  in  order 
that  no  one  may  consider  that  such  lists  of 
bids  received  mean  anything  more  than  is 
stated.  Every  experienced  engineer  and  con- 
tractor knows  perfectly  well  that  in  themselves 
they  are  almost  worthless  as  engineering 
data,  and  must  be  supplemented  by  further 
information  before  they  pass  from  the  field  of 
business  notes  to  that  of  technical  informa- 
tion. If  this  journal  claimed  that  they  were 
in  the  latter  class,  they  would  not  be  printed 
in  the  Current  News  Supplement,  but  in  the 
portion  of  the  reading  pages  for  permanent 
preservation. 

The  whole  subject  of  estimates  of  cost  of 
municipal  work  is  one  presenting  many  com- 
plications. For  many  years  The  Engineering 
Record  has  endeavored  to  secure  really  reliable 
figures  of  the  cost  of  such  construction.  In  a 
certain  sense  it  has  succeeded  in  this  quest, 
but  the  editor  would  hesitate  to  print  much 
of  the  information  that  has  been  secured  be- 
cause it  would  unquestionably  be  used  sooner 
or  later  for  purposes  for  which  it  is  not 
adapted.  All  the  investigations  that  this  jour- 
nal has  made,  coupled  with  the  advice  of  ex- 
perienced engineers  and  contractors,  point  to 
one  conclusion,  which  is  that  all  work  pre- 
senting so  many  uncertainties  as  sewerage  con- 
struction, water-main  laying  and  the  like  must 
be  investigated  each  case  for  itself.  The  cost 
of  the  materials  employed  in  such  work  is  a 
small  fraction  of  the  total  cost,  and  a  little 
water  along  a  few  hundred  feet  of  trench  may 
cause  far  more  expense  than  the  greatest  varia- 
tion in  the  price  of  pipe  that  has  occurred  in 
several  years.  The  trouble  that  arises  in  such 
contracting  work  is  due  to  two  facts,  one  an 
insufficient  examination  of  the  ground  by  the 
engineer  and  his  consequent  unnecessary  strict- 
ness in  specifications  to  protect  himself  and  his 
client  against  unforeseen  difficulties  during 
construction,  and  the  second  is  the  unfortunate 
practice  of  many  contractors  to  hand  in  bids 
for  work  for  which  they  have  not  made  a 
thorough  preliminary  investigation  of  the  speci- 
ftcalions,  plans  and  local  conditions.  When 
both  these  causes  of  trouble  occur  on  the  same 
piece  of  work,  it  is  hardly  necessary  to  state 
that  subsequent  proceedings  are  generally  not 
marked  by  harmony. 

Any  kind  of  excavation  is  liable  to  encounter 
difficulties.  Rock  may  be  found"  where  it  was 
not  expected,  or  be  of  a  more  troublesome 
character  to  remove  than  was  anticipated, 
ground  water  may  be  found  which  will  cause 
considerable  expense  for  extra  sheeting  and 
pumping,  quicksand  may  be  discovered  and  the 
design  of  the  conduits  may  have  to  be  modified 
in  consequence.  In  addition,  the  material  in 
which  the  work  is  carried  on  may  prove  very 
hard  to  handle  by  ordinary  methods  for  that  class 
•  of  excavation,  and  the  safety  of  the  work  may 
depend   on   precautions  being   taken  which   no 


contractor,  no  matter  how  experienced,  can 
foresee  from  the  information  afforded  by  the 
engineer.  There  is  an  unfortunate  tendency 
on  the  part  of  some  engineers,  which  is  rapidly 
growing  less  marked,  to  shift  the  responsibility 
for  all  such  unforeseen  contingencies  to  the 
shoulders  of  the  contractor.  This  is  most 
unjust.  The  engineer  is  employed  to  see  that 
good  work  is  designed  and  built  and  not  to 
force  any  man  virtually  to  gamble  with  the 
city.  Unless  the  plans,  specifications  and 
forms  of  contract  provide  for  contingencies, 
guarantee  to  the  contractor  payment  for  extra 
work  which  may  be  necessary  to  carry  out  the 
construction  properly  and,  in  other  respects, 
provide  in  advance  a  clean-cut  method  of  esti- 
mating all  reasonable  expenses  to  which  the 
contractor  may  be  subject,  the  engineer  is 
shirking  his  duty.  There  are  certain  classes 
of  contracts  in  which  it  is  desirable  to  call  for 
lump  sum  bids  or  their  equivalent,  but  in 
work  where  difficulties  are  always  likely  to 
occur,  this  is  certainly  not  the  best  method  of 
making  contracts. 

The  unjustness  of  specifications  in  which  no 
provision  is  made  for  probable  difficulties  is 
apparent  on  the,  slightest  consideration.  For 
example,  take  the  case  of  a  6-inch  pipe  sewer 
in  sandy  soil  in  a  trench  8  to  12  feet  deep.  The 
engineer  may  be  led  to  believe  that  there  will 
be  no  rock  anywhere  along  this  trench.  The 
contractor  may  have  a  similar  belief  after  talk- 
ing with  property  owners  on  both  sides  of  the 
street.  He  will  accordingly  estimate  on  a 
sheeted  trench  about  2  feet  wide,  say,  but  when 
he  has  reached  a  depth  of  6  feet,  he  encounters 
dense  limestone.  It  is  impossible  to  get  this  ma- 
terial out  to  the  remaining  depth  of  the  trench 
without  enlarging  its  width,  and  the  work  is 
extremely  costly  in  consequence.  So  far  as 
the  engineer  and  the  contractor  could  learn  in 
advance,  there  was  no  such  trouble  to  be  ex- 
pected along  the  line  of  this  work.  The  con- 
tractor, it  is  true,  may  have  bid  a  certain  sum 
for  rock  excavation,  but  his  price  was  esti- 
mated on  work  in  a  different  street  under 
different  conditions  and  was  much  lower  than 
would  be  expected  at  this  place.  In  conse- 
quence he  may  lose  on  this  single  street  all  the 
profit  that  was  coming  to  him  on  the  entire 
contract.  The  Engineering  Record  holds  that 
contingencies  like  this  should  be  provided  for 
in  the  specifications. 

Such  a  case  as  that  just  mentioned  brings  up 
the  second  cause  of  trouble,  and  that  is  the 
failure  of  many  contractors  to  make  a  careful 
study  of  plans  and  specifications  and  an  ex- 
amination of  local  conditions  before  bidding  on 
the  work.  There  is  a  tendency  among  a  good, 
many  experienced  cont»actors  to  pay  less  atten- 
tion to  the  specifications  and  more  to  the  char- 
acter of  the  engineer  and  the  city  officials,  in 
preparing  their  estimates.  If  an  engineer  has 
a  reputation  of  being  a  square  man  and  the  city 
officials  generally  of  being  fain  in  their  esti- 
mates, specifications  are  not  considered  very 
strictly.  The  work  is  let,  a  new  administra- 
tion comes  into  office,  a  new  engineer  takes 
charge  of  the  work  and  trouble  descends  on 
everybody,  because  the  strict  letter  of  the  spe- 
cifications is  enforced. 

This  subject  is  one  that  might  very  well  be 
discussed  by  the  American  Society  of  Civil  En- 
gineers, because  at  the  present  time,  with  so 
many  men  engaged  in  contracting  who  are  grad- 
uates of  technical  schools  and  experienced  en- 
gineers, the  old  unjust  methods  of  carrying  on 
work  are  bringing  discredit  on  the  engineering 
profession,  and  the  contractors  are  sufficiently 
influential  to  make  that  fact  well  known.  The 
time  has  gone  by  when  any  engineer  can  afford 
to  tell  a  contractor  that  it  is  his  business  to 
take  risks.     No  engineer  for  the  class  of  work 


under  consideration  is  justified  in  making  such 
a  claim.  It  is  his  business  to  provide  in  a  meas- 
ure for  all  complications  that  may  arise,  for  he 
is  paid  by  the  city  to  do  just  that.  He  must 
make  allowances  for  them  in  writing  his  speci- 
fications and  provide  in  his  form  of  contract 
methods  for  payment  for  extra  work  due  to 
them.  Otherwise  the  work  of  which  he  is  In 
charge  loses  its  engineering  character  and  be- 
comes guess-work.  This  is  a  discreditable  con- 
dition, tending  to  make  work  expensive  to  the 
city  and  leading  it  to  undertake  construction 
in  the  belief  that  the  price  will  be  low,  on 
which  it  would  not  embark  were  all  the  facts 
properly  determined  in  advance  and  the  true 
cost  stated. 


Notes. 

Street  Subways  on  an  extensive  scale  are  be- 
ing constructed  by  the  London  County  Coun- 
cil under  its  new  streets,  Aldwych  and  Kings- 
way.  The  latter,  for  example,  has  a  60-foot 
roadway  with  a  20-foot  sidewalk  on  each  side. 
Under  the  center  of  the  roadway  is  a  subway  20 
feet  wide  and  16»4  feet  high  for  a  double  line 
of  street  railway  tracks.  At  a  somewhat  higher 
elevation  and  under  each  side  of  the  roadway 
there  is  a  full-centered  arched  subway  12  feet 
wide  and  8  feet  high  for  gas,  water  and  electric 
service  mains,  while  directly  below  each  of  these 
subways  is  a  sewer.  Running  partly  across 
the  sidewalk  every  30  feet  there  is  a  large  vault 
connected  with  the  subway  by  12-lnch  pipes 
through  which  the  service  pipes  and  electric 
conductors  can  be  taken,  while  below  the  vault 
a  drain  is  laid  into  the  sewer.  The  cost  of  this 
system  of  subways,  which  is  constructed  by  the 
cut-and-cover  method,  is  stated  to  be  about  |500 
per  linear  foot  of  roadway. 


The  Slip  of  Pr.\ii>iNG  Exgixes  is  probably  a 
very  much  larger  quantity  than  the  superintend- 
ents of  water-works  generally  recognize.  In 
most  tests  of  old  pumping  plants,  where  an  op- 
portunity is  given  for  measuring  the  discharge 
by  means  of  a  weir  or  some  equally  accurate 
method,  it  is  found  that  from  ten  to  twenty-five 
per  cent,  of  the  pumpage  computed  by  measur- 
ing the  plunger  displacement  and  taking  the 
number  of  strokes  is  not  realize  J  actually.  For 
instance,  a  number  of  tests  were  made  last 
month  at  one  of  the  small  pumping  stations 
along  the  line  of  the  Brooklyn,  N.  Y.,  aqueduct. 
These  stations  were  built  to  pump  water  from 
driven  wells  and  thus  eke  out  the  limited  sup- 
ply of  surface  water.  Naturally  the  pumps  are 
worn  somewhat  more  than  would  be  the  case 
with  water  having  less  solid  matter  in  suspen- 
sion, and  it  is  hardly  surprising  that  the  slip 
was  found  to  be  about  twenty-two  per  cent.  I'he 
actual  amount  is  not  particularly  important, 
but  the  fact  that  it  is  large  deserves  the 
thoughtful  attention  of  many  superintendents. 
The  reports  of  pumping  station  operations  of 
many  water-works  are  made  out  on  the  basis  Of 
the  plunger  displacement,  without  any  allow- 
ance for  slip.  With  such  figures  for  the  amount 
of  water  supplied  to  a  community  and  with, 
say,  only  half  the  service  pipes  metered,  it 
is  not  surprising  that  the  amount  of  water  un- 
accounted for  reaches  a  large  proportion  of  the 
total.  The  means  for  measuring  the  discharge 
of  pipes  are  now  so  varied  and  cheap  that  there 
is  no  excuse  for  failure  to  know  what  the  pumps 
are  actually  delivering  and  the  mains  discharg- 
ing except  such  an  abundant  supply  of  water 
that  its  conservation  is  of  no  importance  and 
such  an  abundance  of  money  that  nobody  cares 
whether  twice  as  much  water  is  pumped  as  peo- 
ple really  require. 
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Rebuilding  the  Portman  Dam  near  Ander- 
son, S.  C. 

BjT  Jobn  U  ftheppard,  Jr.,  M.  E. 

The  failure  of  the  Portman  Shoals  dam  of  the 
Anderson  Water,  L.ight  &  Power  Company,  An- 
derson, S.  C,  coming  as  it  did,  at  a  time  wheti 
several  similar  disasters  were  recorded  in  the 
South,  called  forth  interesting  discussions  in 
the  engineering  press. 

The  Anderson  dam  is  located  on  the  Seneca 
River,  at  Portman  Shoals,  a  distance  of  about 
twelve  miles  by  wagon  road  from  Anderson, 
which  town,  with  its  cotton  mills  and  other 
manufacturing  enterprises,  is  supplied  with 
power  and  light  from  the  plant  at  the  dam. 

The  first  development  of  water  power  at  Port- 
man  Shoals  was  completed  in  October,  1896,  and 
consisted  of  a  dam  24  feet  above  the  average  bot- 
tom of  the  river.  This  dam  gave  a  head  on  the 
wheels  of  about  28  feet  with  flash  boards  and 
developed,  approximately,  1,600  horse-power. 
In  July,  1900,  the  work  of  raising  the  height  of 
the  dam  to  44  feet  was  begun.  This  gave  an 
^proximate  head  on  the  wheels  of  47  feet. 
Work  on  the  addition  to  the  dam  was  about 
completed  in  November,  1901.  On  the  29th  of 
the  following  December,  at  about  11  o'clock, 
P.  M.,  the  composite  dam  failed  by  a  large 
break  in  the  center,  the  line  of  the  break  vary- 
ing in  height  about  4  to  25  feet  above  the  bed 
of  the  river  and  extending  for  a  length  of  about 
260  feet 

The  original  section  of  the  first  dam.  No.  1, 
and  of  the  second  dam.  No.  2,  is  shown  in  an 
accompanying  drawing.  The  rebuilt  section, 
including  the  old  masonry  dam  and  the  new 
concrete  addition,  is  also  shown  in  the  engrav- 
ings. The  original  dams  were  built  of  rubble 
masonry  entirely.  In  the  first  dam,  the  stone 
was  laid  in  a  mortar  bed,  while  in  dam  No.  2, 
part  mortar  and  part  grouting,  was  adopted. 
When  the  two  dams.  No.  1  and  No.  2,  were 
Joined,  the  importance  of  making  a  joint  as 
nearly  a;8  possible,  water  tight,  was  not  real- 
ised. An  accompanying  photograph  shows  a 
view  of  the  joint  as  it  actually  existed  after  the 
break.  In  it  was  a  mass  of  spalls  and  cement 
In  the  shape  of  the  bags,  which  mass,  it  may  be 
stated,  was  of  fairly  good  quality.  On  its  re- 
moval it  was  found  possible  to  thrust  one's  arm 
Its  full  length,  or  to  probe  with  a  rod  a  distance 
of  several  feet  between  the  two  dams,  indicat- 
ing that  there  existed  a  free  passage  for  water 
along  the  Joint  a-b-c-d  of  the  cross-section  of  No. 
1  and  No.  2  dams.  On  either  end  of  the  break, 
the  joints  between  the  two  dams  in  the  lower 
face  on  the  line  c-d  were  so  opened  that  it  was 
almost  possible  for  a  man  to  crawl  in  and  actu- 
ally possible  for  one  to  probe  with  a  rod  a  dis- 
tance of  upward  of  10  feet.  After  a  thorough 
investigation  as  to  the  cause  of  the  failure  of 
the  dam.  It  can  safely  be  said  that  had  the 
plans  and  specifications  for  the  second  dam 
been  carried  out  in  accordance  with  the  spirit 
in  which  they  were  intended,  together  with 
proper  supervision  of  the  work,  the  failure 
woald  never  have  occurred. 

It  was  deemed  advisable  to  remove  all  por- 
tions of  No.  2,  dam  that  showed  any  sign  of 
weakness.  The  cracks  were  then  picked, 
washed  with  a  pressure  hose  and  thoroughly 
grouted  with  a  two  to  one  mixture.  New  ma- 
sonry was  built  on  the  lower  side  for  60  feet 
at  both  ends  of  the  break  and  conforming  to 
the  old  lines  of  the  dam.  The  reason  for  this 
lay  chiefly  in  the  opportunity  of  utilizing  the 
■tone  on  hand,  it  being  considered  cheaper.  With 
a  back  water  distance  of  approximately  314 
miles,  the  volume  of  water  stored  in  the  pond 
was  in  the  neighborhood  of  203,000,000  cubic 
feet.  With  an  8-foot  overflow  on  the  spillway  at 
the  time  of  the  break,  this  volume  was  increased 
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to  something  like  265,000,000  cubic  feet.  This 
body  of  water  sudenly  liberated,  washed  all  be- 
fore it;  and  a  steel  bridge  nearly  one-half  mile 
below  the  dam  was  completely  demolished, 
hardly  a  piece  of  the  steel  work  retaining  its 
original  shape  and  the  piers  being  entirely  oblit- 
erated. The  flood  in  the  power-house  below  the 
dam  came  up  to  the  top  of  the  generators,  a 
distance  of  about  ten  feet  above  the  fioor  line. 
However,  it  was  found  necessary  to  rewire  only 
two  of  the  machines.  Outside  of  this,  practi- 
cally no  damage  was  done  to  the  power-house. 
There  were  three  attendants  in  the  building  at 
the  time,  and  owing  to  the  machinery  noise, 
their  first  knowledge  of  the  break  was  the  in- 
rush of  water  through  the  door.  All  managed 
to  escape  without  injury. 

When  it  was  decided  to  rebuild  the  dam,  an 
examination  of  the  stone  available  revealed  the 
fact  that  practically  not  any  of  it  was  suitable. 
It  was  of  an  extremely  knotty  nature,  hard,  de- 
void of  seams  and  contained  in  parts  a  quan- 
tity of  rotten  and  sappy  material.  It  was,  there- 
fore, decided  that  the  only  use  which  could  be 
made  of  the  available  supply  of  rock  in  the  vi- 
cinity was  to  crush  it  and  to  rebuild  the  dam  of 
concrete  with  a  stone  facing,  the  material  for 
the  facing  to  be  selected  from  that  which  was 
washed  out  of  the  dam  at  the  time  of  the  break. 
It  was  thought  at  first  that  sufficient  dimension 
stone  could  be  obtained  from  the  quarry  for  a 
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The  work  of  cofferdammlng  the  river  was 
fraught  with  many  obstacles.  The  water,  while 
not  over  ten  to  twelve  feet  in  depth,  rested  on 
an  uncertain  bottom  of  mud  and  sand  sediment 
Some  of  this  was  washed  from  the  center 
course  of  the  river,  but  enough  remained  to 
cause  troublesome  leaks  when  the  cribs  were 
lowered  upon  it.  Notwithstanding  the  fact  that 
the  cribs  were  heavily  loaded  with  stone  and 
every  precaution,  such  as  bracing,  etc.,  was 
taken,  it  was  necessary  to  give  the  cribs  con- 
tinued attention,  both  night  and  day,  as  a  small 
leak  would  soon  develop  into  a  small  flood,  and 
delay  the  work  in  that  section  probably  several 
days. 

The  cofterdamming  of  the  river  was  accom- 
plished in  five  sections  as  the  work  progressed, 
the  ends  of  the  dam  being  first  enclosed  and 
the  concrete  deposited  therein.  These  sections 
varied  in  length  from  70  to  200  feet,  the  shorter 
ones  being  in  the  center  of  the  stream.  The  tim- 
ber work  was  composed  of  cribs  about  12x16 
feet  constructed  of  SxS-inch  timbers,  bolted  to- 
gether with  ^-inch  drift  bolts.  They  were- 
floored  and  provided  with  one  outer  chamber, 
for  making  them  water  tight.  This  chamber  was 
lined  with  1-inch  matched  boards,  and  when 
the  crib  was  in  position  and  filled  with  stone, 
usually  of  one  "one  man"  size,  it  was  filled  with 
clay,  sand  bags  and  brush  and  generally  an 
outer  row  of  sheet  piling  was  added.  The  cribs 
were  framed  on  the  banks  and  put  together  on 
skids  supported  by  the  adjacent  crib  and  a 
boat  in  the  river.    When  at  a  proper  height  they 
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Section  of  Dams  Number  One  and 

coping,  but  after  investigation,  as  the  quarry 
work  progressed,  this  idea  had  to  be  aban- 
doned. A  coping  of  concrete  was  therefore  de- 
cided on. 

The  location  of  the  dam  made  it  necessary  to 
haul  all  material  a  distance  of  twelve  miles 
from  Anderson,  the  contract  price  of  9  cents 
per  hundred  pounds  amounting  to  several  thou- 
sand dollars  before  the  work  was  completed. 
The  labor  situation  was  an  awkward  one.  Negro 
labor  was  practically  the  only  kind  available, 
white  labor  in  this  section,  when  obtainable, 
not  being  of  much  use.  The  out  of  the  way  lo- 
cation, the  severity  of  some  parts  of  the  work, 
an  abundance  of  employment  elsewhere,  such 
as  farming,  industrial  developments,  etc.,  made 
it  hard  to  obtain  men  and  to  keep  them  for  any 
length  of  time  on  the  job.  When  it  is  stated 
there  were  very  nearly  three  thousand  differ- 
ent names  on  the  pay  roll  from  the  beginning 
to  the  end  of  the  work,  with  an  approximate 
average  of  350  men  working  per  week,  an  idea 
of  what  had  to  be  contended  with  can  be  ap- 
preciated. 

Unfortunately,  the  break  In  the  dam  did  not 
so  reduce  the  depth  of  the  water  in  the  pond 
as  to  eliminate  the  necessity  of  coffer  damming 
the  river,  with  the  exception  of  a  hundred  feet 
or  so  at  the  extremities  of  the  dam  where  the 
mud  sediment  was  used  as  a  coffer  dam.  It 
was  necessary  to  enclose  the  site  near  the  ends 
of  the  mud  bank  with  wooden  structures. 
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were  launched,  adjusted  to  a  proper  position 
and  filled.  Their  height  varied  from  12  to  14 
feet,  leaving  them  about  3  feet  above  the  aver- 
age low  water. 

Although,  several  high  stages  of  the  river 
were  experienced  during  the  construction,  prac- 
tically little  damage  resulted  to  the  coffer  dams. 
Several  leaks  developed  which  caused  the  pits 
to  be  flooded  from  time  to  time  and  necessi- 
tated the  removal  of  much  extra  material,  but 
this  was  all  the  damage  amounted  to. 

The  quarry  from  which  all  of  the  rock  for  th& 
concrete  was  obtained  was  located  up  a  valley 
on  line  with  the  face  of  the  dam  and  at  a  dis- 
tance of  about  1,400  feet  from  the  center  of  the- 
dam.  About  midway  between  the  quarry  and  the 
dam  was  located  the  crushing  plant  and  rock 
storage  bin,  the  crushers  being  on  the  side  of 
the  hill  and  the  rock  bin  just  below.  At  a  point 
on  the  lower  elevation  and  about  one  hundred 
feet  nearer  the  dam  and  the  same  distance  to  the 
side  of  the  line,  was  located  the  cement  storage 
sheds.  All  these  points  were  connected  by  nar- 
row-gauge railroad.  The  grades  were  planned 
so  that  gravity  alone  was  employed  in  moving 
the  loaded  cars  to  their  destinations,  mules 
hauling  them  back  over  the  dirt  section  of  the 
road. 

The  rock  was  broken  at  the  quarry  to  a  one- 
man  size,  and  loaded  on  dump  cars  of  a  capa- 
city of  1  to  11^  cubic  yards.  The  rock  storage 
bin  for  the  crushed  material  had  a  capacity  of 
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about  250  tons;  after  passing  through  this  bin, 
it  was  deposited  into  steel  measuring  tubs,  two 
of  21  cubic  feet  each  being  placed  on  a  car, 
therefore  delivering  stone  for  two  batches  of 
concrete.  After  arriving  at  the  lower  base  of 
the  dam,  these  buckets  were  handled  by  derriciis 
located  on  the  top  of  the  dam,  and  were  placed 


tested  up  so  high  that  it  was  decided  to  use 
the  rocic  unscreened  and  make  allowances  in 
the  sand  quantities. 

Results  of  tests  of  briquettes  of  Atlas  cement 
and  mixtures  of  standard  quartz  sand,  sand 
used  at  dam  and  rock  dust  from  crushers.  Test 
of  cement   used:      Residual   in   sieves.   No.   50, 


View  of  the  Completed  Water-Power  Development. 


sand:  Seven  days,  283  pounds;  percentage  of 
water,  9.2.  Tensile  strength  using  ingredients 
from  work,  after  seven  days'  setting.  Rock 
dust,  1:1  mixture,  530  pounds;  per  cent,  water 
used,  15.3;  rock  dust,  1:3  mixturei,  244  pounds; 
per  cent,  water  used,  12.5.  Sand,  1:1  mix- 
lure,  458  pounds;  per  cent,  water  used,  14.3; 
sand,  1:3  mixture,  190  pounds;  per  cent,  water 
used,  11.2.  These'  tests  were  made  by  the  At- 
las Portland  Cement  Company. 

As  a  result  of  several  tests  to  ascertain  the 
proportion  of  dust  In  the  crushed  stone  it  was 
found  that  there  was  an  average  of  about  20 
per  cent.  Therefore,  in  the  concrete  proportions 
of  1:3:6,  there  were  used  21  cubic  feet  of  stone, 
including  dust,  6.3  cubic  feet  of  sand  and  four 
100-pound  bags  of  cement.  By  using  the  dust  it 
was  not  only  possible  to  save  the  cost  of  clean- 
ing it  out  of  the  tail  race,  but  there  resulted  a 
saving  of  40  per  cent,  in  sand  cost.  By  the  em- 
ployment of  automatic  mixers,  the  work  of  mak- 
ing and  placing  the  concrete  was  much  facili- 
tated;  especially  was  this  the  case  where  the 
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by  them  on  mixing  platforms  erected  at  the  up- 
stream face  of  the  concrete  part  of  the  dam. 
From  this  point,  together  with  the  other  con- 
crete constituents,  it  was  passed  through  a 
gravity  mixer.  The  cement  in  100-pound  sacks 
was  handled  in  a  somewhat  similar  manner 
from  the  shed  opposite  the  crushing  plant,  scale 
boxes  being  used  in  place  of  the  steel  tubs.  The 
sand  was  obtained  from  points  above  and  below 
the  dam  at  distances  varying  from  one  to  sev- 
eral hundred  feet.  It  was  delivered  to  the  foot 
■  of  the  dam  by  wheel-barrows  and  by  mule- 
hauled  railroad  cars,  the  cost  varying  from  2 
to  20  cents  per  yard.  As  a  rule,  the  concrete 
was  run  from  the  mixer  directly  into  wheel- 
barrows below,  and  wheeled  where  needed.  In 
some  instances,  it  was  found  expedient  to  de- 
posit it  in  the  steel  buckets  and  handle  those 
by  means  of  the  derricks  which  handled  the 
concrete  ingredients  and  the  masonry  facing. 
At  times  to.  facilitate  the  work  it  was  found 
necessary  to  do  the  stone  facing  at  night  by 
the  aid  of  electric  lights.  Night  work  in  the 
quarry  was  also  resorted  to  in  order  to  keep 
the  concrete  force  continually  supplied  with 
stone. 

Atlas  Portland  cement  was  used  almost  ex- 
clusively throughout  the  work  of  reconstruction. 
The  cement  was  shipped  in  100-pound  bags  to 
AnderSDn,  S.  C,  aad  hauled  to  the  dam.  In 
all,  about  25,000  barrels  of  cement  were  used. 
The  rock  was  crushed  to  a  2V4-lnch  size.  The 
concrete  mixture  was  one  of  1:3:6,  except  in 
special  cases  where  it  was  made  stronger  dur- 
ing the  first  part  of  the  work.  The  rock  dust 
was  screened  out  and  allowed  to  go  to  waste 
but  proving  such  a  nuisance,  tests  were  made 
with  briquettes  of  dust  in  place  of  sand.  These 
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0.1  per  cent;  No.  100,  8.8  per  cent;  No.  200,  29 
per  cent.  Time  of. setting:  Initial,  one  hour; 
final,  three  hours;  tensile  strength,  neat:  one 
day,  615  pounds  per  square  inch;  seven  days, 
766  pounds;  percentage  of  water,  17.7.  Tensile 
strength  using  three  parts  of  standard  quartz 


work  of  concrete  sections  became  reduced  as 
the  height  of  the  dam  increased.  The  mixer 
platforms  being  placed  on  the  upper  side  of  the 
concrete  dam  gave  ample  room  for  hauling  and 
placing  of  the  mixed  material.  In  the  first 
stages  of  the  work,  it  was  possible  with  two 
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band-mixing  gangs  to  do  about  the  saine  amount 
of  work  as  one  miyer.  But  as  the  work  pro- 
grcaaed.  the  mixer  easily  led  the  hand  work. 
With  a  force  of  73  men  on  band  mixing,  includ- 
ing all  connected  with  the  hauling  and  mixing 
of  the  materials,  and  a  force  of  61  men.  under 
similar  conditions,  but  using  the  gravity  mixer, 
It  was  found  that  by  band  it  was  barely  possi- 
ble, under  the  most  favorable  conditions,  to  turn 
out  more  than  about  50  batches  of  concrete  of 
7/9  of  a  yard  each,  in  ten  hours,  while,  under 
the  same  conditions,  the  gravity  mixing  sys- 
tem would  turn  out  about  110  batches.  Taking 
Into  consideration  the  increased  output,  there 
was  an  average  saving  of  $12.50  per  day.  With 
two  mixers  at  work  at  the  same  time  as  w^as 
usually  the  case  there,  of  course,  resulted  a 
d&ily  saving  of  $25. 

The  bottom  on  which  the  concrete  was  placed 
at  the  I>ortman  dam  was  an  admirable  one,  ex- 
ceedingly rough  and  containing  many  pockets. 
Especial  care  was  taken  in  preparing  this  bot- 
tom. All  boulders  at  all  loose  were  removed,  all 
crevices  and  holes  were  thoroughly  cleaned  and 
the  surfaces  washed,  and  in  addition  a  coating 
of  grout  was  poured  over  them.  Extra  effort 
was  made  to  make  the  mass  of  concrete  as  com- 
pact as  possible  by  thoroughly  tamping.  Where 
the  concrete  abutted  against  the  old  masonry 
dam,  the  joints  were  opened  and  well  cleaned 
by  hand  and  witb  a  pressure  hose.  A  V-shaped 
opening  was  left  next  the  wall  with  each  layer 
of  concrete.  This  was  filled  with  grout  and 
then  with  concrete  and  the  whole  well  tamped, 
thus  insuring  as  far  as  practicable  a  solid  bond 
between  the  old  and  new  work.  At  the  end  of 
each  day,  the  work  of  that  day  was  left  as 
rough  as  possible,  ridges  and  holes  in  the  con- 
crete being  left  to  accomplish  this.  Before 
again  la.ving  concrete  this  surface  was  swept 
clean,  wet  and  washed  over  with  grout,  thereby 
endeavoring  to  bond  one  day's  work  with  that 
of  the  next.  When  the  joint  between  the  first 
and  the  second  masonry  dams  was  reached,  it 
was  given  especial  attention.  This  was  opened 
In  a  V-shaped  section,  the  mouth  of  the  open- 
ing varying  from  2  to  3  feet  and  extending  back 
as  far  as  it  was  possible  to  go,  in  some  cases 
as  far  as  3  feet.  When  well  cleaned,  it  was 
washed  out  with  the  hose  until  all  foreign  mat- 
ter was  ejected.  The  concrete  was  stepped  back 
to  a  height  of  2%  to  3  feet  and  the-joint  taken 
in  sections  and  filled  with  1:2  grout,  having  a 
bead  of  214  to  3  feet.  When  all  the  grout  had 
filled  the  openings  as  much  as  it  would,  con- 
crete was  deposited  and  the  whole  made  one 
mass  of  semi-liquid  material.  This  method  was 
adopted  throughout  the  entire  length  of  the 
face  of  the  dam  where  the  joint  remained. 

The  greater  part  of  the  outfit  used  in  the 
reconstruction  of  the  dam  was  brought  by  the 
contractors,  the  Flynt  Building  &  Construction 
Company,  from  their  home  office,  at  Palmer, 
Mass.  The  rock  crushing  plant  was  leased 
from  the  Georgia-Carolina  Quarry  Company, 
Charlotte,  N.  C.  It  consisted  of  two  Champion 
crushers,  Nos.  4  and  5,  manufactured  by  the 
Good  Roads  Machinery  Co.,  Kenneth  Square, 
Pa.  The  maximum  output  under  the  conditions 
imposed  was  about  200  yards  per  10  hours, 
crushing  the  stone  to  a  2>4-incb  size.  The  engine 
and  boiler  of  the  crushing  plant  were  manufac- 
tured by  A.  B.  Farquhar  &  Co.,  York,  Pa.  The 
cars  used  to  convey  the  rock  from  the  quarry 
to  the  crushers  were  purchased  from  J.  C.  Steel 
&  Son,  of  Statesville,  N.  C.  as  were  likewise 
the  flat  cars  used  for  the  crushed  stone  and 
cement,  and  the  frogs  and  switches.  Ingersoll- 
Sergeant  and  Sullivan  drills  were  used  in  the 
quarry.  Forty  per  cent,  dynamite,  manufac- 
tured by  the  Rand  Powder  Company,  was  used 
throughout  the  entire  job.  Five  hoisting 
engines  were  used  on  the  work,  four  of  these 


being  of  the  Mundy  and  one  of  the  Morrison 
make.  Most  of  the  derricks  were  constructed 
on  the  spot  and  ranged  in  length  from  50  to  60 
feet.  Contrary  to  general  practice,  these  were 
rigged  with  manilla  rope  purchased  from  the 
Plymouth  Cordage  Company,  Plymouth,  Mass. 
The  steel  buckets  were  manufactured  by  Union 
Iron  Works,  Hoboken,  N.  J.  For  pumping  out 
the  coffer  dams,  etc.,  Knowles  and  Blake  pumps 
were  used,  steam  being  supplied  chiefly  by  a 
Hoadley  combination  engine  and  boiler  fur- 
nished by  George  T.  McLanthlin  &  Co.,  Boston. 
Practically  all  the  concrete  was  put  into  the 
dam  with  the  gravity  mixer  manufactured  by 
the  Contractors'  Plant  Company,  of  Boston. 

In  the  reconstruction,  there  were  put  into  the 
new  dam  21,457  cubic  yards  of  concrete.  Tak- 
ing everything  into  consideration,  the  cost  per 
yard  of  the  concrete  was  very  close  to  $7.37, 
This  figure  will  not  be  regarded  high  when  it 
Is  remembered  that  everything  used  at  the  dam 
had  to  be  hauled  the  12  miles  and  algo  that  the 
stone  was  expensive  to  get  and  crush.  With  so 
many  men  employed,  together  with  the  danger 


main  dam.  $10,252.05;  building  cofferdam.  $18,- 
279.07;  broken  stone,  $31,608.73;  main  dam  in- 
cluding cement,  etc.,  $97,936.81;  total,  $158,- 
076.66.  As  there  were  21,457  yards  of  con- 
crete, Inclusive  of  2,200  yards  of  rubble  facing 
in  this  work,  the  cost  per  cubic  yard  was 
$7.37,  as  already  stated.  The  tail-race  wall 
cost  $3,823.34,  making  a  grand  total  of  $161,- 
900.  As  there  were  1,070  cubic  yards  of  rubble 
masonry  in  the  tail-race  wall,  the  cost  per 
cubic  yard  was  $3.57.  The  broken  stone,  as 
stated,  cost  $31,608;  there  were  19,257  cubic 
yards  used,  so  that  the.  unit  cost  was  $1.64  per 
cubic  yard. 

The  plans  for  the  reconstruction  of  the  Port- 
man  dam  and  the  supervision  of  the  work  were 
executed  by  Mr.  J.  E.  Sirrine,  M.  Am.  Soc.  C.  E., 
mill  architect  and  engineer,  of  Greenville,  S.  C. 
Mr.  J.  F.  Howard  and  the  author  were  resident 
engineers  at  different  times.  Mr.  J.  C.  Sullivan 
was  in  charge  of  the  work  for  the  contractor. 


TuKK.MiT.    the   welding    conipounU    in    which 
aluminum  is  the  leading   ingredient,   has  beea 


Upstream  View  during  Construction   Showing   Concrete   Work. 


connected  with  the  making  and  handling  of  the 
concrete  and  the  varying  of  the  stone,  it  can 
be  said  that  the  work  was  remarkably  free  from 
accidents.  The  only  serious  accident  resulted 
in  the  death  of  two  men,  a  white  foreman  and 
his  negro  helper.  Both  were  killed  by  the  pre- 
mature explosion  of  a  dynamite  charge  in  the 
quarry,  caused  by  careless  tamping  the  charge 
with  an  iron  bar.  The  present  plant  has  been 
in  full  operation  since  the  first  of  1903  and  no 
trouble  has  been  experienced  with  the  dam  In 
any  way.  With  a  full  pond,  but  no  water  run- 
ning over  the  spillway  after  the  completion  of 
the  dam,  the  lower  face  was  found  to  be  prac- 
tically dry,  very  slight  dampness  appearing  in 
some  places,  most  of  which  dried  off. 

A  condensed  summary  of  the  cost  of  rebuild- 
ing the  Portman  dam  is  as  follows:  Building 
shanties,  railroad  tracks,  excavating  for  large 
piers  and  main  dam,  and  removing  crest  from 


employed  by  the  Pennsylvania  Railroad  Com- 
pany in  repairing  broken  locomotive  frames.  An 
engine  repaired  in  this  way  about  February  20 
has  been  on  the  road  ever  since.  The  thermit 
employed  in  making  this  weld  contained  2  per 
rent,  of  manganese  free  from  carbon  and  5  per 
cent,  of  iron  punchings.  Mr.  A.  W.  Gibbs,  su- 
perintendent of  motive  power  of  the  company, 
states  that  the  riser  from  the  weld  of  a  steel 
frame  was  drawn  out  under  the  hammer  into 
a  bar  about  3  feet  long,  and  turned  down  and 
broken.  It  showed  a  tensile  strength  of  91,- 
600  pounds  per  square  inch,  an  elongation  of 
21.5  per  cent,  in  8  inches,  and  a  silky  fracture. 
The  analysis  of  the  metal,  in  percentages,  was 
as  follows:  Carbon,  0.102;  manganese,  2.330; 
phosphorus,  0.070;  silicon,  1.227;  sulphur,  0.034. 
An  explanation  of  the  action  of  this  material  in 
welding  was  printed  in  this  journal  on  Novem- 
ber 28,  1903. 


Aj'Kil  2,  1904. 
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Refrigeration  from  a  Compressed-Air 
Motor. 


In  the  salesroom  of  a  brewery  in  Paris,  an  old 
steam  engine  is  employed  as  a  compressed-air 
motor  for  driving  an  electric  lighting  genera- 
tor. Exhaust  from  the  air  cylinder  is  utilized 
for  refrigeration,  partly  for  making  ice  and 
partly  for  cooling  a  beer-storage  vault.  The 
engine  has  a  stroke  of  35.4  inches  and  the  cylin- 
der diameter  is  17.7  inches,  and  the  machine 
makes  58  to  60  revolutions  per  minute.  It 
was  chosen  on  account  of  the  large  size  of  its 
exhaust  pipe,  which  is  7  inches  in  diameter, 
for  it  was  feared  that  should  the  air  become 
too  humid,  masses  of  snow  would  form  and  ob- 
struct too  small  a  pipe.  The  motor  receives 
compressed  air  at  a  pressure  of  71  pounds  per 
square  inch  and  at  a  temperature  of  53  to  59 
degrees  Fahrenheit,  never  rising  above  68  de- 
grees. It  operates  during  the  winter  for  10  to 
12  hours  daily  and  in  summer  for  7  to  8  hours. 
For  lubrication,  glycerine  is  used,  as  mineral 
oils  lent  a  disagreeable  odor  to  the  air  of  the 
exhaust   and  tended  to  spoil  the  manufactured 


ment  discharging  into  the  freezing  chamber 
toward  the  bottom  of  that  room.  This  cham- 
ber is  divisible  into  two  parts  by  a  movable 
partition,  and  the  part  receiving  the  exhaust 
directly  is  the  freezing  compartment,  while  the 
other  is  used  for  storing  ice.  The  walls,  ceil- 
ing and  floor  of  both  compartments,  as  well  as 
the  exterior  wall  of  the  beer  cellar,  are  made 
of  blocks  of  ground  cork  covered  with  wood 
sheathing.  The  freezing  room  and  the  ice 
storeroom  are  each  9.8  feet  long,  14.75  feet 
wide  and  5.75  feet  high.  The  beer  cellar  is 
designed  to  hold  about  2,650  gallons  of  beer 
in  barrels. 

The  exhaust  pipe  expands  from  its  general 
diameter  of  7  inches  to  a  diameter  of  15% 
inches  in  the  wall  of  the  freezing  chamber. 
The  water  for  freezing  is  placed  in  cans  con- 
taining 22  pounds  each.  The  air  for  cooling 
the  beer  cellar  passes  from  the  freezing  room 
in  a  pipe  15%  inches  in  diameter  and  extends 
some  distance  within  that  room.  In  the  pas- 
sageway separating  the  cellar  from  the  freez- 
ing room  a  sub-division  is  made  in  this  pipe, 
one   branch  going  to  the   cellar  and   (he  o,her 


when  the  lighting  unit  is  supplying  300  am- 
peres, or  in  other  words  an  output  of  34.5  kilo- 
watts per  hour,  that  the  ice  capacity  Is  485 
pounds  in  one  hour.  The  cost  of  this  lee  at 
44.7  cents  per  100  pounds  is  $2.17.  The  cost  of 
the  compressed  air  at  6.3  cents  per  kilowatt- 
hour  for  the  34.5  kilowatt-hours  amounts  also 
to  $2.17.  This  indicates  that  the  lighting  service 
costs  nothing,  the  unit  supplying  an  amount  of 
ice  that  would  cost  if  purchased  what  the  com- 
pressed air  actually  accepted  did  cost. 


Thk  Rki.ativk  Costs  of  Electkic  Powku  for 
three  different  types  of  plant  were  estimated 
as  follows  by  Mr.  Ralph  D.  Mershon,  M.  Am. 
Soc.  M.  E.,  of  New  York,  in  a  paper  read  be- 
fore a  recent  meeting  of  the  New  York  Elec- 
trical Society:  A  load  factor  of  0.5,  a  peak 
load  of  1,500  kilowatts  and  an  equipment  of  four 
generators  having  a  rated  capacity  of  400  kilo- 
watts each,  was  assumed  for  each  case,  the 
generators  to  operate  when  necessary  at  25 
per  cent,  overload  and  to  be  cut  in  and  out  in 
such  a  way  that  the  average  efficiency  of  each 
unit    will    be  the  same   as  thotigh   it   ran  con- 
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The  Portman  Dam:  Downstream  View  during  Construction;  Joint  between  Old  Dams  on  Upstream  Face. 


ice.  The  machine  develops  ordinarily  about 
30  horse-power,  but  during  Sundays  from  40  to 
45  horse-power  and  can  furnish  60  horse-power. 
It  drives  a  dynamo  giving  300  amperes  at  110  to 
115  volts,  which  supplies  some  45  arc  lamps  and 
50  to  400  incandescent  lamps  of  10  to  16  candle- 
power. 

The  theoretical  difference  of  temperature  be- 
tween the  air  admitted  to  the  engine  and  es- 
caping from  it  is  about  176  degrees;  as  a  mat- 
ter of  fact  the  temperature  of  the  exhaust  at- 
tains, according  to  "Revue  Industrielle,"  from 
which  this  account  is  taken,  — 76  degrees.  It 
happens  in  winter,  after  13  to  14  hours'  opera- 
tion, that  an  alcohol  thermohieter,  graduated 
to  — 49  degrees,  is  no  longer  readable.  Besides 
making  ice  and  cooling  the  storage  vault,  the 
temperature  of  which  must  not  rise  above  45 
degrees  Fahrenheit,  an  attempt  was  made  to 
employ  the  cold  air  to  cool  the  salesroom,  but 
the  consumers  complained  of  cold  feet  and 
were  annoyed  by  the  noise  of  the  exhaust 
which  is  effected  at  a  little  above  atmospheric 
pressure. 

The  exhaust  pipe  is  passed  through  the  base- 


connecting  with  a  riser  pipe  discharging  to 
the  atmosphere.  A  butterfly  valve  is  inserted 
in  both  branches  for  regulating  the  air  supply 
to  the  cellar,  so  that  it  is  possible  to  vary  the 
volume  of  cold  air  passing  into  the  cellar  ac- 
cording to  the  needs  by  bypassing  a  portion  of 
the  total  flow  to  the  atmospheric  discharge. 

The  utilization  of  the  exhaust  from  the  com- 
pressed-air motor  which  drives  the  lighting 
unit  thus  furnishes  both  ice  and  cold  which  it 
would  otherwise  be  necessary  to  purchase.  The 
compressed  air  costs  at  the  rate  of  4.45  cents 
per  1,000  cubic  feet  and  the  consumption  per 
horse-power  hour  is  about  847  cubic  feet.  The 
net  cost  per  kilowatt-hour  under  these  condi- 
tions amounts  to  6.3  cents,  indicating  an  ef- 
flciency  of  nearly  80  per  cent,  for  the  machine. 
Ice  costs  44.7  cents  per  100  pounds.  It  is  stated 
that  for  cooling  the  cellar  0.415  pound  of  ice 
would  be  required  per  gallon  on  the  basis  of  7 
hours  operation  in  summer,  or  1,100  pounds  for 
the  2,650  gallons  of  beer  which  it  holds.  This 
means  157  pounds  would  be  required  per  hour. 
The  production  of  ice  per  horse-power  per  kilo- 
watt-hour amounts  to   14  pounds.     This  means 


tinuously  at  75  per  cent,  of  rated  capacity.  The 
thermal  value  of  the  coal  was  taken  at  12.500 
British  thermal  units  per  pound,  and  the  eva- 
poration in  steam  boilers  at  7  pounds  per 
pound  of  coal,  and  the  production  of  gas  genera- 
tors of  a  gas  having  10,000  thermal  units  per 
pound  of  coal.  A  steam  pressure  of  150  pounds 
was  assumed,  superheated  150  degrees  Fahr. 
above  normal  temperature.  The  steam  engine 
was  rated  with  12  pounds  of  steam  per  brake 
horse-power-hour;  the  steam  turbine  with  18 
pounds  per  kilowatt-hour;  and  the  gas  engine 
with  10,000  '  thermal  units  per  brake  horse- 
power-hour. Under  the  conditions  assumed  a 
chart  was  made  for  costs  as  influenced  by  the 
cost  of  coal,  including  interest,  depreciation 
and  renewals  on  the  whole  installation  and 
supplies,  labor  and  fuel,  and  it  was  found  that 
the  gas-engine  plant  and  the  steam  engine  were 
at  a  parity  with  coal  costing  about  $1.85  per 
toi^  of  2,000  pounds,  while  the  point  of  equality 
for  the  steam  turbine  and  gas-engine  plant 
occurred  with  coal  at  about  $3  per  ton.  The 
estimates  lor  the  gas-engine  plant  were  made 
without    reference   to   recovery   of  by-products. 
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New  Tie-Preserving  Processes. 

Prom  an  article  b.v  I>r.  U<>rmann  von  Schr«nck  tn 

tk«  tcport  of  the  Commutes  on  Ttes  of  tlie  American 

>»tiil<niUn  and  Ualnienance  of  Way  Association. 

Hew  Procetset. — During  the  past  year  a  num- 
ber of  new  processes  have  been  advocated  (or 
trestlng  ties.  Two  of  these  deserve  special 
attention.  They  are  both  still  in  the  experi- 
mental stage  and  require  careful  testing  before 
being  adopted. 

Rflping  Process  of  Creosoting. — This  process 
Is  one  which  aims  to  save  a  certain  portion  of 
the  creosote  now  injected  into  the  timber, 
thereby  cheapening  the  process.  Its  method  of 
operation  may  be  briefly  stated  as  follows:  Ab- 
solutely dry  air-seasoned  wood  is  put  into  a 
treating  cylinder,  and  compressed  air  pumped 
Into  the  cylinder  up  to  5  atmospheres;  this 
pressure  is  kept  about  one  hour.  Tar  oil  Is 
then  pumped  in  under  a  pressure  of  about  85 
pounds  until  the  cylinder  is  full,  and  the  pres- 
sure is  then  raised  to  14  or  15  atmospheres. 
This  pressure  is  left  on  until  the  wood  has  ab- 
sorbed as  much  of  the  oil  as  it  can.  The  preB- 
Bore  is  then  taken  off  entirely,  the  oil  Is  run 
out,  and  a  vacuum  is  created.  The  compressed 
air  contained  in  the  wood  cells  then  presses  out 
any  excess  oil  not  held  by  the  fibers  of  the 
wood.  It  is  claimed  that  this  process  saves 
practically  50  to  60  per  cent,  of  the  quantity 
of  oil  ordinarily  used  for  the  treatment.  Trial 
tests,  made  at  Norfolk,  Va.,  by  the  writer,  and 
similar  tests  made  near  Berlin  during  the  past 
summer,  have,  to  a  large  extent,  sustained 
these  clsUms.  Extensive  tests  are  now  under 
way  with  this  process,  and  should  it  prove 
practical  to  treat  American  timbers  so  that 
they  will  absorb  only  a  small  quantity  of  tar 
oil  and  still  give  extensive  penetration,  this 
process  would  recommend  itself  highly.  It 
would  mean  treating  timbers  with  creosote  for 
about  the  same  price  that  it  now  costs  to  treat 
with  zinc-chloride. 

Chrome-alum  Process. — The  chrome-alum 
process  is  one  invented  by  Kester,  of  Munich. 
The  theory  of  the  process  is  briefly  as  follows: 
The  Inventor  states  that  the  chief  difficulty 
with  salts  of  various  kinds  used  for  treating 
timber  has  been  that  the  salts  are  soluble  in 
water,  and  leach  out.  For  a  preserving  solution, 
he  usee  chrome-alum  and  acid-sodium  sulphate. 
Theee  two  salts,  when  in  solution  cold,  do  not 
tinlte,  but  when  the  solution  is  heated  to  80 
deg.  C,  the  two  salts  unite  and  form  an  insolu- 
ble chromium  salt.  The  manner  in  which  this 
process  is  operated  is  as  follows:  The  two 
salts  are  mixed  in  solution  (cold)  and  are 
pressed  into  the  wood  under  a  pressure  of  about 
4  atmospheres.  Steam  is  then  turned  into  the 
cylinder  for  the  purpose  of  heating  the  wood, 
and  when  the  same  is  heated  to  about  70  or  80 
deg.  C,  the  insoluble  chorlum  salt  is  precipi- 
tated In  the  wood  cells.  The  inventor  claims 
that  the  treatment  can  be  made  for  about  7 
cents  per  tie.  No  practical  tests  have  yet  been 
made  with  the  process  beyond  the  treatment  of 
26  ties  by  the  Bavarian  State  Railways  during 
the  past  summer. 

GiuBsanl  Process. — This  ts  a  process  for 
which  two  large  plants  are  now  in  operation 
on  the  Italian  railroads.  The  treatment  depends 
upon  heating  the  air  In  the  wood  so  that  a  por- 
tion escapes,  making  a  partial  vacuum.  The 
wood  Is  then  dropped  into  a  cold  solution  of 
tar  oil  or  zinc-chloride,  thereby  bringing  about 
a  penetration  of  the  preservative.  The  manner 
in  which  the  treatment  is  carried  on  is  as 
follows:  ^ 

The  ties  are  plunged  into  a  hot  bath  of  tar 
on  by  automatic  machinery  and  slowly  moved 
through  the  tank  for  varying  periods  of  time, 
when  they  are  dropped  Into  a  tank  containing 
cold  tar  oil.    The  hot  oil  having  heated  the  tie. 


when  It  is  dropped  into  the  cold  oil  a  partial 
vacuum  is  made  in  the  tie,  and  the  cold  oil 
rushes  in,  securing  a  penetration  of  two  to 
iliree  inches.  This  process  recommends  itself 
because  the  plant  required  is  very  much 
cheaper  than  for  the  cylinder  process.  Tests 
are  being  planned  with  this  process  to  deter- 
mine the  relative  cost  of  treatment  between  it 
and  the  old  cylinder  process. 

Mechanical  Devices  for  Preventing  Wear  of 
Spikes. — A  device  has  been  in  use  in  Europe  for 
some  years  which  has  given  such  remarkable 
results  that  it  is  worthy  of  attention  in  this 
country.  The  great  trouble  with  soft  ties  Is, 
and  always  will  be,  the  rate  with  which  the 
wood  around  the  spike  wears  out.  Treated  ties 
of  softer  pines  and  the  inferior  oaks  are  rapidly 
wearing  out  at  the  spike  holes,  necessitating  re- 
spiking,  and  in  many  instances  the  entire  re- 
moval of  the  ties,  because  of  the  decay  which 
sets  in  at  the  spike  holes.  The  device 
spoken  of,  which  is  called  a  screw  dowel,  or 
trenail,  has  now  been  in  use  in  Germany  and 
France  for  some  5  years,  and  has  given  the 
most  satisfactory  results.  The  screw  dowel  con- 
sists of  a  cylindrical  piece  of  beech  wood,  pro- 
vided with  a  broad  thread.  The  upper  part  of 
the  dowel  is  somewhat  larger  than  the  body.  A 
hole  somewhat  less  than  the  diameter  of  the 
screw  or  spike  !s  bored  through  the  center  of 
the  dowel.  The  dowel  is  heavily  creosoted.  The 
dowel  is  put  into  the  tie  in  the  following  man- 
ner: A  hole  is  bored  somewhat  less  than  the 
diameter  of  the  dowel,  and  by  means  of  a 
threading  device  a  thread  is  cut  in  this  hole. 
The  dowel  is  then  screwed  in  either  by  hand, 
v/hen  there  are  a  few  ties  to  be  provided  with 
dowels,  or  by  machinery,  when  a  large  number 
are  to  be  provided.     In  France  and  Germany 
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wood  timbers  in  this  country.  Extensive  tests 
with  the  dowels  are  now  being  planned,  and  it 
is  urged  that  short  stretches  of  track  be  pro- 
vided with  them  wherever  possible. 


A  Primitive  Iron  Railroad  Bridge. 

A  primitive  iron  railroad  bridge  which  was 
built  in  the  early  part  of  the  19th  century  car- 
ried the  Stockton  &  Darlington  Railway  across 
the  River  Gaundless,  England,  and  was  recently 
removed  after  being  in  continuous  service 
nearly  80  years.  Its  design  was  attributed  to 
the  famous  George  Stephenson,  and  it  consisted 
of  four  121^-foot  spans,  each  of  which  had  a 
pair  of  curved-chord  trusses  supported  on  two- 
post  trestle  bents.  The  trusses  consisted  of 
curved  wrought-iron  top  and  bottom  chords 
united  by  cast-iron  verticals  without  diagonals. 
The  verticals  were  cast  in  place  around  the 
chords  and  the  ends  of  the  latter  fitted  sockets 
in  the  castings  at  the  tops  of  the  trestle  bents, 
as  shown  in  the  diagram.  The  trusses  were 
apparently  devoid  of  lateral  or  transverse  brac- 
ing, and  were  put  together  without  bolts  or 
rivets.  The  trestle  bents  were  made  with  pairs 
of  inclined  cast-iron  columns  connected  at  the 
top  by  a  casting  somewhat  like  a  double  canti- 
lever floorbeam  and  transversely  braced  by  di- 
agonal rods  engaging  sockets  on  the  sides  of  the 
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Elevotion  of  Span.  Elevation   of  Trestle  Bent. 

Primitive  Iron  Railroad  Bridge  across  the  River  Gaundless,  England. 


the  doweling  process  is  usually  carried  out  In 
connection  with  the  treating  plants.  The  dowel 
makes  a  perfect  fit  with  the  tie  and  prevents 
the  water  from  getting  into  the  space  between 
the  dowel  and  the  tie.  The  screw  or  spike  is 
inserted  into  the  dowel  much  as  It  would  be 
screwed  or  driven  into  the  tie.  Should  any  of 
the  wood  around  the  spike  wear  out,  the  dowel 
is  removed  and  another  is  screwed  in  Its  place. 
The  body  of  the  tie  Is  thereby  saved  from  des- 
truction. The  tops  of  the  dowels  at  the  same 
time  act  as  tie-plates,  preventing  the  wearing 
out  of  the  wood  of  the  tie,  and  in  many  cases 
have  rendered  the  use  of  the  expensive  steel 
plate  almost  unnecessary.  A  further  advantage 
of  the  dowel  consists  in  the  very  much  in- 
creased holding  power  which  the  dowel  gives 
to  the  spike  or  screw,  principally  In  the  matter 
of  resisting  the  lateral  pressure.  The  great 
area  of  surface  of  the  dowel  makes  this  possi- 
ble. On  recent  high-speed  tests  made  on  the 
stretch  Berlln-Zossen  on  the  German  military 
road,  all  the  ties  were  provided  with  dowels, 
and  the  Inspecting  military  officers  report  that 
there  was  practically  no  deviation  from  the  nor- 
mal gauge  where  these  dowels  were  used, 
whereas  in  former  years  the  difficulty  had  been 
that  the  track  had  spread  so  as  to  endanger 
the  safety  of  the  train.  The  dowels,  when  made 
In  quantity,  are  extremely  cheap,  and  it  is  be- 
lieved that  they  ought  to  prove  a  valuable 
means  for  making  possible  the  use  of  the  softer 


columns.  The  bridge  is  illustrated  by  a  photo- 
graph and  detail  drawings  in  a  recent  issue  of 
London  "Engineering." 


Fob  Oil  Bubnino  under  the  steam  boilers 
of  the  new  plant  of  the  Pacific  Electric  Railway 
Company,  at  Los  Angeles,  Cal.,  an  elaborate 
system  of  tanks  has  been  provided  for  hand- 
ling and  storage.  The  oil  house  has  been  lo- 
cated back  of  the  station  and  the  lower  part  of 
the  building  consists  of  a  concrete  tank,  with 
walls  8  feet  high,  forming  a  pit  which  Is  divi- 
ded by  cross  walls  of  concrete.  The  oil  is  al- 
lowed to  settle  in  the  compartments,  the  lighter 
oil  being  run  off  into  the  last,  from  which  It 
Is  pumped  Into  two  storage  tanks.  Each  of 
these  Is  40  feet  in  diameter  and  35  feet  high, 
and  has  a  capacity  of  7,800  barrels.  The  oil 
flows  by  gravity  from  the  storage  tanks  to 
three  so-called  burning  tanks  situated  in  the  oil 
house.  Each  of  these  hold  about  500  barrels 
and  they  contain  steam  coils  designed  to  warm 
the  oil  to  about  124  degrees,  when  it  is  pumped 
to  the  boilers.  A  double-pipe  system  is  used 
for  distributing  the  oil  to  the  boilers  and  the 
oil  is  kept  in  constant  circulation  under  about 
35  pounds  pressure.  Hammel  burners  are  em- 
ployed with  steam  at  boiler  pressure,  or  160 
pounds.  The  boiler  plant  includes  ten  250- 
horse-power  Stirling  boilers,  fourteen  400-horse- 
power  Babcock  &  Wilcox  boilers  and  ten  400- 
horse-power   Edegmoor  boilers. 
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Steel   Piling   for   the    Coffer-Dams   of   a 
Chicago  Bridge. 

A  few  months  ago  there  was  printed  in  this 
journal  a  description  of  some  unusual  coffer- 
dam worl^  for  the  foundation  of  a  St.  Louis 
power-house,  for  which  interlocking  channel- 
bar  piling  was  employed.  Some  equally  inter- 
esting work  with  this  material  has  lately  been 
done  in  connection  with  the  coffer-dams  for 
the  substructure  of  the  Loomis  Street  bridge 
in  Chicago,  sometimes  called  the  Doering 
Street  bridge.  The  contractors  for  the  work, 
the  Chicago  &  Great  Lakes  Dredge  &  Dock 
Company,  began  the  coffer-dam  on  the  south 
side  of  the  river,  that  in  the  foreground'  of  the 
accompanying  picture,   with   wooden   sheeting. 


are  shown  in  the  illustration  running  along  the 
left  side  of  the  coffer-dam  and  at  the  right-hand 
end'  of  its  river  front.  This  was  the  only  un- 
fortunate experience  with  the  steel  piling, 
and  was  not  attributable  to  any  defect  in  the 
interlocking  principle. 

The  steel  for  this  coffer-dam  was  ordered 
in  September,  and  proved  so  satisfactory  that 
steel  for  a  similar  coffer-dam  for  the  north 
substructure  was  ordered  the  following  month, 
from  the  Friestedt  Interlocking  Channel  Bar 
Company,  of  Chicago.  All  the  piling  in  this 
case  was  of  the  35-foot  length  and  no  trouble 
has  been  experienced  with  it.  Both  of  these 
dams  are  40x60  feet,  and  particular  attention 
is  called  to  the  comparatively  small  space 
they  take  up  in  comparison  with  the  old  typs 


ing  in  both  coffer-dams  is  driven  through  river 
silt  into  hard-pan. 


The  Engineebino  Sebvice  of  the  U.  S.  Geolog- 
ical Survey  affords  unusually  interesting  work, 
and  it  will  doubtless  be  welcome  news  to  many 
young  men  that  examinations  will  be  held  in 
all  the  leading  cities  of  the  country  for  tilling  a 
number  of  positions  In  it.  Secondary  places  in 
the  engineering  and  hydrographic  corps  will  be 
filled  at  a  salary  of  ?900,  while  the  positions  ol 
assistant  engineer  and  hydrographer  carry  sal- 
aries of  ILOOO  to  |2,000  and  upward.  Subsist- 
ence and  traveling  expenses  are  paid  to  the  men 
on  field  duty.  The  purpose  of  the  examina- 
tions is  to  draw  out  the  qualifications  of  the 
applicants,  so  that  those  who  are  successful  may 
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COFFER-DAMS   OF  INTERLOCKING  CHANNEL  BAR  PILING  AT  THE  LOOMIS  STREET  BRIDGE,  CHICAGO. 


but  experienced  so  much  difiiculty  that  they 
were  glad  to  try  the  interlocking  channel-bar 
construction  as  soon  as  it  was  brought  to  their 
attention.  At  this  time  about  35  feet  of  the 
wooden  sheeting  had  been  driven  on  the  shore 
side  of  the  enclosure.  Through  some  mistake 
the  steel  piling  was  ordered  in  two  lengths, 
30  and  »F  feet,  although  only  the  latter  size  was 
adapted  for  the  situation.  When  the  piling 
had  been  driven  and  the  excavation  carried 
along,  it  was  found  necessary  to  dig  almost  7 
feet  below  the  bottom  of  the  short  piles  on  the 
river  front,  with  the  result  that  the  coffer-dam 
was  undermined  in  two  places,  the  interior 
flooded  and  two  puddle  dams  became  neces- 
sary.    These  were  made  with  wood  plank,  and 


of  puddle  dam.  In  some  places  where  the 
working  room  along  a  river  front  is  crowded 
with  piers  and  storage  yards  this  consideration 
may  be  an  important  one.  At  the  present  time 
the  excavation  within  the  north  coffer-dam  has 
been  completed,  and  the  forms  for  the  con- 
crete are  being  put  in  place. 

In  the  case  of  the  work  on  the  south  side  of 
the  river  the  piling  was  provided  with  calking 
strips  for  the  purpose  of  making  the  work  tight, 
but  this  attachment  was  found  to  be  unneces- 
sary, as  manure  thrown  on  the  water  side  of 
the  enclosure  made  it  impervious.  On  the 
north  side  of  the  river,  no  calking  strips  were 
used  and  no  trouble  has  been  experienced  in 
consequence.     It  should  be  added  that  the  pil- 


•  be  assigned  to  the  work  for  which  they  are  best 
fitted.  The  examinations  for  engineering  and 
hydrographic  service  and  the  relative  import- 
ance of  the  subjects  are  as  follows:  Mathe- 
matics, 15;  theory  and  practice  of  engineering 
construction,  20;  applied  mechanics,  20;  topo- 
graphic and  mechanical  drawing,  15;  technical 
training  and  experience,  10.  The  examinations 
for  irrigation  engineer  will  embrace  mathemat- 
ics, 10;  topographic  sketching,  5;  hydrographic 
and  topographic  U.  S.  and  general  surveying, 
15;  general  engineering  and  hydrographic  con- 
struction, 15;  training  and  experience,  35.  The 
examinations  will  begin  April  19  and  last  two 
days  of  seven  consecutive  hours  each.  Only 
physically  strong  men  will  be  selected. 
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Village  Water- Works  of  Geneva,  Ohio. 

U«neva,  Ohio,  is  a  town  of  about  2,500  inhab- 
itants, in  the  extreme  northeastern  part  of  the 
.State,  about  four  miles  from  Lake  Erie  and 
three  miles  from  the  Grand  River,  which,  for  a- 
considerable  part  of  its  course.  Hows  approxi- 
mately parallel  to  the  lake  shore.  After  stud- 
ies and  discussions  at  different  times  for  sev- 
eral years,  the  construction  of  a  system  of 
waterworks  wais  begun  in  August.  1901,  and 
completed  in  October,  1902.  The  supply  is 
drawn  from  the  Grand  River  at  a  point  about 
three  miles  from  the  village,  filtered,  pumped 
to  a  reservoir,  and  distributed  by  gfl^vity, 
the  power  for  pumping  being  furnished  by  a 
turbine  water  wheel  with  a  gasoline  engine  as 
a  reserve. 

The  intake  is  situated  in  the  bank  of  the 
river  just  above  a  timber  crib  dam  built  to 
divert  water  into  a  headrace  about  800  feet 
long  leading  to  Clark's  mill  site,  at  which  the 
pumping  station  and  filter  plant  were  built.  A 
plan  and  section  show  the  arrangement  of 
the  intake,  which  is  quite  simple  and  has  given 
no  trouble  on  account  of  Ice  or  sediment  dur- 
ing the  year  and  a  half  that  it  has  been  in  use. 
From  this  intake  a  10-lnch  cast-iron  pipe  leads 
the  water  by  gravity  to  a  5-inch  Worthington 
conoidal  centrifugal  pump,  located  in  the  base- 
ment of  the  filter  house  and  driven  by  an  8- 
inch  leather  belt  from  a  43-inch  diameter  pulley 
with  an  8-inch  face  on  the  shaft  actuated  by 
the  turbine  or  engine.  This  pump  raises  the 
water  through  a  6-inch  pipe  into  the  sedimen- 
tation tank,  just  outside  the  filter  house.  A 
IH-inch  pipe  leading  from  the  pump  case  to 
the  tailrace  makes  it  possible  to  drain  the 
pump  and  the  pipe.  A  %-inch  lead  pipe  con- 
nects the  float  box  of  the  alum  tanks  to  the 
suction  of  the  centrifugal  pump,  and  the  action 
of  this  pump  stirs  the  coagulant  with  the  raw 
water  very   thoroughly. 

Accompanying  drawings  of  the  station  show 
the  relative  positions  of  the  sedimentation  tank, 
the  filter,  the  pumping  machinery  and  the 
more   important   piping.      The    sedimentation 
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firm  bearing  on  shale  rock,  below  frost  level, 
the  portions  Horn  the  bottoms  to  a  level  about  1 
foot  above  the  ground  surface  being  2  feet  thick 
and  the  upper  portions  ^Vi  feet  high,  17  inches 
thick.  These  walls  are  spaced  4V4  feet  apart 
in  the  clear  and  have  sixteen  5-inch  9%-pound 
I-beams  built  into  them  with  the  top  flanges  of 
the  beams  flush  with  the  tops  of  the  wall.  The 
bottom  of  the  sedimentation  tank  is  at  an 
elevation  914  feet  lower  than  that  of  the  bottom 
of  the  Alters.  One  of  the  13-inch  walls  support- 
ing the  filter  tank  rises  from  one  of  the  walls 
of  the  substructure  which  forms  one  side  of 
the  clear-water  reservpir  and  separates  it  from 
the  tailrace  of  the  turbine;  the  other  three 
walls  are  carried  on  fourteen  15-inch  I-beams 
spaced  18  inches  apart  on  centers  which  span 
the  tailrace  and  a  portion  of  the  clear-water 
reservoir,  as  shown.  The  ends  of  one  set  of 
seven  beams  are  supported  on  a  wall  built  in 
the  clear-water  reservoir  for  this  purpose. 
The  filter  is  of  the  New  York  type,  and,  to- 


FbotoT 

„    ._  ,   Batler 

•i      5'f>  x/  J     tVa//. 


Rubble 


Mtfsr  iine. 


Splif  Bolts, 
Section    A-A. 

Intake    at    River._ 

Ihc  LirrnHuitma  RECORD. 


5^ 


^C^NWA^^JsJ^^ ^Concrete  Toe,  la'Deep  ftVidt. 

Section     of     Reservoir     EmbanNment. 


JX  CNCiNuniMi  RCCOAO 


of  40.000  gallons  with  the  normal  depth  of 
water  of  fi  feet  below  the  bottom  of  the  filter 
controller.  Its  walls  are  of  stone  masonry  laid 
in  Portland  cement  mortar  and  lined  with  a 
•4-inch  coat  of  Portland  cement  plaster.  The 
bottom  is  on  the  ledge  rock,  which  is  leveled 
up  with  Portland  cement  concrete.  It  is  cov- 
ered with  a  layer  of  Portland  cement  mortar 
1^  inches  thick. 

The  superstructure  of  the  station  is  a  one- 
atory  brick  building  42  feet  square,  with  an  8 
xl3-faot  ell,  covered  with  a  shingle  roof  on  a 
wooden  frame.  The  main  floor  is  of  3-inch 
boards  on  2x8-inch  joists  carried  by  6x10- 
inch  beams.  As  indicated  by  the  plan,  there  is 
sufficient  space  for  an  additional  Alter  beside 
the  one  already  installed.  The  pumping  ma- 
chinery is  all  at  the  other  end  of  the  room  in  a 
smaller  space  than  that  reserved  for  the  Alters. 
Two  triplex  single-acting  power  pumps,  built 
by  the  Deane  Steam  Pump  Company,  of  Holy- 
oke,    Mass.,    have    been    put    in.      Each    pump 
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tank  is  24  feet  in  diameter  outside  and  20  feet 
deep,  made  of  3-inch  wooden  staves.  Its  capac- 
ity is  64.000  gallons,  and  the  water  requires 
ordinarily  two  hours  to  pass  through  it.  The 
water  enters  at  a  point  6  feet  above  the  bot- 
tom of  the  tank  and  is  drawn  off  to  the  filter 
through  an  8-inch  pipe  at  a  level  3  feet  4 
inches  below  the  top  of  the  tank.  This  tank 
Is  not  covered. 

An  8-inch  pipe  leading  from  its  bottom  near 
one  side  and  controlled  by  a  valve,  provides 
means  for  blowing  out  the- sediment  or  empty- 
ing the  tank,  the  dirty  water  flowing  to  the 
tail-race.  From  the  sedimentation  tank  the 
raw  water  flows  by  gravity  to  the  fliter  through 
an  8-inch  pipe  controlled  by  a  valve  operated 
by  a  float  in  the  fliter.  The  fliter  tank  is  17 
feet  in  diameter  outside  and  8  feet  high. 

The  sedimentation  and  filter  tanks  are  each 
supported  on  I-beams  built  into  the  tops  of 
four  masonry  walls.  Beneath  the  sedimentation 
tank  the  foundation   walls  extend  down  to  a 


gether  with  the  sedimentation  tank  and  other 
appurtenances,  was  furnished  by  the  New  York 
Continental  Jewell  Filtration  Company.  It  has 
a  filtering  capacity  of  750,000  gallons  per 
twenty-four  hours.  From  the  filter  the  effluent 
passes  downwards  through  a  Weston  controller 
into  the  clear-water  reservoir  beneath  the  fliter 
room.  On  top  of  the  fliter  sand  is  an  annular 
trough  of  sheet-fron,  through  the  side  of  which 
the  8-inch  raw-water  pipe  discharges.  When 
the  filter  is  being  washed  this  trough  serves  as 
a  collector  for  the  dirty  water,  which  It  dis- 
charges through  an  8-inch  pipe  at  the  side  of 
the  fliter  tank  into  the  tailrace.  This  pipe  is 
controlled  by  a  valve  at  the  side  of  the  Alter. 

Filtered  water  under  pressure,  for  washing 
purposes.  Is  supplied  to  the  center  of  the  bot- 
tom of  the  filter  through  an  8-inch  pipe  con- 
nected to  the  8-lnch  force  main  of  the  pumps. 
The  re-wash  waste  pipe  also  discharges  directly 
Into  the  tailrace.  The  clear-water  reservoir  is 
23x39  feet  and  8'/4  feet  deep,  having  a  capacity 


draws  water  directly  from  the  clear-water  reser- 
voir through  an  8-inch  suction  pipe  with  a  foot 
valve,  and  both  discharge  through  a  Y  into 
one  8-inch  force  main  leading  to  the  reservoir. 
Each  has  a  nominal  capacity  of  525  gallons  per 
minute,  or  756,000  gallons  per  twenty-four 
hours,  and  works  against  a  head  of  about  110 
feet.  Usually  only  one  pump  is  run  at  a  time. 
Both  pumps  are  supported  on  three  12-inch  1- 
beams  resting  on  the  masonry  walls  of  the 
substructure. 

To  drive  the  pumps  a  40-inch  vertical  Samson 
turbine,  made  by  James  Leffel  &  Company,  of 
Springfleld,  Ohio,  has  been  installed  in  a  wheel- 
pit  beneath  one  corner  of  the  building.  It  is 
supplied  with  water  from  the  headrace  under 
a  head  of  about  9>/4  feet  and  makes  100  revo- 
lutions per  minute,  developing  about  75  horse- 
power. Its  vertical  shaft  connects  through 
bevel  gears  to  a  3%-inch  horizontal  main  shaft 
making  180  revolutions  per  minute,  supported 
on  posts  at  a  height  of  4  feet  9',{.  inches  above 
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the  floor  of  the  main  room.  Thus  far  the  tur- 
bine has  furnished  all  the  power  needed,  but  to 
guard  against  a  shut-down  of  the  station  in  case 
of  accident  to  the  turbine  or  lack  of  water,  a 


50-horse-power  New  Era  gasoline  engine,  made 
by  the  New  Era  Iron  Works  Company,  of  Day- 


likewise  connected  to  the  main  shaft.  The  two 
pumps  are  between  the  engine  and  turbine  and 


ton,  Ohio,  has  been  installed  at  the  opposite      are  driven  by  a  pinion  gear  on  the  main  shaft. 
side  of  the  room  on  a  tall  concrete  pier,  and      The  turbine  and  the  engine  are  each  separated 
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from  the  part  of  the  shaft  carrying  the  pinion 
K«ar  by  a  New  Era  friction  clutch  coupling,  so 
that  either  prime  mover  may  be  cut  out  as 
desired. 

The  reserroir  is  about  3,500  feet  from  the 
pumping  station  beside  (he  road  leading  direct- 
ly to  the  village,  from  the  center  of  which  it 
is  distant  about  3  miles.  Full  reservoir  level  is 
104  feet  above  the  floor  of  the  engine  room 
and  180  feet  above  the  level  of  the  village. 
The  reservoir,  which  was  made  partly  by  ex- 
cavating and  partly  by  embanking,  is  220  feet 
square  at  the  inside  of  the  top  of  the  embank- 
ment and  has  a  capacity  of  2,800.000  gallons. 
As  the  present  daily  average  consumption  of  the 
Tillage  is  about  100,000  gallons,  the  reservoir 
is  large  enough  to  carry  the  draft  of  the  even- 
ing, night  and  early  morning  period,  hence  no 
night  engineer  is  required.  The  day  engineer 
pumps  the  reservoir  full  and  then  shuts  down, 
running  usually  about  3Vs  hours.  This  makes 
possible  a  large  saving  in  the  operating  ex- 
penses. 

The  reservoir  was  excavated  in  a  stiff  clay 
formation  to  a  maximum  depth  of  about  6  or  7 
feet,  and  the  top  of  the  embankment  is  4  feet 
above  full  reservoir  level.  The  embankment  is 
4  feet  wide  on  top  and  has  slopes  of  1  on  2% 
inside  and  1  on  1^  outside,  as  shown  by  the 
section,  which  also  shows  the  method  of  lining. 
The  banks  were  built,  in  accordance  with  cur- 
rent practice,  of  selected  material  deposited  in 
layers  and  rolled;  thei  top  and  outside  slopes  are 


station.  This  pipe  has  an  18-inch  concrete  cut- 
off wall  under  the  middle  of  the  embankment 
and  another  under  the  middle  of  the  inner 
slope;  it  is  controlled  by  an  8-inch  valve  at 
the  toe  of  the  outer  slope  and  ends  in  a  con- 
crete inlet  pit  5  feet  square  and  2  feet  deep 
in  the  corner  of  the  bottom  of  the  reservoir. 
Water  is  drawn  from  the  corner  of  the  reser- 
voir nearer  the  village  through  a  12-inch  pipe 
arranged  similarly  to  the  inlet  pipe,  and  the 
force  main  is  continued  parallel  to  the  side  of 
the  reservoir  to  join  this  pipe,  thus  prpvidlng 
a  by-pass  so  that  water  can  be  pumped  directly 
into  the  distribution  system  whenever  it  is 
necessary  to  cut  out  the  reservoir. 

From  the  reservoir  the  12-inch  main  extends 
to  the  center  of  the  village,  feeding  one  mile 
of  8-inch,  four  miles  of  G-inch,  and  one-flfth 
mile  of  4-inch  pipes,  making  a  total  of  8  3/5 
miles  of  cast-iron  pipe  in  the  system,  including 
the  intake  and  force  mains.  There  are  225 
water-takers  connected  with  the  works,  and 
all  services  are  metered,  Union  and  a  few  Niag- 
ara meters  being  used.  Fire  hydrants  to  the 
number  of  62  have  been  installed.  The  cast- 
iron  pipes,  about  1,200  tons  in  all,  were  fur- 
nished by  the  United  States  Cast-iron  Pipe  & 
Foundry  Company;  the  Cayuta  Wheel  &  Foun- 
dry Company,  of  Sayre,  Pa.,  supplied  the  valves, 
and  the  hydrants  were  made  by  R.  D.  Wood  & 
Company,  of  Philadelphia.  Messrs.  Baldwin 
Brothers  &  Graham,  of  Collinwood,  Ohio,  were 
the  contractors  for  the  construction  of  the 
reservoir  and  laying  the  pipe;  the  pumping 
station  was  built  by  Messrs.  Tilden  &  Barthol- 
omew, who  did  the  mason  work,  and  Messrs. 
Gregory  &  York,  who  did  the  carpenter  work, 
both  firms  being  of  Geneva.  The  total  cost  of 
the  work,  including  the  land  for  the  reservoir 
and  the  water  rights,  was  about  $80,000.  The 
raw  water  contains  from  a  few  hundred  to  nine 
or  ten  thousand  bacteria  per  cubic  centimeter, 
and  in  times  of  rain  is  frequently  charged  with 
considerable  sediment,  largely  clay.     The  efflu- 
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Floorbeam    and    Lateral-Strut    Connec- 
tions to  Riveted  Trusses. 


The  through  riveted  truss  spans  of  the  Can- 
adian Pacific  Railway  have  rigid  ecnneetions 
with  all  field  rivets  located  so  as  to  be  advan- 
tageously driven.  The  designs  have  been  de- 
veloped under  the  direction  of  Chief  Engineer 
E.  H.  McHenry  and  Mr.  C.  N.  Monsarrat,  engi- 
neer of  bridges,  and  are  used  in  the  standard  or 
a  modified  form  for  all  of  the  new  work.  In- 
termediate floorbeams  are  slightly  notched  to 
clear  the  lower  chord,  top  flanges  and  are  web- 
connected  to  the  vertical  posts  through  the  end 
stiffener  angles,  which  are  made  in  two  sections 
slightly  offset  so  that  the  lower  pieces  connect 
to  the  webs  of  the  lower  chords.  The  upper 
pieces  are  riveted  to  the  floorbeam  webs  with- 
out fillers  and  extend  continuously  to  their 
upper  edges  passing  under  the  top  fiange  angles 
of  the  floorbeams  which  are  crimped  over  them. 
The  floorbeam  webs  have  no  vertical  web-stitt- 
ener  angles  and  are  made  with  short  end  sec- 
tions spliced  to  the  middle  sections  by  three 
plates  on  each  side.  The  end  floorbeams  have 
drop  ends  notched  to  clear  the  pedestals  and 
are  supported  at  each  end  by  tour  web-connected 
vertical  gusset-plates  with  inclined  angles  field- 
riveted  to  the  cover-plates  of  the  inclined  end 
posts.  These  floorbeams  have  slots  through  the 
web  just  below  the  top  flanges  to  receive  ten- 
sion plates  which  splice  the  top  flanges  of  the 
end  stringers  and  of  the  cantilever  brackets 
which  carry  the  track  across  the  piers  or  abut- 
ments. 

The  upper  transverse  struts  have  I-shaped 
cross-sections  made  with  pairs  of  angles  back 
to  back,  latticed,  and  of  the  same  depth  as  the 
top  chords,  to  which  they  are  secured  by  hori- 
zontal jaw-plates  fleld-riveted  to  the  upper  and 
lower  flanges  of  both  members  and  serving  for 
lateral  connections.  In  short  spans  the  sway- 
bracing  is  effected  by  special  built  kneebraces 
with  their  flange  angles  curved  tangent  to  the 
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Irrtermediate      Floorbeam  oKd  Top  .Stru-h 

Standard  Details  of  Short    Span  Double-Track  Bridges  on  the  Canadian  Pacific  Railway 
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grassed;  the  inside  slope  is  lined  with  18  Inches 
of  clay  puddle  and  covered  with  one  course  of 
paving  bricks  laid  on  3  inches  of  screened 
gravel.  The  Joints  between  the  bricks  are  filled 
with  Portland  cement  mortar.  A  concrete  toe 
wall  18  inches  high  and  12  inches  wide  extends 
around  the  bottom  of  the  inside  slope  and  acts 
as  a  footing  for  the  brick  paving.  The  floor 
of  the  reservoir  also  is  covered  with  18  inches 
of  puddle.  The  puddle  of  the  slope  extends 
beneath  the  toe  wall  and  for  2  feet  under  the 
edge  of  the  puddle  on  the  floor  on  all  four 
■ides.  During  the  time  the  reservoir  has  been 
In  service  It  has  proved  satisfactorily  water- 
tight and  there  has  been  no  trouble  with  the 
lining  from  slipping  or  action  of  ice. 

Water  Is  fed  Into  the  reservoir  through  an 
8-inch  branch  from  the  force  main  laid  In 
a  trench  beneath  the  embankment  near  the 
comer  of  the  reservoir  toward   the   pumping 


ent  delivered  by  the  filter,  however.  Is  of  a 
very  satisfactory  quality.  The  Walter  P.  Rice 
Engineering  Company,  of  Cleveland,  Ohio,  per- 
formed the  duties  of  consulting  engineer,  and 
the  work  was  executed  under  the  supervision 
of  Mr.  B.  F.  Hewit,  village  engineer  of  Geneva. 


flanges  of  the  strut  and  of  the  vertical  post  and 
fleld-riveted  with  bearings  about  2  feet  long. 


Destruction  Tests  of  Emeey  Wheels  were 
described  some  time  ago  in  the  "Zeitschrlft"  of 
the  Society  of  German  Engineers,  by  Prof.  M. 
Griibler.  Some  57  wheels,  20  Inches  in  diame- 
ter, were  broken.  The  highest  speed  attained 
was  4,340  revolutions  per  minute,  correspond- 
ing to  a  peripheral  velocity  of  375  feet  per  sec- 
ond. The  author  presented  the  following  as 
safe  centrifugal  speed  valves:  For  wheels  with 
vegetable  cement,  102  feet  per  second;  for 
wheels  with  mineral  cement,  88.5  feet  per  sec- 
ond; for  wheels  with  ceramic  cement,  78  feet 
per  second. 


The  Positive  Ventilation  of  G.'vssino  Rooms 
in  textile  mills  has  recently  been  effected  by 
using  fans,  and  a  great  improvement  in  the 
working  conditions  has  resulted.  In  the  pro- 
cess of  singeing  the  threads  over  the  gas  ma- 
chines the  room  becomes  filled  with  gas  and 
fumes.  Generally  disk  or  propeller  fans  are 
placed  In  the  walls,  but  operators  are  usually 
able  to  work  In  rooms  thus  ventilated  only 
about  an  hour  at  a  time.  The  B.  F.  Sturtevant 
Company  has  designed  a  systein  for  the  Arling- 
ton Mills  at  Lawrence  and  other  factories, 
which  changes  the  air  in  the  room  at  short  In- 
tervals. The  fresh  supply  is  drawn  from  out- 
of-doors  and  forced  into  the  room  through  a 
number  of  well-distributed  openings,  while  the 
smoky  air  Is  exhausted  to  the  outside. 
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The  Canadian  Pacific  Railway  Shops  at 
Montreal. 


Part  III. — Stbuctural  Featubes  of  the  Black- 
smith,  Machine,    Wood-Working   and 
Other  Shops. 
Blacksmith  Shop. — The  L-shaped  blacksmith 
shop  has  extreme  dimensions  of  about  434x303 
feet,  one  wing  being  146  feet  8  Inches  wide  and 
the  other  wing  130  feet  wide.     The   long  side 
faces  on   the   Midway    opposite    the    gray-iron 
foundry  and  car  machine  shop.     The  building 
is  served  by  six  lines  of  standard-gauge  surface 
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the  framework  are  braced  with  eight  lines  of 
lattice-girder  purlins  connected  to  the  vertical 
members  of  the  roof  trusses  and  10  the  tops  of 
the  columns.  The  trusses  correspond  to  those 
already  described  and  the  columns  are  made 
with  pairs  of  channels  latticed.  The  building 
covers  an  area  of  84,208  square  feet  and  has  360 
tons  of  structural  steel,  which  was  built  by  the 
Canada  Foundry  Company. 

Car  Machine  Shop. — The  ]30x288-foot  car  ma- 
chine shop  has  one  end  facing  the  Midway.  It 
is  served  by  its  girder  crane  and  by  three  lines 
of  standard-gauge  surface  tracks  passing 
through  it  from  end  to  end  at  right  angles  to 
the   crane   and   crossed   by   a   transverse   track 
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Colvmn    and    Girder  connections   in 
Hardwood   Storage   Building 
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Column    in    Pattern  Storage  House 
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them.  At  the  peak  the  purlins  are  double  and 
the  lines  30  feet  each  side  of  the  axis  of  the 
building  are  made  special  to  carry  the  ends  of 
the  frames  of  the  12x60-foot  transverse  standard 
monitors.  The  special  purlins  have  double  tim- 
bers queenpost  trussed  with  screw-ended  bent 
rods  and  cast-iron  vertical  posts,  as  shown  in 
the  detail.  The  trusses  have  no  lateral  nor 
Bway-bracing,  but  their  lower  chords  are 
stayed  by  two  lines  of  8xl0-inch  longitudinal 
timbers  bolted  to  them  at  each  row  of  columns. 
The  building  has  a  plank  floor,  flush  with  the 
tops  of  the  surface  tracks,  laid  on  a  12-inch  bed 
of  rammed  cinders.  On  one  side  there  is  a  12x 
51-foot  lavatory  and  toilet  room  and  on  the  op- 
posite side  a  16x24-foot  fan  room.  The  con- 
struction of  the  monitors  in  this  roof  and  in 
that  of  the  other  wooden  buildings  Is  made  spe- 
cial and  involves  some  unusual  features.  The 
monitor  Is  set  on  the  center  line  of  the  panel 
with  spaces  of  about  6  feet  between  its  walls 
and  the  main  roof  trusses.  Its  entire  weight  is 
carried  by  the  trussed  purlins  in  the  center  and 
at  both  ends.  The  long  walls  of  the  monitor 
are  not  only  self-supporting,  but  carry  the  ends 
of  the  intermediate  purlins,  which  are  supported 
from  them  by  bent  hangers.  These  walls  are 
practically  made  in  two  wedge-shaped  portions 
meeting  at  the  axis  of  the  building.  They  have 
a  framework  of  top,  bottom  and  vertical  timbers 
4  Inches  thick  which  is  covered  on  the  outside 
with  a  double  course  of  crossed  1-lnch  diagonal 
boards  and  a  single  course  on  the  inside,  thus 
making  virtually  wooden  plate  girders  which 
prove  rigid  and  satisfactory.  Above  the  upper 
edge  of  this  girder  there  is  a  space  of  about 
15  inches  under  the  eaves  of  the  skylight  in 
which  there  are  several  openings  closed  by 
hinged  ventilating  doors.  This  type  of  skylight 
curb  has  been  used  with  the  wooden  buildings 
throughout  the  plant. 
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Cablnei    ,    Uphol  sferi  ng  and  Hardwood  Storage  Building., 


"4VsM 


tracks  passing  through  it  parallel  to  the  short 
side  and  three  lines  passing  through  it  parallel 
to  the  long  side,  one  of  the  latter  being  supplied 
with  turntables  at  its  intersections.  The  L 
shape  was  adopted  because  it  was  not  desirable 
to  have  the  shop  built  in  a  single  long  line,  and 
in  order  to  arrange  for  the  practical  separation 
of  different  classes  of  work  under  the  same 
roof.  By  this  means  the  operations  in  one  wing 
are  substantially  independent  of  those  in  the 
other  and  the  result  is  that  there  are  two  nearly 
separate  shops  in  the  same  building.  The  wings 
have  hip  roofs,  and  each  is  divided  into  three 
equal  aisles  by  two  longitudinal  rows  of  col- 
umns supporting  the  roof  trusses.  The  center 
aisle  roofs  are  higher  than  those  in  the  side 
aisles  so  as  to  give  clere-stories  equal  to  the 
depths  of  the  trusses.  In  each  center  aisle 
there  is  a  standard  14-foot  monitor  extending 
nearly  the  full  length.    The  transverse  bents  of 


Woodworking  Shops,  with  Wood  and  Steel  Columns. 

near  the  center  wUh  turntables  at  the  intersec- 
tions. This  building  is  of  mixed  construction, 
having  combination  roof  trusses  continuous 
across  the  full  width  of  the  building  and  sup- 
ported on  two  equi-distant  longitudinal  rows  of 
steel  columns.  The  bearings  of  the  trusses  are 
on  heavy  corbel  timbers  seated  across  the  col- 
umn caps  and  projecting  from  wall  buttresses 
so  as  to  afford  ample  bearing  for  the  lower 
chords  and  somewhat  diminish  the  span.  The 
compression  members  in  the  trusses,  except  the 
counterbraces,  are  made  with  double  pieces,  and 
the  tension  verticals  are  made  with  upset  screw 
rods.  The  inclined  web  members  take  bearing 
against  oak  angle  blocks,  to  which  they  are  se- 
cured by  li^-inch  dowel  pins  6  inches  long.  The 
trusses  are  spaced  24  feet  apart  and  support  on 
their  top  chords  fifteen  lines  of  purlins  about 
6  feet  apart.  The  purlins  are  7xl6-lnch  timbers 
dapped   1-inch   over   the   chords  and   bolted    to 


Cross- Section  of"    Pattern  Shop.. 


Planing  Mill. — The  126x500-foot  planing  mill 
is  of  similar  construction  to  the  car  machine 
shop,  except  that  it  only  has  one  row  of  col- 
umns, which  divides  it  Into  two  equal  longitud- 
inal aisles.  It  is  served  by  two  lines  of  longi- 
tudinal tracks  passing  through  it  from  end  to 
end  and  one  transverse  track  with  turntables 
at  the  intersections,  which  connects  it  with  the 
drying  kiln.  The  roof  trusses  are  20  feet  apart 
and  the  purlins  carry  2x6-lnch  rafters  2  feet 
apart.  The  trusses  are  62  feet  8  inches  long 
over  all,  15  feet  deep  in  the  middle  and  7  feet 
deep  at  the  ends,  and  have  sway-bracing  be- 
tween their  top  and  bottom  chords  in  alternate 
panels.  The  details  correspond  with  those  of 
the  car  machine  shop,  but  the  timbers  are 
spliced  with  pairs  of  oak  flsh-plates,  as  shown  in 
the  detail.  This  building  Is  provided  with  a  12x 
18%-foot  lavatory  in  the  middle  of  one  long 
side. 
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FrHght  Car  Shop. — ^The  107x540-foot  freight 
car  shop  is  servecf  by  the  Midway  yard  crane 
across  one  end  and  by  four  longitudinal  tracks 
running  through  it  from  snd  to  end.  It  has 
side  walls  about  26  feet  high  pierced  with  ^2x 
21-foot  windows  8  feet  apart  in  the  clear.  In 
the  center  of  each  panel  of  the  roof,  except  at 
the  ends,  there  is  a  10x48-foot  standard  trans- 
Terse  monitor,  and  on  one  side  of  the  building 
there  are  two  16x24-foot  fan  houses,  one  12x41- 
(oot  lavatory  and  toilet  room  and  one  12x40-foot 
office,  all  built  as  one-story  lean-^s  against  the 
■ide  wall.  The  combination  roof  trusses  are 
spaced  20  feet  apart  and  correspond  with  those 
in  the  planing  mill.  They  are  supported  on 
steel  columns,  which  also  carry  the  12-lnch  run- 
way girders  for  three  one-ton  traveling  air- 
hoists in  each  aisle  of  the  building.  The  wall 
girders  for  the  runway  are  carried  on  steel 
brackets  bolted  through  the  pilasters. 


Pattern  Shop. — The  two-story  50x82-foot  pat- 
tern shop  has  wooden  floor  and  roof  beams  in 
three  spans  supported  by  two  longitudinal  rows 
of  kneebraced  columns,  as  shown  in  the  cross- 
section.  The  50xl50-foot  pattern  storage  build- 
ing has  20-inch   I-beam   roof    girders    15    feet 


apart  supported  on  the  side  walls  and  by  a 
center  row  of  steel  columns.  The  walls  are 
made  solid  with  the  exception  of  the  door  open- 
ings. They  are  paneled  by  outside  buttresses 
in  the  planes  of  the  roof  girders.  The  build- 
ing is  lighted  by  four  8x3-foot  skylights  in  every 
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alternate  panel  of  the  roof.  The  foundations 
are  carried  on  piles  driven  about  4  feet  apart 
in  staggered  rows  under  the  walls  and  in  groups 
of  four  under  the  columns. 

Frog  and  Sivitch  Shop.— The  102x264-foot 
frog  and  switch  shop  is  served  by  a  single  longi- 
tudinal surface  track  and  by  33-toot  2-ton  trav- 
eling cranes  in  two  of  the  three  panels  into 
which  it  is  divided  by  the  two  longitudinal 
rows  of  steel  columns  which  carry  the  24-inch 
I-beam  roof  girders  24  feet  apart.  The  walls 
are  pierced  by  windows  about  8Vi  feet  wide,  15 
feet  high  and  3  feet  apart  in  the  clear,  and 
there  is  a  standard  monitor  15  feet  wide  extend- 
ing nearly  from  end  to  end  of  the  building. 
There  is  a  12x24-foot  lavatory  and  toilet  room, 
a  14xllO-foot  lean-to  which  also  contains  the 
tool  room  and  furnaces.  The  columns  are  made 
with  pairs  of  10-inch  channels  latticed  and  carry 
the  runway  girders  on  bracket  plates  riveted  to 
the  channel  webs.  The  wall  girders  for  the 
runway  are  seated  on  stone  templates  capping 
the  corbelled  brick  pilasters. 

Cabinet  Shop. — The  62x580-foot    cabinet    and 


into  the  brick  walls.  The  building  Is  served 
by  a  single  longitudinal  track  running  through 
it  from  end  to  end. 

Truck  Shop.— The  82x434-foot  truck  shop  Is 
served  by  three  longitudinal  tracks  running 
through  it  and  by  the  Midway  yard  crane 
across  one  end.  ,  The  eastern  portion  is  divided 
Into  four  20-foot  aisles  by  three  longitudinal 
rows  of  wooden  columns  which  support  the 
transverse  wooden  roof  girders  24  feet  apart. 
The  western  portion  is  divided  into  three  aisles 
by  two  rows  of  steel  columns  supporting  steel 
beams.  There  is  a  10x20-foot  transverse  moni- 
tor in  the  center  of  each  roof  panel  and  the  side 
walls  have  8V2xl2-foot  windows  3  feet  apart. 
Trenches  18  inches  wide  and  15  inches  deep  are 
provided  in  the  floor  alongside  the  track  rails 
for  the  convenience  of  workmen  fitting  the 
trucks.  They  are  lined  with  planks.  On  one 
side  of  the  building  there  are  two  16x24-foot 
fan  houses  and  on  the  opposite  side  there  are 
two  12xl8%-foot  lavatory  and  toilet  rooms. 

Storehouse. — The  85x594-foot  storehouse  has 
wooden  roof  girders  supported  by  three  longi- 
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upholstering  shop  has  a  transverse  fire  wall  in 
the  center  which  divides  it  into  a  one-story  and 
a  two-story  portion.  The  two-story  portion  is 
used  for  hardwood  storage  on  the  lower  floor 
and  for  upholstering  on  the  upper  floor,  and  is 
built  with  two  lines  of  steel  columns  and  longi- 
tudinal girders  supporting  the  second  floor,  as 
shown  in  the  general  cross-section.  The  trans- 
verse beams  of  the  second  floor  and  the  columns 
and  girders  for  the  roof  are  all  of  wood  and  cor- 
respond exactly  to  those  for  the  roof  in  the  first 
story  part  of  the  building.  A  15-foot  standard 
monitor  extends  from  end  to  end  of  the  build- 
ing, on  the  center-  line  of  the  roof,  and  the 
walls  are  pierced  with  windows  about  8%  feet 
wide,  12  feet  high  and  3  feet  apart  in  the  lower 
story,  and  10  feet  high  in  the  upper  story.  The 
steel  columns  have  closed  rectangular  sections 
made  with  two  channels  and  t^vo  cover-plates, 
and  have  web-connections  and  reinforced  brack- 
et seats  for  the  20-inch  I-beam  girders.  The 
wall  ends  of  the  transverse  floorbeams  are  car- 
ried on  8-lnch  I-beams  seated  on  pilasters  built 


tudinal  rows  of  wooden  columns,  which  also 
carry  a  center  gallery  supported  on  cantilever 
girders  kneebraced  to  the  columns.  The  col- 
umn and  wall  foundations  are  on  piles.  The 
bottoms  of  the  windows  are  13'/^  feet  above  the 
floor  line  to  allow  for  storage  racks  and 
shelves  on  the  walls  below  them.  The  gallery 
is  lighted  by  a  12-foot  standard  monitor  extend- 
ing from  end  to  end  of  the  building. 

Office. — The  56x80-foot  office  building  has 
three  full  stories  besides  the  basement  and  at- 
tic, and  ita  wooden  floors  are  carried  by  the  ex- 
terior and  partition  walls.  The  combination 
roof  trusses  span  the  full  width  of  the  building 
and  are  framed  into  hip  rafters  at  the  ends. 
A  12xl6-foot  flreproof  vault  extends  from  base- 
ment to  attic  near  the  center  of  the  building  ad- 
jacent to  the  stair-well.  The  basement  is  used 
for  a  testing  room,  lavatory,  heating  apparatus, 
storage  and  time-keeper's  ofllce.  The  ground 
floor  is  used  for  clerks,  store-keeper,  stenog- 
raphers, telephone  and  reception  rooms;  the 
first  floor  for  general  officers,  superintendent  of 


rolling  stock  and  car  builder;  the  second  floor 
for  drafting  room  and  blueprint  room.  There 
are  lavatories  in  every  story  except  at  the 
ground  level. 

Dry  Kilns. — The  dry  kiln  for  soft  wood  has 
four  19x85-foot  compartments.  The  one  for 
hard  wood  has  one  19x85-foot  and  one 
21x85-foot  compartment.  Both  are  equip- 
ped with  Morton's  patent  apparatus  installed 
by  the  A.  H.  Andrews  Company,  of  Chicago.  The 
kilns  are  built  of  wood  with  a  gravel  roof. 
There  are  no  end  walls,  but  the  openings  there 
are  covered  by  canvas  doors  operated  by  an 
overhead  roll,  like  a  theatre  drop  curtain. 


A  Nine-Foot  Diameter  Flap  Valve. 

The  great  growth  of  the  cities  of  the  country 
has  necessitated  a  corresponding  increase  in 
the  magnitude  of  public  works  of  all  kinds. 
This  development  has  extended  to  the  various 
details  of  the  public  service  systems,  such  as 
pumping  engines,  pipes,  valves  and  meters, 
calling  for  new  designs  and  expedients  and 
exercising  the  ingenuity  of  engineers  and  man- 
ufacturers. This  tendency  has  been  especially 
noteworthy  in  the  design  and  construction  of 
hydraulic  machinery  and  kindred  appliances. 
The  new  sewerage  system  of  the  city  of  Chi- 
cago includes  several  examples  of  this,  one  of 
which  is  described  in  the  following- paragraphs: 

Thei  photograph  reproduced  on  this  page 
illustrates  one  of  several  massive  check  or  flap 
valves  with  inlet  ports  9  feet  in  diameter. 
These  valves  were  placed  on  the  delivery  ends 
of  centrifugal  pumps  and  automatically  close 
if  the  pumps  for  any  reason  are  shut  down. 
The  use  of  such  valves  in  this  case  was  impera- 
tive, as  the  centrifugal  pumps  deliver  water 
under  several  feet  head,  and  no  sliding  gate 
could  be  closed  quickly  enough  to  prevent  flood- 
ing or  damage  to  the  pump. 

The  body  of  each  gate  is  of  gray  iron  and 
is  partially  embedded  in  the  concrete  wall.  A 
large  gray  iron  flap  of  such  huge  dimensions 
made  strong  enough  to  withstand  the  sudden 
strains  would,  however,  have  proved  far  too 
heavy,  and,  furthermore,  would  have  greatly 
impeded  the  delivery  of  water  through  the 
pump.  This  obstacle  was  overcome  by  devis- 
ing a-partially  buoyant  float  valve  composed  of 
a  cast-steel  rim  reinforced  by  a  concentric  rib. 
to  which  were  securely  riveted  two  sheet  steel 
dished  plates.  The  concave  sides  of  these 
plates  were  riveted  together  and  joints  calked, 
these  in  turn  being  riveted  to  the  ring.  Each 
float  was  hydraulically  tested  under  pressuia 
to  expose  leaks. 

Both  valves  and  frames  were  provided  with 
bronze  rings  dovetailed  into  the  metal  and  then 
faced  to  a  watertight  surface.  Each  valve  was 
pivoted  on  a  steel  axle  hung  within  bronze 
bearings.  These  gates  were  designed  by  the 
engineers  of  Coffin  Valve  Company  and  the 
Allis  Chalmers  Company,  through  whom  the 
valves  were  furnished.  The  construction  was 
carried  out  by  the  Coffin  Valve  Company,  of 
Boston,  Mass.,  from  whom  the  illustration  was 
obtained. 


Thawing  Fbozen  Ground  for  street  railway 
construction  in  Waltham,  Mass.,  is  reported,  in 
the  "Journal,"  of  the  New  England  Water 
Works  Association,  to  have  been  accomplished 
by  the  use  of  lime.  There  is  said  to  have  been 
nearly  2  feet  of  frost  in  the  ground.  It  was 
a  macadamized  street.  Several  barrels  of  lime 
were  scattered  over  the  part  to  be  dug  up;  the 
lime  was  then  covered  with  manure  and  wet. 
The  next  day  the  ground  was  in  perfect  con- 
dition for  digging.  Lime  has  also  been  suc- 
cessfully employed  for  thawing  water  service 
pipes. 
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Discharging  Capacity  of  Culverts. 
Rt    WashlDgtiiir  I'arkvr   Irvland. 


It  Is  a  well-established  fact  that  the  shape 
and  condition  of  the  entrance  or  inlet  to  pipes 
and  conduits  affects  their  discharging  capac-' 
ity.  If  the  end  of  the  pipe  projects  into  the 
water,  the  discharge  will  be  less  than  when 
the  end  is  flush  with  the  end  of  the  reservoir. 
Pipes  provided  with  bell-shaped  or  conical 
mouthpieces  will  give  a  greater  discharge  than 
flush-end  or  inward  projecting  pipes.  It  is  like- 
wise true  that  the  loss  of  head  at  entrance,  for 
a  pipe  discharging  a  certain  amount,  varies 
with  the  shape  of  the  entrance  to  the  pipe. 
These  principles  were  established  by  hydrau- 
licians  who  made  experiments  to  determine 
the  effect  of  different  conditions  and  shapes  of 
approaches  on  the  discharge  from  cylindrical 
pipes.  An  examination  of  these  experiments 
reveals  the  fact  that  they  were  all  made  with 
pipes  of  small  diameter,  varying  in  most  cases 
from  H  to  2  inches.  The  results  of  tjiese  ex- 
periments may  not  be  applicable  to  pipes  of 
large  diameter  such  as  are  used  to  conduct 
water  through  railroad  embankments  and  under 
highways. 

Pipes  through  embankments  are  usually  pro- 
vided with  approaches  consisting  of  timber  or 
masonry  walls,  the  form  and  position  of  which. 
it  is  supposed,  affect  the  discharge.  Since  the 
lesults  of  the  experiments  with  pipes  of  small 
diameter  may  not  be  applicable  to  pipe.s  of 
large  diameter,  it  was  believed  that  an  investi- 
gation of  the  flow  through  larger  pipes  would  be 
a  contribution  to  hydraulic  knowledge,  and 
would  also  bring  to  light  the  best  method  of 
constructing  railroad  and  highway  culverts. 

Before  entering  into  this  investigation  it  will 
be  well  to  briefly  review  the  theoretical  ex- 
planation of  the  flow  of  water  through  pipes. 

The  total  head  which  causes  flow  of  water 
through  pipes  may  be  represented  by  the  equa- 
tion h  =  (V  H-  2g)  +  m( v=  ^  2g)  +  f (lv=  ^  2dg), 
in  which  h  is  the  total  head,  vV2g  is  the  amount 
of  h  used  to  impart  velocity  to  the  water, 
m  vV2g  is  the  amount  of  h  taken  by  coiitrac- 
tion.  resistance  of  the  inner  edge  of  the  pipe  at 
entrance,  and  expansion  to  the  full  size  of  the 
pipe,  together  called  entrance  head,  and  flv'  -r- 
2dg  13  that  part  of  h  ui?d  in  overcoming  fric- 
tion. The  term  v  is  the  average  velocity  of 
the  issuing  stream  in  fe-.t  per  second.  The 
average  velocity  is  used  because  the  actual 
velocity  varies  in  different  parts  of  the  section 
considered.  For  a  short  horizontal  pip3,  the 
velocity  in  the  lower  part  is  greater  then  that 
in  the  upper  part,  since  it  is  under  a  higher 
head.  Near  the  side  of  the  pipe  the  velocity 
is  less  than  near  the  center,  the  smaller  value 
being  due  to  friction.  Th  term  g  is  the  ac- 
celeration of  gravity,  m  is  the  coefficient  for 
entrance  head,  f  is  the  coefficient  of  friction,  1 
is  the  length  in  feet  of  the  pipe  flowing  full,  and 
d  Is  the  diameter  of  the  pipe  in  feet. 

The  loss  due  to  friction,  flV  -t-  2dg.,  is  small 
in  short  tubes,  as  is  seen  by  the  following  de- 
monstration: In  an  experiment  made  by  the 
writer  with  a  12-inch  pipe  three  diameters  in 
length,  a  head  of  1  foot  gave  an  actual  velocity 
of  5.6  feet  per  second.  The  velocity  head  cor- 
responding to  this  is  0.71.  The  water,  after 
contraction,  fills  the  pipe  at  a  distance  of  two 
diameters  from  the  entrance.  Hence  1,  the 
length  of  that  part  of  the  pipe  flowing  full,  is  1 
foot.  The  friction  factor,  f  =  0.02  (see  Merrl- 
man's  "Treatise  on  Hydraulics,"  page  168). 'Sub- 
sUtuting  these  values,  flV  -h  2dg  =  0.02  X  1  X 
0.71  =  0.014.  The  loss  due  to  friction  is  there- 
fore about  1.4  per  cent,  in  this  case.  The  term 
flv'  -r-  2dg  will  therefore  be  dropped  for  pipes 
of  three  diameters  length,  and  the  friction  loss 
will  be  included  in  the  term  for  entrance  head 


mv72g.  We  shall  use  the  formula  h  =  vMl  -f 
m)  -i-  2g.  The  coefficient  of  entrance  head  m  is 
obtained  from  m  =  (1 — C=) — 1  (see  Merriman's 
"Treatise  on  Hydraulics,"  page  165,  Art.  73)  in 
which  c  is  the  coefficient  of  discharge,  deter- 
mined by  dividing  the  actual  discharge  of  a 
short  tube  by  the  theoretical  discharge. 

The  real  problem  is  to  determine  the  loss 
of  head  at  entrance,  m  vV2g.  with  different 
shaped  approaches  and  under  different  condi- 
tions. To  make  this  determination  experi- 
ments were  made  with  a  wrought  iron  cylindri- 
cal pipe,  12  inches  in  diameter  and  three  diam- 
eters in  length.  The  pipe  was  provided  with 
straight  wall  and  wing  wall  entrances  built  of 
dressed  and  matched  flooring.  The  straight 
wall  was  so  constructed  that  the  distance  from 
the  edge  of  the  pipe  to  the  bottom  and  sides 
of  the  wall  was  two  diameters.  The  wing  walls 
were  built  so  that  they  could  be  swung  on 
hinges  to  any  desired  angle  with  the  axis  of  the 
pipe. 

The  pipe  was  placed  in  a  horizontal  posi- 
tion in  a  large  weir  channel,  with  one  end  pro- 
truding through  a  hole  in  a  water-tight  bulk- 
head built  across  the  weir  opening,  and  the 
other  end,  supporting  one  of  the  above  de- 
scribed wall  entrances,  resting  on  an  A  sup- 
port. The  water  entered .  the  channel  at  the 
upper  end  and  was  discharged  through  the  pipe. 
The  head  on  the  center  of  the  pipe  was  meas- 
ured by  means  of  a  graauated  rod  which  was 
read  to  hundredths  of  a  foot.    After  discharging 


By  plotting  the  results  in  this  manner  it  was 
clear  that  there  is  not  much  difference  between 
the  values  of  m  for  the  inward  projecting  pipe 
and  the  pipe  flush  with  wall  of  reservoir 
(straight  wall).  Generally,  then,  for  culverts 
flowing  full  at  the  discharge  and  the  values  of 
m  may,  without  great  error,  be  taken  to  be  0.52 
for  flush  end,  and  0.62  for  entrance  end  pro- 
jecting into  stream.  For  low  heads  or  slow 
velocities  it  may  be  somewhat  larger. 

The  values  of  m  for  diverging  mouthpieces 
do  not  differ  much  from  each  other.  For  angles 
of  divergence  of  from  10  to  30  degrees  m 
may  be  taken  to  be .  0.20,  and  from  30  to  60 
degrees  it  may  be  0.25,  the  culvert  flowing 
full  at  the  discharge  end. 

Pipes  provided  with  diverging  mouthpieces 
have  much  smaller  values  of  m  than  inward 
projecting  pipes,  or  flush  ends. 

The  discharge  from  culverts  not  flowing  full 
is  materially  less  than  that  usually  calculated, 
due  to  the  dropping  of  the  water,  or  contraction 
at  entrance,  and  to  the  error  in  the  velocity  as- 
sumed. The  value  of  m,  using  v  as  the  velocity 
calculated  from  full  pipe  section  In  the  formula 
h  =  (l-[-m)  v-/2g,  will  be  from  three  to  six 
times  the  value  found  tor  conditions  for  the 
pipe  actually  running  full.  If  the  actual  aver- 
age velocity  in  the  part-full  pipe  was  used  the 
resulting  value  of  m  would  not  be  far  from  the 
amounts  given  above.  In  order  that  a  culveTt 
may  flow  full  and  discharge  the  amount  cal- 
culated by  the  usual  formula,  the  head  on  the 


Model  of  Straight-Wall  Entrance. 

from  the  pipe  the  water  passed  over  a  3-foot 
suppressed  weir.  The  actual  discharge  was 
measured  by  means  of  this  weir,  the  head  on 
the  weir  being  obtained  with  a  hook  gauge. 

A  set  of  experiments  was  made  with  the 
wing-walls  making  angles  of  0,  15,  30  and  45 
degrees  with  the  axis  of  the  pipe;  each  set 
comprising  experiments  made  with  the  pipe 
under  three  different  heads,  varying  from  0.5 
to  1.3  ft.  Another  set  was  made  with  the 
straight  wall  entrance  perpendicular  to  the  axis 
of  the  pipe,  the  end  of  the  pipe  being  flush 
with  the  wall.  The  actual  discharge  in  each 
experiment  was  divided  by  the  theoretical  dis- 
charge calculated  from  the  equation  Q  =  A  x 
V2gh,  in  which  Q  =  the  discharge  in  cubic 
feet  per  second,  and  a  =  area  of  pipe  In  square 
feet,  g  =  acceleration  of  gravity,  and  h  =  head 
on  center  of  pipe  in  feet.  The  value  thus  ob- 
tained is  the  coefficient  of  discharge  and  substi- 
tuting it  in  m  ==  (l/C  —  1),  the  coefficient  of 
entrance  loss,   m,  is  obtained. 

Having  obtained  values  of  m  in  the  above  de- 
scribed manner  for  each  shape  and  condition 
of  entrance,  the  relation  between  m  and  H,  the 
head  on  center  of  pipe,  was  found  by  plotting 
the  results  on  cross-section  paper  on  which 
were  also  plotted  the  results  of  similar  experi- 
ments with  a  6-inch  pipe  provided  with  diverg- 
ing conical  mouthpieces,  as  well  as  straight 
wall  and  inward  projecting.  It  la  shown  by 
these  diagrams  that  the  experiments  with  12- 
inch  pipe  verify  those  made  with  the  6-inch. 


Model  of  Wing- Wall  Entrance. 

center  of  the  pipe  must  be  at  least  one  diam- 
eter. 

Having  obtained  the  coefficient  of  entrance 
loss,  m.  for  pipes  of  three  diameters  length 
the  discharging  capacity  of  pipes  or  culverts  of 
any  length  may  be  calculated  by  means  of  the 
formula 


^  1  +m  +  th^ 


l--3d 
d 

(see  Merriman's  "Treatise  on  Hydraulics," 
page  180).  Using  the  above  values  of  m.  0.52 
for  straight  wall  and  0.62  for  inward  project- 
ing formulas  for  discharge  through  culverts 
with  the  discharge  end  flowing  full  are  as 
follows: 

Straight  Wall  Entrance — 

For  1  =    3d,  q  —  0.81a  V*h. 
"    1  =  12d,  q  =  0.77a  V2gh. 
"    1  =  24d,  q  =  0.72a  V2gh. 
Fifteen  Degree  Wing  Wall  Entrance — 
For  1  ==    3d,  q  =  0.79a  V2gh. 
"    1  =  12d,  q  =  0.75a  V2gh. 
"    1  =  24d,  q  =  0.71a  V2gh. 
(The  15  degrees  is  the  angle  of  divergence  of 
each  wall  from  the  axis  of  the  pipe.) 
Pipe  Projecting  Into  Stream — 

For  1   =  3d,  v  =  0.78a   V2gh. 
"   1  =  12d,  V  =  0.74a  \/2gh. 
"    1  =  24d,  V  =  0.70a  v'2gh. 
There  Is   little   difference   between   the   dis- 
charge for  the  different  ends.    When  the  dis- 
charge end  does  not  flow  full,  m  ranges  from 
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1.5  to  3.0.  The  values  of  c  corresponding  to 
these  values  of  m  are  0.63  and  0.50  respectively. 
We  therefore  have  the  equation  q  =  0.50  to 
0.63  aV2gh,  by  which  the  discharge  may  be 
calculated.  Thus  we  see  that  the  discharge 
from  culverts  not  flowing  full  at  the  discharge 
end  Is  only  two-thirds  to  three-quarters  that 
from  culverts  flowing  full.  Using  the  above 
equation  the  following  values  of  q  were  ob- 
tained: 

Straight  Wall— 

For  1  =z     3d,  q  HZ  0.63a  V2gh. 
"    1  =   12d,  q  =  0.61a  v'2gh. 
"    1  =  24d,  q  —  0.58a  V2gh. 
Fifteen-Degree  Wing  Wall — 

For  1  =     3d,  V  =  0.54a  V2gh. 
"     1  =    12d,  V  =  0.52a  V2gh. 
"     1  =  24d,  q  =  0.51a  V2gh. 
Inward  Projecting — 

For  1   =     3d,  q  =  0.52a    V2gh. 
"    1  =  12d,  q  =  0.51a   V2gh. 
"    1  =  24d,  q  =  0.49a  v'2gh. 
The  above  equations  were  derived  consider- 
ing no  velocity  in  the  water  at  entrance  to  cul- 
vert.    Assuming  a  velocity  of  approach  of  half 


Fifteen-Degree  Wing  Wall. 

For  i  =     3d,  q  =  0.57a   V2gh. 
"    1  =  12d,  q  =  0.55a   V2gh. 
"    1  —  24d,  q  =  0.53a  V2gh. 
Inward  Projecting — 

For  1  —     3d,  q   =:  0.54a  V2gh. 
"    1  =  12d,  q  =  0.52a  V2gh. 
"    1  =  24d,  q  =  0.50a  V2gh. 
If    railroad    or    highway     culverts   are   con- 
structed with  wing-wall  entrances  there  is  not 
much  difference  in  the  values  of  m  for  different 
degrees  of  divergence.     With  the  pipe  flowing 
full  m  varies  from  0.60  to  0.80  with  any  angle 
of   divergence   between  0   and   90   degrees,   in- 
cluding straight  wall  or  flush  end.     So  far  as 
shown,  then,  the  discharging  capacity  is  prac- 
tically   independent   of   the   form   of   entrance. 
Wing-walls   may  be  advantageous  in  directing 
the  flow  of  drift  and  rubbish  through  the  cul- 
vert. 

The  best  culvert  construction  is  that  in 
which  a  minimum  loss  of  head  at  entrance 
and  a  maximum  discharge  are  obtained.  This 
may  be  accomplished,  as  the  results  of  this  in- 
vestigation indicate,  by  building  conical  mouth- 


A    Concrete    Plant    for    Street    Railway 
Work. 


The  Kerwin  Concrete  Train  of  the  Detroit  United  Railway. 


the  velocity  in  the  culvert  the  following  equa- 
tions were  derived  from 


=v 


2gh 
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for  the   pipe  flowing  full  and  partially  full. 
Pipe  Full  at  Discharge  End. 
Straight  Wall— 

For  1  =     3d,  q  =  0.89a  V2gh. 
"    1  —  12d,  q  =  0.83a  V2gh. 
"    1  =  24d,  q  =  0.77a  V2gh. 
Fifteen-Degree  Wing  Wall—  " 

For  1  =     3d,  q  =  0.86a  V2gh. 
"    1  =  12d,  q  =  0.81a  V2gh. 
"     1  =  84d,  q  =  0.75a  V2gh. 
Inward  Projecting — 

For  1  =     3d,  q  =  0.85a  V2gh. 

"    1  —  12d,  q  =  0.80a   v'2gh. 

"    1  =  24d,  q  —  0.75a  V2gh. 

Pipe  Not  Full  at  Discharge  End. 

Straight  Wall— 

For  1  =  3d,  q  =  0.67a  V2gh. 
"  1  =  12d,  q  =  0.64a  V2gh. 
"    1  —  24d,  q  =  0.61a  V2gh. 


pieces,  diverging  from  the  edge  of  the  pipe  at 
an  angle  of  from  10  to  30  degrees  with  the 
axis  of  the  pipe.  It  is  only  necessary  to  con- 
struct the  mouthpiece  diverging  from  sides  and 
top  of  pipe  since  the  bottom,  if  constructed, 
would  soon  be  filled  with  material  deposited  by 
the  stream.  This  is  an  economical  method  of 
construction  since  the  length  of  the  mouth-, 
piece,  which  is  determined  by  making  the 
area  of  the  outer  end  twice  the  area  of  the  pipe, 
varies  from  one-third  the  diameter  of  the  pipe 
to  one  diameter,  for  angles  of  divergence  of 
from  30  to  10  degrees. 

These  notes  are  taken  from  a  thesis  sub- 
mitted last  year  at  the  University  of  Illinois 
In  the  course  in  civil  engineering.  The  writer 
is  indebted  to  Prof.  A.  N.  Talbot,  of-  the  muni- 
cipal and  sanitary  engineering  department  of 
the  University,  for  valuable  suggestions  and 
advice  during  the  investigation  of  this  subject. 


The  accompanying  iliustration  shows  a  plant 
built  somewhat  over  a  year  ago  from  the  plans 
of  Mr.  John  Kerwin,  superintendent  of  tracks 
of  the  Detroit  United  Railway,  in  the  company's 
shop.  In  the  construction  of  a  modern  street 
railway  roadbed  a  large  amount  of  concrete  has 
to  be  used,  but  the  conditions  of  the  work  make 
it  impracticable  to  place  the  material  in  the 
track  at  a  low  cost  if  it  is  mixed  in  the  usual 
semi-portable  plants.  The  quantity  to  be  laid 
in  any  one  place  is  comparatively  small  In  pro- 
portion to  the  whole  amount,  and  the  highest 
economy  is  only  possible  when  a  portable  plant 
is  employed.  Mr.  Kerwin  employs  a  train  of 
three  cars,  that  at  the  head  carrying  the  mixer, 
the  middle  one  the  sand,  and  the  third,  broken 
stone.  A  narrow-gauge  track  runs  down  the 
middle  of  each  car,  and  the  sections  of  the  track 
are  connected  over  the  couplings  by  fish  plates. 
On  the  mixer  car  the  track  ends  in  an  incline 
leading  to  the  platform  over  the  mixer.  When 
the  material  cars  are  empty  two  more  with 
fresh  supplies  are  attached.  The  little  hopper 
car  shown  on  the  track  in  the  middle  of  the 
train  is  hauled  along  by  a  cable  running  to  a 
winding  drum  at  the  head,  which  is  controlled 
by  the  operator  of  the  mixer.  All  the  machinery 
is  operated  electrically. 

When  the  plant  is  in  use,  the  hopper  car  has 
half  a  yard  of  sand  spread  over  its  bottom  and 
then  half  a  barrel  or  two  bags  of  cement  is  put 
on  the  sand.  The  little  car  is  then  run  back  to 
the  last  or  stone  car,  which  has  high  sides  in 
order  to  hold  the  broken  stone  on  a  platform 
above  the  track  on  which  the  charging  car  runs. 
A  cubic  yard  of  crushed  stone  is  discharged  over 
the  cement  through  an  opening  in  the  platform, 
and  the  batch  of  raw  materials  is  then  hauled 
to  the  hopper  of  the  mixer. 

The  mixer  is  a  drum  8  feet  in  diameter  and 
4  feet  long,  revolved  by  an  electric  motor.  The 
boy  standing  on  the  platform  adds  the  water  to 
the  batch,  the  amount  being  measured  by  means 
of  the  tank  or  cask  shown  behind  him  on  the 
staging.  The  mixed  concrete  is  discharged 
through  the  chute  to  the  low  car  on  which  the 
men  are  shown  standing,  and  this  car  is  drag- 
ged by  a  horse  to  the  place  where  the  concrete 
is  to  be  used.  The  car  has  a  pole  bottom,  like 
a  contractor's  cart,  to  facilitate  the  dumping  of 
the  concrete. 

This  plant  avoids  any  storage  of  materials 
on  the  street,  keeps  the  mixer  close  to  the  work, 
and  furnishes  a  batch  of  concrete  every  5 
minutes  if  it  is  desired.  A  crew  of  nine  men 
are  required  to  operate  the  train,  which  is  esti- 
mated by  Mr.  Kerwin  to  save  about  |20  a  day 
when  concrete  construction  is  in  full  swing. 


The  Panama  Canal  Commission  sailed  for 
the  Isthmus  on  Tuesday  for  a  preliminary 
study  of  conditions  there. 


The  Association  of  Portland  Cement  Manu- 
FACTUREBS  Is  erecting  on  the  exposition  grounds 
at  St.  Louis,  a  concrete  building,  in  the  Mission 
style  of  architecture,  which,  with  its  contents, 
will  constitute  the  collective  exhibit  of  the  ce- 
ment Industries.  The  building  consists  of  three 
halls,  with  two  25-foot  courts  between,  connect- 
ed by  a  loggia,  and  will  form  the  gateway  to 
the  "outside  mining  exhibit."  The  center  hall 
will  contain  exhibits  of  cement  in  all  stages 
of  manufacture,  together  with  drawings  and 
photographs  of  cement  plants  and  quarries,  and 
cement  and  concrete  work.  One  hall  will  be 
a  complete  testing  laboratory  in  charge  of  an 
engineer.  The  third  hall  will  be  a  meeting 
place  for  engineers,  architects,  contractors  and 
others  interested  in  cement,  and  will  be  sup- 
plied with  the  leading  trade  journals.  Among 
the  most  Interesting  structural  features  of  the 
building  will  be  the  beams  supporting  the  roof. 
They  have  a  span  of  30  feet  and  are  to  be  cast 
on  the  ground  and  then  erected  In  place. 
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The  qualities  which  are  requisite  for  a  good 
Portland  cement  are  those  which  insure  that 
concrete  made  from  it  shall  be  of  sufficient 
strength  to  withstand  any  and  all  strains. 
stresses  and  shocks  to  which  it  mar  be  sub- 
mitted, not  only  when  first  made  and  alio- — d 
to  harden,  but  after  the  lapse  of  man?  years. 
The  tests  now  applied  to  cement  all  atm  to 
search  out  these  qualities,  or  show  their  ab- 
sence, and  may  be  classed  under  two  general 
heads,  i.  e..  those  designed  to  show  the  strength 
of  concrete  made  from  the  cement,  and  those 
designed  to  show  its  endurance.  Under  the 
first  head  come  the  tests  for  tensile  strength, 
compressive  strength,  fineness  to  which  the 
cement  is  ground,  as  this  influences  its  sand- 
carrying  capacity  and  hence  its  strength,  and 
time  or  rate  of  setting,  as  quick-setting  cement 
may  not  give  sufficient  time  for  proper  manipu- 
lation of  the  concrete  and  slow-setting  cement 
may  take  too  long  to  get  its  strength.  Under 
tests  for  endurance  come  the  various  so-called 
soundness  tests,  and  possibly  chemical  analysis 
as  the  quantities  of  magnesia  and  of  sulphur 
trioxide  present  are  supposed  to  have  an  ir- 
fluence  upon  endurance. 

It  is  the  writer's  intention  in  this  paper  to 
discuss  some  of  the  false  conclusions  that  may 
be  drawn  from  a  too  rigid  Interpretation  of  the 
results  of  these  tests  even  when  they  are  prop- 
erly manipulated.  Improper  manipulation  or 
the  varying  results  due  to  the  personal  equa- 
tion of  the  operator  or  the  different  percentages 
of  water  used  in  gauging  the  mortar,  or  the 
sundry  modes  of  making  briquettes  and  pats, 
trowelling,  ramming,  shaping,  etc.,  enter  no 
part  Into  it,  and  for  the  sake  of  simplicity  it 
is  supposed  that  the  results  of  different  opera- 
tors agree.  It  is  well  to  say,  also,  at  the  outset 
that  it  is  not  the  writer's  Intention  to  advocate 
any  new  system  of  cement  testing  nor  to  sug- 
gest that  the  present  one  be  done  away,  but 
merely  to  point  out  certain  weaknesses  which 
limit  its  general  application  to  every  case,  and 
to  recommend  a  stronger  leaning  towards 
those  tests  which  show  the  strength  and  endur- 
ance of  sand  mortar  rather  than  neat  cement. 
Boundness. — The  tests  ordinarily  applied  to 
Portland  cement  are  those  for  soundness,  ten- 
sile strength,  fineness  and  rate  of  set.  These 
are  placed  in  the  order  of  relative  importance 
aa  considered  by  most  inquirers.  Unquestion- 
ably the  most  important  test  of  cement  is  that 
of  its  endurance,  or  the  test  for  soundness,  and 
this  test  has  certainly  the  right  to  be  the  one 
most  widely  discussed.  It  is  unfortunate  that 
the  test  which  seems  to  be  accepted  by  the 
majority  as  a  standard  is  the  long-time  cold- 
water  pat,  a  test  requiring  such  length  of  time 
for  its  completion  as  to  practically  forbid  Its 
nse.  The  conditions  of  the  case  demand  a  rapid 
test  In  order  that  the  consumer  may  not  be 
required  to  store  the  cement  for  a  long  period 
of  time  while  he  awaits  the  results  of  his  cold- 
water  pats.  Quite  a  number  of  these  rapid  tests 
have  been  proposed,  chief  of  which  are  the 
boiling  test  first  devised  by  Prof.  Tetmajer  of 
Zurich,  and  the  steam  test  recommended  in  its 
preliminary  report  by  the  last  committee  of 
the  American  Society  of  Civil  Engineers  on 
cement  testing.  A  milder  test  much  used  in 
England  is  the  warm  water  test  of  Faija  hi 
which  the  pats  are  allowed  to  harden  over 
water  kept  at  120  degrees  Fahr.  for  six  hours 
and  then  immersed  in  the  latter  for  eighteen 
hours.  Very  little  cement  which  falls  on  the 
boiling  test  will  pass  a  five-hour  steam  test, 
but  a  great  deal  of  that  failing  on  the  boiling 


and  steam  tests  will  pass  the  Palja  test  satis- 
factorily. 

To  the  manufacturer  the  boiling  test  is  an 
exceedingly  useful  one,  for  if  a  cement  will 
pass  this  test  it  will  pass  any  test  to  which  it 
may  be  subjected.  He  can  not  hold  his  cement 
in  his  stock  house  for  months  while  he  ascer- 
tains if  it  will  pass  the  cold-water  pat  test  and 
so  he  applies  an  accelerated  test  to  tell  him  i( 
this  cement  will  pass  the  tests  to  which  it  is 
likely  to  be  put.  To  my  mind  there  is  a  strong 
comparison  between  the  boiling  test  and  the 
color  test  for  carbon,  so  much  used  in  the  steel 
works  laboratories.  While  this  latter  test  is 
very  useful  to  the  manufacturer  still  no  en- 
gineer would  condemn  steel  on  the  result  of 
such  a  test,  for  though  it  may  give  correct  re- 
sults in  nine  out  of  ten  cases  he  does  not  care 
to  take  the  risk  of  this  being  the  tenth  case 
and  of  throwing  out  a  good  steel,  and  so  work- 
ing great  hardship  to  the   manufacturer. 

Unquestionably  much  good  concrete  has  been 
made  from  so-called  unsound  cement,  and  this 
is  the  key  to  the  whole  objection  to  the  boiling 
test.  It  is  probable  that  much  of  the  first 
American  Portland  cement  would  not  have 
passed  the  boiling  test,  yet  it  is  upon  the  merits 
of  the  work  done  with  this  cement  that  en- 
gineers are  now  using  American  instead  of  im- 
ported cement.  Butler  gives  a  strong  plea  for 
the  Faija  test  and  states  that  in  the  twenty 
years  this  test  has  been  in  use,  no  cases  of 
failure  in  work  bj^  cement  passing  this  test 
have  come  under  his  observation.  If  the  Faija 
test  is  severe  enough  to  exclude  all  bad  ce- 
ments, then  the  boiling  test  is  needlessly  se- 
vere as  it  rejects  many  cements  which  pass 
Faija's  test. 

All  cement  probably  contains  some  free  lime. 
From  the  nature  of  the  case  this  must  be  so, 
since  cement  raw  materials  are  not  ground  to 
a  degree  of  fineness  nor  carried  to  a  state  of 
fusion  which  would  permit  of  every  molecule 
of  lime  coming  in  contact  with  a  molecule  of 
silica  or  of  alumina.  Now  there  are  limits  be- 
yond which  if  the  uncombined  or  free  lime  goes 
certain  results  will  take  place.  Let  us  suppose 
that  with  a  very  small  percentage!  present  the 
cement  will  fail  on  the  boiling  test  but  pass 
satisfactorily  five  hours  in  steam,  and  if  a  still 
larger  percentage  is  present  it  will  fail  in  the 
steam  but  pass  the  Faija  test.  Now,  again,  let 
us  suppose  that  a  neat  mixture  with  a  certain 
small  percentage  of  free  lime  is  sound,  with  a 
larger  percentage  a  3:1  sand  mixture  is  sound, 
with  a  still  larger  percentage  a  1:3:8  concrete 
is  sound.  (It  is  well  understood  that  the  ten- 
dency of  cement  to  disintegrate  is  greater  in 
a  neat  paste  than  In  a  sand  mixture,  and  any- 
one with  experience  in  cement  testing  knows 
of  cases  where  neat  briquettes  were  disinteg- 
rated in  time  and  yet  the  sand  ones  were  sound 
and  strong.)  Now  how  do  we  know  that  the 
limit  of  lime  which  may  be  present  in  good 
cement  (that  is  cement  which  will  make  endur- 
ing concrete)  is  coincident  with  that  maximum 
which  may  be  present  for  a  sound  boiling  test? 

Nearly  all  advocates  of  the  boiling  test  have 
tried  to  prove  these  two  limits  coincident  by 
comparing  the  boiling  test  with  the  results  of 
neat  pats  and  neat  briquettes.  Usually  the  co- 
incidence of  a  failure  on  the  boiling  test  with 
either  a  warping  or  cracking  of  the  neat  pats 
or  a  loss  of  strength  in  the  neat  briquettes  on 
long  time  tests  is  considered  competent  evi- 
dence in  favor  of  the  boiling  test.  In  reality 
cement  is  seldom  used  neat.  A  cement  which 
fails  on  the  boiling  test,  whose  neat  briquettes 
fall  off  In  strength  after  7  or  28  days,  yet  whose 
sand  briquettes  increase  In  strength  as  they 
grow  older,  has  certainly  given  evidence  that 
it  will  make  good  concrete.  In  weighing  evi- 
dence for  the  boiling  test  it  must  be  remem- 


bered that  we  do  not  make  this  test  to  see  if 
neat  briquettes  will  fail  in  strength  as  they 
age  or  if  neat  pats  will  warp  and  decay  but 
whether  sidewalks,  piers,  abutments,  founda- 
tions, walls,  floors  and  buildings  of  concrete, 
not  neat  cement,  will  be  permanent,  and  the 
thing  therefore  to  compare  the  boiling  test 
with  is  concrete.  Not  until  we  can  compare 
our  laboratory  records  with  many  examples  of 
both  failures  and  successes  in  actual  work  shall 
we  have  reliable  data  for  forming  our  conclu- 
sions as  to  the  reliability  of  the  various  tests 
for  soundness. 

At  the  last  meeting  of  the  American  Society 
for  Testing  Materials  Mr.  W.  P.  Taylor,  of  the 
Philadelphia  Testing  Laboratory,  read  a  very 
carefully  prepared  paper  upon  the  boiling  test 
[printed  in  The  Engineering  Record  of  August 
15,  1903]  in  which  he  compared  the  results  of 
neat  briquettes  and  neat  pats  with  the  results 
of  the  boiling  test.  As  is  usual  he  considered 
a  falling  off  of  the  strength  of  neat  briquettes 
on  long  time  tests  and  a  cracliing  and  warping 
of  the  neat  cold  water  pat  as  being  positive  evi- 
dence of  the  presence  of  injurious  constituents 
in  the  cement.  He  gives  these  figures:  "Of 
all  the  samples  failing  to  pass  the  boiling  test 
34  per  cent,  of  them  developed  checking  or 
curvatures  in  the  normal  pats  or  a  loss  of 
strength  in  less  than  28  days.  Of  those  sam- 
ples that  failed  in  the  boiling  test  but  remained 
sound  for  28  days,  3  per  cent,  of  the  normal 
pats  showed  checking  or  abnormal  curvature 
in  2  months,  7  per  cent,  in  3  months,  10  per 
cent,  in  4  months,  26  per  cent,  in  6  months, 
and  48  per  cent,  in  one  year;  and  of  these  same 
samples  37  per  cent,  showed  a  falling  off  in  ten- 
sile strength  in  2  months,  39  per  cent,  in  3 
months,  52  per  cent,  in  4  months,  63  per  cent, 
in  6  months,  and  71  per  cent,  in  one  year.  Or 
taking  all  these  together,  of  all  the  samples 
that  failed  in  the  boiling  test  86  per  cent,  of 
them  gave  evidence  in  less  than  a  year's  time 
of  possessing  some  injurious  quality. 

"On  the  other  hand,  of  those  cements  pass- 
ing the  boiling  test  but  one-half  of  1  per  cent, 
gave  signs  of  failure  In  the  normal  pat  tests 
and  but  13  per  cent,  showed  a  falling  off  in 
strength  in  a  year's  time." 

Mr.  Taylor  after  making  these  comparisons 
acknowledges  their  fallacy  by  one  of  the  closing 
paragraphs  of  his  paper. 

"Now  finally  we  come  to  what  is  after  all 
the  most  vital  question  of  all,  and  this  is  the 
relation  of  the  results  of  the  boiling  test  to 
the  conditions  found  in  actual  work  and  there 
every  tester  of  cement  runs  up  against  a  stum- 
bling block,  for  while  almost  every  one  con- 
nected with  testing  can  cite  instances  of 
failures  in  the  boiling  being  corroborated  by 
failure  in  the  work,  it  nevertheless  cannot  be 
denied  that  in  the  vast  majority  of  cases  work 
done  with  cement  determined  in  the  laboratory 
to  be  unsound  will  give  most  excellent  results 
in  practice  and  show  not  the  remotest  sign  of 
any  sort  of  failure." 

Experiments  made  by  a  committee  of  the 
Society  of  German  Portland  Cement  Manufac- 
turers in  connection  with  the  Royal  Testing 
Laboratory  at  Charlottenburg  forced  them  to 
report  in  1900  and  again  in  1903  that  none  of 
the  so-called  accelerated  tests  for  constancy  of 
volume  was  adapted  to  furnish  a  reliable  and 
quick  judgment  in  all  cases  concerning  the 
applicability  of  a  cement.  The  experiments 
which  they  made  consisted  in  putting  the  ce- 
ment into  actual  work  ana  observing  it  during 
a  pefriod  of  four  years.  The  committtee  recom- 
mended the  28-day  cold  water  pat  as  a  standard 
test.  If  this  test  is  taken  as  a  standard  the 
boiling  test  will  reject  two  good  cements  for 
every  bad  one  according  to  Mr.  Taylor's  figures, 
as  he  states  only  34  per  cent,  of  the  failures 
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on  the  boiling  test  weref  corroborated  by  fail- 
ures in  the  28-day  normal  pats. 

Tensile  Strength. — Perhaps  the  results  of  no 
test  are  given  so  prominent  a  place  in  the  man- 
ufacturers' advertisements  as  the  neat  strength 
of  briquettes  made  of  his  brand.  We  hear  the 
question  constantly  propounded  by  the  pros- 
pective purchaser  of  "How  much  does  your 
cement  pull?"  and  a  thousand-pound  neat  7-day 
break  is  considered  compensation  for  all  the 
deleterious  qualities  a  cement  may  havei.  In 
reality,  the  neat  break  is  not  of  so  much  value 
as  we  are  apt  to  suppose,  and  taken  by  itself  is 
little  criterion  of  the  quality  of  cement.  Un- 
sound cements  often  give  notoriously  high  re- 
sults and  the  addition  of  plaster  or  gypsum 
will  also  increase  the  neat  strength.  In  both 
of  these  instances  there  is  apt  to  be  on  long 
time  breaks  a  falling  off  in  strength,  permanent 
in  the  former  case  and  usually  only  temporary 
in  the  latter  case. 

A  fact  that  is  generally  known  is  that  up  to 
a  certain  point  coarse  grinding  of  the  cement 
will  give  higher  neat  results  than  fine  grinding. 
A  cemeat  75  per  cent,  of  which  passed  a  200- 
mesh  slefve  gave  after  7  days  a  neat  strength, 
of  912  pounds  and  a  sand  strength  of  256 
pounds.  The  finer  portion  of  this  cement,  that 
passing  a  200-mesh  sieve,  gave  for  the  same 
period  a  neat  strength  of  715  pounds  and  a 
sand  strength  of  463  pounds.  A  sample  of  float 
(i.  e.,  the  fine  cement  dust  which  collects  on 
the  beams,  etc.,  in  a  cement  mill  and  which  is 
nearly  all  of  it  an  impalpable  powder)  gave  for 
7  days  a  neat  strength  of  679  pounds  and  a  sand 
strength  of  558-  pounds.  This  dust  mixed  wita 
25  per  cent,  of  coarse  cement,  i.  e.,  that  passing 
a  100-mesh  screen  but  retained  on  a  200-mesh, 
gave  919  pounds  neat  but  only  252  pounds  sand 
strength  in  7  days.  Certainly  in  both  these 
cases  neat  strength  would  have  given  us  a  poor 
comparison  of  the  value  of  the  two  products. 
As  cement  is  always  used  with  sand,  the  sand 
strength  is  the  important  thing. 

Another  point  which  has  often  been  brought 
against  cement,  and  American  cements  in  par- 
ticular, is  that  of  a  permanent  drop  in  tensile 
strength  after  the  28-day  test.  In  fairly  quick 
setting  cements  with  their  usual  low  lime  con- 
tent and  to  which  the  normal  amount  of  gyp- 
sum or  plaster  has  been  added,  this  drop  is 
rarely  met  with  and  is  probably  then  due  to 
improper  manipulation  of  the  test.  In  cements 
high  in  lime,  without  being  necessarily  un- 
sound, or  in  cements  to  which  a  large  addition 
of  plaster  or  gypsum  has  been  made,  this  drop 
is  often  met  with.  In  unsound  cements  it  is 
usually  met  with,  often  after  the  7-day  test. 

While  it  is  true  that  any  drop  in  strength 
indicates  a  disrupting  action,  still  cement  is 
never  used  neat  and  in  the  vast  majority  of 
cases  when  a  cement  shows  a  slight  falling  off 
in  neat  strength,  the  sand  strength  increases 
with  age.  Humphreys  states  that  the  compres- 
sive strength  of  neat  cement  does  not  experi- 
ence this  drop  when  the  cement  is  sound  even 
if  the  tensile  strength  does  fall  off  somewhat 
after  the  28-day  test;  an  important  fact,  if  true, 
as  cement  is  seldom  if  ever  used  in  tension. 
This  brings  us  to  the  question  if  it  is  not  a 
fallacy  to  subject  a  material  to  a  tensile  stress 
to  see  if  it  will  stand  a  compressive  one. 

Coarse  grinding  of  the  cement  has  some  in- 
fluence on  the  hicreasei  in  strength  with  age. 
A  very  fine  cement  increases  neat  very  little 
after  7  days,  while  a  coarser  one  keeps  on  in- 
creasing. This  is  no  doubt  due  to  the  fact  that 
the  coarse  particles  are  acted  on  much  slower 
than  the  fine  ones,  and  solution  and  crystaliza- 
tion  of  these  go  on  after  the  finer  ones  are  all 
hydrated.  The  following  experiment  was  made 
with  the  same  cement.  Cement  A  Is  just  as  it 
comes  from  the  mills.    Cemetit  B  is  cement  A 


with  the  coarse  particles  (residue  on  a  No.  200 
sieve,  removed: 

Age.  7  days.    28  days.  .'?  mos.  6  mos.  9  mot 

Cement  A,  lbs 618  695  675  725  750 

Cement  B,  lbs 518         546         535         510         549 

Fineness. — The  most  rigid  fineness  specifica- 
tion could  be  filled  by  a  cement  which  would 
be  many  degrees  too  coarse.  Some  of  the  older 
specifications  could  be  easily  filled  by  a  product 
which  would  show  almost  no  setting  qualities 
and  no  sand-carrying  capacity.  If  a  sample  of 
clinker  is  crushed  in  an  iron  mortar  by  a  pestle 
and  sieved  as  fast  as  it  is  ground  through  a 
100-mesh  screen  a  product  will  be  obtained  100 
per  cent,  of  which  will  pass  a  100-mesh  screen. 
Many  of  the  older  specifications  call  for  only 
90  per  cent.  If  a  pat  is  made  of  this  cement  it 
will  just  about  cohere.  If,  however,  the  fine 
particles  are  sieved  through  a  200-mesh  screen 
and  the  flour  washed  off  the  coarse  particles 
by  benzine  and  the  latter  driven  off  by  heat,  the 
product  will  still  all  pass  a  100-mesh  sieve  and 
yet  will  have  no  setting  properties.  If  another 
sample  is  ground  in  a  mortar  and  sieved  after 
every  few  strokes  of  the  pestle  through  a  200- 
mesh  screen  it  will  nevertheless  be  almostworth- 
less  as  a  cement.  When  washed  free  from  its  flour 
with  benzine  it  will  just  about  hold  together. 
In  the  writer's  laboratory  there  is  a  Braun's 
gyratory  miller  for  grinding  samples,  in  wnich 
the  grinding  is  done  by  an  enclosed  round  pes- 
tle revolving  in  a  semi-hemispherical  mortar. 
In  the  bottom  of  the  mortar  is  a  hole  which 
can  be  stopped  by  a  plug.  The  grinding  may 
be  done  in  two  ways,  one  by  feeding  the  sam- 
ple into  the  hopper  in  the  cover  and  allowing  it 
to  work  its  way  out  at  the  bottom,  then  sieving 
out  the  fine  material  from  the  coarse,  and  re- 
turning the  latter  through  the  grinder,  and  so 
on  until  all  has  passed  the  sieve.  The  other, 
by  placing  the  plug  in  the  bottom  of  the  mortar 
and  allowing  the  pestle  to  work  upon  the  mater- 
ial until  the  latter  has  reached  the  desired  fine- 
ness. Two  samples  of  cement  were  prepared 
from  the  same  lot  of  clinker  by  these  methods. 
One  sample,  the  one  made  by  passing  the  clink- 
er through  the  miller  and  sieving  out  the  200- 
mesh  particles  after  each  grind,  would  of  course 
all  pass  a  200-mesh  sieve.  The  other  sample, 
the  one  made  by  grinding  the  whole  sample 
to  the  desired  fineness  without  screening,  tes- 
ted 96  per  cent,  through  a  lOO-mesh  sieve  and 
76.5  per  cent,  through  a  200-mesh  sieve.  Sand 
briquettes  were  made  of  these  two  lots  of  ce- 
ment with  the  following  results. 

Samples  made  by  7  days.  28  days.  3  mos.  6  mos. 
Grinding  and  screening  (  „     ,  „     ,  „     , 

to   fineness    (all  200  \  Broke       Broke       Broke 
mesh)    lbs j  in  clips     in  clips     In  clips    28 

Grinding      to     fineness!       _  _.-  _„.    "  „^j, 

without  screening. .  .  (      ■'15  ■'95  ^^^       ^^'^ 

The  cem'efiting  value  of  Portland  cement  de- 
pends upon  the  percentage  of  those  infinitesi- 
mal particles  which  we  call  flour.  No  sieve  is 
fine  enough  to  tell  the  quantity  of  these  present. 
At  the  same  mill  it  is  probable  that  the  sieve 
test  is  relative  but  to  the  engineer  who  is  called 
upon  to  examine  the  product  of  many  mills  us- 
ing different  systems  of  grinding  the  sieve  test 
is  hardly  to  be  expected  to  give  the  rela- 
tive percentage  of  fiour  in  each.  The  prod- 
uct of  the  Griffin  mill  and  of  the  ball 
and  tube  mill  probably  differ  much  in 
the  percentage  of  flour  present,  even  when  test- 
ing the  same  degree  of  fineness  on  the  200-mesh 
sieve.  Even  with  the  ball  and  tube  mill  system 
one  ball  mill  and  two  tube  mills  would  probably 
give  a  product  with  a  higher  percentage  of  flour 
than  one  tube  mill  and  two  ball  mills,  even 
when  the  cement  was  ground  to  the  same  sieve 
test.  The  size  screen  on  the  ball  mills  probably 
also  influences  the  percentage  of  flour  in  a 
product  of  a  certain  fineness. 

Rate  of  /Sei.— The  test  for  setting  time  is  of 
course    influenced    by   many   laboratory   condi- 


tions, such  as  temperature  and  manipu- 
lation. This  test,  however,  is  seldom 
used  as  a  basis  of  comparison  but  mere- 
ly to  see  if  the  cement  is  sufficiently 
slow  in  its  setting  action  to  be  properly  manipu- 
lated or  whether  it  hardens  rapidly  enough  to 
satisfy  the  requirements  of  the  work  on  which 
it  is  to  be  used.  The  fallacy  in  the  case  of 
this  test  lies  in  the  terms  initial  and  final  set. 
These  terms  are  meaningless  as  "set"  is  a 
chemical  reaction  which  begins  with  the  addi- 
tion of  the  water  and  goes  on  indefinitely,  or 
merges  into  possibly  another  chemical  reac- 
tion, if  you  wish  to  consider  "set"  and  "harden- 
ing" as  different  phenomena.  To  fix  two  points 
in  this  reaction  by  means  of  loaded  wires  and 
call  them  the  beginning  and  the  end  of  the  re- 
action is  a  misnomer.  It  would  be  better  to  use 
the  terms  heavy  and  light  Gillmore  wire  or 
some  similar  term  if  other  apparatus  for  de- 
termining the  set  is  used. 


An  Excavating  Tunnel  Shield. 

A  steel  cylindrical  shield  invented  by  a  Mr. 
Price  for  tunnel  excavation  in  soft  material  is 
illustrated  in  a  recent  issue  of  London  "En- 
gineering." The  dimensions  are  not  given,  but 
it  seems  to  be  of  comparatively  small  diameter 
for  a  single-track  tunnel  and  is  interesting  on 
account  of  the  excavating  apparatus  which  is 
fixed  in  It  between  the  tail-piece  and  the  cutting 
edge.  A  horizontal  shaft  in  the  axis  of  the  cyl- 
inder is  supported  by  transverse  girders  and 
carries  a  cutter  head  with  six  radial  arms  in  a 
transverse  plane  apparently  just  in  advance  of 
the  cutting  edge.  Horizontal  knives  are  bolted 
to  the  equi-distant  arms  and  have  projecting 
tools  which  cut  concentric  grooves  about  6  inches 
apart  in  the  face  of  the  heading  and  loosen- 
it  previous  to  excavation.  The  cutter  head  acts 
.lomewhat  like  a  large  milling  tool.  Its  feed  is 
controlled  by  the  hydraulic  rams  which  are 
used  to  advance  the  shield.  It  makes  an  an- 
nular excavation  of  the  full  diameter  of  the 
shield  and  the  center  core  is  removed  by  an 
eccentric  fiuted  knife. 

Attached  to  the  extremities  of  the  arms  are 
steel  buckets  somewhat  resembling  a  common 
coal  scuttle.  They  are  set  with  their  wide  faces 
in  transverse  vertical  planes  and  have  sharp 
edges  on  the  front  side  and  on  the  curved  outer 
face.  As  they  revolve,  they  fill  with  spoil, 
which,  at  each  revolution,  is  automatically 
dumped  into  a  chute  in  the  upper  part  of  the 
shield.  The  chute  delivers  to  a  motor-driven 
conveyer  belt  which  is  long  enough  to  fill  the 
cars  necessary  to  remove  all  the  material  ex- 
cavated at  one  setting  of  the  shield. 

The  excavating  apparatus  is  driven  by  a  50 
horse-power  British  Thomson-Houston  tramway 
motor.  Fourteen  of  the  machines  are  now  in 
operation  and  several  of  them  are  used  on  the 
Great  Northern,  Piccadilly  &  Brompton  Railway. 


Coal  Consumption  where  superheated  steam 
is  employed  was  referred  to  in  a  paper  recently 
read  before  the  Rugby,  England,  Engineering 
Society,  by  Mr.  G.  D.  Seaton.  In  the  case  of  one 
compound  engine,  1.31  pounds  of  coal  were 
burned  per  indicated  horse-power,  the  boiler 
pressure  being  140  pounds,  the  steam  tempera- 
ture at  superheater  498  degrees  Pahr.,  and  the 
indicated  horse-power,  1,273.  In  two  other  com- 
pound engines,  the  coal  consumption  was  1.46 
and  1.6  pounds,  the  boiler  pressures  being  155 
and  135  pounds,  respectively;  the  steam  temper- 
atures, 491  and  488  degrees  and  the  indicated 
horse-power,  980  and  236.  In  the  case  of  a 
triple  expansion  engine,  the  coal  consumption 
was  1.3  pounds,  with  a  boiler  pressure  of  180 
pounds,  a  steam  temperature  of  600  degrees  and 
an  indicated  horse-power  of  457. 
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The  Erection  of  the  Monongahela  River 
Bridge,    Pittsburg. 

Past  II. — Scheme  or  E^kectiok  and  Mais  Teav- 

ELEBS. 

Both  anchor  arms  and  both  cantilever  arma- 
were  erected  simultaneously  by  duplicate  trav- 
elers starting  at  the  anchorages  and  working 
symmetrically  until  they  met  at  the  center  of 
the  main  span,  and  the  following  description  of 
one  traveler  and  Its  operation  Is  therefore  ap- 
plicable for  both.  As  soon  as  the  falsework 
was  completed,  the  floor  system  was  assembled 
from  the  anchorage  to  the  river  side  of  the 
main  pier,  and  two  additional  lines  of  string- 
ers, borrowed  from  the  cantilever  arms,  were 
temporarily  assembled  to  the  floorbeams  as 
close  as  possible  to  the  trusses  to  serve  as 
blocking  stringers  and  increase  the  stability  of 
the  traveler.  Some  materials  were  delivered  to 
the  traveler  on  push  cars  on  the  standard-gauge 
material  tracks  on  the  falsework  outside  the 
tmsBea.  More  w^ere  hoisted  out  of  barges  by  a 
steel  derrick  on  the  river  pier.  The 
wooden  travelers  used  for  erecting  the 
falsework  assembled  the'  floor  system.  The 
chords,  weighing  from  11  to  36  tons  per 
section,  were  set  by  the  steel  travelers.  All  the 
meml>er8  were  hoisted  to  the  top  of  the  false- 
work by  the  30-ton  steel  derrick  on  River  pier, 
described  on  page  277. 

Movement  of  Traveler. — The  steel  traveler 
was  erected  near  the  anchor  pier  and  com- 
menced the  erection  of  the  trusses  at  pin  5-L. 
All  the  members  were  assembled  on  5-L  and  on 
4-M  from  this  position  of  the  traveler;  it  moved 
back  part  of  a  panel  and  assembled  the  mem- 
bers of  pin  3-1.,  and  then  moved  one  full  panel 
farther  back  and  completed  the  erection  from 
4-L  to  1-L.  The  inclined  end  post  1-L  3-U,  about 
85  feet  long,  weighs  35  tons  and  was  shipped 
in  two  pieces,  which  were  hoisted  separately  to 
the  top  of  the  falsework,  splice-riveted  and  erect- 
ed as  one  piece.  The  traveler  then  moved  suc- 
cessively, without  retrograding,  from  2-L  to  5-L, 
7-L,  8-L,  9-L,  10-L,  11-L  and  12-L,  entirely  com- 
pleting the  erection  behind  it  as  it  advanced. 
These  operations  were  performed  in  accordance 
with  eighteen  diagrams  numbered  and  lettered 
so  as  to  show  the  sequence  of  all  steps  and  hav- 
ing notes  directing  the  blocking,  wedging  and 
any  special  provisions  to  be  made  at. different 
Joints.  The  normal  position  of  the  traveler  was 
2  feet  back  of  the  panel  point,  and  it  was  not 
anchored  between  1-L  and  12-L.  The  traveler 
was  rigged  with  two  tackles  for  each  member 
handled,  and,  as  many  pieces  had  to  be  sup- 
ported simultaneously  until  both  ends  were  con- 
nected, about  sixty  tackles  were  provided.  For 
heavy  loads  the  tackles  were  suspended  near 
the  panel  points  of  the  traveler  and  were  al- 
wajra  so  arranged  that  all  members  were 
handled  without  fleeting,  except  to  transfer 
them  from  the  material  tracks  to  the  planes  of 
the  trusses.  In  every  position  of  the  traveler 
it  was  wedged  up  to  bearing  on  a  transversely 
extended  base,  the  loads  suspended  from  op- 
posite sides  were  kept  approximately  balanced, 
the  lateral  and  sway  braces  were  always  con- 
nected Immediately,  all  splices  were  filled  with 
bolts  or  drift  pins  and  all  panel  points  were 
Jacked  up  as  high  as  possible  and  blocked  there 
until  the  suspended  span  was  swung. 

When  the  traveler  arrived  at  the  main  pier. 
It  erected  the  lower  six  panels  of  the  tower  and 
made  all  connections  on  pins  11-L  and  12-L, 
which  engage  the  cast-steel  pedestals  set  In 
postion  checked  for  average  temperature.  The 
upper  ends  of  11-L  10-M  and  12-L  13-M  were  sup- 
ported temporarily  by  bars  borrowed  from  16- 
L  15-M  and  connected  to  short  8usp3n8ion  links 
from  the  top  of  the  tower  sections.  All  mem- 
bers were  assembled  on  pin  10-M  In  their  final 
positions  before  the  temporary  bars  were  put  on 


the  projecting  ends  of  the  pin.  After  the  tem- 
porary bars  were  removed,  the  ends 
of  the  pin  were  cut  off  close  to  the 
permanent  bars.  Temporary  timber  false- 
work on  top  of  the  traveler  supported  the 
tackles  with  clearance  for  assembling  the  upper 
two  panels  of  the  tower.  In  order  to  drive  pins 
11-U  and  12-U,  the  top  of  the  tower  was  tilted 
back  towards  the  anchorage  by  removing  the 
blocking  under  panel  points  9-L  and  10-L;  after- 
wards the  tower  was  plumbed  by  the  weight  of 
the  cantilever  arm.  Beyond  the  main  pier  the 
traveler  accomplished  the  remainder  of  the 
erection  of  the  main  span  without  retrograde 
movement,  assembling  the  members  from  Its 
overhanging  up  to  1%  panels  In  advance  of  its 
wheel-base  on  the  completed  structure  and  then 
moving  forward  one  panel  at  a  time  to  the  end 
of  each  successively  finished  panel.  To  pro- 
vide for  the  center  panel  connection  adjust- 
ments temporary  toggle  bars  19-M  19-U,  wedges 
at  18-L  and  screws  at  19-M  were  Inserted  when 
the  members  were  assembled  at  those  points. 
Care  was  taken  to  set  these  appliances  so  that 
after  allowing  for  the  computed  deflection, 
elastic  deformation  and  temperature  elonga- 
tions and  compressions,  the  positions  of  the 
center  panel  points  would  require  that  they 
should  be  slacked  off.  The  movements  of  the 
heavy  and  rigid  masses  were  thus  effected  by 
gravity  and  friction,  and  inertia  only  had  to  be 
overcome  in  operating  the  devices  which  were 


Forward  Truck  of  Traveler. 

so  proportioned  that  they  could  have  lifted  as 
well  as  lowered  the  trusses  if  necessary. 

Design  of  Traveler. — The  Z-shaped  traveler 
was  about  150  feet  long  and  109  feet  high  over 
all,  with  a  63-foot  overhang  and  an  18-foot  4- 
Inch  X  84-foot  wheel-base.  It  was  supported  on 
four  four-wheel  standard-gauge  trucks  of  spe- 
cial construction,  two  of  them  on  each  of  the 
permanent  tracks  of  the  bridge.  It  was  built 
entirely  of  steel  and  weighed  with  complete 
equipment  and  rigging,  about  288  tons.  The 
heaviest  single  pieces  lifted  by  It  weighed  36 
tons,  but  It  was  required  to  support  several 
pieces  at  once  and  was  thus  subjected  to  maxi- 
mum loads  of  120  tons.  Its  four  vertical  posts 
had  rectangular  cross-sections  built  of  12-lnch 
channels  with  their  flanges  turned  In  and  lat- 
ticed. They  were  made  In  sections  from  20  to 
45  feet  long  with  milled  ends  and  web  and 
flange  cover  splice  plates.  Jaw  plates  were 
shop-riveted  to  their  webs  and  flanges  to  re- 
ceive the  field  connections  of  the  transverse 
struts  and  diagonals.  At  the  feet  of  the  for- 
ward posts  their  channel  webs  were  bolted  to 
diaphragms  connecting  the  double  webs  of  the 
transverse  box-girder  FG,  and  projected  below 
them  to  connect  with  the  ends  of  the  lower 
chords  of  the  bottom  trusses. 

The  horizontal  struts  between  the  tower 
posts  were  made  with  pairs  of  channels  lat- 
ticed, the  longitudinal  diagonals  were  pairs  of 
%-lnch  wire  ropes  and  the  transverse  diagonals 
were  pairs  of  1%-lnch  or  IVl'-lnch  square  rods. 
AH  other  diagonals  were  single  rods  from  % 


inch  to  l',i!  inches  square,  and  all  had  pin  con- 
nections and  sleeve-nut  adjustments.  All  the 
members  of  the  top  and  bottom  trusses,  except 
two  or  three  secondary  ones  which  were  built 
of  angles,  were  made  with  pairs  of  10-inch  to 
15-inch  channels,  latticed,  having  bolted  and 
riveted  connections  to  the  channel  webs  and  to 
jaw  plates  shop-riveted  to  the  chord  channel 
webs. 

The  lower  chords  of  the  bottom  trusses  were 
connected  at  panel  points  by  horizontal  trans- 
verse struts  with  I-shaped  cross-sections  made 
of  pairs  of  angles  back  to  back,  latticed  and 
connected  to  the  vertical  posts  30  Inches  above 
the  chord  centers,  so  as  to  give  clearance  un- 
derneath for  material  cars.  The  rear  strut  was 
made  with  a  pair  of  15-lnch  channels  having 
reinforced  webs  and  connected  to  short  verti- 
cal posts  or  pedestals  kneebraced  to  the  chords. 
It  served  as  a  girder  with  pin  bearings  on  the 
pedestals  of  the  two  rear  trucks.  The  upper 
chords  of  the  lower  trusses  were  braced  to- 
gether with  transverse  struts  similar  to  those 
of  the  lower  chords. 

The  front  legs  of  the  travelers  carried  all  the 
live  and  a  large  portion  of  the  dead  loads,  and 
were  supported,  as  previously  mentioned,  by 
box-girder  FG  composed  of  a  pair  of  27-foot 
transverse  plate  girders,  with  6x6-inch  flange 
angles  and  42-ineh  webs  2  feet  8  inches  apart, 
connected  by  nine  vertical  transverse  dia- 
phragms. One  diaphragm  was  in  the  center, 
and  one  pair  6  feet  10  inches  each  side  of  It 
carried  a  pedestal  under  the  girders,  which  had 
a  5-inch  pin  bearing  on  the  truck;  another  pair 
of  diaphragms  11  feet  each  side  of  the  center 
received  the  feet  of  the  tower  posts.  Trans- 
verse pedestals  were  riveted  to  the  extremities 
of  the  girders  and  provision  was  made  between 
their  double  webs  for  the  spring  bearings  on 
the  blocking  stringers.  Wedge  bearings  were 
made  under  their  flanges. 

The  forward  trucks  each  had  a  9x6Vi-fooL 
horizontal  framework  of  12-lnch  I-beams  and 
channels,  connected  by  vertical  transverse 
diaphragms,  supporting  a  pair  of  transverse 
distributing  girders  built  of  heavy  plates  and 
angles  and  connected  by  longitudinal  dia- 
phragms. They  received  the  tower  loads 
through  a  5-inch  pin  about  3  feet  long,  which 
engaged  at  the  center  the  loop  end  of  a  vertl-, 
cal  anchor-rod  2  Inches  square  and  about  12% 
feet  long.  The  lower  end  of  the  rod  had  a  nut 
and  washer  bearing  against  the  under  side  of 
a  transverse  reaction  beam  AB,  composed  of 
two  12-inch  channels  8  feet  long  bolted  to- 
gether 314  Inches  apart  back  to  back  and  en- 
gaging the  bottom  flanges  of  the  track  string- 
ers. The  rear  trucks  were  much  smaller  and 
lighter  than  the  front  ones  and  resembled  tall 
bridge'  shoes  seated  on  pairs  of  12-inch  longi- 
tudinal I-beams.  They  were  braced  to  the  bot- 
tom chords  of  the  lower  trusses,  and  were 
anchored  to  the  stringers  in  the  same  manner 
as  the  forward  trucks.  The  calculated  dead 
load  reaction  on  each  of  the  forward  trucks  of 
the  traveler  was  180,000  pounds,  the  live  load 
reaction  140,000  pounds.  The  dead  load  reac- 
tion on  each  rear  truck  was  80,000  pounds  up- 
wards, live  load  60,000  pounds.  The  center  to 
center  distance  of  the  trucks  and  their  height 
allowed  suflacient  clearance  for  a  material  car 
to  be  pushed  between  them  and  underneath  the 
cross  girders.  This  method  of  furnishing  steel 
to  the  traveler  was,  however,  much  loss  used 
than  that  of  hoisting  it  directly  into  place  from 
barges  In  the  river. 

The  upper  trusses  were  connected  together 
by  six  transverse  girders  6  feet  deep  with  knee- 
braces  and  web  connections  to  the  vertical 
posts  like  the  connections  of  floorbeams  in  rail- 
road deck  bridges.  The  three  girders  at  the  rear 
end  of  the  trusses  had  solid  web  plates;  the 
others  were  open   trusses    with    vertical    and 


April  2,  1904. 


THE     ENGINEERING     RECORD. 


425 


I 


diagonal  members  made  with  pairs  of  angles. 
All  of  them  had  solid  web  cantilever  bracket 
extensions  about  12  feet  long  at  each  end.  The 
girders  and  cantilevers  carried  three  fixed  lines 
of  longitudinal  steel  jigger  beams  and  several 
movable  lines  of  wooden  jigger  beams,  from 
which  the  tackles  were  suspended.  Each  line 
consisted  of  a  pair  of  18-inch  I-beams  12  inches 
apart,  web-connected  to  the  girders.  Longi- 
tudinal lattice-girder  struts  3  feet  deep  con- 
nected the  ends  of  transverse  girder  brackets 
so  that  they  formed  alternate  braced  and  un- 
braced panels. 

A  transverse  box-girder  BG,  39i/4  feet  long, 
was  made  to  be  suspended  from  the  overhang 
and  carry  the  forward  ends  of  the  material 
track  stringers  and  erection  platform  stringers. 
It  had  two  42-inch  webs,  30  inches  apart,  con- 
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nected  by  five  vertical  transverse  diaphragms. 
The  end  diaphragms  were  stiffened  by  horizon- 
tal channels  riveted  to  their  upper  edges,  back 
to  back,  and  had  bent  pin  plates  for  the  connec- 
tions with  pairs  of  long  divergent  1%-inch  sus- 
pension ropes.  Four  pedestals  were  riveted 
across  the  top  of  the  girder,  and  had  seats  for 
the  bottom  flanges  of  the  stringers  and  guide 
flanges  parallel  to  the  longitudinal  axis  of  the 
bridge  to  retain  thein  without  bolting,  the 
length  of  the  seat  being  sufficient  to  insure  safe 
bearing  with  a  considerable  variation  in  the 
position  of  the  girder.  This  arrangement  would 
have  supplied  a  working  platform  and  obviated 
fleeting  the  truss  members  beyond  the  traveler 
front  trucks,  when  material  was  delivered 
through  the  traveler.  As  it  happened  that  all 
heavy  truss   members   were    delivered    in  the 
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barges,  the  suspended  box-girder  was  not  used. 

Special  Features  of  Design. — The  peculiar 
outlines  and  dimensions  of  the  main  travelers 
were  very  carefully  adapted  to  the  conditions 
of  erection.  Had  it  been  possible  to  use  it,  a 
simple  traveler  running  on  the  top  chords  would 
have  been  the  ideal  construction,  but  this  was 
impracticable  both  on  account  of  the  curve  of 
the  chords  and  because  the  sub- vertical  posts 
would  have  required  much  reinforcement  to 
support  the  weight  of  the  traveler  and  its  loads. 
The  tower  of  the  traveler  was  designed  to  be 
entirely  enclosed  within  one  40-foot  panel  of 
the  main  trusses  and  to  clear  the  transverse 
bracing  at  panel  points.  The  lower  truss  was 
made  shallow  so  that  its  highest  point  would 
clear  the  lowest  transverse  struts  in  the  per- 
manent sway-bracing.  Diagonal  members  being 
omitted  between  the  top  of  the  tower  and  the 
top  chord  of  the  bottom  trusses,  allowed  the 
tower  to  stand  close  to  the  last  panel  of  per- 
manent cross-bracing  and  permitted  the  latter 
always  to  be  completed  within  one  panel  of  the 
end  of  the  cantilever  arm. 

The  traveler  was  supported  on  trucks  run- 
ning on  parallel  tracks  which  were  spaced  as 
far  apart  as  possible,  so  that  their  outer  rails 
were  in  the  planes  of  the  permanent  stringers, 
but  the  base  thus  provided  was  deemed  inade- 
quate for  so  high  a  traveler  and  an  ingenious 
construction  was  adopted  to  extend  the  effec- 
tive base  of  the  traveler  to  nearly  the  full  clear 
width  between  the  trusses. 

The  dead  load  of  the  traveler,  carried  in  the 
front  posts,  is  taken  into  the  girder  FG  with 
pin  bearing  on  the  front  wheel  trucks.  The 
girder  cantilevers  beyond  the  trucks  and  Is  fit- 
ted at  each  end  with  a  pedestal  which  termin- 
ates in  a  roller  held  in  a  vertical  slot.  The 
vertical  movement  of  the  rollers  in  the  slot  is 
adjusted  by  heavy  springs  held  inside  the  pedes- 
tals. When  the  dead  load  only  of  the  traveler 
was  carried,  as  in  moving,  the  pedestal  rollers 
rested   upon  the  top  flanges  of   extra  lines  of 
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outside  blocking  stringers,  bolted  temporarily 
to  tlie  floorbeams  of  the  anchor  arms  and  to 
the  posts  of  the  cantilever  arms.  The  spring- 
ing rollers  then  afforded  sufSoient  supiiort  to 
avoid  any  serious  tendency  to  tipping.  When 
lifting  heavy  loads,  th^  traveler  was  blocked 
on  the  bridge  stringers  by  driving  steel  wedges 
between  the  Banges  of  the  stringers  and  the 
pedestals  on  both  sides  of  the  rollers.  As  the 
center-to<enter  distance  of  the  cross-girder  ped- 
wtals  was  25  feet  10>4  inches,  while  the  center- 
ttheenter  distance  of  the  trucks  was  but  13  feet 
8  Inches,  the  stability  of  the  traveler  was 
greatly  increased  whenever  it  was  erecting 
heavy  bridge  material.    The  traveler  endured, 


without  the  slightest  difficulty,  many  heavy 
winds,  some  of  them  strong  enough  to  blow  the 
long  suspended  tackles  with  heavy  bottom 
blocks  into  nearly  horizontal  positions. 

Temporary  Wind  Bracing. — Special  pains 
were  taken  to  preserve  at  all  times  the  Integrity 
of  the  complete  sway-bracing  between  the  canti- 
lever trusses  as  far  as  the  extremities  of  the 
successively  completed  panels  As  soon  as  the 
vertical  posts  were  set  in  front  of  the  traveler 
tower,  they  were  braced  together  by  pairs  of 
wooden  horizontal  transverse  struts  and  loop- 
eye  sleeve-nut  wire  guys  pin-connected  to  the 
vertical  plates  to  which  the  struts  were  bolted. 
These  sway-braces  form  complete  and  independ- 


ent sets  on  both  front  and  rear  faces  of  the 
posts.  When  the  traveler  was  moved,  the  set 
of  braces  on  the  rear  face  was  removed  and  the 
traveler  advanced  until  its  forward  posts  came 
in  contact  with  the  sway-bra>es  on  the  front 
side  of  the  vertical  post.  The  sway-bracing  on 
the  rear  face  of  the  vertical  post  was  then  re- 
placed, temporarily  enclosing  the  traveler  posts 
between  the  two  sets  of  bracing.  The  bracing 
on  the  front  faces  of  the  posts  was  then  re- 
moved and  the  traveler  post  released  and  ad- 
vanced and  the  bracing  replaced,  thus  always 
securing  the  thorough  bracing  of  the  vertical 
posts  of  the  trusses  until  the  traveler  had 
passed  that  panel  and  the  permanent  bracing 
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was  assembled  there.  The  towers  over  the  main 
piers  were  braced  in  tour  vertical  panels.  At 
the  other  panel  points  there  were  from  one  to 
three  vertical  panels  of  sway-bracing.  As  the 
traveler  traeli  conformed  to  the  grade  of  the 
bridge,  the  traveler  was  always  anchored  by 
anchor  rods  attached  to  its  trucks  and  to  reac- 
tion beams  under  the  permanent  stringers. 
After  each  movement  of  the  traveler,  the  front 
wheels  were  blocl^ed  directly  over  the  floorbeams 
and  the  trucks  were  anchored  to  the  permanent 
stringers. 

Equipment. — The  traveler  was  rigged  with  a 
large  number  of  five  and  nine-part  tackles 
reeved  with  1%-inch  manila  rope  and  having 
capacities  of  12  and  18  tons  each,  respectively. 
The  nine-part  tackles  were  suspended  from  the 
pairs  of  I-beam  "jiggers"  by  shackles  engaging 
vertical  U-bars  which  passed  between  the  pairs 
of  beams  and  had  nuts  engaging  bearing  plates 
on  their  top  flanges.  The  five-part  tackles  were 
suspended  with  slings  from  either  the  steel 
"jiggers"  or  from  single  12xl6-inch  wooden 
"jiggers"  placed  wherever  convenient.  The 
lines  from  all  tackles  were  led  through  snatch- 
blocks  down  the  vertical  posts  of  the  traveler 
so  as  to  clear  the  sway-bracing.     Each  traveler 


A  One  Hundred-Foot  Pony-Truss  Single- 
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Floor. 


The  design  of  a  riveted  through-truss  100- 
foot  span  to  be  used,  where  a  very  shallow  floor 
is  required,  in  locations  similar  to  those  where 
plate  girder  spans  are  often  adopted,  has  been 
very  carefully  developed  by  Messrs.  Boiler  & 
Hodge,  New  York,  who  have  specified  it  in  many 
cases  with  satisfactory  results.  They  consider 
it  superior  to  an  equal  span  through  plate  girder 
on  account  of  the  lighter  weight  and  correspond- 
ing economy,  for  the  more  desirable  arrange- 
ment and  efficient  disposition  of  the  metal,  for 
the  more  satisfactory  provision  for  tension  and 
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was  equipped  with  sixty  16-inch  snatch  blocks, 
one  hundred  and  eighty  16-inch  single  blocks, 
eighty  16-inch  double  blocks,  forty  16-inch 
quadruple  blocks,  twenty  1,200-foot  coils  and 
forty  800-foot  coils  of  1%-inch  manila  line,  thus 
providing  for  sixty  sets  of  tackle.  There  were 
two  eight-spool  60-horse-power  engines  seated  on 
the  traveler  and  two  two-drura  four-spool  30- 
horse-power  auxiliary  engines  behind  each 
traveler.  There  were  also  ten  100-ton  hydraulic 
jacks  used  on  the  bridge.  About  50  men  were 
required  to  operate  one  traveler  and  assemble 
and  connect  the  steel.  Under  favorable  condi- 
tions they  erected  300  tons  of  steel  in  one  8-hour 
day.  They  were  closely  followed  by  several 
gangs  driving  field  rivets  with  pneumatic  ham- 
mers and  by  hand. 

(To  be  continued.) 


SiiAi.E  Screenings  were  used  for  surfacing 
one  of  the  drives  in  Central  Park,  New  York, 
some  years  ago,  but  was  found  to  be  unsatisfac- 
tory, being  very  slippery  in  dry  weather  and 
8ti.:ky  when  moist.  Last  year  the  material 
was  removed,  and  gravel  substituted,  and  a 
marked  improvement  has  been  shown. 


compression  stresses  in  the  chords,  for  the 
shorter  field  rivets  and  for  the  division  into  sep- 
arate members  which  can  be  shipped  in  small 
space  and  do  not  involve  difficulties  of  trans- 
portation, handling,  or  erection  which  are  en- 
countered with  very  long  and  heavy  girders. 

The  top  chords  are  of  standard  trough-shaped 
latticed  cross-section,  well  balanced  and  having 
large  vertical  gusset  plates  shop-riveted  to  the 
insides  of  their  webs  to  form  jaws  for  the  field- 
riveted  connections  of  the  web  members.  The 
bottom  chords  have  H-shaped  cross-sections 
with  abundant  stiffness  besides  their  tensile 
strength  and  well  adapted  for  any  required  sec- 
tional area  without  materially  varying  the  ex- 
treme dimensions  or  involving  long  rivets.  All 
web  members  have  I-shaped  cross-sections  made 
with  four  angles  and  tie  plates,  and  engage  the 
jaw  plates  on  the  top  chords  and  similar  ones 
shop-riveted  to  the  outsides  of  the  flanges  of  the 
bottom  chords.  The  top  chords  are  made  in  two 
sections  and  the  bottom  chords  in  three  sec- 
tions, all  of  them,  and  the  end  posts  being  con- 
nected together  by  the  web  member  connection 
plates.  All  connections  are  riveted,  and  there 
are  independent  pins  through  the  feet  of  the  end 


posts  to  take  bearing  on  the  riveted  shoes.  The 
webs  of  the  shoes  have  outside  vertical  stift- 
ener  angles  and  are  connected  by  Inclined  trans- 
verse diaphragms  in  the  plane  of  the  end  post 
cover  plate,   forming  a  continuation  of  it. 

The  webs  of  all  floorbeams  are  made  in  single 
lengths  and  no  notches  or  irregularities  are  re- 
quired for  their  connections  with  the  trusses. 
They  have  no  intermediate  web  stlffener  angles, 
but  the  end  vertical  stiffener  angles  project  a 
little  above  the  top  of  the  floorbeam,  and  di- 
rectly engage  the  lower  chord  jaw-plates,  to 
which  they  are  connected  by  accessible  short 
field  rivets.  The  intermediate  floorbeams  are 
kneebraced  to  the  vertical  posts  with  pairs  of 
angles,  back  to  back,  having  their  ends  bent  tan- 
gent to  the  flanges  of  the  posts  and  beams.  The 
end  floorbeams  are  seated  on  reinforced  hori- 
zontal shelf  angles  riveted  to  the  shoe  webs. 
Their  top  flange  angles  project  beyond  the  ends 
of  the  webs  as  far  as  the  outer  edges  of  the 
end-post  cover  plates,  to  which  they  are  braced 
by  short  bent  angles  shop-riveted  to  the  floor- 
beams  and  field-riveted  to  the  end  posts.  The 
stringers  are  15-inch  I-beams  about  9  feet  11 
inches  long,  fiush  with  the  bottom  flanges  of  the 
floorbeams.  Their  webs  and  lower  flanges  are 
beveled  at  their  ends  to  clear  the  floorbeam 
flanges  and  the  end  stringers  are  connected  to 
short  lengths  of  I-beams  on  the  opposite  sides 
of  the  floorbeam  webs  which  form  brackets 
carrying  the  ties  over  the  piers.  These  brack- 
ets are  spliced  to  the  stringers  wjth  top  and 
bottom  flange  plates,  the  former  passing  through 
slots  in  the  floorbeam-webs  and  the  latter  being 
riveted  to  beam  flange  angles.  The  bottom  lat- 
erals are  single  X-brace  angles  field-riveted  to 
horizontal  connection  plates  across  the  ends  of 
the  floorbeam  bottom  flanges.  In  each  panel  one 
angle  is  continuous  and  the  other  is  cut  to  clear 
and  spliced  with  a  horizontal  connection  plate 
shop-riveted  to  the  continuous  angle.  The  ver- 
tical flanges  of  both  angles  are  placed  up.  Both 
angles  are  cut  to  clear  the  stringers  and  are 
spliced  across  them  by  horizontal  plates  field- 
riveted  to  the  stringer  flanges. 

This  bridge  has  a  computed  weight  of  131,- 
500  pounds,  is  built  entirely  of  medium  steel 
and  Is  proportioned  for  a  train  load  of  4,000 
pounds  per  linear  foot  preceded  by  two  locomo- 
tives and  tenders  each  weighing  284,000  pounds 
on  a  48-foot  wheel  base.  This  load  includes 
four  40,000-pound  driver  axle  loads  5  feet  apart. 
The  complete  shop  drawings  and  bill  of  floor 
timber  are  contained  on  a  single  25x35-inch  trac- 
ing, from  which  many  spans  have  been  ordered 
and  built  without  any  additional  drawings. 


A  Large  Pumping  Engine,  installed  at  the 
Waihi  mines  in  New  Zealand,  is  described  in  a 
recent  issue  of  "Engineering."  It  is  of  the  Cor- 
nish cycle  type,  with  compound  cylinders,  and 
a  beam  transmitting  power  from  connecting 
rods  to  pump  rod.  Its  high  pressure  cylinder 
is  60  inches  in  diameter  with  6  feet  stroke 
and  Its  low-pressure  cylinder  110  inches  in  di- 
ameter with  12  feet  stroke.  The  ratio  of  cyl- 
inders is  thus  6.7  to  1.  The  stroke  of  the 
pump  plungers  is  12  feet  and  the  pump  plungers 
are  23  inches  in  diamfeter.  The  first  plunger 
set  is  placed  at  a  depth  of  700  feet  from  the 
surface.  The  engine  is  designed  to  raise  1,500 
gallons  per  minute  from  a  total  depth  of  1,550 
feet.  To  raise  this  quantity  the  engine  works 
at  7  strokes  per  minute,  developing  730  horse- 
power. The  rocking  beam,  built  of  steel  plates 
and  angles,  is  48  feet  long,  8  feet  deep  at  the 
center  and  weighs  50  tons.  The  two  bearings 
of  the  center  shaft  are  each  22  inches  in  diame- 
ter and  24  inches  long.  The  engines  were  con- 
st"ucted  from  the  designs  of  Mr.  Henry  Davey, 
M.  Inst.   C.  E.,  of  London. 
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Railway    Location    in    the     Florida 
Everglades. — I. 

IIT   William  J.    Krvime. 


That  portion  of  the  State  of  Florida  lying 
Foath  of  latitude  25  degrees,  30  minutes  has.  up 
to  rery  recent  times,  remained  as  completely 
unexplored  as  the  interior  of  Thibet.  It  em- 
braces the  southern  end  of  the  Biscayne  pine 
reef,  the  lower  part  of  the  Everglades.  White- 
water Bay  and  the  Great  Mangrove  Swamp. 

A  few  squatters  have  for  some  years  raised 
vegetables  for  the  Key  West  market  on  the 
prairies  in  the  vicinity  of  Cape  Sable,  but  their 
knowledge  of  the  country  to  the  north  of  them 
has  been  very  limited.  The  few  existing  maps 
were  entirely  unreliable  and  the  reports  as  to 
the  character  of  the  country  by  the  occasional 
trapper  or  inquisitive  naturalist  who  had  pene- 
trated for  some  distance  Into  the  region,  were 
far  from  encouraging. 

Therefore  when  the  officials  of  the  Florida 
Etist  Coast  Railway  decided  upon  an  explora- 
tory survey  through  this  territory,  with  the  ob- 
ject of  determining  its  possibilities  from  a  com- 
mercial view  point,  various  problems  rather  out 
of  the  ordinary  were  presented  to  the  engineer- 
ing department.  To  obtain  the  information  de- 
sired it  was  necessary  to  cover  a  belt  of  too 
great  width  to  confine  the  work  to  a  single  cen- 
ter line,  so  a  series  of  closed  meanders,  linked 


much  of  the  work  and  colored  labor  had  been 
decided  upon  for  these  positions.  The  writer 
has  found  the  Central  Georgia  negro  about  the 
most  reliable  of  his  race  for  rough  work  and 
seven  of  the  eight  colored  men  selected  were 
from  that  section.  The  following  half  year,  in 
which  these  meA  worked  on  the  average  28 
days  a  mcnlh,  without  a  single  desertion  or 
complaint,  justified  this  belief. 

The  party  when  complete  numbered  sixteen 
men.  Of  these,  eight  were  in  the  field  crew, 
including  chief  of  party,  transitmau.  recorder, 
two  rodmen,  two  axemen  and  a  colored  cook. 
To  keep  them  supplied  with  food  and  necessar- 
ies required  a  pack  party  of  six  men  in  the 
charge  of  a  white  chief  packer.  A  steward 
looked  after  the  permanent  supply-camp  and 
was  required  to  keep  track  of  the  stock  on  hand, 
closely  reporting  weekly  to  the  chief  of  party. 
Owing  to  the  Irregularity  of  communication 
with  the  nearest  source  of  supplies  at  Miami,  it 
was  necessary  to  get  in  orders  a  considerable 
time  before  the  goods  were  actually  needed. 

Each  member  of  the  field  party  was  furnished 
with  a  stout  canvas  knapsack  and  the  limit  on 
personal  outfit  was  the  weight  the  individual 
felt  able  to  carry.  This  amount  was  reduced 
in  most  cases  very  shortly  after  the  first  long 
pack,  but  probably  averaged  forty  pounds  per 
man  during  most  of  the  trip. 

Various  materials  were  tried  for  field  clothing 


cloth  with  a  canvas  roof.  The  canvas  top 
should  bo  seven  I'cet  long  by  three  feet  wide, 
with  loops  or  grommets  at  the  corners.  The 
cheesecloth  should  have  a  depth  of  about  five 
feet  and  be  sewed  to  the  under  side  of  the  roof, 
leaving  two  inches  of  the  canvas  projecting  all 
around.  It  this  projection  Is  stiffened  with  buck- 
ram or  by  doubling,  and  the  roof  of  the  bar 
stretched  flat  when  pitched,  it  will  shed  a  light 
rain  quite  well  and  the  water  will  not  lun  down 
the  sides.  These  nets  may  be  stretched  from 
a  stake  at  each  corner,  or  by  put, lug  in  a 
spreader  across  the  ends,  two  stakes  will  an- 
swer. 

Head  nets  are  uncomfortable  affairs  at  best, 
but  their  use  on  this  work  was  at  times  impera- 
tive. Cheesecloth  and  bobbinet  are  too  hot  and 
are  very  hard  to  see  through.  The  net  that 
was  most  satisfactory  was  that  worn  by  the 
Cape  Sable  squatters.  It  is  built  for  use  over 
a  stiff  rimmed  hat  and  consists  of  a  band  of 
10-ounce  canvas,  fitting  closely  around  the 
crown  of  the  hat  and  extending  out  to  the  eilge 
of  the  rim.  To  this  is  firmly  sewed  a  strip  of 
close  mesh  copper  wire  netting  extending  down 
about  3  inches  in  the  back  and  curving  over  the 
shoulders  to  the  level  of  the  wearer's  chin. 
Cheesecloth  is  taped  on  around  the  bottom  of 
the  copper  gauze  of  sufficient  width  to  tuck  well 
inside  the  coat  which  is  buttoned  over  it.  The 
wire  netting  is  kept  out  from  the  face  by  the 


together  into  a  continuous  chain,  was  adopted 
as  the  trunk  of  the  survey.  From  this,  laterals 
and  tie  lines  could  be  run  as  required.  The  fact 
that  one  end  of  the  work  was  at  a  known  eleva- 
tion of  about  12  feet  above  mean  low  tide  in 
Biscayne  Bay,  the  other  at  Cape  Sable  on  the 
Gulf  of  Mexico,  with  a  great  probability  that  at 
no  place  between  would  the  elevation  of  the 
country  vary  more  than  a  few  feet  from  a  regu- 
lar grade  line  connecting  these  two  points,  made 
a  line  of  levels  unnecessary. 

The  question  of  obtaining  supplies  bein'g  one 
of  the  most  difficult  to  solve,  as  small  a  field 
party  as  possible  was  organized,  and  the  stadia 
adopted  as  the  method  of  measurement. 

There  is  never  any  trouble  in  finding  plenty  of 
applicants  for  every  position  open  on  a  piece 
of  exploratory  work  of  this  character,  but  the 
selection  of  men  who  will  go  the  whole  route 
and  who  can  be  brought  to  understand,  before- 
hand, that  it  is  bard  work,  under  trying  circum- 
stances, and  not  a  pleasure  trip  that  they  are 
going  into.  Is  one  of  the  serious  problems  for 
the  chief  of  party.  For  this  expedition,  men  of 
previous  experience  on  similar  work  and  of 
known  staying  ability  were  of  course  given  the 
preference  and  green  material  cut  out  to  as 
great  an  extent  as  possible.  The  choice  of  good 
men  for  the  places  of  axemen  and  packers  was 
particularly  difficult,  for  upon  them  depended 


Camp  on  Long  Key  in  the  Florida  Everglades. 

with  more  or  less  success.  Pantasote  sheeting 
was  found  too  warm  for  the  climate  and  gave 
poor  service.  Canvas  wore  well  and  dried 
quickly  after  being  wet,  but  is  too  stiff  and  un- 
comfortable to  make  a  desirable  working  gar- 
ment. A  good  grade  of  khaki,  well  made,  was 
found  to  give  the  best  satisfaction  of  any  fabric 
triced  and  has  been  used  with  success  on  sub- 
sequent work.  It  wears  well,  dries  quickly  and 
is  soft  and  easy  fitting.  Foot-gear  caused  much 
trouble.  Rubber  is  a  poor  material  for  the  pur- 
pose under  any  conditions  and  in  a  warm  cli- 
mate, for  regular  wear,  will  not  do  at  all.  The 
best  of  leather  when  soaked  in  wate'r  for  hours 
and  then  pounded  over  coral  reef,  indescribably 
rough  and  sharp,  soon  shows  signs  of  grief.  Or- 
dinary shoes  do  well  to  last  a  single'  week.  A 
half-boot,  lacing  to  the  top  through  large  eyelets 
(hooks  are  a  nuisance),  Blucher  cut  with  bel- 
lows tongue,  a  heavy  sole  and  stiff  counter  came 
nearer  meeting  the  requirements  than  any  other 
type.  The  soles  were  kept  thickly  studded  with 
hob-nails  and  the  uppers  were  pierced,  well 
down,  to  let  the  water  ont.  To  keep  It  cut  when 
wading  waist  deep  was  an  impossibility. 

The  mosquito  plag^ue  being  one  of  the  most 
serious  obstacles  that  was  encountered,  each 
man  was  provided  with  a  bar  and  the  proper 
stretching  of  these  became  quite  an  art.  About 
the  best  bar  for  this  purpose  Is  made  of  cheese- 


stiff  brim  of  the  hat,  allows  the  air  to  pass 
through  freely  and  can  be  seen  through  with 
ease,  it  being  possible  to  run  an  instrument 
quite  well  from  inside  one  of  these  gilded  cages. 
When  not  in  use  it  can  be  complelely  removed 
from  the  hat  and  there  are  no  strings  to  become 
knotted  or  broken  loose.  It  is.  however,  some- 
what troublesome  to  carry. 

A  wagon  trail  was  broken  out  from  the  claim 
of  the  last  homesteader,  through  the  rock  reef 
forming  the  Biscayne  pineland,  to  a  point  near 
its  southern  extremity  and  there  a  base  of  sup- 
plies was  located.  To  this  point  goods  could  be 
hauled  in  light  loads  by  wagon,  but  beyond  it 
everything  was  advanced  to  the  field  party  by 
the  packers,  until  the  Whitewater  Bay  region 
was  entered  when  connection  was  made  with  a 
relief  schooner. 

To  as  great  an  extent  as  possible,  all  provis- 
ions were  put  up  in  duck  bags  waterproofed 
with  parafflne.  These  bags  were  of  two  sizes, 
holding  about  five  and  ten  pounds  apiece  of 
such  provisions  as  rice,  beans  or  meal.  They, 
In  turn,  were  placed  in  specially  waterproofed 
canvas  pack-sacks  and  their  contents  seldom 
showed  signs  of  dampness  even  after  long  ex- 
posure to  the  weather.  Regular  leather  pack 
harness  was  used  in  handling  the  loads.  The 
woight  that  could  be  carried  by  a  packer  varied 
of  course  with  the  length  of  the  journey  and 
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with  the  character  of  the  country  to  be  tra- 
versed. Under  favorable  circumstances  packs 
as  heavy  as  ninety  pounds  were  brought  in  over 
a  trail  five  miles  long;  at  other  times,  through 
pot-holes  and  deep  muck,  twenty-flve  pounds 
was  a  wearying  load.  A  14x16  foot  wall  tent, 
without  fly,  makes  about  as  heavy  a  pack  as 
should  be  put  on  a  man  under  the  best  of 
circumstances. 

Boats  were  a  necessity  in  transporting  sup- 
plies, although  the  water  in  the  southern  por- 
tion of  the  Everglades  is  usually  very  shallow 


are  nourishing  and  palatable,  but  it  requires  a 
hungry  man  to  relish  the  vegetables  or  eggs. 
(To    be   continued.) 


Cleaning  the  Bottom  of  Reservoirs. 

In  Central  Park,  New  York,  there  are  a  num- 
ber of  reservoirs  or  basins  forming  features  of 
the  landscape  architecture  of  the  property.  A 
couple  of  years  ago  their  condition  became  s;o 
unsatisfactory  as  to  receive  the  condemnation 
of  the  Board  of  Health,  particularly  as  breed- 


The  Obstruction  to  Surveying  Offered  by  the  Mangrove. 


plements  to  be  constructed  were  large  rakes 
with  long  handles,  which  were  placed  on  the 
bottom  of  the  stream  and  fastened  to  the  stern 
of  a  boat  by  means  of  a  rope  and  crotch.  The 
boat  and  rake  were  then  hauled  by  horse  power 
and  a  system  of  pulleys,  the  whole  making  a 
very  powerful  machine  and  bringing  to  shore 
a  great  quantity  of  pond  weed  at  every  draw. 
By  a  system  of  stakes  set  In  the  water  at  the 
starting  point,  the  lake  bottom  was  successfully 
raked  from  two  to  four  times,  bringing  up  the 
plant  by  its  roots.  In  many  places  it  grew  to 
a  length  of  9  feet  or  over  and  so  thickly  that 
it  was  impossible  to  row  a  boat  through  it. 

At  one  place  the  Egyptian  lotus  had  taken 
complete  possession,  and  in  and  among  these 
large  plants  nearly  three  feet  of  debris  had 
collected.  To  remove  the  lotus  roots  a  special 
machine,  consisting  of  eight  steel  chisel-shaped 
knives,  was  constructed  upon  a  frame  of  great 
strength,  the  knives  fashioned  so  as  to  pene- 
trate into  the  mud  14  inches.  This  also  worked 
with  pulleys  and  horse  power,  and  the  section 
was  dredged  several  times  and  the  roots  and 
coarse  material  brought  to  the  shore  and 
removed. 

The  cat-tall  flag  also  covered  large  areas  and 
was  so  thick  that  boats  couid  not  penetrate,  and 
every  year  it  was  extending  and  collecting 
drifting  material.  This  was  pulled  up  by  hand 
and  the  steel-knife  dredge  was  used  to  clean 
out  the  roots  and  the  material  collected  about 
them. 

Two  other  important  implements  were  con- 
structed, a  mowing  machine  at  work  on  the 
bottom  of  the  lakes  cutting  off  the  pond  weed 
and  lotus  in  swaths,  and  large  drifting  rakes 
which  were  used  to  collect  the  material  as  It 
came  to  the  top  of  the  water.  The  south  end 
of  the  leading  basin  was  filled  with  sunken 
brusn,  tree  limbs  and  lumber,  and  many  of  tue 


during  the  dry  season  of  the  year,  during  which 
the  work  was  carried  on.  The  dug-out  of  the 
Seminole  Indian  ia  too  heavy  for  carrying,  and 
canvas  or  Canadian  canoes  are  too  frail  to  stand 
dragging  when  loaded.  So  14-foot  steel  duck 
boats  were  used  and  served  the  purpose  admir- 
ably. They  were  light  enough  to  be  readily  car- 
ried by  two  men  across  portages,  and  three  men 
could  drag  one  loaded,  where  only  a  few  inches 
of  water  covered  the  muck.  By  using  a  couple 
of  these  boats  as  sleds,  with  two  men  harnessed 
in  front  and  one  pushing  with  a  pole  from  be- 
hind, the  six  packers  could  bring  in  twelve  full- 
size  packs  through  muck  and  water  where  40 
pounds  would  have  been  a  killing  back  load. 

The  food  was  confined  mainly  to  such  articles 
as  could  be  sacked.  Under  this  head  come  rice, 
grits,  several  varieties  of  beans,  oatmeal,  cof[ee_ 
sugar,  salt,  fiour,  meal,  tapioca  and  evaporated 
fruits.  Tinned  meats,  evaporated  cream,  baking 
powder  and  other  canned  goods  were  used  to 
some  extent  but  they  make  an  awkward  pack 
and  were  dispensed  with  as  far  as  possible. 
Pilot  bread  saved  the  use  of  an  oven  and  was 
our  staff  of  life.  Fresh  meat  in  the  form  of  ven- 
ison was  easily  obtained  during  the  major  por- 
tion of  the  trip  but  fresh  vegetables  were  un- 
known on  the  menu. 

An  emergency  supply  of  condensed  foods 
was  carried  and  on  several  occasions  was  drawn 
on  heavily.  This  class  of  goods  is  largely  im- 
ported from  Germany  and  can  be  obtained  in 
considerable  variety.  Soups  of  a  dozen  kinds, 
all  tasting  alike,  are  put  up  in  vest  pocket  pack- 
ages, vegetables,  of  as  many  sorts,  evaporated 
and  compressed  until  they  resemble  a  good 
grade  of  plug  tobacco,  sliced  potatoes  as  hard 
as  bone,  porridge,  sausages  and  evaporated  eggs 
were  all  given  a  trial.  The  potatoes,  after  being 
well  soaked,  are  an  excellent  substitute  for  the 
fresh  article  and  the  soups,  properly  prepared. 


A  Camp  Kitchen. 


Ing  places  for  the  mosquito.  They  were  choked 
in  places  with  vegetation  which  prevented  a 
free  circulation  of  the  water  and  collected  re- 
fuse. The  Park  Board  has  accordingly  been 
cleaning  these  basins  In  a  manner  which  will 
doubtless  interest  all  water-works  superin- 
tendents. 

As  no  appropriate  tools  were  on  hand,  the 
Department  was  compelled  to  design  and  manu- 
facture them,  and  in  a  few  days  they  were  put 
in  successful  operation.     The  first  of  these  im- 


shrubs  on  the  edge  were  filled  with  a  decaying 
mass  of  leaves  and  harbored  colonies  of  rats 
that  burrowed  into  the  banks  where  the  water 
collected  and  made  suitable  breeding  places  for 
the  malaria  mosquito. 


The  Water-Poweb  Plant  at  Hauterlve,  Swit- 
zerland, has  a  maximum  output  of  9,000  horse- 
power at  200  feet  head.  The  water  is  conducted 
partly  through  a  tunnel  in  which  the  velocity 
is  about   10   feet  per  second. 
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Concrete    Construction    in     Yellowstone 
National  Park. 

A  considerable  use  of  concrete  has  been  made 
in  the  recent  govemnieni  improvements  in  the 
roads,  bridges  and  other  structures  of  the  Yel- 
lowstone National  Parli.  The  old  Golden  Gate 
viaduct  for  example,  was  a  timber  trestle  struc- 
ture against  the  face  of  a  high  cliff  which  has 
been  replaced  by  one  of  concrete  on  account 
of  the  difficulty,  delay  and  expense  of  securing 
steel,  the  possibility  of  building  concrete  with- 
out the  precise  sur>'eys  necessary  for  steel  work 
and  becau.se  it  was  considered  that  the  concrete 
masonry  springing  from  the  face  of  the  cliff 
would  harmonixe  better  with  the  natural  scen- 
ery. The  new  viaduct  has  eleven  arches  which 
carry  an  18-foot  roadway  built  to  a  10  degree 
curve  and  an  8  per  cent,  grade.  It  is  200  feet 
long  on  the  center  line  and  the  outer  parapet 
has  a  radius  of  573  feet.  The  piers  are  seated 
on  horizontal  surfaces  stepped  into  the  solid 
rock  and  are  3  feet  wide  and  18  feet  apart  on 
centers  at  the  outer  faces.  Their  sides  are  In 
radial  vertical  planes  which  converge  614  in- 
ches in  18  feet.  They  carry  solid  concrete  ar- 
ches which  have  a  rise  of  24  inches  and  are 
18  inches  thick  at  the  skewbacks  and  12  inches 
thick  at  the  crown. 

The  pier  and  arch  concrete  have  respective 
proportions  of  1:2:4  and  1:2:3  made  with  Atlas 
Portland  cement,  unwashed  sand  and  gravel 
containing  a  small  percentage  of  loam,  the  use 
of  which  was  considered  to  be  justified  by  the 
result  of  experiments  made  by  Professor  C.  E. 
Sherman,  of  the  Ohio  State  University,  U.  S. 
Assistant  Engineer  in  charge  of  the  viaduct. 
Briquettes  were  made  with  one  part  cement  and 
three  parts  sand  containing  different  percen- 
tages of  clay  or  loam.  Crushed  quartz  sand 
of  the  American  Society  of  Civil  Engineers 
standard  and  two  other  kinds  were  used  and 
briquettes  were  broken  when  7  days  and  1,  2, 
3.  6,  9  and  12  months  old.  The  net  results  in- 
dicated, strange  to  say,  that  clay  or  loam,  with- 
out hydraulic  properties,  when  used  in  quanti- 
ties up  to  15  per  cent.,  considerably  increased 
the  strength  of  the  mortar.  The  work  was  done 
in  1900  and  there  have  not  yet  appeared  any 
evidences  of  weakness  due  to  the  presence  of 
loam  and  clay  In  the  sand. 

The  crown  of  each  arch  is  reinforced  by  a 
7xl5-foot  piece  of  netting  made  with  No.  8  wire 
and  2Hx5-inch  mesh,  the  long  dimension  of  the 
mesh  and  the  short  dimension  of  the  netting 
being  parallel  with  the  bridge  axis.  The  con- 
nection between  each  arch  and  parapet  wall 
was  reinforced  by  four  4-foot  pieces  of  rail. 
Work  was  commenced  at  the  high  end  of  the 
bridge  and  after  the  completion  of  the  piers  the 
arches  were  built  alternately  with  joints  be- 
tween them  and  between  the  parapet  walls  on 
the  center  radial  lines  of  the  piers.  The  latter 
were  made  with  a  vertical  2x6-incb  tongue  and 
groove  to  allow  for  temperature  expansions. 
The  545  yards  of  concrete  were  laid  by  91  men 
in  122  hours  during  19  days,  the  work  being 
done  in  haste  under  great  disadvantages  due 
to  the  difficulty  of  storing  material  and  the  very 
■evere  winds  prevailing  which  interfered  with 
work  in  the  middle  of  the  day. 

The  old  viaduct  was  obstructed  by  a  25-lon 
rock  15  feet  high  which  stood  8  feet  from  the 
face  of  the  cliff.  This  was  broken  from  its 
base  at  a  horizontal  seam  and  was  raised  with 
jack  screws  and  mpved  on  rollers  to  a  new  posi- 
tion on  a  concrete  foundation  at  the  roadside 
where  it  remains  as  a  natural  monument. 

Some  trouble  has  been  occasioned  by  seepage 
through  the  concrete  which  caused  a  white  de- 
posit on  the  faces  of  the  piers.  This  was  rem- 
edied by  a  cement  wash  and  partially  successful 
measures  were  taken  to  close  the  parapet  joints 


with  lead.  In  view  of  this  experience  it  is 
recommended  that  in  future  work  of  a  similar 
kind  the  upper  surfaces  of  the  arches  should  be 
waterproofed  with  an  alum  lye  like  that  used 
on  the  Government  fortificatious  and  that  the 
parapet  expansion  joints  be  made  watertight  by 
bent  strips  of  sheet  lead  built  into  both  sides. 

In  order  to  admit  visitors  to  the  right  bank 
of  the  Grand  Canyon  of  the  Yellpwstone  a  steel- 
concrete  bridge  has  been  built  half  a  mile  above 
the  upper  fall  between  two  volcanic  rocks  that 
jut  out  from  the  opposite  banks.  It  is  160  feet 
long  and  18V6  feet  wide  over  all  and  carries  a 
14'-..  foot  roadway  43  feet  above  low  water.  It 
has  a  single  Melan  arch  of  120  feet  span  and 
15  feet  rise,  with  ten  lattice  girder  reinforcing 
ribs  2214  inches  deep  at  the  ends  and  12  inches 
deep  at  the  center.  The  Qauges  are  made  with 
pairs  of  3x2'^-inch  angles  back  to  back  con- 
nected by  zigzag  web  members  and  the  ribs  are 
united  by  transverse  braces  bolted  to  the 
flanges  12  feet  apart.  The  center  lines  of  the 
ribs  coincide  approximately  with  that  of  the 
concrete  which  is  48  inches  thick  at  the  skew- 
backs  and  24  inches  thick  at  the  crown. 

The  arch  ring  and  spandrel  facing  were  made 
of  1:2:4  concrete,  using  Atlas  cement,  broken 
stone  and  washed  sand.  The  haunches  were 
filled  with  concrete  to  the  camber  line  which 
was  a  circular  arc  with  a  versed  sine  of  30  in- 
ches. The  filling  was  1:4:0  Lehigh  cement 
concrete,  made  with  unwashed  gravel  and  con- 
tained about  200  cubic  yards  of  boulders.  The 
arch  ring  and  filling  made  a  single  continuous 
mass  and  contained  a  total  of  about  900  cubic 
yards  of  concrete.  It  was  built  monolithic, 
without  any  provision  for  temperature  move- 
ments, and  to  resist  the  expansion  strains  lon- 
gitudinal steel  rods  reaching  from  each  abut- 
ment nearly  to  the  center  of  the  bridge  were 
bedded  in  the  concrete  about  2  feet  below  the 
roadway  surface.  There  is  a  narrow  sidewalk 
with  a  steel  guard  rail  on  each  side  of  the 
bridge  and  the  concrete  hand  rails  are  rein- 
forced by  horizontal  steel  channels  and  vertical 
steel  bars.  At  each  end  of  the  arch  there  is  an 
approach  about  21  feet  long  with  curved  con- 
crete side  walls  and  solid  concrete  filling. 

For  the  construction  of  the  bridge  a  tempor- 
ary center  pier  was  built  on  a  timber  crib  sunk 
on  and  around  a  submerged  ledge  which 
anchored  it  against  the  strong  current  at  the 
head  of  the  rapids.  Vertical  posts  were  set  in 
the  crib,  bearing  on  the  rock  bottom  and  the 
crib  was  filled  with  stone.  Timber  shore  piers 
were  built  and,  with  the  center  pier,  supported 
two  spans  of  falsework,  each  having  five  com- 
bination queen-post  trusses.  On  these  trusses 
the  falsework  and  forms  were  built  and  con- 
tained a  total  amount  of  about  80,000  feet  of 
timber  of  all  kinds  much  of  which  was  available 
for  use  after  the  completion  of  the  bridge. 

Concrete  was  mixed  by  hand  on  a  slightly  in- 
clined board  about  25  feet  long.  The  materials 
were  dumped  in  batches  of  18  cubic  feet  at  the 
upper  end  of  the  board.  Two  men  turned  them 
dry  and  a  third  applied  water  after  every  shov- 
elful. The  succeeding  mixers,  eight  in  all,  on 
each  side  of  the  board,  turned  it  over  with  shov- 
els and  passed  it  along,  more  water  being  added 
by  a  second  man.  The  concrete  was  made  very 
wet  and  was  shoveled  into  carts  from  the  foot 
of  the  board.  The  work  was  continued  day 
and  night  to  make  continuous  concreting  built 
from  both  abutments  towards  the  crown.  Three 
eight-hour  shifts  completed  It  in  74  consecutive 
hours  at  a  rate  of  about  10  yards  an  hour.  The 
cost  of  putting  in  the  concrete  was  about  $1.50 
per  cubic  yard  and  the  drawings  were  made  and 
most  of  the  work  was  supervised  by  Mr,  Robert 
Walker,  United  States  overseer. 

A  low  concrete  dam  was  built  for  the  water 
supply    reservoir  at    Mammoth    Hot    Springs. 


Excavations  were  made  to  good  clay  soil  and  in 
them  a  longitudinal  row  of  sheet  piles  to  pre- 
vent leakage  underneath  were  driven  and  cut  off 
ti  inches  above  sub-grade.  The  dam  was  built 
in  separate  sections  about  12  feet  long,  with  ex- 
pansion joints  between  them.  A  S^^xMi-inch 
vertical  strip  of  sheet  lead  was  set  on  the  end 
wall  of  the  form  for  each  section  of  the  dam, 
and  one  side  of  it  was  bent  at  right  angles  to 
make  a  I'/l.-inch  projection  parallel  to  the  dam 
axis  and  built  into  the  concrete.  When  the 
bulkhead  was  removed  and  the  adjacent  section 
was  concreted  the  transverse  part  of  the  lead 
strip  was  bent  90  degrees  to  form  a  second  1%- 
inch  projection  which  was  built  into  the  con- 
crete and  thus  bonded  the  successive  parts 
together  with  a  flexible  connection  Z-shaped  in 
horizontal  cross  section.  The  mortar  was  well 
packed  around  the  lead  and  formed  a  satis- 
factory joint  which  proved  watertight  under  the 
C-toot  head  to  which  it  was  subjected.  The 
concrete  was  mixed  very  wet  and  the  upstream 
side  of  the  dam  was  laced  with  mortar  put  on 
when  the  concrete  was  laid  and  showed  very 
few  evidences  of  permeability. 

A  long  aqueduct  and  flume  for  the  water 
power  of  the  electric  light  plant  was  made  with 
a  rectangular  concrete  trough  supported  on 
square  concrete  columns  with  extended  caps 
and  bases  and  on  lower  rectangular  concrete 
piers,  all  12  feet  apart  on  centers.  The  aque- 
duct sections  were  made  with  expansion  joints 
over  the  piers,  with  lead  plate  connections  like 
those  described  for  the  dam. 

Water  for  the  irrigation  of  a  30-acre  plateau 
at  Mammoth  Hot  Springs  was  taken  from  a 
domestic  supply  main  100  feet  above  the  reser- 
voir level.  In  order  to  reduce  the  velocity  of 
discharge  the  horizontal  lower  end  of  the  6- 
inch  outlet  pipe  discharged  tangentially  into 
the  bottom  of  a  circular  concrete  basin.  20  feet 
in  diameter  and  4  feet  deep.  This  produced  a 
circular  motion  of  the  water  which  discharged 
over  a  vertical  6xi/l-inch  steel  weir  plate  around 
the  edge  of  the  basin  and  flowed  into  the  flume 
which  conducted  it  to  the  irrigation  grounds. 
The  basin  has  proved  to  be  somewhat  too  large 
so  that  the  water  does  not  overflow  in  a  full 
sheet  around  the  entire  circumference,  but  is 
f.ucked  down  over  the  top  of  the  discharge  pipe 
and  crowns  up  on  the  opposite  side. 

The  above  work  is  described  and  illustrated 
in  a  report  of  Capt.  H.  M.  Chittenden.  Corps  of 
Engineers,  U.  S.  A.,  published  in  the  annual 
report  of  Chief  of  Engineers,  U.  S.  A.,  for  last 
year. 


A  Textile  Mill  Poweh  Pl.^nt  is  described 
briefly  in  the  current  issue  of  the  "Journal"  of 
the  Worcester  Polytechnic  Institute  in  an  arti- 
cle by  Mr.  Eugene  B.  Whipple.  On  a  test  of 
5.3  hours'  duration,  the  engine,  which  is  a  ver- 
tical cross-compound  condensing  unit  provided 
with  a  reheating  receiver,  indicated  778.9  horse- 
power on  13.02  pounds  of  water  per  indicated 
horse-power-hour,  with  a  steam  pressure  of  115 
pounds,  a  vacuum  of  28.83  inches,  a  superheat 
at  the  throttle  of  15  degrees  and  a  superheat 
in  the  reheater  of  24. C5  degrees.  The  reheating 
receiver  and  the  cylinder  heads  are  jacketed, 
and  the  jackets  used  1.2  pounds  of  water  per 
indicated  horse-power-hour,  included  in  the  giv- 
en water  rate.  The  cylinders  are  26  and  52 
inches  in  diameter  and  the  common  stroke,  48 
inches;  the  speed  was  79.3  revolutions  per 
minute.  Steam  for  the  condenser  pump  Is 
passed  through  the  reheating  coils  and  the 
pump  exhaust  is  put  into  the  receiver  and 
then  passed  through  the  low-pressure  side  of 
the  engine.  The  test  load  was  70  ar  75  per  cent, 
of  the  rated  power  of  the  engine.  The  steam 
was  supplied  from  four  Manning  boilers,  each 
having  2,888  square  feet  of  heating  surface. 
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The    Construction   of    the    Scherzer    Lift 
Bridge  at  Newark  Bay. 

The  Central  Railroad  of  New  Jersey  crosses 
Newark  Bay  with  two  tracks,  which,  until  re- 
cently, have  been  carried  on  a  pile  trestle  bridge 
with  a  steel-truss  center-pier  swing  span,  which 
is  being  replaced  by  double-track  Sherzer  roll- 
ing-lift bridges.  One  of  these  spans  has  been 
erected  and  was  described  in  The  Engineering 
Record  of  February  27.  During  construction 
one  of  the  tracks  was  closed  to  facilitate  the 
work,  but  service  was  constantly  maintained  on 
the  other  track. 

The  new  piers  are  built  entirely  of  concrete  on 
timber  platforms  supported  by  piles  cut  oft  at  a 
depth  of  about  32  feet  below  low  water.  Oper- 
ations were  commenced  by  diverting  the  traffic 
from  one  of  the  tracks  and  removing  the  piles  of 
the  old  trestle  on  one  side  of  the  center  line  of 
the  bridge  for  about  40  feet  each  side  of  the 
axis  of  the  pier.  This  area  was  then  dredged 
about  15  feet  to  a  depth  of  34  feet  below  low 
water,  and  piles  about  2i^  feet  apart  on  centers 
were  driven  in  it  to  a  penetration  of  about  20 
feet  through  mud  and  sand  to  a  bearing  on  rock. 
The  piles  were  cut  off  in  a  horizontal  plane  32 
feet  below  low  water  with  an  accuracy  of  about 
Vi  inch  by  means  of  an  apparatus  which  had 
been  successfully  used  by  the  contractors  for 
cutting  off  piles  to  a  depth  of  48  feet  below  the 
surface  of  the  water.  It  resembles  the  machines 
used  for  the  same  purpose  by  the  Department  of 
Docks  of  the  city  of  New  York,  but  diiters  from 
it  in  some  of  the  details  and  in  that  it  is  oper- 
ated by  an  individual  engine. 

A  12xl2-inch  vertical  timber  60  feet  long  is 
bolted  to  the  cross-heads  traveling  in  the  guides 
of  an  ordinary  floating  pile  driver.  On  the  face 
of  this  timber  there  are  bearings  for  a  3-inch 
shaft  50  feet  long  in  which  a  seat  is  cut  from 
end  to  end  engaging  a  key  in  the  driving  pul- 
ley. At  the  lower  end  of  the  shaft  there  is  a 
horizontal  circular  saw  48  inches  in  diameter, 
which  is  secured  to  it  by  a  collar  and  counter- 
sunk bolts  on  the  upper  side,  leaving  the  lower 
side  a  plane  surface  without  projections.  A 
scale  of  feet  is  marked  on  the  vertical  timber 
and  the  latter  is  carefully  adjusted  to  required 
height  by  a  leveling  instrument.  A  target  is  set 
on  it  giving  the  exact  distance  below  the  level 
it  Is  required  to  cut  the  piles.  The  shaft  moves 
up  or  down  through  the  driving  pulley;  the  lat- 
ter remains  stationary  at  a  convenient  height 
above  the  deck  of  the  pile-driver  scow  and  is 
driven  with  a  twisted  belt  from  a  10xl2-inch 
steam  engine  seated  on  deck  under  the  pile- 
driver  tower  and  supplied  with  steam  from  the 
pile-driver  engine.  The  advantage  of  this  ar- 
rangement is  that  the  pile-driver  engine  is  al- 
ways left  free. 

To  the  upper  part  of  the  vertical  timbers,  or 
leaders,  a  light  horizontal  steel  yoke  is  attached 
which  is  large  enough  to  allow  a  pile  to  be  lift- 
ed through  it  and  is  seated  at  the  top  of  the 
leads.  To  the  extremity  of  this  yoke  a  lackle 
is  attached,  which  is  also  made  fast  to  the  top 
of  the  pile  next  in  advance  of  the  one  being  cut. 
The  lead  line  from  this  tackle  is  operated  by  a 
hand  windlass  on  the  pile-driver  scow  and 
serves  to  steady  the  machine  at  work.  The 
scow  is  anchored  in  four  directions  by  lines  to 
capstan  heads  on  its  deck  and  is  easily  moved 
back  and  forth  to  feed  the  saw.  The  regular 
pile  ta>,kle  of  the  pile-driver  is  attached  to  the 
top  of  the  pile,  and  while  the  latter  is  being  cut, 
it  is  held  on  opposite  sides  by  men  with  pike 
poles.  The  cutting  is  very  easily  and  quickly 
accomplished  after  the  saw  is  brought  into  po- 
sition and  the  pile  is  then  immediately  lifted  up 
and  removed  and  the  saw  is  advanced  to  the 
next  pile  and  so  on.  As  many  as  100  piles  have 
been  cut  by  this  machine  in  10  hours. 


After  the  pile  foundation  had  thus  been  com- 
pleted for  one  end  of  the  pier,  one  track  was 
shifted  to  a  position  over  the  completed  foun- 
dation and  the  other  track  was  abandoned  and 
the  piles  removed  over  the  remainder  of  the 
pier  site  and  the  operations  above  described 
were  repeated.  The  timber  platform  supporting 
the  pier  on  the  piles  was  composed  of  four  solid 
cross  layers  of  12xl2-inch  timbers  which  formed 
the  bottom  of  a  caisson  with  vertical  sides  of 
3-inch  horizontal  planks.  These  sides  were 
from  26  to  28  feet  high  and  the  planks  were 
spiked  to  8xlO-inch  vertical  timbers  2  feet  6 
inches  apart.  The  tops  of  the  verticals  were 
mortised  into  a  horizontal  12xl2-inch  cap  and 
the  verticals  at  the  corners  were  made  double 
and  secured  together  with  bolts  having  their 
solid  heads  on  the  inside  piece  and  their  nuts 
countersunk  in  the  outer  piece  under  the  plank- 
ing. The  lower  edges  of  the  planks  were  care- 
fully fitted  flush  to  the  upper  surface  of  the 
timber  platform  and  the  four  sides  were  fast- 
ened together  by  the  bolts  through  the  double 
corner  pieces.  Between  the  vertical  timbers 
eye-bolts  3  feet  long  were  screwed  18  inches  into 
the  platform  timbers.  The  eyes  engaged  hooks 
.  on  the  bottoms'  of  thirty  IVi-inch  vertical  rods 
which  passed  up  through  the  horizontal  caps  of 
the  vertical  timbers  and  took  bearing  on  them 
with  nuts  and  washers.  In  this  manner  the 
lower  connection  was  made  about  1  foot  above 
the  surface  of  the  platform  and  enabled  the  up- 
per end  of  the  rod  to  be  easily  entered  in  the 
hole  through  the  cap  timber  before  the  hook  on 
the  lower  end  engaged  the  eye. 

In  similar  caissons  the  weak  point  is  often 
found  in  the  connection  of  the  vertical  timbers 
to  the  upper  cap  where  excessive  strain  comes 
on  the  mortised  joints.  In  these  caissons  diffi- 
culty from  this  source  was  avoided  by  providing 
special  rangers  to  receive  the  bearing  of  the 
transverse  struts  and  resist  the  outside  pres- 
sure. Horizontal  bracket  planks  were  nailed  to 
the  vertical  timbers  just  below  the  upper  ends 
and  projected  on  the  inside  far  enough  to  carry 
horizontal  timbers  which  were  not  framed  or 
bolted  to  them.  These  timbers  took  bearing 
against  the  vertical  inner  faces  of  the  posts  and 
received  on  their  opposite  sides  the  ends  of  the 
interior  struts.  Corresponding,  lines  of  inside 
rangers  were  set  in  the  same>  manner  as  re- 
quired to  brace  the  lower  parts  of  the  caisson, 
and,  as  the  concrete  was  built  Up,  the  through 
struts  were  removed  and  braces  were  inserted 
between  the  rangers  and  the  hardened  concrete. 
The  joints  in  the  plank  sides  and  between 
them  and  the  deck  were  thoroughly  calked,  and 
the  caisson  was  floated  to  a  position  near  the 
pier  site  and  there  moored.  A  form  was  built 
in  it  corresponding  to  the  required  dimensions 
of  the  pier  and  was  partly  filled  with  concrete 
mixed  by  a  steam-driven  Smith  machine  on  a 
barge  alongside.  Concrete  was  deposited  in  the 
mould  until  the  bottom  of  the  caisson  was  sunk 
nearly  to  the  top  of  the  pile  foundation.  It 
was  then  moved  under  the  railroad  track  and 
carefully  lined  into  position  over  the  piles  and 
was  sunk  to  rest  on  them  by  admitting  a  little  . 
water  through  the  top  of  the  coffer-dam.  After 
it  was  finally  seated,  the  remainder  of  the  con- 
crete was  built  up  to  low-water  mark  and  above 
that  point  the  upper  part  of  the  pier  was  con- 
structed with  absolute  accuracy,  an  allowance  of 
2  in'ches  each  way  having  been  made  in  build- 
ing the  submerged  portion. 

The  original  walls  of  the  caisson  were  kept 
as  low  as  possible  to  avoid  lifting  the  concrete 
to  an  unnecessary  height,  but  above  low-water 
mark  they  were  extended  a  few  feet  by  spiking 
to  them  courses  of  8xl2-inch  timbers  laid  edge- 
wise with  calking  cotton  between  them.  After 
the  completion  of  the  pier,  the  caisson  walls 
were  separated  by  unscrewing  from  the  inside 


the  horizontal  bolts  through  the  double  corner 
vertical  pieces.  The  nuts  on  the  top  of  the 
thirty  vertical  rods  were  unscrewed  and  the 
rods  were  forced  down  and  unhooked  from  the 
eye-bolts,  allowing  the  four  sides  to  be  separate- 
ly detached  and  removed  ready  for  use  on  the 
next  pier.  The  Sanford  &  Harris  Company,  Ho- 
boken,  was  the  contractor  for  the  substructure. 
The  superstructure  now  under  construction 
consists  of  six  spans  supported  on  seven  piers, 
and  is  symmetrical  about  the  center  pier  as 
shown  in  the  general  elevation,  page  254  in  the 
issue  of  February  27.  The  piers  are  numbered 
1  to  7  and  are  respectively  about  120,  36  and  42 
feet  apart  in  the  clear  from  each  end  to  the 
center.  The  120-foot  opening,  1-2,  Is  spanned  by 
the  riveted  through  trusses  of  the  rolling  lift. 
They  are  about  25  feet  deep  at  the  shore  end 
and  are  about  150  feet  long  over  all  so  as  to 
project  towards  the  center  pier  and  overhang 
the  36-foot  span,  2-3,  with  a  quadrant-shaped 
lower  chord  of  about  25  feet  radius  on  which 
they  revolve  as  the  truss  rises  to  the  vertical 
position.  The  36-foot  spans,  2-3,  are  heavy, 
deep,  through  plate  girders,  which  serve  as 
tracks  for  the  rolling  trusses.  The  42-foot  spans 
3-4,  are  deck  plate  girders  and  carry,  over  the 
center  pier,  a  steel  tower,  about  30  feet  wide  and 
60  feet  high  above  the  track,  which  supports  the 
operating  house  and  machinery  22  feet  clear  of 
the  tracks  and  has  on  each  side  a  guyed  canti- 
lever girder  arm  about  28  feet  long  above  the 
tracks,  extending  nearly  to  the  end  of  the  roll- 
ing span. 

The  bridge  has  been  built  from  pier  1  to  pier 
5  inclusive,  and  the  superstructure  work  was 
commenced  by  driving  piles  both  sides  of  the 
bridge  between  piers  3  and  4  and  erecting  on 
them  the  40x84-foot  wooden  traveler  115  feet 
high.  This  tower  looked  like  falsework-,  and 
was  called  a  traveler,  but  it  really  served  only 
for  the  support  of  tackles  for  assembling  the 
steelwork,  and  did  not  support  the  trusses  dur- 
ing erection  nor  move  back  and  forth  from  panel 
to  panel  like  ordinary  travelers,  being  station- 
ary during  the  erection  of  each  pair  of  trusses 
or  girders  and  moving  only  from  span  to  span. 
It  was  built  in  two  sections,  the  lower  one  hav- 
ing vertical  posts  36  feet  apart  transversely 
with  outside  batter  posts  increasing  the  width 
24  feet  on  each  side.  The  vertical  and  inclined 
posts  were  well  braced  by  horizontals  and  diag- 
onals in  transverse  and  longitudinal  planes  and 
provided  a  clearance  65  feet  high  over  both 
tracks  and  the  operating  tower  and  house.  The 
lower  section  thus  resembled  an  ordinary  strid- 
ing traveler  with  the  sway  bracing  inverted, 
and  was  surmounted  by  a  36x40-foot  tower  50 
feet  high  on  top  of  which  were  seated  two  10- 
ton  55-foot-boom  stiff-leg  derricks  operated  from 
one  hoisting  engine  on  a  platform  at  track  level 
alongside.  Two  1 14 -inch  steel  guy  cables  were 
attached  to  the  tower  65  feet  above  the  track 
and  were  anchored  to  the  trestle  or  to  the  pier 
on  opposite  sides,  and  with  the  batter  posts, 
gave  sufficient  stability  for  the  traveler  under 
ordinary  conditions. 

The  track  girders  between  piers  3  and  4  were 
delivered  and  placed  on  the  old  trestle  work 
alongside  the  tracks.  The  two  36-foot  30-ton 
track  girders  were  set  in  position  on  piers  2 
and  3  by  steam  lighters,  after  which  traffic  was 
abandoned  one  Sunday  and  the  track  girders 
between  piers  3  and  4  were  placed  in  position 
by  the  traveler,  the  old  floor  system  was  re- 
moved and  the  new  floor  system  was  completed 
at  the  west  end  from  piers  1  to  4.  The  frame- 
work was  erected  for  the  center  permanent 
tower  and  operating  house  and  the  installation 
of  machinery  was  commenced  there  so  that  it 
would  be  ready  to  operate  when  the  rolling  lift 
span  was  completed.  The  two  28-ton  rocker 
girders  were  then  placed  in  position  at  the  east 
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end  of  the  track  girders  and  the  construction  of 
the  truss  was  assembled  and  completed  In  ver- 
tical position,  counterweights  being  added  as 
the  erection  progressed  to  insure  abundant  sta- 
bility. All  connections  were  made  with  gusset 
plates  and  the  holes  were  filled  with  drifts  and- 
bolts  and  riveted  as  fast  as  eight  gangs  of 
pneumatic  riveters  could  follow.  In  this  way 
the  superstructure  for  one  of  the  double  track 
lifts  has  been  erected  without  much  Interferenct 
to  either  traffic  or  navigation,  although  trains 
passed  over  the  bridge  under  headway  often 
not  exceeding  four  minutes.  Navigation  was 
accommodated  by  the  old  swing  span  which  was 
retained  In  service  during  the  construction  of 
the  first  half  of  the  rolling  lifts. 

The  air  plant  consisted  of  one  standaru  22- 
horse-power  gasoline  compressor  which  had  a 
capacity  of  120  cubic  feet  of  compressed  air  per 
minute,  sufficient  to  run  eight  hammers.  The 
time  of  erection  of  the  spans  was  equivalent  to 
about  75  working  days  with  a  force  of  about  60 
men.  The  subsequent  erection  and  adjustment 
of  machinery  was  tedious  work.  The  total 
weight  of  one  120-foot  Uft-span  with  its  gird- 
ers is  about  1,000  tons.  Including  250  tons  of 
cast-iron  sectional  counterweight.  After  the 
machinery  was  installed  and  tested,  traffic  was 
abandoned  one  Sunday,  all  of  the  old  trestle 
between  piers  1  and  2  was  removed  and  the  span 
lowered  into  position.  The  necessity  of  main- 
taining clearance  through  the  lower  part  of  the 
span  for  traffic  during  erection  made  it  neces- 
sary to  omit  the  transverse  bracing  between  the 
rocker  girders.  This  was  put  In  the  same  day 
that  traffic  was  abandoned  to  permit  the  span  to 
be  revolved  into  its  horizontal  position.  Pre- 
viously the  girder  had  been  sufficiently  secured 
by  the  falsework  and  temporary  wooden 
bracihg. 

The  vitol  point  In  the  erection  was  the  preser- 
vation of  absolute  accuracy  in  the  position  of 
the  first  panel  point  above  the  rocker  girder. 
This  developed  a  tendency  to  move  laterally  and 
required  constant  attention  and  adjustment 
with  hydraulic  jacks  and  shoring.  This,  of 
course,  resulted  from  the  necessary  temporary 
omission  of  the  lateral  bracing.  Otherwise  the 
span  was  self-supporting  and  imposed  practi- 
cally no  weight  on  the  traveler. 

It  Is  worthy  of  note  that  in  the  erection  of 
this  class  of  bridges  exact  alignment  of  the 
trusses  is  seldom  attained,  but  in  this  case  the 
truss  revolved  from  vertical  to  horizontal  posi- 
tion with  perfect  accuracy  both  in  alignment, 
length  and  level,  so  that  the  ends  of  truss  cen- 
tered perfectly  on  the  abutment  shoes.  The  ab- 
sence of  the  twist  which  Is  customary  in  this 
sort  of  work  whether  It  be  erected  horizontally 
or  vertically  was  considered  very  gratifying  by 
the  contractors. 

August  26.  1903,  soon  after  the  42-foot  center 
span  and  the  track  girders  had  been  placed  and 
before  the  erection  of  the  rocker  span  was  com- 
menced, a  very  severe  squall  was  experienced 
which  wrecked  many  buildings  and  caused  large 
damage  to  the  shipping  in  that  vicinity.  It 
stmck  the  traveler  with  such  violence  as  to 
blow  It  transversely  entirely  oft  from  the  piles 
and  into  the  river  where  it  collapsed,  but  was 
not  capsized,  causing  the  death  of  three  men. 
The  traveler  was  so  well  braced  and  so  strong 
that  it  held  together  until  blown  entirely  off 
from  the  supports,  when,  of  course,  the  f»II  into 
the  water  caused  its  destruction.  This  involved 
considerable  loss  and  a  delay  of  two  months.  At 
other  times  the  traveler  experienced  very  strong 
winds  without  any  Injury. 

The  bridge  is  owned  <)y  the  Central  Railroad 
Company  of  New  Jmey,  Mr.  W.  O.  Besler,  vice- 
president  and  gene/al  manager,  and  Mr.  Joseph 
O.  Osgood,  chief  'Engineer,  and  is  used  by  It  and 
by  the  Phlladelyhla  ft  Reading  and  the  Balti- 


more &  Ohio  Railroads.  The  substructure  plans 
were  made  by  Mr.  Austin  Lord  Bowman,  bridge 
engineer.  The  superstructure  and  machinery 
were  furnished  by  the  Scherzer  Rolling  Lift 
Bridge  Company.  The  Bethlehem  Steel  Com- 
pany was  the  contractor  for  the  machinery  and 
the  superstructure  was  furnished  and  erected  by 
the  Pennsylvania  Steel  Company,  Mr.  J.  V.  W. 
Reynders,  superintendent,  Mr.  Frederick  W. 
Cohen,  engineer  of  erection  and  Mr.  L.  N.  Gross, 
superintendent  of  erection. 


Notes  on  the  Baltimore  Fire. 

From  tt  report  by  S.  .^shtord,  Insneotor  of  Buildings, 
District  of  Columbia. 


.\fter  a  general  survey  of  the  ruins  I  would 
say  that  the  combustible  buildings  are  entirely 
wrecked  and  are  but  a  heap  of  brick.  This 
condition  would  seem,  therefore,  to  divert  at- 
tention to  the  "fireproof"  structures  as  the  only 
visible  examples  for  study.  But  the  very  thor- 
oughness of  the  destruction  of  the  combustible 
buildings  gives  reason  for  careful  considera- 
tion on  the  part  of  architects,  inspectors,  in- 
surance agents  and  owners.  So  before  passing 
to  the  sky-scrapers,  I  desire  to  dwell  on  the 
more  general  subject  of  fire  protection  in  com- 
bustible buildings,  and  to  invite  attention  to  a 
government  publication  in  the  form  of  Consular 
Reports  on  Building  Regulations  of  Foreign 
Countries,  of  1892. 

These  reports  first  impress  you  with  the  small 
number  of  conflagrations,  which  are,  in  fact, 
almost  unknown;  due,  as  the  consuls  infer, 
to  the  "solidity  of  the  buildings"  and  the  thick- 
ness of  the  dividing  walls  between  buildings 
and  parts  of  the  same  building.  There  may  be 
different  opinions  concerning  the  efficacy  of 
the  rival  materials,  but  all  agree  that  there  is 
nothing  to  compare  with  brick  walls  for  resist- 
ing fire,  and  the  means  of  safe  construction  for 
limiting  fire  in  combustible  buildings  lies  in 
the  erection  of  thick  enclosing  walls  of  brick, 
with  as  many  partitions  or  cvosswalls  as  the 
subdivision  or  interior  arrangement  will  allow. 
The  bracing  effect  of  these  cross  walls  was 
shown  in  the  Baltimore  fire  by  the  standing 
angles  or  corners  of  buildings  when  everything 
else  was  down,  and  the  scarcity  of  cross-walls 
was  evidently  accountable  for  the  complete 
demolition  of  buildings.  These  walls  and 
cross-walls  should  be  carried  through  the  roof 
at  least  a  foot.  It  is  evident  that  we  use  too 
many  stud-partitions  and  not  enough  interior 
walls  to  brace  the  side  walls  when  roofs  and 
floors  burn  away. 

Many  buildings  in  Baltimore  were  provided 
with  sprinkler  tanks  which  are  undoubtedly 
efficacious  for  Interior  fires  in  their  early 
stages,  but  in  many  cases  in  Baltimore,  where 
the  supports  were  burned  away,  these  tanks 
completed  the  destruction.  The  regulations 
adopted  last  summer  in  the  District 
of  Columbia  seem  essential  for  the  safe  instal- 
lation and  maintenance  of  such  appliances, 
which  might  become  a  menace  to  building  oc- 
cupants and  firemen  In  case  of  the  failure  of 
supports  through  slow  combustion,  by  decay, 
.or  rapid  failure  In  fire. 

Generally  speaking,  the  buildings  externally 
are  In  fair  condition  except  where  the  face 
bricks  have  left  the  backing.  In  many  cases 
where  hollow  or  cellular  terra  cotta  was  used 
In  decorations,  lintels  or  architraves  of  win- 
dows or  belt  courses,  the  outer  web  has  burst 
or  broken  off,  leaving  the  cells  resembling  the 
front  of  an  open  file  case,  and  in  some  cases 
large  consoles  and  brackets  in  the  cornices 
nearly  two  hundred  feet  above  ground  have 
split  open.  It  should  be  remembered  that  this 
terra  cotta  was  subjected  to  heat  but  not  water, 
which  probably  accounts  for  Its  fair  condition. 


Of  course,  the  window  frames  are  entirely 
gone.  I  found  about  half  a  dozen  wall-beams 
exposed  and,  strange  to  say,  always  on  the  lee- 
ward side  of  the  building.  I  noticed  some 
brackets  under  beam-ends,  but  no  columns 
were  seen  from  outside,  and  the  steel  frames 
In  all  cases  but  one  seem  to  have  escaped  In? 
jury.  Our  regulation  requiring  9  inches  of 
brickwork  outside  of  columns  seems  to  afford 
proper  protection.  I  should  say  that  the  out- 
side walls  suffered  about  10  per  cent,  loss  on 
the  brick  and  terra  cotta  buildings  and  from  10 
to  30  per  cent,  when  brick  and  stone. 

I  do  not  believe  the  architect  or  engineer 
ever  contemplated  a  severer  trial  for  flreproof- 
Ing.  The  steel  frame,  when  protected  by  brick, 
was  decidedly  satisfactory.  The  interior  of 
these  buildings  suffered  considerably.  Every 
particle  of  woodwork,  including  the  sleepers 
imbedded  in  concrete  filler,  was  completely 
obliterated  and  the  hollow  tiles  forming  the 
floor  arches  badly  damaged,  especially  In  the 
halls  and  corridors,  where  they  seemed  to  get 
the  inteusifled  heat  due  to  the  blowpipe  effect 
of  the  through  draft  from  hundreds  of  open 
windows  and  doors.  The  lower  webs  of  these 
tiles  are  split  off  and  the  fracture  extends  from 
one-third  to  one-half  up  the  partition.  This 
failure  released  the  slabs  or  tiles  protecting 
the  lower  flange  of  the  floor-beams  which,  in 
many  cases,  are  now  exposed.  The  damage 
to  the  floors  is  worse  in  front  of  the  windows, 
where  the  hot  blast  emerged  from  the  build- 
ing. Terra  cotta  partitions  are  standing,  ex- 
cept a  few  that  were  evidently  blown  over  on 
the  floor,  with  the  blocks  still  in  good  condi- 
tion. Judging  from  some  samples  of  brass 
and  copper  the  fused  condition  of  some  type- 
writing machines,  and  melting  of  some  iron 
mu'lions  in  the  windows,  I  would  say  that  the 
temperature  was  above  2,000  degrees  F.  in 
some  parts  of  these  buildings,  but  in  some 
rooms  with  scagliola  decorations  and  calcined 
plaster  or  gypsum  products,  such  as  plaster 
of  paris,  on  walls  and  ceilings,  the  decorations 
and  structural  features  are  almost  perfect. 
The  same  resistance  of  plaster  of  paris  was 
noticed  in  the  grounds  or  benches  for  the 
marble  wainscoting.  The  marble  is  gone  but 
the  plaster  is  firm  and  uninjured. 

It  Is  my  opinion  that  all  the  terra  cotta  floors 
have  suffered  to  the  extent  of  50  per  cent.  In 
area,  and  that  by  the  loss  of  the  lower  web 
they  are  in  a  dangerous  condition,  with  no 
means  of  determining  their  actual  condition 
while  in  place.  It  seems  necessary  to  increase 
the  thickness  of  the  lower  web  and  change 
the  form  of  the  block  to  avoid  the  sharp  angu- 
lar junctions  at  web  and  partition  where  the 
fracture  begins.  A  rounded  or  convex  surface 
of  the  under  web  would  seem  to  improve  con- 
ditions and  form  a  betteT  key  for  plaster, 
which  might  protect  the  terra  cotta  from  sud- 
den changes  in  temperature  when  sprayed  by 
cold  water  during  a  flre. 


High-Speed  Electric  Traction  will  shortly 
be  tested  on  a  12-mile  stretch  of  the  Swiss 
State  Railway  near  Seebach,  using  a  400-horse- 
power  electric  locomotive  designed  by  the 
Maschinenfabrik  Oerlikon  near  Zurich.  It  will 
employ  a  15,000-volt  single-phase  current  trans- 
formed on  the  car  to  direct  current,  and  has  al- 
ready shown  in  preliminary  tests  a  capacity  for 
hauling  a  500-ton  train  for  an  Indefinite  time  at 
25  miles  an  hour.  The  trolley  wire  Is  attached 
directly  to  the  top  of  the  insulators  on  the  pole 
line  an  J  the  current  is  taken  off  by  a  new  form 
of  collector  designed  for  this  special  service. 
The  trolley  wire  Is  thus  kept  at  the  side  of  the 
track  and  not  overhead,  an  arrangement  that 
will  appeal  strongly  to  the  managers  of  rail- 
ways now  in  operation  as  steam  roads. 


April  2,  1904. 
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John  R.  Freeman. 

A  few  years  ago,  when  the  Comptroller  of 
the  City  of  New  York  retained  Mr.  John  R. 
Freeman  to  investigate  the  water  supply  of 
that  place,  considerable  surprise  was  expressed 
that  such  a  problem  was  intrusted  to  an  engi- 
neer whose  work  had,  for  some  time,  largely 
been  along  the  lines  of  insurance  engineering. 
At  that  time  The  Engineering  Record  was  able 
to  point  out  privately  to  a  number  of  enquirers 
the  exceptional  fitness  of  the  appointment,  and 
as  Mr.  Freeman  has  again  been  retained  to  in- 
vestigate the  New  York  water  supply,  and  his 
second  report,  as  a  member  of  a  committee 
with  Messrs.  William  H.  Burr  and  Rudolph 
Hering,  will  shortly  appear,  it  is  a  fitting  time 
to  print  a  brief  outline  of  his  professional 
career. 

He  was  born  on  July  27,  1855,  in  the  little 
community  o£  West  Bridgeton,  Me.  His  early 
days  were  spent  on  the  farm  and  his  education 
was  begun  in  the  district  school  of  that  place. 
This  was  supplemented  by  terms  in 
the  public  schools  at  Portland,  Me., 
and  Lawrence,  Mass.,  and  then  the  full 
course  in  civil  engineering  at  the  Mas- 
sachusetts Institute  of  Technology, 
where  he  was  graduated  in  1876.  Math- 
ematical and  scientific  subjects  had 
always  been  of  much  interest  to  him, 
and  while  attending  the  Lawrence  ' 
high  school  he  took  all  of  these  sub- 
jects regularly  covered  In  a  three-year 
course  during  his  first  two  years,  while 
his  vacations  were  spent  as  a  rodman 
in  the  employ  of  the  Water  Power 
Company.  During  his  studies  at  the 
Massachusetts  Institute  his  summers 
were  spent  with  the  same  company  as 
computer,  draftsman  and  assistant. 
After  graduation  he  joined  the  staff  of 
the  company  regularly  and  soon  rose 
to  the  position  of  principal  assistant 
engineer  to  Mr.  Hiram  F.  Mills,  chief 
engineer. 

At  that  time  Mr.  Mills  was  engaged 
in  making  many  experiments  on  the 
flow  of  water,  capillarity,  friction,  etc., 
and  his  assistant  developed  much  fond- 
ness and  aptitude  for  investigations  of 
this  nature.  It  is  probable  that  the 
experiments  conducted  by  Mr.  Mills  at 
this  time  are  among  the  most  Import- 
ant hydraulic  studies  made  in  this 
country,  although  so  little  has  been 
published  concerning  them  that  they 
are  comparatively  unknown  even  to 
this  day.  Mr.  Mills  also  acted  as  con- 
sulting engineer  to  various  manufac- 
turing companies  in  Lawrence  and  other  New 
England  manufacturing  centers,  and  the  details 
of  much  of  this  work  fell  to  Mr.  Freeman's  care 
during  the  ten  years  he  held  the  Lawrence  posi- 
tion. He  was  engaged  on  many  surveys  and 
designs  in  this  way  for  water-power  improve- 
ments at  Sewall's  Falls,  N.  H.,  and  Bellows 
Falls,  Vt.,  as  well  as  nearer  home,  and  under- 
took occasional  engineering  design  on  his  own 
responsibility.  During  this  time  he  had  charge 
of  the  daily  measurements  of  the  water  power 
used  by  the  Lawrence  factories"  and  of  water 
power  measurements  for  the  factories  of  Man- 
chester, N.  H.,  and  In  this  way  secured  the  in- 
timate knowledge  of  stream-flow  and  of  gaug- 
ing which  proved  of  much  value  later  on. 

After  ten  years  of  this  experience  he  decided 
to  open  an  office  in  Boston  for  general  practice 
In  hydraulic  engineering  and  mill  work.  While 
this  step  was  under  consideration,  he  received 
the  offer  of  a  position  as  inspector  and  hydraulic 
engineer  for  the  Factory  Mutual  Fire  Insurance 
Companies,  which  he  accepted  for  a  year  only 


in  the  belief  that  the  acquaintance  to  be  gained 
in  this  way  with  mill  men  and  mill  architec- 
ture would  be  a  valuable  asset  later  on  when  he 
undertook  consulting  practice.  In  this  manner 
he  entered  the  insurance  field  in  which  he  has 
since  remained,  although  not  to  the  exclusion, 
of  other  business  and  engineering  enterprises. 
He  found  a  comparatively  new  specialty  in  fire 
protection  engineering,  which  not  even  now 
receives  the  recognition  it  should.  In  the 
course  of  this  work  he  has  been  called  upon  to 
make  tests  of  the  efficiency  of  many  public 
water  works  as  well  as  to  investigate  the  new 
appliances  for  fire  protection  which  are  all  the 
time  coming  out.  His  experiments  on  the  dis- 
charge of  fire  nozzles  and  the  hydraulics  of  fire 
streams  are  among  the  standard  investigations 
of  engineering  and  too  well  known  to  need 
more  than  mention.  In  a  short  time  he  was 
called  on  to  reorganize  the  inspection  service 
of  these  companies,  of  which  he  was  placed  in 
charge  with  the  title  of  chief  inspector  and 
chief   engineer.     In   this   work  he   appreciated 


John  R.  Freeman.  • 

from  the  outset  that  it  afforded  good  openings 
for  the  best  engineering  talent,  and  according- 
ly recruited  his  staff  of  draftsmen,  experiment- 
ers, inspectors  and  engineers  from  the  grad- 
uates of  engineering  schools  so  far  as  possible. 
To  show  what  a  field  exists  in  this  line  of  work 
it  is  only  necessary  to  state  that  more  than  two 
thousand  large  mills  valued  at  over  a  thousand 
million  dollars  unite  for  fire  protection  pur- 
poses in  the  Factory  Mutuals.  Mr.  Freeman 
has  particularly  sought  to  perfect  standard 
methods  and  appliances  for  fire  protection,  and 
to  unite  manufacturers  of  fire  appliances  on 
certain  standards  of  quality  while  preserving 
to  each  his  individuality  of  detail.  The  speci- 
fications almost  universally  adopted  for  under- 
writer fire  pumps,  underwriter  nozzles,  fire 
hose,  and  the  like,  were  drawn  up  by  him  after 
much  experimental ,  work,  and  even  since  his 
advance  in  the  companies  to  a  position  of  larger 
responsibility,  he  keeps  in  close  touch  with  all 
engineering  work  as  chairman  of  the  commit- 
tee over  the  inspection  department.     It  was  in 


1896  that  he  became  president  and  treasurer 
of  the  Manufacturers',  Rhode  Island  and  Me- 
chanics Mutual  Fire  Insurance  Companies, 
which  was  virtually  a  consolidation  of  the  old- 
est two  organizations  of  this  character.  Under 
his  charge  their  business  has  increased  about 
three-fold,  while  these  results  were  so  success- 
ful that  a  year  ago,  on  the  death  of  Col.  Thomas 
J.  Borden,  Mr.  Freeman  was  called  upon  to  be- 
come president  and  treasurer  of  three  more 
companies  of  this  nature,  the  State,  Enterprise 
and  American.  At  the  present  time  he  is  ac- 
cordingly in  charge  of  the  fire-protection  and 
insurance  interests  of  property  valued  at  more 
than  $300,000,000,  making  his  ofilce  the  largest 
of  Its  kind.  Fondness  for  engineering  work  has 
caused  him  to  steadfastly  decline  to  devote  his 
time  exclusively  to  business  interests. 

From  1894  to  1896,  Mr.  Freeman  was  the 
active  member  of  the  Water  Board  of  Winches- 
ter, Mass.,  doing  much  to  reorganize  its  work 
and  raise  its  efficiency.  In  the  latter  year  ha 
was  appointed  one  of  the  original  members  of 
the  Massachusetts  Metropolitan  Water 
Board,  charged  with  building  new 
water  supply  works  for  Boston  and 
neighboring  towns,  receiving  the  ap- 
pointment on  account  of  his  position  in 
the  engineering  world  as  well  as  his 
executive  ability.  He  had  much  to  do 
with  the  successful  organization  ol 
that  great  work,  but  his-  change  of 
residence  in  1896  from  Boston  to  Provi- 
dence made  it  necessary  for  him  to 
resign.  During  his  stay  in  Massa- 
chusetts he  was  twice  appointed  by  the 
Supreme  Court  to  be  one  of  three  com- 
missioners to  appraise  the  value  of 
private  water  works.  In  addition  ha 
has  acted  as  consultiug  engineer  to  a 
number  of  manufacturing  corporations 
on  matters  of  construction  and  water- 
power  development. 

In  1899  he  was  selected  by  Comp- 
troller Coler  of  New  York  as  an  engi- 
neer familiar  with  large  water  supplies 
and  unbiased  by  local  prejudices  to  in- 
vestigate the  water  supply  of  that  city. 
At  this  time  Mr.  Coler  was  making  a 
strong  fight  against  a  proposed  con- 
tract with  the  Ramapo  Water  CompanJ 
for  an  additional  supply  for  the  city, 
and  Mr.  Freeman  was  selected  as  a 
wholly  disinterested  engineer  to  report 
on  five  subjects,  namely:  First,  the 
capacity  and  adequacy  of  the  present 
sources  of  supply  compared  with  the 
consumption  at  present  and  in  the  near 
future.  Second,  the  amount  of  waste 
and  the  extent  to  which  it  is  practi- 
cable to  prevent  it.  Third,  the  sufficiency  of 
pressure  and  volume  of  present  water  supply 
for  fire  protection.  Fourth,  the  best  means  of 
adding  to  the  present  water  resources  when 
occasion  requires.  Fifth,  the  advantages  and 
disadvantages  of  the  additional  supply  offered 
by  the  Ramapo  Company.  These  investigations 
had  to  be  made  in  a  very  short  time  and  yet 
with  a  complete  grasp  of  all  but  the  minor  de- 
tails of  every  feature  involved.  Field  parties 
were  organized,  investigations  started  on  the 
existing  works  and  at  the  hydraulic  laboratory 
of  Cornell  University,  and  a  designing  office 
opened  where  the  data  were  checked,  computa- 
tions made  and  plans  for  new  works  prepared. 
The  request  to  submit  such  a  report  was  re- 
ceived by  Mr.  Freeman  on  August  24,  1899,  and 
it  was  handed  to  Mr.  Coler  seven  months  later. 
In  its  printed  form  it  is  a  book  about  600  pages, 
profusely  illustrated  with  maps,  diagrams  and 
designs,  and  is  generally  acknowledged  to  be 
the  most  elaborate  water-works  report  ever 
prepared  by  one  engineer,  a  fact  that  is  all  the 
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more  striking  when  the  short  time  permitted 
for  securing  the  data  vaA  writing  the  document 
is  ronsidered. 

Hardly  less  interesting  as  a  piece  of  engi- 
neering literature  is  the  report  submitted  by 
Mr.  Freeman  as  chief  engineer  of  the  com-, 
mittee  appointed  in  1901  to  i-onsider  the  advisa- 
bility of  constructing  a  dam  across  the  tidal 
estuary  of  the  Charles  River  between  Boston 
and  Cambridge  for  forming  a  large  water-park. 
This  problem  has  been  before  the  people  of  the 
two  cities  for  the  last  forty  years.  Mr.  Free- 
man made  many  new  investigations  on  the  san- 
itary and  hydraulic  features  involved,  which 
added  much  new  information  on  the  subject 
and  so  far  removed  the  apprehensions  of  the 
public  that  the  execution  of  the  works  has 
been  authorised  and  placed  in  charge  of  a 
special  commission.  The  report  of  these  studies 
Is  a  book  of  about  600  pages  invaluable  to  all 
who  desire  to  investigate  the  subject  of  such 
works  for  improving  the  condition  of  tidal  in- 
lets. This  document  probably  contains  more 
new  information  than  the  report  on  the  New 
York  wafer  supply,  although  it  is  hardly  such 
an  important  engineering' achievement,  for  the 
Interests  involved  were  not  so  large  nor  was 
the  time  for  its  preparation  so  limited.  Among 
the  special  topics  treated  in  it  may  be  men- 
tioned the  studies  showing  that  salt  water  is 
less  valuable  for  filling  a  basin  like  this,  which 
receives  some  pollution,  than  is  fresh  water. 
The  tidal  scour  question  was  another  interest- 
ing subject  of  discussion,  which  was  handled  in 
a  manner  contrary  to  the  accepted  theories  of 
harbor  improvement  engineers. 

The  joint  investigation  of  Messrs.  Burr.  Her- 
ing  and  Freeman  on  an  additional  water  suiv 
ply  for  New  York  is  too  recent  to  need  more 
than  a  brief  mention,  particularly  as  the  full 
report  will  shortly  be  issued.  In  that  report  it 
will  be  found  that  there  is  full  recognition  of 
those  features  of  public  water  supply  for  which 
Mr.  Freeman's  special  knowledge  of  fire-pro- 
tection engineering  leads  him  to  contend  al- 
ways. The  supply  will  come  by  gravity  and  be 
delivered  in  the  city  under  a  high  head,  with  a 
big  terminal  reservoir  to  tide  over  Interrup- 
tions in  the  supply  through  the  aqueduct.  The 
great  amount  of  ground  water  under  Long  Is- 
land is  to  be  developed,  so  that  the  people  of 
Brooklyn  and  Queens  will  not  be  wholly  de- 
pendent on  submerged  mains  from  Manhattan 
for  their  additional  supply.  In  addition  the 
commission  has  selected  the  softest  and  purest 
natural  supply  available  for  the  purpose. 

Although  these  are  the  most  important  in- 
vestigations made  by  Mr.  Freeman,  he  has  con- 
ducted many  of  considerable  interest  since  his 
removal  from  Boston  to  Providence.  He  was 
the  consulting  engineer  for  the  Nashua,  N.  H., 
water-works,  and  was  called  in  to  advise  the 
citizens'  committee  on  similar  works  at  Win- 
chendon,  Mass..  while  more  recently  he  acted  as 
consulting  engineer  for  the  water-works  Im- 
provements at  Asheville,  and  for  the  great 
water  power  development  on  the  St.  Lawrence, 
at  .Massena.  N.  Y.  He  was  connected  with  the 
suits  along  the  Blackstone  River  in  both  Massa- 
chusetts and  Rhode  Island,  growing  out  of  the 
condemnation  of  the  waters  of  Kettle  Brook  for 
the  supply  of  Worcester.  In  some  respects  Ibis 
is  one  of  the  most  interesting  Instances  of  in- 
terstate water-rigbU  litigation  that  has  yet 
arisen.  At  the  present  time  Mr.  Freeman  is  re- 
tained by  the  Massachusetts  Metropolitan  Park 
Commission  on  the  tidal  regulation  of  the 
Mystic  estuary  and  sanitation  of  the  Cambridge 
Fresh   Pond  Marshes. 

He  was  elected  a  member  of  the  American 
Society  of  Civil  Engineers  In  188M,  although  he 
was  connected  with  It  for  about  seven  years 
previously  as  a  Junior.    He  was  a  director  from 


1896  to  1898  and  a  vice-president  in  1902  and 
1903.  He  was  twice  the  recipient  of  the  Nor- 
man Medal  of  the  Society,  once  for  a  paper  on 
experiments  relating  to  the  hydraulics  of  fire 
streams  and  the  other  time  for  a  paper  on  the 
nozzle  as  an  accurate  water  meter.  He  has 
also  contributed  to  that  organization  a  paper 
on  the  hoisting  apparatus  of  the  canal  head- 
gates  at  Sewall's  Falls.  He  was  president  of 
the  Boston  Society  of  Civil  Engineers  in  1893, 
and  is  at  present  a  vice-president  of  the  Amer- 
ican Society  of  Mechanical  Engineers,  and  has 
contributed  some  imix)rtant  papers  and  discas- 
sions  to  Its  publications.  At  the  present  time 
he  is  a  director  of  the  National  Bank  of  Com- 
merce and  of  the  People's  Savings  Bank,  of 
Providence,  a  trustee  of  Butler  Hospital,  and  a 
member  of  the  corporation  of  the  Massachusetts 
Institute  of  Technology. 


Light  Steel  Gas  Plant  Roofs  in  England. 

The  retort  house  for  the  Hastings  Gas  Works 
at  Glyne  Gap,  England,  is  about  73V(!  feet  wide 
and  233'^  feet  long  with  brick  piers  and  walls 
and  a  steel  roof.  The  roof  weighs  about  160 
tons  and  is  divided  into  11  panels  by  10  main 
trusses  which  are  seated  on  cast-iron  base 
plates  in  the  main  walls.     Each  truss  is  a  full- 


4-x4''i' 


which  have  shoes  anchored  to  the  tops  of  the 
side  walls.  They  are  10 Vi  feet  apart  and  carry 
3V.x2»^-inch  angle-iron  purlins  3%  feet  apart, 
which  are  sheathed  with  1-inch  boards  nailed 
to  wooden  strips  bolted  against  their  upper 
sides. 

On  the  center  line  of  the  roof  there  is  a  moni- 
tor about  21  feet  wide  and  7Vi  feet  high  which 
has  an  angle  iron  framework  and  light  truss 
rods  connecting  the  lower  ends  of  the  rafters. 

The  meter  house  is  46  feet  wide  and  128  feet 
long  with  a  curved  roof  having  a  cross-sec- 
tion which  resembles  a  semi-ellipse  and  Is 
groined  at  the  ends.  The  main  roof  trusses 
each  consist  of  three  sections,  the  end  ones  be- 
ing curved  through  90  degrees  of  approximately 
elliptical  lines  for  the  top  and  Irottom  flanges. 
These  sections  are  2  feet  deep  radially  at  the 
base  and  16  inches  at  the  opposite  end.  The 
lower  flange  has  a  rise  of  16  feet  and  the  top 
flange  has  a  rise  of  17  feet  4  inches.  Both  are 
made  with  pairs  of  3'Ax3V.-inch  angles  and 
2%xi/j-inch  lattice  bars.  The  upper  ends  are 
connected  by  a  horizontal  lattice  girder  16  inches 
deep  and  11  feet  long  which  is  surmounted  by 
^  a  monitor  made  with  an  angle  iron  frame  hav- 
ing a  curved  portal  angle  and  bent  rafters  con- 
tinuous from  eave  to  eave. 

The  end  sections  of  the  trusses  are  divided 
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centered  hingeless  lattice-girder  arch  27  inches 
deep  and  9  inches  wide.  The  lower  flange  is 
curved  to  a  radius  of  35»4  feet  and  the  top 
flange  is  concentric  with  it.  The  lower  ends 
of  the  trusses  are  cut  square  so  as  to  take  bear- 
ing on  horizontal  cast-iron  ribbed  base  plates 
grouted  and  anchored  to  the  brick  work  with 
long  bolts.  The  flanges  are  made  with  pairs  of 
3x3iA-lnch  angles  riveted  back  to  t)ack  and  re- 
inforced by  9x7/16-inch  cover  plates.  The 
trusses  are  divided  into  4-foot  panels  by  radial 
members  made  with  pairs  of  2%x2'/j-inch  an- 
gles with  their  ends  fitted  to  bearing  on  the 
flanges.  Each  panel  is  latticed  by  two  sets  of 
Z'/jx'/i-inch  X-bracing.  They  are  trussed  at  the 
haunches  by  zigzag  %-ineh  rods  which  are  ap- 
parently secured  by  single  small  rivets,  and 
are  either  superfluous  or  inadequate  for  effi- 
ciently strengthening  the  truss  which  should 
have  sufficient  stiffness  from  its  web  and 
flanges.  The  trusses  are  connected  by  six  lines 
of  longitudinal  lattice  girders  in  radial  planes, 
with  the  same  depths  as  the  trusses,  and  web- 
connected  to  them  at  the  intersections.  They 
have  3x3-inch  flange  angles,  7x%-inch  rein- 
forcement plates  and  3>Ax%-inch  latticing.  The 
trusses  and  longitudinal  girders  support  the 
upper  ends  of  8-inch  I-beam  rafters,  the  feet  of 


into  7  panels  each  by  radial  double  T-bars 
about  3%  feet  apart.  They  have  base  plates 
2  feet  square  which  are  connected  to  the  ends 
of  the  girder  webs  by  pairs  of  5x5-inch  angles 
bent  to  a  U-shape  with  their  horizontal  flanges 
riveted  to  the  plates  so  that  their  vertical 
flanges  form  pockets  receiving  the  girder 
flanges.  The  9x3-inch  wooden  purlins  are  laid 
flat  over  the  tops  of  the  radial  members  in  the 
girders  and  are  covered  with  1-inch  boards  par- 
allel to  the  trusses.  The  ventilator  has  angle- 
iron  purlins  carrying  a  full  width  skylight.  The 
roof  sheathing  is  slated.  At  the  ends  of  the 
curved  roof  there  are  flat  deck  roofs  with  pur- 
lins I8V2  feet  long  made  of  6x4-inch  T-bars 
trussed  with  %-inch  rods. 

These  buildings  are  described  by  the  design- 
ing engineer,  Mr.  W.  R.  Herring,  M.  Inst.  C.  E., 
in  the  Journal  of  Gas  I^ighting,  London. 


Elkcthic  Thawing  of  water  pipes  has  been 
extensively  adopted  this  past  winter  on  account 
of  the  frequent  periods  of  severe  cold.  The 
system  was  flrst  widely  used  in  the  winter  of 
1898-99,  and  full  directions  for  carrying  on  the 
work  were  published  in  this  journal  then.  Of 
late  years  the  winters  have  been  so  mild  that 
this  use  of  electricity  dropped  from  notice. 
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It  is  gratifying  to  learn  that  enough  en- 
gineers are  interested  in  really  sound  siand- 
pipe  and  water-tower  construction  to  malie  it 
necessary  to  print  a  second  edition  of  Mr.  J. 
N.  Hazlehurst's  "Towers  and  Tanks  for  Water- 
Works."  This  comprehensive  and  painstaking 
work  on  a  subject  of  such  limited  interest  was 
a  rather  i-isky  venture  for  author  and  pub- 
lisher, for  the  number  of  men  who  are  called 
upon  to  design  such  structures  are  few  in  num- 
ber, and  a  very  large  proportion  of  them  for- 
merly were  satisfied  to  leave  the  actual  details 
of  construction  in  the  hands  of  the  contractor. 
There  have  been  some  excellent  builders  whose 
work  remains  in  satisfactory  condition  to  this 
time,  but  there  were  also  others  not  in  such  a 
responsible  class.  Mr.  Hazlehurst  has  brought 
together  in  this  work  all  Che  information  nec- 
essary in  preparing  plans  and  specifications 
for  the  standpipes  and  towers,  and  has  stated 
it  clearly,  with  the  assistance  of  some  good 
illustrations.  In  the  new  edition  he  gives  a 
discussion  of  the  stresses  in  a  steel  water 
tower,  a  chapter  on  specifications  and  an  out- 
line of  the  aesthetic  possibilities  of  these  struc- 
tures, which  were  not  included  in  the  first  edi- 
tion. A  number  of  minor  corrections  and 
changes  have  been  made.  (New  York,  John 
Wiley  &  Sons;  cloth,  6x9  Ins.,  335  pages,  $2.50.) 


The  second  volume  of  Mr.  Edoardo  Webber's 
handy  dictionary  of  technical  terms  in  four 
languages  has  just  appeared,  the  order  of  ar- 
rangement in  this  case  being  German,  Italian, 
French  and  English.  The  title  of  the  book  is 
"Technisches  Woerterbuch  in  Vier  Sprachen, 
II."  In  this  edition  about  2,000  technical  terms 
have  been  added,  bringing  the  number  of  pages 
up  to  611.  It  is  well  printed  and  bound,  and 
is  published  at  $1.20  by  Ulrico  Hoepli,  Milan. 
The  same  publisher  has  recently  issued  a 
second  edition  of  Mr.  G.  Belluomini's  "Pron- 
tuario  del  Peso  del  Metalli,"  a  volume  of  tables 
of  the  weights  of  shapes  and  tubes  of  various 
metals  used  by  the  engineer.  It  is  arranged 
on  the  metric  system  and  is  sold  at  70  cents. 
Both  books  are  in  the  famous  series  of  Manuali 
Hoepli,  a  collection  of  duodecimo  publications 
that  is  probably  unexcelled  for  high  character, 
appearance  and  low  price. 


One  of  the  most  important  of  the  trade  asso- 
ciations in  this  country  is  the  New  England 
Cotton  Manufacturers'  Association.  The  local 
name  in  the  title  of  this  society  is  unfortunate 
because  it  is  not  a  sectional  body  nor  has  it 
been  for  some  time,  but  represents  the  cotton 
industry  of  the  entire  country.  The  "Transac- 
tions." issued  twice  a  year  from  the  office  of 
the  secretary,  Mr.  C.  J.  H.  Woodbury,  45  Milk 
street.  Boston,  form  the  most  useful  work  on 
the  industry  in  the  English  language.  The 
last  volume,  covering  the  meeting  held  last 
September,  is  a  238-page  book  containing  arti- 
cles on  every  feature  of  cotton  manufacture. 
Mr.  Edward  Atkinson  contributes  some  inter- 
esting reminiscences  of  the  early  days  of  the 
Association,  and  there  are  papers  on  the  de- 
velopment of  water  powers,  the  steam  turbine, 
the  use  of  storage  battery  cars  in  the  yards  of 
cotton  mills,  various  novelties  connected  with 
mill  machinery,  the  condition  of  the  cotton 
market  and  the  details  of  cotton  mill  practice. 
The  volume  is  sold  to  non-members  at  five 
dollars. 


corded  form  a  large  volume  of  724  pages,  il- 
lustrated with  both  text  ciits  and  folding 
plates.  A  report  of  the  convention  was  printed 
in  this  journal  last  summer,  but  the  number 
and  importance  of  the  papers  and  discussions 
made  it  impossible  to  give  more  than  a  general 
account  of  the  meetings.  The  official  report 
covers  most  of  the  field  of  water-works  design 
and  management  more  or  less  completely  and 
will  be  found  indispensable  in  the  office  of 
every  water-works  superintendent.  Copies  are 
sold  at  one  dollar  each  by  the  secretary,  Mr. 
J.  M.  Diven,  Elmira,  N,  Y. 


The  annual  report  of  the  Massachusetts 
State  Board  of  Health  is  always  a  document  of 
the  utmost  importance  to  engineers  interested 
in  municipal  works,  and  that  for  1902,  which 
has  just  been  issued,  is  particularly  worthy  of 
study.  It  contains  the  usual  tables  and  sug- 
gestions concerning  the  water  supplies  anil 
sewage  disposal  works  of  the  State  and  also  a 
number  of  special  reports.  The  information 
from  the'  Lawrence  Experiment  Station  is  par- 
ticularly valuable  because  of  the  conservative 
character  of  all  the  work  done  there.  The 
scientific  basis  of  intermittent  sand  filtration 
of  sewage  was  first  thoroughly  studied  at  this 
place,  and  the  same  care  is  now  being  paid  to 
studies  of  more  rapid  methods  of  purification, 
including  the  preliminary  treatment  of  sewage 
for  application  to  filters.  Contact  filters,  inter- 
mittent continuous  filters,  coke  and  coal  strain- 
ers, and  septic  tanks  are  undeT  investigation. 
The  effluents  from  the  coarse  filters  are  found 
to  vary  greatly  in  character  with  high  rates 
of  operation,  according  to  the  nature  of  the 
material  of  which  the  filter  is  constructed  and 
the  manner  in  which  it  is  operated.  The 
efficiency  of  various  sand  filters  for  water  has 
been  kept  under  investigation  and  the  work  of 
the  famous  Lawrence  filters  is  watched  closely. 
The  volume  contains  an  interesting  monograph 
by  Messrs.  H.  W.  Clark  and  Stephen  DeM. 
Gage  on  the  value  of  tests  for  bacteria  of 
specific  types  as  an  index  of  pollution,  and  a 
particularly  valuable  statement  of  the  effect  of 
sewage  disposal  in  the  commonwealth  as  indi- 
cated by  an  examination  of  the  outlets  of  sew- 
erage systems.  The  data  in  this  volume  will 
repay  careful  study,  particularly  when  the  ear- 
lier reports  of  the  Board  are  at  hand  so  that 
the  history  of  some  of  the  experimental  work 
can  be  continued  back  several  years. 


The  convention  of  the  American  Water- 
Works  Association  at  Detroit  in  June  of  last 
year  was  the  most  important  in  its  history, 
and  it  is  not  surprising  that  the  "Proceedings" 
in    which    its   papers   and    discussions    are    re- 


The  controversy  over  the  adoption  of  the 
metric  system  in  this  country  has  lately  been 
enlivened  by  the  publication  of  a  work  entitled 
"The  Metric  Fallacy."  It  consists  of  two  por- 
tions, one  by  Mr.  Frederick  A.  Halsey  on  the 
general  subject  of  the  title  of  the  book,  and  one 
by  Mr.  Samuel  S.  Dale  on  the  failure  of  the 
metric  system  in  the  textile  industry.  So  far  as 
can  be  learned  by  enquiry  among  manufac- 
turers of  textile  machinery  for  use  in  metric 
countries,  the  statements  of  Mr.  Dale  seem  to 
be  correct,  that  is  to  say,  so  much  of  them  as 
relate  to  the  subject  in  hand.  The  portion  of 
the  book  by  Mr.  Halsey  is  somewhat  difficult 
to  read  with  profit,  because  one  page  of  clean- 
cut  argument  may  be  succeeded  by  another  con- 
taining so  much  evident  striving  for  effect  that 
the  result  is  as  convincing  as  the  cart-tail  ora- 
tory of  a  political  campaign.  Moreover  some  of 
the  statements  he  brings  forward  concerning 
the  use  of  non-metric  measures  in  metric  coun- 
tries are  laughable  to  one  who  has  actually  lived 
abroad  in  contact  with  men  of  all  stations. 
Any  one  making  use. of  this  portion  of  the  book 
ought  to  reflect  seriously  that  it  is  hardly  right 
to  say  the  United  States  is  not  wholly  given 
up  to  the  English  system  of  measures,  because 
from  one  end  of  the  country  to  the  other  men 


may '  be  heard  to  ask  for,  say,  "a  chew  of  to- 
bacco." Some  of  the  units  that  are  stated  to 
be  employed  in  other  countries  are  just  as 
definite  in  their  actual  significance  as  that 
mentioned,  no  matter  how  many  places  of  deci- 
mals may  be  given  in  some  report  to  show 
that  they  have  an  accurately  determined  value. 
[New  York,  D.  Van  Nostrand  Co.;  cloth,  9x6 
ins.,  231  pages,  $1.00] 


Of  the  various  branches  of  surveying  there 
Is  none  which  is  so  attractive  as  that  carried 
on  by  the  members  of  the  U.  S.  Coast  and 
Geodetic  Survey.  The  work  is  done  in  all  sec- 
tions of  the  country  and  under  the  most  di- 
verse conditions,  and  its  character  varies 
greatly  according  to  whether  it  is  for  primary 
triangulation,  a  reconnaissance  of  some  bay  In 
the  Philippines  or  some  undertaking  of  a  de- 
gree of  accuracy  intermediate  between  these 
wide  limits.  Hence  the  annual  reports  of  the 
.superintendent  always  contain  papers  of  inter- 
est, and  this  is  unusually  true'  of  that  for  1902. 
To  this  volume  Mr.  John  F.  Hayford  con- 
tributes a  valuable  report  on  triangulation  in 
Kansas,  Mr.  Fremont  Morse  one  on  the  hypso- 
graph,  a  circular  typographic  slide  rule  de- 
signed by  him,  Messrs.  L.  A.  Bauer  and  J.  A. 
Fleming  one  on  the  magnetic  observatories  of 
the  Survey,  one  by  Mr.  Daniel  L.  Hazard  on 
the  results  of  magnetic  dip  and  intensity  ob- 
servations made  by  the  Survey  from  1897  to 
1902  inclusive,  one  by  Mr.  W.  D.  Alexander  on 
Hawaiian  geographic  names,  and,  finally,  the 
elaborate  bibliography  of  geodesy  by  Prof.  J. 
H.  Gore,  which  is  issued  in  a  greatly  enlarged 
and  improved  form  in  accordance  with  a  vote 
of  the  International  Geodetic  Association  in 
1900.     The  report  is  profusely  illustrated. 


Letters  to  the  Editor. 


TlIK     S.\LES    EN(iI>KER    AND    HiS    Ql  AI.IKJCATIONS. 

Sir: — The  practical  side  of  applied  science 
rests  to-day  on  a  foundation  of  dollars  and 
cents.  Someone  has  well  defined  an  engineer 
as  a  man  who  can  make  a  dollar  go  the  farthest, 
and  this  can  be  doubted  by  no  one  whose  ex- 
perience lies  in  the  world  of  men,  and  outside 
the  realms  of  speculative  thought.  A  great  deal 
has  been  written  about  the  qualifications  neces- 
sary to  make  successful  engineers,  and  much 
less  about  the  engineer's  relations  to  the  busi- 
ness side  of  his  work.  The  subject  is  too  large 
to  be  broadly,  treated  in  a  single  letter,  so  the 
writer  will  contend  himself  with  considering  a 
specialized  form  of  engineer,  the  man  who  sells 
apparatus  through  his  commercial,  technical 
and  human  knowledge. 

For  a  long  time  the  world  has  been  acquaint- 
ed with  the  traveling  salesman.  Many  classes 
of  manufactured  articles  can  best  be  sold  by 
traveling  -agents  of  the  organization  which 
produces  the  goods.  When  it  comes  to  complex 
applications  of  scientific  invention  in  the  ser- 
vice of  man  and  on  a  large  scale,  however,  a 
very  different  sort  of  man  is  required.  He 
bears  much  the  same  relation  to  the  ordinary 
traveling  salesman  as  does  the  trained  profes- 
sional engineer  to  the  electrician  or  surveyor. 
Such  a  man  is  the  skilled  engineering  salesman 
of  to-day,  or  as  he  is  coming  to  be  called,  the 
"sales  engineer." 

The  primary  object  of  the  sales  engineer's 
existence  Is,  of  course,  to  sell  the  apparatus 
which  his  company  manufactures.  If  this 
were  his  only  function,  there  would  be  little  oc- 
casion to  pursue  this  subject  further.  The 
great  point  is  that  such  a  man  must  do  far 
more  than  sell  machinery  and  appliances,  if  he 
is  to  approach  the  highest  usefulness  to  his 
company,  its  customers,  and  the  community. 
He  must  first  of  all  countenance  good  engineer- 
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ins:  he  most  not  adopt  doubtful  or  dangerous 
schemes  simply  for  the  exploitation  of  his  own 
apparatus,  for  suck  a  course  is  bound  in  time 
to  react  upon  his  company's  good  name,  quite 
apart  from  its  moral  laxity  at  the  outset.  He 
must  bend  erery  energy  toward  the  safe  solu- 
tion of  the  problems  that  come  his  way,  work- 
ing out  such  questions  with  the  help  of  his 
own  apparatus  only.  It  Is  his  part  to  lead  the 
Inresting  community  along  conservative,  sane 
paths;  to  point  the  way  to  progress  by  the  in- 
troduction of  the  latest  appliances  which  his 
factory  can  provide,  and  to  emphasize  first,  last 
and  always,  the  superior  adaptability  of  these 
appliances  to  the  work  in  hand. 

This  means  competition — keen  analysis  of 
defects,  weak  spots,  InefBciency  and  every  kind 
of  fault  in  the  design  and  operation  of  his  own 
and  his  rivals'  product.  It  means  a  technical 
training  that  covers  fundamental  principles  in 
a  way  so  sound  that  the  sales  engineer's  knowl- 
edge will  stand  up  under  the  hard  knocks  of 
commercial  life  without  going  to  pieces.  It 
demands  an  appreciation  of  manufacturing  pro- 
cesses, costs,  labor  and  raw  material  problems; 
It  calls  for  Integrity  and  tact.  Such  a  man 
must  keep  in  touch  with  the  great  movements 
of  the  world;  must  see  in  every  changing  sea- 
son and  shifting  circumstance  the  chance  to 
keep  in  the  development  of  civilization — the 
chance  to  gain  new  adherents  to  his  company 
and  retain  the  confidence  of  the  older  custom- 
ers. For  unless  a  customer  is  retained,  it 
profits  but  little  in  the  end,  and  loss  in  reputa- 
tion is  far  easier  than  gain. 

The  successful  sales  engineer  will  not  be  con- 
tent when  the  final  balance  due  on  his  contract 
is  paid.  He  will  constantly  keep  an  eye  upon 
the  behavior  of  his  apparatus;  will  watch  the 
approach  of  new  conditions,  and  forestall  the 
advance  of  rivals  by  doing  his  utmost  to  make 
the  purchaser  see  for  himself  that  the  choice  of 
apparatus  was  the  best  possible  one,  and  has 
remained  the  best,  from  the  day  the  wheels  be- 
gan to  turn.  If  he  criticises  his  competitors' 
apparatus,  he  will  base  his  comments  upon 
known  facts,  and  not  upon  glittering  general- 
ities. He  will  generally  be  able  to  point  with 
pride  to  installations  which  his  company  has 
made  that  are  models  of  success,  and  will  have 
at  hand  definite  results  with  which  to  back  up 
his  claims.  Finally,  he  will  make  a  specialty 
of  the  study  of  human  nature;  will  be  a  man 
among  men  In  the  best  sense,  and  be  a  giant 
rock  of  truth  in  the  quicksand  regions  of 
deception. 

As  for  the  training  of  a  sales  engineer,  he 
must  first  of  all  possess  a  sound  body ;  .  then 
an  education  in  applied  science,  followed  by  ex- 
perience in  factory  study,  oflBce  practice,  and 
lastly,  in  the  great  world  of  commerce.  Year 
by  year  as  such  a  man  as  this  plies  his  voca- 
tion, meets  celebrated  men,  visits  many  places, 
helps  build  new  systems  and  revise  the  old 
ones,  he  grows  to  feel  that  in  his  way  he  is  an 
agent  of  progress  in  hitherto  unconquered 
fields,  and  that  his  work  may  be  as  noble  in  the 
service  of  humanity  as  the  inventor's  itself. 
Yours  truly,  Howard  S.  K.nowlton. 

Denver,  March  21. 


of  one  heel  you  can  easily  exert  a  pressure  of, 
say,  175  pounds  on  perhaps  0.1  square  inch,  and 
the  floor  will  be  none  the  worse  for  it;  but  it 
does  not  follow  that  it  will  be  safe  to  impose 
the  proportionate  load  of  126  tons  per  square 
foot  on  the  same  floor.  I  do  not  mean,  how- 
ever, to  discredit  these  tests  merely  because 
they  were  made  on  a  small  scale,  as  they  may 
be  sufficiently  reliable  in  determining  compara- 
tive resistances  when  themselves  checked  by 
"many  experiments."  as  is  stated  to  have  been 
the  case  in  this  instance.  It  would  be  of  great 
interest  to  know  how  these  experiments  were 
conducted  and  just  what  was  proved  by  them. 

The  upheaval  of  the  ground  just  beyond  the 
edges  of  the  post  merely  indicates  a  disturb- 
ance of  the  surface  soil,  but  the  frequent  ris- 
ing of  the  posts  when  the  load  was  partly  re- 
moved would  indicate  a  spongy  substratum  that 
might  cause  some  anxiety,  especially  it  liable 
to  lose  Its  ground  water  by  subsequent  drain- 
age. That  the  foundations  were  started  5  feet 
above  the  "satisfactory"  and  "hard  stratum" 
found  by  the  tests  pits  would  seem  to  need  some 
explanation. 

Very  truly  yours,  H.  W.  Bbinckebhoff. 

New  York,  March  18. 

[This  note  was  submitted  to  Mr.  B.  L.  Bald- 
win for  comment.  Owing  to  the  press  of  work 
connected  with  the  construction  of  the  Worth- 
ington  plant,  he  was  unabie  to  give  an  account 
of  the  experimental  work  which  established  the 
sufficiency  of  careful  small-area  tests  of  soil 
for  all  practical  purposes.  He  wished  to  em- 
phasize his  belief,  based  on  many  years'  ex- 
perience with  such  tests,  tnat  they  are  entirely 
trustworthy  when  carefully  conducted  and  In- 
telligently interpreted.] 


Testihg  Foundations  fob  Buildixos. 
Sir: — With  reference  to  the  tests  of  soil  at 
the  site  of  the  Worthington  Works  at  Harri- 
son, described  in  The  Engineering  Record  of 
February  6,  it  might  well  be  pointed  out  that 
while  loading  tests  are  sometimes  made,  as,  I 
think,  in  the  case  of  the  St.  Paul  Building  in 
this  city,  tests  on  areas  as  small  as  3.8x3.8 
Inches  are  probably  unique.  Without  further 
information,  the  prudent  engineer  will  not  be 
disposed  to  place  much  reliance  on  such  micro- 
scopic experiments.     By  standing  on. the  edge 


Composition  Roofs  in  the  Baltimore  Fire. 

Sir: — The  March  5th  issue  of  your  journal 
contains  a  letter  headed  "Tin  Roofs  in  the  Bal- 
timore Fire,"  which,  to  say  the  least,  is  very 
misleading.  Permit  us  to  give  the  tacts  of  the 
case  as  witnessed  by  any  number  of  people, 
which  would  refute  the  statement  that  tin 
roofs  are  more  flre-proof  than  composition  roofs 
manufactured  and  applied  by  up-to-date  meth- 
ods and  materials. 

Occupying  the  tenth  floor  of  the  Union  Trust 
Building,  we  had  an  excellent  outlook  and  for 
a  block  ahead,  before  the  fire  reached  us,  saw 
the  large  embers  continually  falling  on  tin 
roofs  which,  being  a  good  conductor  of  heat, 
caused  the  sheathing  underneath  to  light  and 
thus  helped  spread  the  fire,  while  slag  roofs 
resisted  and  retarded  the  fire  absolutely.  To 
be   specific: 

The  Knabe  Building  directly  under  our  win- 
dow was  deluged  with  flying  embers,  but  the 
roof,  covered  with  Ehret's  slag  roofing,  failed 
to  ignite  and  only  yielded  when  the  sheathing 
caught  from  the  fire  beneath  and  the  entire 
building  was  in  flames.  For  comparison  of  tin 
and  slag  roofs,  architects  and  owners  may  well 
note  the  following:  The  Bank  of  Commerce 
Building  was  covered  with  tin  which  literally 
went  to  pieces  under  the  intense  heat,  while 
the  International  Trust  Building  roof  of  Ehret's 
slug  is  intact,  and  the  same  can  be  said  of  tho 
fo.'lowing  buildings  which,  with  those  men- 
tioned, are  right  in  the  heart  of  the  burned 
dlBtrlct:  Alexander  Brown's  Bank,  the  Calvert 
Bank,  the  Equitable  Building,  the  .Union  Trust 
Building,  Continental  Trust  Building,  Central 
Savlngp  Bank,  U.  S.  Fidelity,  the  Herald  Build- 
ing, and  many  of  lesser  note.  That  the  archi- 
tects of  the  stricken  city  have  realized  this  im- 
portant factor  Is  proven  by  their  specifying 
Ehret's  slag  and  actinolite  tile  roofs  for  the  new 
buildings. 

Yours  very  truly,  Wabben-Ehket  Company. 

Philadelphia,  March  29. 


TiiK   Value   of   Tables   ok   Bids   Received   fob 
Pdblic  Work. 

Sir: — Engineers  and  contractors  have  much 
to  gain  by  the  publication  from  time  to  time  of 
prices  prevailing  for  works  of  a  similar  nature 
to  those  in  which  •''••v  are  Interested,  but  It 
should  be  the  aim  of  both  ensineers  and  the 
engineering  publications  to  give  the  highest 
value  to  these  published  prices.  In  the  past 
those  relating  to  sewers  and  water  works  es- 
pecially have  been  of  little  worth  for  the  condi- 
tions surrounding  the  work  were  quite  un- 
known. Each  list  of  bids  should  be  accom- 
panied by  a  succinct  statement  of  the  principal 
conditions  under  which  the  work  was  awarded, 
such  as  the  nature  of  the  rock  encountered, 
and  the  method  of  paying  therefor,  an  esti- 
mate of  the  percentage  of  wet  trenches,  the 
provisions  for  the  payment  of  general  unfore- 
seen contingencies,  such  as  quicksand,  '  re- 
moval and  care  of  existing  constructions,  pave- 
ments, etc.  A  statement  of  the  quantities  at 
the  various  depths  for  each  size  of  pipe  should 
be  given,  and  also  the  rate  of  wages  paid  labor- 
ers and  bricklayers.  The  general  market  price 
for  brick  such  as  the  engineer  will  permit  upon 
his  work  is  essential,  for  the  personal  equation 
of  the  engineer  may  make  a  difference  in  the 
price  of  fully  twenty-five  per  cent,  in  the!  cost 
of  this  material  to  the  contractor. 

To  show  the  utter  uselessness  of  some  of 
these  tabulations  let  us  take  a  recent  example!. 
In  your  issue  of  the  26th  instant,  a  whole  page 
was  devoted  to  giving  in  detail  the  prices  re- 
ceived at  a  certain  town  in  Pennsylvania,  which 
in  my  judgment  were  utterly  worthless  to  any 
one  hoping  to  gain  some  knowledge  of  what 
work  is  worth,  because,  among  other  things, 
there  is  no  indication  whatever  either  as  to  the 
maximum,  minimum  or  average  depth  of  trench 
on  any  of  the  sewers.  Nor  is  it  stated  how 
deep  were  the  manholes,  flush-tanks,  etc.,  nor 
was  there  any  statement  as  to  how  rock  was 
to  be  paid  tor  in  the  trench.  Not  even  by  com- 
paring the  bids  on  the  various  items  is  there 
any  way  to  determine  an  approximate  value 
of  the  work. 

Taking,  for  instance,  the  first  item  in  the 
tabulation  under  consideration.  It  consists  of 
1.410  feet  of  6-inch  pipe  sewer  and  the  prices 
of  the  various  contractors  are  40,  42.  48,  56, 
68.  70  cents  and  $1.05  respectively.  Any  one 
would  say  without  hesitation  that  the  highest 
bidder  bid  out  of  all  proportion  to  the  value 
of  the  work.  An  examination  of  the  plans  re- 
veals the  fact,  however,  that  upon  one  of  the 
three  short  streets  in  which  6-inch  pipe  is  to 
be  laid  the  sewer  is  18%  feet  deep  at  its  upper 
end,  at  another  13%  feet  deep  at  its  upper  end 
and  a  third  9%  feet  deep.  The  plan  shows 
that  the  average  depth  of  the  8-inch  pipe  is 
somewhere  in  the  vicinity  of  8%  feet.  The. 
low  bidder  asked  62  cents  per  foot  for  this  con- 
struction, while  the  highest  bidder  asked  75 
cents  therefor.  It  is  self-evident  that  the  6-lnch 
pipe  at  the  greater  depth  stated  may  well  be 
worth  fifty  per  cent,  more  than  the  8-inch  pipe 
at  the  lesser  depth  when  it  is  remembered  that 
the  difference  in  cost  of  the  material  amounts 
to  but  a  few  cents,  yet  the  highest  bidder  was  the 
only  one  who  bid  more  for  the  more  expensive 
construction.  The  other  bidders  assumed  that 
the  smaller  the  pipe  the  less  the  cost  should 
be  Irrespective  of  depths  at  which  it  was  to  be 
placed,  quite  an  erroneous  assumption. 

I  trust  that  In  the  transmission  of  tabulations 
on  much  of  the  work  now  under  advertisement, 
engineers  will  see  that  it  is  to  the  interest  of 
the  profession  to  give  as  complete  information 
as  to  the  conditions  surrounding  the  letting  of 
such  work  as  possible. 

Yours  truly,  Alexandeb   Potteb. 

New  York,  March  29. 
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The  Useiessness  of  Smoke. 


In  the  science  conference  held  at  the  recent 
dedication  of  Palmer  Hall  at  Colorado  College 
Professor  Henry  Crew  quoted  In  an  address  on 
teaching  physics  Helmholtz's  explanation  of  a 
scientist'n  dual  purpose:  "Action  alone  gives 
a  man  a  life  worth  living,  and,  therefore,  he 
must  aim  either  at  the  practical  application  of 
his  knowledge  or  at  the  extension  of  the  limits 
of  science  itself."  In  connection  with  this  quo- 
tation, the  spealier  pointed  out  the  mutual  bene- 
fits that  have  followed  the  growing  jntimacy 
between  the  engineer  and  the  investigator  in 
the  domain  of  purp  Bclejice.    Jt  is  »1bq  instruc- 


tive to  the  engineer  to  notice  that  "Science," 
the  weekly  organ  of  general  scientific  investi- 
gation in  this  country  often  contains  some  con- 
tributions of  a  strictly  engineering  character. 
The  American  Association  for  the  Advancement 
of  Science  has  engineering  sections,  and  their 
papers  indicate  the  close  relations  between  the 
scientist  and  the  engineer.  In  electrical  sub- 
jects it  is  impossible  to  say  where  engineer- 
ing ends  and  pure  science  begins,  so  close  is 
the  connection.  In  civil  engineering,  on  the 
contrary,  the  accurate  judgment  that  comes 
from  a  long  and  intelligently  directed  experi- 
ence is  far  more  often  needed  than  a  knowl- 
edge of  intricate  scientific  laws.  Between  these 
limiting  branches  there  Is  a  great  field  in  which 
progress  in  practical  achievements  is  measured 
in  no  small  degree  by  the  extent  to  which  scien- 
tific principles  are  applied  by  the  engineer. 

These  thoughts  are  suggested  by  a  paper  in 
the  journal  mentioned  on  the  "Science  of 
Smoke  Prevention,"  by  Prof.  Charles  H.  Ben- 
jamin. The  engineer  knows  to-day  very  well 
that  smoke  can  be  prevented  by  a  careful  avoid? 
ance  of  the  conditions  causing  It.  Even  with 
hand  firing,  a  good  fireman  can  reduce  the 
smoke  to  an  inoffensive  amount.  To  do  this 
he  has  to  work  hard,  continuously  and  intelli- 
gently. Very  few  people  are  willing  to  pay 
adequately  for  such  service  in  a  boiler  plant, 
and  consequently  no  small  percentage  of  their 
coal  pile  is  wasted  in  the  air,  causing  a  consid- 
erable loss  to  themselves  and  an  annoyance 
more  or  less  severe  to  their  neighbors.  Nobody 
has  any  right  to  prevent  another  from  wasting 
his  coal,  but  when  such  waste  is  accompanied 
by  a  pall  of  smoke,  interfering  with  the  normal 
conditions  of  life,  the  situation  is  entirely  dif- 
ferent. As  the  subject  is  presented  to-day, 
there  is  no  excuse  for  the  sooty  atmosphere  of 
many  American  cities.  There  was  a  time 
when  the  anti-smoke  agitation  was  looked  upon 
by  most  people  as  a  shrewd  move  of  salesmen 
for  steam  jets  and  stokers,  but  the  work  done 
by  the  man  of  science  along  this  line  is  con- 
vincing the  public  that  a  smoke-laden  atmos- 
phere is  just  as  unnecessary  and  unhealthful  as 
dirty  streets  and  defective  sewerage.  More- 
over, since  the  scientist  has  taken  the  subject 
up,  the  owners  of  boiler  plants  are  rapidly  be- 
coming convinced  that  heavy  smoke  really 
means  lost  fuel,  and  both  hand  firing  and  me- 
chanical stoking  are  receiving  far  more  atten 
tion  than  before. 

In  this  particular  subject,  the  value  of  scien- 
tific study  lies  in  the  determination  of  the  rea- 
sons for  the  trouble,  and  not  in  discovering 
methods  of  overcoming  them.  As  a  matter  of 
fact,  the  same  subject  was  thoroughly  investi- 
gated years  ago  on  a  small  scale  and  quickly' 
and  definitely  settled.  But  in  that  case,  it  was 
taken  in  hand  by  a  great  corporation  with  re- 
markably farseelng  management,  while  In  the 
present  case  It  is  the  general  public  that  is  di- 
rectly interested  and  consequently  progress  has 
occurred  at  snail  pace.  When  the  Standard  Oil 
Company  found  that  the  market  for  oil  would 
be  Increased  by  improving  the  character  of 
lamps,  it  was  only  a  short  time  before  every 
lamp  maker  in  the  country  was  informed,  di- 
rectly or  indirectly,  how  to  make  his  lamps  so 
that  combustion  in  them  would  be  perfect.  It 
is  interesting  to  notice  that  a  great  coal-produc- 
ing corporation  has  recently  taken  up  the  same 
idea  and  Is  distributing  to  its  customers  a  val- 
uable treatise  by  Mr.  Bement,  the  Chicago  spe- 
cialist In  furnace  management,  who  points  out 
what  must  be  done  to  burn  coal  in  the  most 
economical  manner.  This  company  recognizes, 
just  as  the  Standard  Oil  Company  did  years 
ago,  that  the  sale, of  Us  output  Is  helped  and 
not  retarded  by  teaching  economy  In  consump- 
tion. 

The  prevention  of  smoke  depends,  as  Profes- 


sor Benjamin  clearly  states,  on  the  observance 
of  three  conditions,  the  supply  of  enough  air, 
a  sustained  high  temperature  and  the  thorough 
mixing  of  the  gases.  With  too  little  air,  the  hy- 
drocarbons are  not  consumed,  with  too  much 
air  the  gases  are  chilled,  and  with  the  air  Im- 
properly supplied  the  combustion  is  irregular; 
each  defect  results  in  smoke.  It  is  unnecessary 
to  employ  mechanical  stokers  to  avoid  these  de- 
fects, although  it  generally  happens  that  the 
stoker  is  the  cheapest  remedy.  Even  when  a 
mechanical  feeding  system  has  no  advantage  in 
point  of  economy,  its  value  as  a  smoke-prevent- 
ing device  still  calls  for  its  use  in  many  places. 
At  the  present  time,  when  some  people  take 
pride  In  filthy  chimneys  under  the  mistaken 
idea  they  Indicate  thriving  Industries,  the 
smoke-preventing  Importance  of  stokers  is  not 
appreciated.  But  the  time  Is  rapidly  approach- 
ing when  public  sentiment  will  Insist  on  the 
abolition  of  such  nuisances  on  the  ground  of 
civic  decency  and  general  health.  When  pure 
science,  engineering,  hygiene  and  municipal 
pride  unite  in  saying  "stop"  to  a  nuisance, 
something  is  sure  to  happen. 


The  Inspector  of  Asphalt  and  Cements 
of  the  District  of  Columbia. 


It  Is  with  astonishment  that  the  engineering 
profession  has  learned  of  an  attempt  in  the 
United  States  Senate  to  curtail  the  dignity 
and  standing  of  one  of  the  technical  officers 
of  the  District  of  Columbia.  It  Is  certainly 
strange  that  the  national  legislature  for  the 
whole  United  States  should  focus  Its  atten- 
tion upon  a  competent  employee  of  the  Engineer 
Commissioner  of  the  District  of  Columbia  and 
lay  aside  matters  of  national  Importance  to 
consider  the  following  regulation:  "Said  In- 
spector of  Asphalt  and  Cements  shall  not  render 
expert  advice  to  or  perform  service  for  or  re- 
ceive or  accept  compensation  of  any  kind  from 
any  person,  firm,  corporation  or  municipality 
other  than  the  District  of  Columbia."  Why  the 
Inspector  of  Asphalt  and  Cements  should  be 
singled  out  in  this  manner  from  among  the  host 
of  scientists  and  engineers  In  Government  em- 
ploy is  a  question  that  should  receive  attention. 
If  any  reason  exists  why  Mr.  Dow  or  any  other 
gentleman  occupying  the  position  should  re- 
frain from  outside  practice,  the  Engineer  Com- 
missioner of  the  District  has  full  authority  to 
act  In  the  matter.  The  Congress  of  the  United 
States  Is  too  big  a  forum  for  the  consideration 
and  settling  of  such  a  subject,  which  Is  mani- 
festly a  detail  of  administration  entirely  too 
small  for  It  to  Investigate  properly. 

The  facts  of  the  matter  are  that  the  Inspector 
of  Asphalt  and  Cements  In  the  District  of 
Columbia  must  be  a  chemical  engineer  of  high 
standing.  The  acceptance  of  a  great  deal  of 
work  depends  upon  his  Judgment,  and  It  Is 
Imperative  that  he  should  be  a  truly  Just  ar- 
bitrator of  the  respective  claims  of  the  District 
and  the  contractors  for  asphalt  pavements. 
The  manner  In  which  payments  for  asphalt 
construction  are  made  In  the  District  is  an 
unusual  one,  for  this  reason  the  Inspector  has 
to  carry  exceptionally  heavy  responsibilities. 
As  a  business  proposition.  It  Is  Important  for 
the  District  to  have  a  man  In  the  office  of  high 
technical  standing  and  of  absolute  business 
Integrity.  Such  a  man  has  to  be  paid  a  con- 
siderable sum,  equivalent  to  what  he  can  obtain 
In  other  work.  As  a  matter  of  fact,  the  District 
of  Columbia  is  extremely  parsimonious  In  all 
Its  dealings  with  Its  engineer  employees,  and 
It  has  been  a  practice  for  many  years  to  allow 
these  men  to  accept  remuneration  for  work 
done  for  other  Interests  than  the  District.  In 
this  way  good  men  have  always  been  employed 
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in  Washington,  and  their  assoi-iatiou' with  un- 
dertakings or  investigations  outside  of  the 
strict  line  of  their  AtOcial  duty  has  broadened 
and  strengthened  their  technical  attainments 
and  enabled  them  to  supplement  their  meager 
salaries  in  an  adequate  manner.  Why  Congress 
should  select  the  Inspector  of  Asphalt  and 
Cements  as  the  one  employee  who  must  not 
accept  outside  work  passes  understanding. 

Upon  investigation.  The  Engineering  Record 
learns  that  this  proposed  regulation  is  opposed 
by  the  present  Engineer  Commissioner  of  the 
District  of  Columbia,  and  is  also  being  vigor- 
ously fought  by  influential  men  in  other  cities 
than  Washington,  who  have  come  to  regard  the 
work  done  by  the  Inspector  of  Asphalt  and 
Cements  as  the  most  important  independent 
municipal  control  of  the  asphalt  paving  in- 
dustry in  this  country.  The  technical  work 
that  Mr.  Dow  has  been  doing,  and  Mr.  Richard- 
son before  him,  is  the  source  of  a  very  large 
percentage  of  the  really  valuable  information 
concerning  the  manufacture  and  laying  of 
asphalt  paving  materials  at  the  present  time. 
Mr.  Dow's  work  for  other  municipalities  has, 
it  is  believed,  been  extremely  limited.  It  is 
understood  that  what  little  be  has  done  has 
been  of  material  benefit  to  the  office  of  the  Dis- 
trict Commissioners  and  has  been  carried  on 
with  proper  discretion.  Congress,  if  it  takes 
the  proposed  action,  will  so  diminish  the  pres- 
tige and  financial  returns  of  the  office  of  In- 
spector that  the  w^ork  will  fall  to  men  of  inex- 
perience, without  high  standing.  At  the  present 
time  municipal  officers  all  over  the  country  look 
to  Washington  for  precedents  in  the  construc- 
tion of  asphalt  pavements,  t>ecause  it  is  recog- 
nized that  the  control  exercised  over  the  con- 
tractors by  the  District  is  very  thorough  and 
ilnpartial.  This  fact  is  so  well  known  that  it 
is  astonishing  to  see  any  question  concerning 
It  raised  in  the  United  SUtes  Senate.  If  Sen- 
ator Allison,  who  brought  this  matter  up,  were 
not  a  man  of  the  highest  standing,  it  would 
even  seem  to  some  observers,  trained  to  the 
methods  of  profitable  politics  of  some  cities, 
that  the  proposed  resolution  was  Intended  to 
temper  the  restrictions  under  which  asphalt 
paving  is  now  carried  on  in  the  District  of 
Columbia.  This,  of  course,  cannot  be  true, 
although  it  is  questionable  that  the  Senator 
would  introduce  such  a  resolution  did  he  thor- 
oughly understand  how  the  work  of  Mr.  Dow 
as  Inspector  is  regarded  by  municipal  engineers 
throughout  the  country. 


Data     Relating     to     the     Operation     of 
Mechanical  Plants  in  Buildings. 

The  performance  of  the  mechanical  plants 
in  office  buildings  is  a  subject  about  which 
there  are  very  few  reliable  data.  It  is  true  that 
these  large  structures  are  the  product  of  com- 
paratively recent  years,  but  time  enough  has 
elapsed  for  the  experience  with  them  to  supply 
valuable  information  concerning  the  cost  of 
power,  beating  and  lighting.  The  chief  reason 
why  this  is  not  the  case  Is  to  be  found  largely 
In  the  point  of  view  of  the  building  superintend- 
ent, whose  duties  usually  include  supervision 
over  the  plant's  operation,  and  In  the  short- 
comings of  some  operating  engineers.  The 
superintendent  naturally  hesitates  about  giving 
publicity  to  such  figures  as  he  has,  which,  as 
a  matter  of  fact,  are  rarely  more  than  those 
«'a«ily  deduced  from  coal,  water,  oil,  and  supply 
bills,  as  they  are  liable  to  unjust  comparison 
by  the  building  owner  or  his  agent  with  those 
of  some  plant  operating  at  less  expense  for 
supplies  but  under  a  very  different  set  of  con- 
ditions. The  operating  engineer  may  also  be 
solicitous  about  a  too  careful  record,  lest  the 
exhibits  be  disastrous   to  the   security  of  his 


position     ihi-ough     some     odious     cumparison. 

It  is  not  an  unusual  thing  to  tlnd  the  departure 
of  the  designing  engineer  from  direct  connec- 
tion with  a  plant  signalized  by  the  appearance 
of  a  data  sheet,  but  this,  through  lack  o(  ap- 
preciation of  the  importance  of  certain  tigures 
either  in  themselves  or  in  their  relation  to 
others,  soon  come  to  have  little  value  in  the 
eyes  of  those  in  charge  and  gradually  fall  into 
disuse.  Not  very  many  months  ago  an  attempt 
was  made  to  collect  in  a  systematic"  manner 
the  leading  figures  of  plant  operation  in  a 
large  number  of  office  aiid  loft  buildings  in  New 
York,  but  the  elaborately  prepared  log  sheets 
met  finally  the  same  fate  that  befell  their  di- 
versified predecessors,  simply  from  the  absence 
of  a  well-understood  purpose  in  their  prepara- 
tion or  from  tlie  fear  of  an  exposition  of  in- 
efficiency, whether  justified  or  not.  On  the 
other  hand,  the  conclusion  should  not  be  drawn 
that  there  are  few  regular  methods  of  reporting 
daily  records;  as  a  matter  of  fact,  many  of  the 
larger  building  are  carefully  watched  in  this 
respect. 

The  value  of  records  of  the  performance  of 
mechanical  plants  is  at  least  twofold.  The 
unit  cost  of  operating  a  plant  is  of  primary  in- 
terest and  such  figures  are,  of  course,  already 
in  the  possession  of  many  engineers  and  build- 
ing superintendents.  They  do  not  as  a  rule, 
however,  in  the  case  of  a  particular  set,  cover 
a  varied  class  of  machinery,  and  it  is  in  respect 
to  this  phase  of  the  question  that  data  from 
many  sources  have  a  second  and  hardly  less 
important  bearing.  It  will  be  agreed  that  the 
hours  of  operation,  intermittent  service,  the 
load  factor,  the  severity  of  the  heating  season 
and  the  like  have  much  to  do  with  unit  costs, 
and  so  has  the  class  of  machinery  making  up 
the  plant,  a  difference  in  the  make-up  of  plants 
not  being  so  wide  among  plants  in  the  one  re- 
gion as  it  is  between  plants  in  cities  widely 
separated.  As  affording  the  opportunity  of  dis- 
cussing the  advantage  of  this  or  that  adjunct 
of  the  mechanical  plant,  or  of  this  or  that 
class  of  machine,  the  proper  collection  and 
study  of  plant  operation  data  would  promise 
much.  It  is  not  the  province  of  this  Journal 
to  take  a  specific  instance  and  outline  in  the 
concrete  a  possible  line  of  betterment;  that 
is  the  field  of  the  consulting  engineer,  it  is, 
however,  the  legitimate  position  of  this  paper, 
as  an  observer,  to  record  the  regular  or  or- 
dinary results  of  plant  operation,  together  with 
an  account  of  the  conditions  obtaining.  Multi- 
plication of  information  of  this  character  in- 
dicates the  paths  along  which  best  results  are 
apparently  obtainable.  To  be  of  most  value 
the  reports  must  come  from  widely  different 
sources  and  they  must,  in  the  nature  of  the 
case,  be  held  confidential.  The  Engineering 
Record  feels  no  diffidence  in  offering  to  become 
a  bureau  for  the  filing  of  confidential  mechan- 
ical plant  reports  for  such  discussion  in  the 
aggregate  as  seems  fruitful.  Some  interesting 
figures  have  already  been  published  under  these 
restrictions,  on  the  cost  of  operating  a  number 
of  buildings  in  New  York.  The  record  in  ques- 
tion appeared  in  the  issue  of  December  19,  1903, 
and,  it  will  be  admitted,  that  the  tigures  are 
of  practical  interest,  notwithstanding  the  fact 
that  the  identity  of  the  buildings  was  not  dis- 
closed. It  is  believed  that  the  proposition  to 
act  as  confidential  recorder  of  mechanical  plant 
data  should  stimulate  the  production  of  care- 
fully prepared  reports  promising  the  greatest 
good  to  the  greatest  number  without  fear  of  a 
particular  plant  or  its  manager  falling  under 
any  discrimination.  Unless  some  such  arrange- 
ment is  made  it  is  not  likely  that  much  data 
of  this  character  will  become  widely  dissem- 
inated and  no  one  should  expected  much  unless 
he  give  his  share. 


Preliminary  Specifications  for  a  Compc 
tent  Electrical  Engineer. 

It  has  been  known  for  some  time  in  Chicago 
that  a  careful  investigation  was  in  progress  to 
determine  the  actual  results  of  technical  educa- 
tion in  fitting  young  men  for  electrical  en- 
gineering, and  to  ascertain  the  opportunities 
open  in  that  profession.  This  work  has  been 
done  by  Mr.  George  A.  Damon,  and  the  results 
were  recently  submitted  to  the  Western  Society 
of  Engineers.  As  one  of  the  very  few  pains- 
taking analyses  of  the  condition  of  engineering 
in  an  important  city,  the  investigation  is  of 
unusual  interest  and  value.  Mr.  Damon  sent  a 
letter  of  inquiry  to  one  hundred  ot  the  leading 
men  in  Chicago  in  the  various  branthes  ot 
electrical  work.  Responses  were  received  from 
all  these  gentlemen.  The  inquiries  were  con- 
flne;l  to  men  between  the  ages  of  twenty-seven 
and  forty-five,  on  the  theory  that  older  men 
are  the  product  of  a  set  of  conditions  which 
have  passed  away,  while  men  below  the  age  of 
twenty-seven  are  to  be  ranked  as  students. 
The  inquiries  show  that  of  the  one  hundred 
men  questioned  five  were  in  receipt  of  incomes 
over  110,000  a  year,  nine  received  from  ?5,000 
to  $10,000,  sixty-six  from  $2,400  to  f5,000  and 
the  remaining  twenty  below  $2,400.  The  in- 
come curve  starts  with  about  $2,170  at  twenty- 
seven  and  extends  to  $4,000  at  thirty-eight. 
The  average  of  the  entire  one  hundred  incomes 
is  $3,440.  As  a  class  the  consulting  engineers 
receive  the  largest  incomes,  the  average  being 
$(),400.  It  must  be  noticed,  however,  that  these 
engineers  had  an  average  age  of  forty  years 
and  were  only  nine  in  number.  Young  men 
cannot  expect  to  attain  eminence  in  consulting 
engineering,  although  it  is  true  that  in  elec- 
trical work  there  are  more  young  men  who  are 
successful  in  consulting  practice  than  in  any 
other  branch  of  engineering.  Patent  law  is  also 
a  profitable  branch  of  work  for  electrical  spe- 
cialists, ranking,  in  fact,  next  to  consulting 
practice.  It  seems  to  be  a  rule,  however,  that 
from  the  point  of  view  of  the  financial  returns 
those  engineers  who  have  business  ability  are 
most  successful.  Thirty-five  of  the  men  who 
sent  replies  either  controlled  the  business  in 
which  they  are  engaged  or  have  a  partnership 
interest  in  it.  These  facts  are  well  worth  the 
attention  of  young  men  who  believe  that  tech- 
nical knowledge  alone  is  the  basis  on  which 
remuneration  should  be  paid.  It  should  be 
noticed  that  a  consulting  engineer  and  a  patent 
attorney  both  depend  for  their  salaries  very 
largely  on  business  ability,  so  that  in  one  sense 
they  should  be  ranked  with  men  engaged  in 
strictly  commercial  work.  It  is  interesting  to 
notice  that  the  men  in  the  employment  of  largo 
companies  are  not  so  well  paid  as  many  of 
the  others,  although  operating  managers  and 
superintendents,  responsible  tor  the  work  ot 
many  subordinates,  receive  high  remuneration. 
In  connection  with  the  figures  of  salaries  and 
incomes,  it  is  instructive  to  notice  that  twenty 
men,  averaging  thirty-six  years  of  age,  who  are 
without  a  college  education,  have  an  average 
income  of  $3,fi70  a  year;  while  sixteen  of  the 
men  who  sent  replies,  who  are  also  thirty-six 
years  of  age  and  are  graduates  ot  Cornell  Uni- 
versity, have  an  average  income  of  $4,940. 

It  should  be  stated  that  while  the  financial 
aspect  of  this  investigation  is  interesting,  it 
Is  by  no  means  the  only'  one  that  Mr.  Damon 
considers.  He  has  taken  pains  to  ascertain 
those  branches  of  electrical  enterprise  that 
seem  to  offer  the  greatest  chances  for  success 
in  the  future.  The  letters  of  inquiry  show  that 
electrical  railway  work  is  considered  the  most 
promising,  telephony,  power  transmission  and 
electrochemistry  are  regarded  as  about  half  as 
promising,  and  power  application  is  considered 
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to  have  just  one-third  as  attractive  a  future 
as  electric  railway  work.  The  other  specialties 
are  ranked  far  below  those  mentioned.  Kighty 
of  the  gentlemen  believe  that  a  college  educa- 
tion is  essential  to  the  highest  success,  seventy 
are  in  favor  of  a  shop  course  in  a  large  manu- 
facturing company  for  the  technical  graduate, 
seventy  of  them  are  also  in  favor  of  requiring 
at  least  a  year's  practical  work  before  gradua- 
tion, a  little  more  than  halt  believe  that  there 
are  greater  opportunities  for  successful  work 
with  the  small  companies. 

Practical  experience  is  discussed  very  thor- 
oughly, for  Mr.  Damon  was  apparently  led  to 
investigate  the  subject  very  largely  to  ascertain 
what  practical  training  a  young  man  should 
secure.  The  predicament  the  recent  graduate 
often  finds  himself  in  is  well  stated  as  follows: 
"I  can't  get  a  job  without  experience  and  1 
can't  get  experience  without  a  job."  This  is 
a  situation  which  must  be  removed  to  a  con- 
siderable extent  by  the  co-operation  of  the  older 
men  who  now  have  responsible  positions 
through  which  they  are  able  to  assist  young 
graduates.  It  is  largely  through  such  assist- 
ance that  the  best  of  the  young  nien  can  be 
trained  to  carry  on  the  work  of  the  future,  and, 
merely  as  a  business  measure,  it  goes  without 
saying  that  it  pays  to  give  opportunities  for 
such  training.  Shop  courses  do  not  commend 
themselves  unqualifiedly  to  this  investigator 
any  more  than  they  have  to  many  others  who 
have  looked  into  their  actual  results.  It  is  a 
flattering  thing  for  a  school  to  be  informed 
that  its  entire  senior  class  will  be  given  posi- 
tions in  the  apprentice  department  of  some  big 
manufacturing  corporation.  All  young  men  do 
not  realize  that  for  two  years  they  must  work 
for  long  hours  at  very  small  pay  and  that  not 
more  than  half  of  them  will  be  engaged  on  work 
for  which  they  really  have  any  natural  apti- 
tude. The  result  of  the  apprentice  course  there- 
fore is  to  enable  the  company  which  maintains 
it  to  select  the  best  men  in  a  large  number  for 
its  service,  without  expense  to  itself.  No  young 
man  should  take  these  apprentice  courses  who 
does  not  feel  a  natural  inclination  to  engag'e 
in  manufacturing  or  who  fails  to  appreciate 
that  for  two  years  he  must  consider  himself 
merely  a  student  working  hard  to  acquire 
knowledge  of  a  certain  class  which  will  prove 
useful  to  him  in  the  future.  In  making  these 
comments  The  Engineering  Record  has  no  de- 
sire to  reflect  in  any  way  upon  the  excellent 
apprentice  systems  of  many  companies.  They 
are  doing  a  magnititent  work  for  young  men 
and  for  the  development  of  American  industry. 
It  should  be  borne  in  mind,  however,  by  the 
young  men  who  are  thinking  of  such  courses 
that  they  afford  training  only  in  a  narrow  line, 
and  that  unless  their  inclinations  run  that  way 
it  may  well  be  advisable  for  them  to  secure 
practical  experience  in  other  ways. 

Mr.  Damon  recommends  the  formation  of  a 
commission  made  up  of  the  broadest  men  in  the 
profession,  some  from  the  large  companies  and 
some  from  outside  practice,  to  investigate  this 
subject  in  a  broad  manner  so  that  young  men 
may  have  some  guide  in  selecting  the  proper 
course  for  them  to  follow  during  the  years  im- 
mediately after  their  departure  from  school. 
In  a  good  many  respects  this  suggestion  is  one 
of  the  most  important  that  has  been  made  for 
some  time  with  res|)ect  to  technical  education. 
The  American  Institute  of  Electrical  Engineers, 
with  its  admirable  systems  of  committees  and 
committee  work,  would  do  a  great  deal  of  good 
to  the  hundreds  of  students  in  technical  schools 
by  appointing  such  a  committee.  The  great 
objection  made  to-day  to  electrical  engineering 
by  many  people  is  the  preponderating  influence 
of  commercial  considerations  in  its  develop- 
ment.    Anything  which   will   tend   to   improve 


the  opportunities  open  to  young  men  for  secur- 
ing practical  experience  outside  of  the  works 
of  the  great  manufacturing  companies  will  be 
welcomed  by  a  large  number  of  electrical  en- 
gineers who  acquired  their  training  in  the 
shops  of  these  same  corporations.  The  time  has 
come  when  completely  independent  electrical 
experts  are  in  demand,  and  the  Institute  will 
be  doing  good  work  if  it  can  formulate  a  method 
by  which  this  demand  can  be  filled. 

All  this  discussion  is  merely  i)reparatory  to 
the  pith  of  Mr.  Damon's  paper.  It  was  written 
primarily  for  the  young  man  in  technical 
schools  who  Is  desirous  of  knowing  just  what 
he  should  do  to  fit  himself  for  the  greatest 
measure  of  success  in  his  chosen  profession. 
The  flnancial  statements  in  the  paper  are  of 
interest,  the  suggestions  to  the  older  men  con- 
cerning methods  of  assisting  the  beginners  are 
of  value,  hut  to  the  young  man  himself  the 
cream  of  the  paper  lies  in  Mr.  Damon's 
"Specifications  for  Success."  It  is  a  long  time 
since  The  Engineering  Record  has  read  any- 
thing so  interesting  on  this  subject,  and  it  Is 
glad  to  give  space  in  its  editorial  columns  to 
the  following  extracts  from  this  novel  speciflca- 
tlon. 

"In  General — The  purport  and  intent  of  this 
specification  is  to  cover  the  labor  and  material 
required  to  produce  in  complete  working  order 
a  man  prepared  to  attain  his  own  ideal  of  suc- 
cess In  that  branch  of  electrical  work  which  he 
may  elect.  It  is  to  be  understood  that  the 
omission  of  the  mention  of  small  details  in 
this  description  does  not  obviate  the  necessity 
of  their  being  furnished.  What  is  wanted  is 
a  thoroughly  trained,  well  seasoned,  broad 
minded  man,  complete  with  an  individual  char- 
acter, a  strong  intellect,  and  a  sincere  purpose. 

"Plans — He  will  form  his  ambition  early  in 
life.  He  will  take  a  natural  interest  in  the 
history  of  men  of  eminence  in  his  chosen  work 
and  their  achievements  will  inspire  him  with 
a  desire  to  accomplish  great  things.  He  will 
develop  his  imagination  and  constantly  broaden 
his  conception  of  his  own  possibilities.  He 
will  seek  to  learn  what  the  world  wants  and 
then  will  endeavor  to  train  his  natural  abilities 
so  as  to  supply  that  want. 

"Foundations — He  will  as  a  boy  develop  a 
knack  of  'doing  things'  either  as  a  mechanic, 
as  a  draughtsman,  or  in  some  boyish  business 
enterprise,  and  a  combination  of  any  two  or 
all  three  proclivities  is  desirable.  He  must 
early  learn  the  advantage  of  doing  some  one 
thing  well,  but  he  should  not  allow  praise  tor 
his  proficiency  to  encourage  him  to  neglect 
study  along  the  lines  he  does  not  naturally 
fancy.  He  will  prepare  for  college  and  during 
this  period  of  preparation  he  will  get  enough 
experience  in  practical  work  to  demonstrate 
that  he  has  made  a  wise  choice  for  his  life- 
work.  He  will  not  let  the  attractions  of  prac- 
tical work  interfere  with  his  intentions  to  se- 
cure the  best  theoretical  anS  technical  train- 
ing the  country  affords. 

"Dimensions — He  will  endeavor  early  to 
'earn  money'  by  doing  useful  work,  and  wiii 
seek  employment  outside  of  his  study  hours. 
Everything  he  attempts  he  will  complete  to  the 
best  of  his  knowledge  and  ability.  He  will  put 
himself  on  a  self-supporting  basis  as  soon  as 
possible,  and  will  earn  his  own  way  through 
college.  If  he  receives  financial  assistance,  he 
will  treat  it  as  borrowed  money,  to  be  returned. 
and  he  will  keep  the  debt  within  reasonable 
limits.  He  will  not  allow  any  false  sentiment 
'to  finish  with  his  class'  prevent  him  from 
stopping  out  one  or  even  two  years  during  his 
college  course  to  add  to  his  store  of  practical 
experience  among  electrical  or  allied  lines.  He 
will  determine  for  himself  whether  he  intends 
to     realize     on     his     possibilities     quickly     or 


whether  he  will  lay  a  broader  foundation  for 
a  slower  but  higher  development. 

"Capacity — Even  if  the  young  man  possesses 
only  ordinary  talents,  his  capacity  for  hard, 
conscientious.  Intelligent  well-directed  work 
will  attract  attention  and  win  advancement. 
When  the  occasion  demands  he  will  be  able  to 
stand  a  long  run  on  overload  or  respond  to 
excessive  demands  for  short  periods  without 
permanent  injury.  He  will  be  able  to  direct 
others  and  will  not  depend  entirely  upon  his 
unaided  efforts  tor  results. 

"Operatlon^He  will  work  quietly,  and  will 
be  turning  in  the  right  direction  every  minute 
in  a  simple,  direct  and  accurate  way.  He  will 
join  that  great  army  of  workers  who  are  actu- 
ally doing  things  rather  than  that  smaller  class 
of  men  who  occupy  most  of  their  time  in  tell- 
ing what  they  are  going  to  do. 

"Shop  Tests — If  he  enters  the  shop  or  test- 
ing department  of  a  manufacturing  company 
he  will  make  a  bargain  which  will  result  In  his 
getting  an  all  around  experience  in  exchange 
for  his  services,  and,  while  in  the  shop,  will 
keep  on  the  move  in  every  sense  of  the  word. 
He  will  seek  to  make  himself  thoroughly  prac- 
tical in  all  his  ideas  and  methods  of  work. 

"Finish — He  will  include  In  his  preparations 
considerable  literary  work  and  will  seek  after 
a  general  culture.  He  will  study  at  least  one 
foreigft  language.  He  will  regard  his  college 
work  as  only  the  beginning  of  his  education  and 
will  be  a  student  always.  He  will  seek  practice 
in  the  art  of  expressing  himself,  and  will  oc- 
casionally write  a  paper  on  some  technical 
subject.  He  will  become  interested  In  some 
social,  educational  or  reform  movement,  and 
will  avoid  becoming  a  recluse  Interested  only 
in  his  own  work." 


TlIK    EXTE.NSIO.N     A.M)    IMPROVEME.NT    of    a    clty 

under  the  supervision  of  a  regularly  appointed 
body  or  according  to  some  predetermined  plan, 
the  ofiice  of  which  Is  to  direct  the  expansion 
along  lines  conserving  the  dignity,  beauty  and 
utility  of  the  buildings  and  streets,  seems  des- 
tined to  receive  wider  attention  than  it  does 
at  present,  gome  of  the  appointments  to  the 
New  York  City  Improvement  Commission,  an- 
nounced in  the  personal  notes  this  week,  call 
the  subject  to  mind.  The  New  York  board  is 
constituted  with  an  executive  committee,  and 
committees  on  highways  and  parks,  on  water 
front  and  on  public  buildings. 


Ekcineebing  Reports  prepared  for  profession- 
al papers  or  contributions  to  technical  journals 
would  have  their  value  much  enhanced  If  the 
statements  of  the  cost  of  construction  were 
given  In  terms  of  days'  labor,  quantities  of  ma- 
terials and  the  like,  rather  than  in  dollars  and 
cents.  In  comparing  the  cost  of  sewer  con- 
struction in  the  vicinity  of  New  York  with  that 
in  the  South,  for  example,  it  is  of  little  use  to 
give  the  figures  on  the  basis  of  dollars  per  foot 
length.  But  if  the  number  of  men  employed  on 
the  work  is  stated,  the  hours  p«r  day  they  work 
and  the  time  required  to  complete  the  work, 
the  data  are  useful  at  any  time,  and  In  con- 
nection with  a  statement  of  the  leading  materi- 
als employed  furnish  information  of  permanent 
value.  The  value  of  such  figures  has  been  occa- 
sionally pointed  out  in  the  meetings  of  the 
American  Society  of  Civil  Engineers  and  sim- 
ilar bodies,  but  for  some  reason  the  hint  is  soon 
forgotten.  Of  course  It  will  never  be  possible 
to  give  minute  analyses  of  cost  figures  in  a 
technical  paper,  for  it  would  be  wearisome  read- 
ing, but  enough  information  may  often  be  fur- 
nished to  permit  the  reader  interested  In  the 
subject  to  compare  the  expenses  of  the  work 
described  with  that  of  undertakings  of  his  own. 
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The     Derwent     Valley     Water     Works 
System,  Derbyshire. 

One  of  the  largest  water  supply  projects  now 
in  the  intial  stages  of  construction  is  that  of 
the  Derwent  Valley  Water  Board  for  the  bene- 
fit of  the  cities  of  Leicester,  Derby,  Bbetneld 
and  Nottingham.  Tbeee  works  are  to  include 
five  impounding  reservoirs,  each  about  two 
mllee  long,  of  a  combined  capacity  of  lO.UUU,- 
000,000  imperial  gallons,  five  large  masonry 
dams,  nearly  60  miles  of  conduits  and  several 
acres  of  filters;  they  are  estimated  to  cost  ap- 
proximately 135,000,000,  and  to  require  twenty 
years  to  build,  and  will  supply  about  2,000,000 
I>eople,  supplementing  the  existing  works  of 
the  communities  participating.  The  work  is  to 
be  done  by  forces  of  laborers  and  mechanics 
under  the  Immediate  direction  of  the  Board 
and  its  engineers,  and  not  by  contract.  The 
history  of  the  undertaking,  descriptions  of  the 
watershed  selected  and  of  the  sites  (or  the 
dams,  and  an  account  of  the  preliminary 
operations  are  interesting. 

Some  years  ago  the  city 
of  Leicester  found  it  neces- 
sary to  seek  an  additional 
water  supply,  and  the  upper 
part  of  the  River  Derwent 
was  chosen.  This  source  was 
better  than  any  other  within 
a  hundred  miles.  Its  water- 
shed being  mostly  moorland 
and  very  sparsely  settled. 
The  efforts  of  the  city  to  se- 
cure control  of  this  desirable 
gathering  ground  were  op- 
posed; Derby  and  Sheffield 
also  promoted  bills  in  Parlia- 
ment to  obtain  rights  to  con- 
struct reservoirs  in  the  Der- 
went Valley.  Extensive  sur- 
veys were  made  and  parlia- 
mentary inquiries  were  had; 
Nottingham  and  its  county 
and  Derby  County  had  their 
claims  to  the  watershed  ad- 
mitted. The  flght  in  Parlia 
ment  Is  reputed  to  have  cost 
a  half  million  dollars.  Ultl 
mately  the  committee  of  the 
House  of  Commons  formed  a 
water  board  of  thirteen  mem- 
bers to  be  selected  by  and  to 
represent  Leicester,  Derby. 
Nottingham  and  Sheffield  and 
the  counties  of  Nottingham 
and  Derby.  This  body  was 
called  the  Derwent  Valley 
Water  Board,  and  In  1899  ob- 
obtained  an  act  of  Parliament  granting 
It  the  necessary  rights  to  purchase  land 
and  other  properties  and  to  construct  works. 
The  scheme  drawn  up  by  the  House  of 
Commons  committee  was  formed  by  tak- 
ing parts  of  the  various  works  proposed  by 
the  contending  claimants  for  the  watershed  and 
combining  them  Into  a  comprehensive  and  sat- 
isfactory system  of  works. 

The  watershed  chosen  has  an  area  of  about 
50  square  miles,  and  Is  a  part  of  the  so-called 
Peak  District  of  Derbyshire  and  of  the  West 
Riding  of  Yorkshire.  It  Is  a  region  of  hills 
and  valleys,  rough  pastures  and  wild  moor- 
lands, at  the  south  end  of  the  Pennine  Range, 
with  elevations  varying  from  500  to  2,080  feet 
above  sea  level.  Geologically  this  watershed 
Is  unusually  interesting,  being  a  part  of  a  large 
anticline  which  forms  the  backbone  of  the 
North  Midlands,  and  Is  a  portion  of  the  Car- 
boniferous system.  The  higher  ridges  are 
capped  with  "millstone  grits,"  whilst  all  the 
rirer  nllejt  are  cut  throngb  Toredale  rocks. 


Above  the  former,  which  comprise  several  va- 
rieties of  gritstones,  most  of  them  hard  rocks 
in  thick  compact  beds,  are  the  coal  measures, 
cropping  out  in  the  coal  fields  of  Yorkshire  on 
the  west,  Derbyshire  on  the  south  and  Staf- 
fordshire ••on  the  southwest.  The  Yoredale 
rocks  comprise  bands  of  varying  thickness  of 
shales  and  sandstones,  the  latter  being  Une- 
grained,  but,  owing  to  their  lack  of  siliceous 
matter,  generally  of  poor  weathering  qualities. 
Beneath  these  strata  lies  the  mountain  lime- 
stone, which  crops  out  at  Castleton  and  south- 
wards from  this  town. 

Faults,  wrinkles  and  folds  traverse  the  dis- 
irfct,  and  there  are  numerous  Instances  of  both 
old  and  recent  landslips.  The  choosing  of  sites 
and  the  designing  of  the  dams  have  been  con- 
siderably influenced  by  these  features,  It  be- 
ing thought  important  to  avoid  overloading  the 
shales  and  the  somewhat  broken  beds  of  sand- 
stone under  the  maxima  pressures  of  the  bases 
of  the  dams.  The  lines  of  the  wrinkles  and 
faults  are  crossed,  but  in  such  a  way  that  they 


by  the  observations  of  a  large  number  of  rain 
gauges  which  are  being  maintained  at  various 
places  in  the  region.  From  these  records  two 
experts  are  ultimately  to  determine  what  may 
be  regarded  as  the  mean  annual  rainfall.  Mean- 
while this  is  reckoned  at  50  inches,  and  the 
yield  is  calculated  to  be  at  the  rate  of  50,000,000 
imperial  gallons  per  day.  Hence  the  minimum 
quantity  per  day  to  be  discharged  Into  the 
liver  is  at  present  taken  to  be  17,000,000  gallons. 
Two  of  the  reservoirs,  known  as  the  Bamford 
and  the  Ashop,  are  to  be  built  solely  for  the 
storing  of  water  for  this  purpose.  As  the  sum- 
mer flow  of  the  river  falls  below  the  quantity 
staled,  it  is  evident  that  tlie  works  will  liene- 
flt  the  mills.  Of  the  33,000,000  gallons  thus 
calculated  to  he  available  for  the  dally  con- 
sumption of  the  municipalities,  Leicester,  being 
in  greatest  need.  Is  to  take  35.72  per  cent; 
Sheffield,  25  per  cent;  Derby,  with  Derby 
County,  25  per  cent.,  and  Nottingham,  with  Its 
county,  14.28  per  cent 
Howden    reservoir    is    the    highest    up    the 


General  View  of  Howden  Dam  Site  and  Vicinity  Showing  Construction  Plant  and  Buildings,  Looking  Southeast. 


cut  the  lines  of  the  dams  approximately  at 
right  angles.  The  folded  rocks  are  much 
crushed  in  some  places  and  In  other  places  the 
folding  becomes  very  abrupt,  small  faults  ap- 
pearing; but  It  is  considered  probable  that  at 
certain  depths  watertight  beds  will  be  found. 
There  are  no  Ideal  reservoir  basins  In  the  re- 
gion, for  the  valleys  nowhere  widen  out,  the 
steep  hillsides  coming  down  comparatively  close 
to  the  streams,  and  there  are  no  narrow  gorges 
throttling  the  valleys  and  eflcrding  economical 
locations  for  dams.  Consequently  the  dams 
will  all  be  large  in  proportion  to  the  sizes  of 
their  reservoirs. 

Of  the  quantity  of  water  which  will  be  made 
available  by  the  proposed  development  of  the 
upper  Derwent  and  Its  tributary,  the  Ashop, 
one-third  must.  In  accordance  with  statutory 
requirements,  be  turned  into  the  Derwent  for 
the  beneflt  of  the  mill  owners  who  use  the 
stream  for  water  power  below  the  proposed 
reservoirs.  The  actual  rainfall  on  the  water- 
shed iB  being  determined  for  a  series  of  years 


valley,  on  the  main  stream  of  the  Derwent,  and 
will  probably  be  completed  first.  Derwent  reser- 
voir follows  immediately  below,  and,  but  for 
the  difference  in  level,  would  form  a  continuous 
sheet  of  water  with  the  Howden  reservoir, 
since  Its  water  will  back  up  to  the  Howden 
dam;  It  will  be  the  second  reservoir  completed. 
The  Ha^lee  and  Ashop  reservoir  sites  are  In  the 
valley  of  the  Ashop,  the  second  immediately 
below  the  first.  The  Ashop  River  enters  the 
Derwent  from  the  west  about  three  miles  below 
Derwent  dam  site.  Bamford  reservoir  site  Is 
on  the  main  stream  Just  below  the  confluence. 
The  reservoirs  are  approximately  37  miles 
northwest  from  Nottingham,  44  miles  In  a  sim- 
ilar direction  from  Leicester,  31  miles  west 
of  north  from  Derby  and  9  miles  due  west  from 
Sheffield,  the  distances  being  measured  from 
the  nearest  reservoir,  which  is  the  Bamford. 
The  dams  are  all  to  be  of  masonry  founded  in 
the  rock.  The  lengths  across  the  tops  at  full 
reservoir  level,  between  the  abutments  on 
either  hillside,  and  the  maxima  heights  of  the 
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crests  of  the  spillways  above  the  ground  sur- 
face at  the  bottoms  of  the  valleys  are  respec- 
tively: Howden  dam,  1,080  and  118  feet;  Der- 
went  dam,  1,070  and  115  feet;  Haglee  dam,  980 
and  13G  feet;  Ashop  dam,  840  and  103  feet; 
Bamford  dam,  2,500  and  95  feet. 

Mr.  Edward  Sandeman,  M.  Inst.  0.  E.,  has 
been  chosen  chief  engineer  of  the  Board.  He 
recently  completed  a  large  reservoir  In  Dart- 
moor for  Plymouth  corporation.  By  way  of 
digression  an  interesting  bit  of  the  history  of 
the  water  works  of  this  place  may  be  permitted 
here.  The  Plymouth  water  supply  is  one  of  the 
oldest  in  England;  Sir  Francis  Draite  was  the 
engineer  for  the  worlis,  and  cut  a  channel  about 
17  miles  long  from  Dartmoor  to  the  city.  The 
wording  of  the  Act  of  Parliament  which  he 
obtained  is  curious,  for  it  stipulates  that  the 
channel  to  be  cut  might  be  up  to  6  feet  in 
width — but  the  depth  was  not  given.  This 
omission  has  enabled  the  town  to  draw  away 
the  whole  flow  of  the  river.     The  act  is  dated 


die-tank  type,  weigh  40  tons  and  have  six 
coupled  driving  wheels. 

Excavation  for  the  Howden  dam  was  com- 
menced early  in  the  year  1902;  that  for  the 
Derwent  dam  was  begun  soon  after.  At  pres- 
ent these  two  reservoirs  and  8  miles  of  the 
aqueduct  leading  southward  are  under  con- 
struction. The  two  reservoirs  in  the  Ashop 
valley  will  follow  and  the  Bamford  reservoir 
will  be  left  to  the  last. 

In  each  of  the  trenches  for  the  two  dams 
now  under  construction  the  disturbance  of  the 
strata  is  very  marked,  as  is  shown  by  the 
geological  section  of  the  trench  at  Howden  and 
by  some  of  the  views  reproduced  herewith. 
This  condition  of  the  rock  has  caused  the 
depths  of  the  trenches  to  "become  considerable. 
In  order  to  obtain  a  good  foundation  for  the 
masonry  at  Howden  it  has  been  necessary  to 
go  to  a  depth  of  67  feet  below  the  bed  of  the 
river,  and  even  at  this  depth  the  rock,  although 
unyielding,    is    open   jointed.      Consequently    a 


Howden  Dam  Excavation,  Looking  from  East  End,  Showing  Cableways,  Derricks,  and  Loading  Hbppers  for  Spoil. 


1585.  The  reservoir  which  Mr.  Sandeman  con- 
structed at  Barrator  covered  Sir  Francis  Drake's 
intake,  and  a  pipe  line  has  been  substituted  for 
the  old  open  water  course. 

The  Peak  District  being  popular  for  holiday 
excursions,  the  Board  has  had  troub'e  In  get- 
ting a  quarry  site,  and  some  of  the  Intended 
locations  have  been  prohibited,  so  that  It  be- 
came necessary  to  go  12  miles  south  of  the 
Howden  reservoir  for  stone.  The  Board  now 
owns  a  site  of  50  acres,  however,  where  mill- 
stone grit  of  good  quality  is  being  gotten  out. 
Approximately  2,000,000  tons  of  stone  will  be 
required,  and  will  be  brought  to  the  works 
over  5  miles  of  the  Midland  Railway  Company's 
line  and  for  the  remaining  7  miles  on  a  single- 
track  railway  of  standard  gauge  built  by  the 
Board.  This  road  has  a  rising  gradient  limited 
to  1  in  40,  and  runs  along  the  west  side  of  the 
valley  crossing  several  side  valleys  on  timber 
trestles.  The  trestle  at  Ashopton  Is  400  feet 
long  and  has  a  truss  of  75  feet  span  over  the 
river.    The  locomotives  in  use  are  of  the  aad- 


cut-ofc  trench  6  feet  wide  is  being  carried  down 
under  the  heel  of  the  dam  to  a  depth  of  20 
feet  or  more  below  the  bottom  of  the  founda- 
tion. When  watertight  strata  are  reached  at 
any  point  this  trench  is  stopped;  it  is  to  be 
filled  with  Portland  cement  concrete.  The  cut- 
off trench  is  about  15  feet  from  the  upstream 
edge  of  the  bottom  of  the  dam.  The  foundation 
excavation  has  a  maximum  width  at  top  of 
about  200  feet  and  160  feet  at  the  bottom, 
which  is  the  maximum  thickness  of  the  dam. 
The  greatest  depth  of  the  pit  Is  84  feet,  dimin- 
ishing as  the  distances  from  the  crushed  parts 
of  the  rock  are  increased. 


densers.  Two  locomotive  type  horizontal  and 
two  Cochran  boilers  supply  the  steam  required. 
One  of  the  accompanying  illustrations  shows  a 
part  of  the  pump  installation  and  the  sump  in 
the  northeast  corner  of  the  excavation,  also  the 
tilted  strata.  The  thick  flat  bed  on  which  the 
man  is  standing  resisted  the  force  which  caused 
the  wrinkling.  Another  view  shows  the  easter- 
ly  end  of  the  cut-off  trench,  and  indicates  In 
a  way  the  quantity  of  water  encountered.  The 
Ingersoll  bar  channeler  with  which  the  trench 
is  being  excavated  may  also  be  seen. 

At  the  Howden  dam  and  also  at  the  Derwent 
two  cableways  furnished  by  Messrs.  John  M. 
Henderson  &  Company,  of  Aberdeen,  Scotland, 
have  been  installed  to  handle  the  excavated 
materials  and  then  later  to  transport  the  ma- 
terials for  the  masonry.  Each  cableway  has 
one  fixed  tower  and  one  tower  traveling  on 
seven  curved  rails  so  arranged  that  at  each 
dam  the  two  cableways  together  command 
practically  the  whole  excavation.  The  span  of 
the  cableways  at  the  How- 
den dam  is  1,360  feet,  and 
their  capacity  is  5  tons.  The 
skips  have  a  capacity  of  2% 
cubic  yards  each.  The  en- 
gine houses  are  so  placed,  at 
some  distance  from  the  tow- 
ers, that  each  engineer  can 
see  his  cableway,  the  loca- 
tion being  influenced  some- 
what, also,  by  the  ease  of 
coaling.  Besides  the  cable- 
ways  there  are  at  each  dam 
a  number  of  locomotive 
cranes,  and  several  Scotch 
derricks  running  on  double 
tracks  are  also  employed.  For 
the  rock  excavation  Inger- 
soll-Sergeant  drills  are  in 
use,  being  operated  by  steam 
at  present;  but  a  compressed 
air  plant  is  being  installed, 
and  when  it  is  ready  for  ser- 
vice the  drills  will  be  run 
with  air.  At  Howden  a  large 
quantity  of  the  harder  sand- 
stone passed  through  has 
been  selected  and  stacked  in 
convenient  places  to  be  crush- 
ed for  concrete.  The  cableway 
skips  dump  their  loads  of  spoil 
into  wooden  loading  hoppers, 
of  which  there  are  two,  each 
mounted  in  a  low  wooden  tower 
spanning  one  of  the  narrow- 
gauge  railway  tracks  passing 
the  end  of  the  excavation  and 
extending  to  the  dumps. 
The  total  length  of  the  Howden  foundation 
trench  will  be  about  1,450  feet,  but  only  a  part 
of  it  is  being  excavated  at  first.  The  trench 
is  not  timbered,  as  is  shown  by  the  views.  The 
river  has  been  diverted  into  a  temporary  chan- 
nel for  about  200  yards.  After  the  part  of  the 
trench  flrst  excavated  shall  have  been  filled  up 
the  river  will  be  turned  through  a  culvert  and 
the  excavation  completed.  The  general  arrange- 
ment of  the  construction  plant,  the  location  of 
the  excavation  and  the  river  channels  are 
shown  on  the  accompanying  sketch  plan  and  by 
some  of  the  views,  which  also  indicate  the 
character  of  the  topography  of  the  district. 
Two  miles  of  railway  track  have  been  laid  for 


Through  the  open  joints  of  the  rock  founda 
tion   water   enters   the    excavation    somewhat  ^   construction  purposes  at  this  dam. 


freely,  the  quantity  pumped  per  day  varying 
from  750,000  to  1,250,000  gallons.  The  pumps 
installed  have  sufficient  capacity  to  raise  2,- 
000,000  gallons  per  day;  they  include  one  pulso- 
meter,  two  Tangye's  "Special"  sinking  direct- 
acting  steam  pumps  and  two  Evans'  Cornish 
sinking    direct-acting    steam   pumps  with  con- 


The  heart  of  the  Howden  dam  will  be  built 
of  Portland  cement  concrete  with  large  stones 
embedded  In  it,  and  it  will  be  faced  with 
squared  blocks  of  stone  from  the  quarry  pre- 
viously mentioned.  Some  concrete  mixed  by 
hand  has  already  been  placed  in  the  cut-off 
trench,   and   work   on    the   main   part   of   the 
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uUMODry  of  Ui«  dam  is  expected  to  begin  vigor- 
ously very  soon.  A  stone-orushing  plant  bas 
been  set  up.  and  thts,  with  the  compi-essor  and 
a  machine  shop,  are  run  by  a  ISU-horse-power 
compound  condensing  engine.  l.Ast  fall  a  con- 
crete plant  was  erected:  it  will  be  put  into 
operation  this  spring.  This  includes  an  "Ac- 
curate Measurer  and  Feeder"  (urnished  by  Mr. 
Prank  B.  Gilbreth,  of  Boston,  iMass..  which  was 
installed  under  the  direction  of  -Mr.  William 
H.  Larkin.  Jr-,  chief  mechanical  engineer  for 
Mr.  Gilbreth.  Portable  gravity  concrete  mixers 
are  used.  A  water  supply  under  pressure  for 
stone  washing  and  steam  making  at  the  How- 
den  dam  is  piped  from  a  small  stream  a  nine 
away. 

In  design  the  Howden  and  Derwent  dams  are 
alike,  each  having  a  long  spillway  for  Hood 
waters  in  the  central  part  of  its  crest,  flanked 
by  a  tower  on  either  side.  The  towers  will 
contain  the  machinery  for  emptying  the  reser- 
voir and  regulating  the  flow  into  the  aqueduct, 
and  will  be  connected  by  a  small  tunnel  formed 
in  the  heart  of  the  dam.  The  tops  of  the  dams 
will  be  9  feet  wide.  The  dams  are  to  be  of  the 
so-called  gravity  type  of  section  and  will  be 
straight  in  plan.  The  details  have  not  been 
fully  determined,  as  they  are  dependent  to  some 
extent  upon  the  conditions  developed  by  the 
excavation.  The  spillway  of  the  Howden  dam 
will  be  500  feet  long,  and  the  water  passing 
over  It  will  fall  Into  the  Derwent  reservoir. 

From  the  Howden  dam  the  aqueduct  for  con- 
veying the  water  to  the  municipalities  will  ex- 
tend in  a  generally  southeasterly  direction, 
comprising  3.75  miles  of  tunnel,  13.75  miles  of 
"cut-and-cover"  and  37.75  miles  of  pipe  lines. 
The  tunnel  and  the  "cut-and-cover"  will  be  of 
brickwork  with  an  internal  diameter  of  6  feet 
3  Inches.  About  5  miles  below  (he  Howden  dam 
the  SbefBeid  supply  will  be  taken  oB  t,hrough  a 
tunnel  4.5  miles  long,  from  Ashopton.  At  Bam- 
ford,  after  the  Sheffield  supply  has  been  with- 
drawn, the  remainder  of  the  water  will  be  fll- 
ered,  an  acrea  of  14  acres  having  been  provided 
at  this  place  for  filter  beds.  Thirty  miles  below 
the  Howden  dam,  on  the  line  of  the  aqueduct, 
a  service  reservoir  of  80,000,000  imperial  gal- 
lons' capacity  is  to  be  built.  This  will  be  known 
as  the  Ambergate  reservoir,  and  from  it  one 
line  of  conduit  will  branch  to  Nottingham  and 
another  to  Derby  and  Leicester.  The  Amber- 
gate  reservoir  will  be  covered. 

Since  the  works  are  located  in  an  almost  un- 
inhabited valley,  it  has  been  necessary  for  the 
Board  to  build  a  village  to  house  the  laborers 
and  mechanics  employed.  Streets  of  huts  or 
shanties  made  of  corrugated  sheet  iron  lined 
with  wood  and  felt  have  been  put  up.  The 
larger  shanties  will  accommodate  a  roan  with 
his  family,  and  each  has  a  dormitory  for  eight 
men  lodgers.  The  colony  is  beautifully  situated 
and  provides  quarters  for  about  900  persons, 
mostly  men,  of  course.  The  streets  are  mac- 
adamized, and  a  schoolhouse,  a  police  station 
and  a  large  recreation  hall  with  a  stage,  billiard 
tables,  etc.,  have  been  erected.  A  flre  brigade 
has  been  organized,  and  a  water  supply,  a  sew- 
erage system  and  sewage  filter  beds  provided. 
A  general  hospital  with  twelve  beds  has  been 
established  and  an  isolation  hospital  with  six 
beds,  and  a  mile  from  the  village  there  is  the 
"doss-house,"  so-called,  with  thirty  beds,  where 
newcomers  have  hot  baths  administered  while 
their  belongings  are  disinfected.  A  stay  of  one 
week  in  the  "doss-house"  is  required  before  a 
recruit  is  admitted  to  the  village.  There  are 
a  large  number  of  allotment  gardens  which  are 
rented  to  the  men  of  the  colony  on  easy  terms. 
Opposite  the  village,  halfway  between  Howden 
and  Derwent,  picturesquely  situated  and  over- 
looking the  valley,  is  Shire  Uwlers,  the  resi- 
dence of  the  engineers  on  these  dams. 
As  previously  stated.  Mr.  Edward  Sandeman 


is  the  chief  engineer  of  the  works.  He  is  a 
comparatively  .voung  man,  and  has  gathered 
about  him  a  corps  composed  lai'gely  of  young 
engineers.  His  headquarters  are  at  Bamford. 
Mr.  W.  F.  H.  Creber  Is  the  resident  engineer  at 
the  Howden  dam,  and  Mr.  Michael  George 
VVeekes.  Assoc.  M.  Inst.  C.  .E.,  is  resident  en- 
gineer at  the  Derwent  dam.  The  notes,  photo- 
graphs and  maps  used  in  the  preparation  of  this 
article  were  lurnished  to  this  journal  through 
the  courtesy  of  Mr.  Creber  and  Mr.  Larkin. 


Requisite  Amount  of  Water  for  a  Public 
Supply. 

Kxtracts  from  a  paper  liy  .Mr.  J.  Herlwrt  Shedd.  In 
the    "Journal"    ol    the    Now    KukIhdcI    Water    Works 
Assgclatiou. 


Mr.  Shedd's  paper  dealt  principally  with  the 
water  supply  of  Providence,  R.  I.,  as  he  was  the 
designing  and  constructing  engineer  for  the 
water  works  of  that  city  many  years  ago,  and 
later,  as  city  engineer  for  seven  years,  had  di- 
rect  connection    with   the   system.     He   stated, 


have  any  apparent  effect  on  the  lead  by  any 
calking  hammer  more  than  %  inch  below  the 
surface,  as  the  lead  seems  to  remain  just  as  it 
is  run,  and  is  not  compacted  in  any  degree  be- 
low that  depth,  so  far  as  he  could  discover,  by 
the  calking. 

The  tightness  of  the  service  pipes  in  Provi- 
dence is  secured  by  requiring  the  best  materi- 
als and  the  best  workmanship.  Before  the  mix- 
ture forming  the  bronze  for  making  the  taps 
and  stops  was  determined  upon,  a  large  number 
of  experiments  was  made  upon  various  bronzes, 
and  a  mixture  securing  toughness,  strength, 
tightness,  and  ease  of  working  in  the  shops,  so 
far  as  these  could  be  combined,  was  selected. 
The  mixture  used  is  in  the  proportion  of  80 
pounds  of  copper,  6  pounds  of  tin,  3  pounds  of 
zinc  and  2  pounds  of  lead.  The  use  of  lead  is 
for  the  purpose  of  securing  smooth  and  easy 
work  in  the  machine  shop.  The  work  upon  the 
tap,  service  pipe  and  stop,  forming  a  service, 
was  done  by  the  regular  employes  in  the  shop 
at  the  pipe  yard  of  the  department,  and  the  tap 


nnc/jorcrqv 
£aj/  End. 


I  F^idznh 
Encilneers 
^Offkt. 

Derwent  Valley  Water  Works:  Plan  of  Construction  Plant  at  Howden  Dam. 
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referring  to  the  necessity  for  a  tight  distribu- 
tion system,  that  his  experience  led  to  the  be- 
lief that  as  a  rule  the  bells  of  water  pipes  are 
made  too  deep.  In  the  city  of  Providence, 
where  there  are  now  340  miles  of  distribution 
pipes  in  service,  and  forming  an  extremely 
tight  system,  the  bells  are  2  inches  deep  for 
the  6-inch  pipes  and  regularly  increase  in 
depth  to  4  inches  for  the  36-inch  pipes.  These 
straight  pipes  can  be  laid  on  sharper  curves 
without  affecting  the  tightness  of  the  joint  than 
would  be  possible  with  the  deeper  bells.  These 
shallow  bells  have  been  In  use  on  the  system  for 
about  thirty-three  years.  The  ordinary  soft 
lead  suitable  for  calking,  is  used  in  the  joints. 
It  Is  laid  a  little  more  than  %  inch  in  depth, 
and  the  gasket  makes  up  an  inch  or  1%  inches 
of  the  depth  of  the  bell,  and  that  is  driven  home 
until  it  will  receive  pretty  good  blows  of  a  ham- 
mer without  a  depression  in  the  gasket.  The 
author  has  found  by  a  number  of  observations 
that  It  is  almost  impossible,  in  the  ordinary 
lead  used  for  making  joints  in  watf^r  pipes,  to 


was  set  in  the  street  main,  and  the  service  laid, 
by  the  department  men. 

The  system  of  water  rates  should  be  based  on 
the  opportunity  of  each  taker  to  waste  water — 
that  is,  upon  the  number  and  character  of  the 
fixtures.  The  size  of  the  service  pi|)e  should  be 
based  on  the  requirement  for  delivering  useful 
water.  A  diagram  (reproduced  in  the  "Jour- 
nal") giving  the  loss  of  head  resulting  from  de- 
livering certain  quantities  of  water  through 
the  taps,  service  ])ipes  and  stops  of  different 
sizes  and  for  various  lengths  of  pipe  is  a  valu- 
able aid  in  fixing  the  sizes  of  service  pipes  to 
be  laid  for  takers.  Such  a  di&gram  was  made 
at  the  beginning  of  the  delivery  of  water  in 
Providence,  and  its  value  has  been  demon- 
strated continuously.  Cases  sometimes  occur 
in  which  it  is  appropriate  to  insert  a  diaphragm 
in  the  tap  having  a  hole  of  suitable  size 
through  it  to  deliver,  without  undue  loss  of 
head,  all  the  water  which  can  be  made  useful, 
but  which  would  serve  to  throttle  an  excessive 
draft. 
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As  a  l)asis  for  determiuing  the  amount  to  be 
paid  for  water  by  takers,  when  it  was  not  to  be 
measured  by  meter,  the  opportunity  to  waste 
water  was  considered  to  be  of  the  greatest  im- 
portance. More  water  being  wasted  than  used, 
the  means  of  wasting  water  should  govern  the 
rental.  This  led  to  a  schedule  based  upon  the 
fixtures  connected  with  the  water  pipes.  Nat- 
urally the  well-to-do,  under  this  schedule,  would 


In  1892  the  department  noticed  what  was  con- 
sidered to  be  an  unnecessary  per  capita  use  of 
water,  and  special  inspectors  were  engaged  to 
examine  the  supply  through  services,  and  the 
returns  of  the  ordinary  inspection  were  re- 
viewed in  the  office  to  discover  a  reason  for 
such  use.  About  two  years  were  occupied  In 
the  examination  and  in  applying  remedies.  It 
was  found  that  upon  many  of  the  unmetered 


Tilted  Strata  in  Northeast  Corner  of  Excavation;  Cut-off  Trench,  Showing  Pumps. 

pay  more  than  the  poor  in  proportion  to  the 
amount  of  water  actually  used,  but  a  very  im- 
portant point  was  gained  in  the  inducement  of- 
fered to  those  who  had  many  fixtures,  to  put  in 
and  maintain  at  their  own  expense  meters  for 
measuring  the  water  taken  by  them.  The  water 
takers  thus  became  the  advocate  of  meters,  and 
nearly  all  the  meters  on  the  works,  numbering 
now  nearly  twenty  thousand,  or  nearly  85  per 
cent,  of  all  the  services,  have  been  applied  at 
the  request  of  the  water  takers.  The  minimum 
charge  of  ten  dollars  per  year  was  fixed  for  all 
who  took  measured  water.  Fifteen  years  after 
the  delivery  of  water  began,  about  one-half  of 
all  the  families  supplied  by  meter  were  pay- 
ing the  minimum  rate,  which  entitled  them  to 
91.32  gallons  of  water  per  family  per  day,  or, 
upon  the  basis  of  five  persons  per  family,  to 
18.2G  gallons  per  capita.  Tiie  poorer  people 
were  generally  supplied  by  one  faucet  at  six 
dollars  per  year. 

In  1888,  seventeen  years  after  the  introduc- 
tion of  water,  an  analysis  made  of  the  accounts 
of  2,553  families  of  a  good  class,  taking  water 
through  meters  and  paying  the  minimum  rate, 
showed  that  167  families  drew  less  tiian  1,500 
cubic  feet  per  year,  and  that  the  following  num- 
bers of  families  drew  respectively  more  than 
the  preceding  and  less  than  the  following  num- 
bers of  cubic  feet  per  annum:  237  families,  2,- 
000  cubic  feet;  361  families,  2,500  cubic  feet; 
445  families,  3,000  cubic  feet;  446  families,  3,- 
500  cubic  feet;  462  families,  4,000  cubic  feet; 
435  families,  4,457  cubic  feet.  On  the  basis  of 
five  persons  per  family  the  quantities  given  as 
the  upper  limit  for  each  group  correspond  re- 
spectively to  the  following  numbers  of  gal- 
lons per  day:  6.15,  8.20,  10.25,  12.30.  14.35. 
16.40  and  18.27.  It  is  probable  that  the  reason 
why  some  families  use  more  than  others  is 
largely  because  of  outside  uses,  like  watering 
lawns,  use  in  stables,  greenhouses,  etc.,  and  be- 
cause there  are  more  members  In  the  families. 


move.  The  examination  and  the  effort  to  check 
waste  reached  its  culmination  in  1894.  In  that 
year  the  average  daily  consumption  of  water 
was  9,904,000  gallons  and  the  per  capita  sup- 
ply was  65.24  gallons,  which  was  larger  than 
it  had  been  before  or  has  been  since,  and  un- 
doubtedly more  than  was  reasonable.  The  ef- 
fect of  the  special  effort  to  check  waste  was 
shown  in  the  following  year  in  two  ways  that 
'were  striking,  when  observed  upon  a  profile  il- 
lustrating the  conditions.  First:  The  total 
average  dally  consumption  of  water  dropped  to 
8,905,000  gallons  and  the  per  capita  supply  to 
56.93,  which  was  still  fully  up  to  the  require- 
ments for  use.  Second:  The  rate  of  Increase 
in  the  revenue  shot  up  in  a  marked  way.  The 
full  effect  of  the  effort  to  check  waste  was  not, 
however,  shown  until  1897,  when  the  total 
average  daily  consumption  had  dropped  to  8,- 
635.000  gallons  and  the  per  capita  supply  to 
51.34. 

From  that  time  to  within  about  two  years, 
the  Increase  in  the  total  supply  has  been  rea- 
sonably consistent  with  the  increase  of  the 
population  supplied.  Lately  a  new  tendency  is 
shown  to  dispose  of  a  greater  per  capita  supply 
of  water.  This  seems  to  be  accounted  for  by 
the  effect  of  electrolysis,  which  has  a  destruc- 
tive action  in  several  places  in  the  city.  On  one 
street  several  street  mains  have  been  taken  out 
in  two  successive  years,  being  badly  decom- 
posed, and  one  of  which  had  been"  completely 
eaten  through.  The  iron  bolts  of  meters  have 
been  eaten  off  and  replaced  by  composition 
bolts.  Lead  service  pipes  have  also  been  badly 
eaten.  The  conditions  favoring  the  destructive 
action  of  electrolysis  are  being  changed  stead- 
ily for  the  better. 

The  working  force  in  the  meter  department 


Strata  in  Side  of  Excavation,  East  End  of  Howden  Dam,  Derwent  Valley. 


services  there  was  large  waste,  and  the  takers 
on  such  services  were  notified  that  under  the 
provision  in  the  published  rates  allowing  spe- 
cial assessments  to  be  made  for  peculiar  cir- 
cumstances they  would  be  subjected  to  such 
special  assessment,  unless  they  chose  to  put  on 
meters.  A  considerable  number  of  such  takers 
had  meters  set.  and  the  rate  of  increase  in  the 
number  of  meters  showed  the  influence  of  this 


in  Providence  consists  of  three  men,  who  do  all 
the  setting  and  repairing  of  meters  on  the  sys- 
tem. The  total  expense  of  the  department  is 
more  than  returned  to  the  city  by  the  charges 
against  the  takers,  they  being  at  a  fixed  rate 
per  meter  for  the  usual  operations.  The  aver- 
age annual  cost  per  meter  for  repairs  is  about 
1 1  i/i  cents.  The  meters  are  owned  by  the  water 
taker,  but  they  are  not  allowed  to  be  placed  ex- 
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c^tt  by  the  city.  The  city  approves  of  the 
meters,  and  sets  them,  and  makes  a  charge  for 
setting  them  to  thon  who  apply  for  them.  The 
meter  must  be  one  which  is  approved  by  the 
city.  There  are  three  or  four  kinds  of  meters 
which  are  set  by  the  dty.  and  a  person  is  al- 
lowed to  make  his  choice  from  those  kinds,  but 
the  meters  are  owned  and  maintained  by  the 
takers,  so  far  as  paying  the  money  is  concerned. 
They  are  managed  by  the  city,  put  in  by  the 
city,  repaired  by  the  city,  and  the  cost  charged 
to  takers  for  expenses.  Meters  are  replaced  at 
the  expense  of  the  taker,  but  some  have  been 
in  use  over  thirty  years,  and  apparently  they 
are  Just  as  good  as  ever.  Very  few  have  failed. 
A  meter  is  tested  as  otten  as  there  appears  to 
be  any  need  for  it. 

Tbe  consumption  of  water  in  Providence  is 
measured  by  the  pumps,  and,  of  course,  in- 
cludes all  the  waste  and  the  loss  by  leakage  in 
the  distribution  system. 

In  the  discussion  of  Mr.  Shedd's  paper  a  num- 
ber of  interesting  statements  were  made  by 
members  of  the  Water  Works  Association  pres- 
ent at  the  meeting  at  which  the  paper  was  read. 
Mr.  Charles  N.  Walkeri  superintendent  of  the 
water  works  of  Manchester,  N.  H.,  expressed 
a  decided  preference  for  pipe  bells  from  3^  to 
4  inches  deep,  to  run  around  curves,  and  Mr. 
Edwin  C.  Brooks,  of  Cambridge,  Mass.,  told  of 
some  old  Scotch  pipes  laid  in  bis  city  in  1857 
which  had  bells  7  inches  deep.  Several  other 
members  also  expressed  preference  for  the 
longer  bells.  Mr.  R.  J.  Thomas,  superintendent 
of  water  works,  Ix>well,  Mass.,  stated  that  there 
are  about  ten  corporations  in  that  city  that  use 
the  dty  supply  as  a  secondary  supply  in  case 
of  fire.  When  there  are  defective  check  valves 
they  allow  mill  water  to  pass  into  our  mains, 
and  we  found  it  necessary  for  the  health  of  the 
city  to  shut  the  valves  on  the  branches  that 
lead  into  the  corporation  premises,  fifteen  in 
all.  Since  shutting  these  valves  the  consump- 
tion has  fallen  off  from  a  quarter  to  half  a  mil- 
lion gallons  a  day.  Mr.  Brooks,  speaking  of 
free  use  of  water  in  public  buildings,  said:  We 
have  a  grammar  school  in  our  city,  not  a  very 
large  school,  which  has  used  a  million  and  a 
half  gallons  of  water  the  past  year,  making 
a  per  capita  use  of  water  by  the  school  children 
that  Is  enormous.  Nothing  tLat  I  have  ever 
found  has  exceeded  in  crudeuess  the  manage- 
ment of  the  ordinary  sanitary  fixtures  in  school- 
houses.  They  are  given  almost  no  supervision, 
and  the  water  is  allowed  to  run  continuously. 
Mr.  R.  C.  P.  Coggeshall,  of  New  Bedford,  said 
that  in  some  of  the  schoolhouses  ventilating 
fans  had  been  run  by  electric  motors,  but  as 
water  was  furnished  free  for  city  purposes, 
water  motors  were  installed  Instead,  which  use 
at  the  rate  of  about  150,000  gallons  a  month.  It 
costs  the  school  nothing,  and  therefore  the  au- 
thorities reason  that  it  costs  the  city  nothing; 
and  the  city  allows  it  to  go  on. 

Mr.  F.  N.  Connet,  of  the  Builders'  Iron  Foun- 
dry, Providence,  told  of  a  private  water  com- 
pany in  northeastern  New  Jersey  which  had 
meters  on  98  per  cent  of  its  services,  but  the 
meters  accounted  for  28  per  cent,  less  than  the 
plunger  displacement  of  the  pumps.  He  also 
mentioned  the  case  of  a  corporation  taking 
water  from  a  city;  the  consumption  was  esti- 
mated at  G0,000  gallons  per  day,  but  when  an 
8-lnch  Venturi  meter  was  put  on  the  connection 
the  consumption  was  found  to  be  280,000  gal- 
lons per  day. 

During  a  discussion  of  the  slip  of  pumps,  Mr. 
Shedd  stated  that  a  pump  well  kept  up,  well 
cared  for,  and  originally  well  constructed, 
should  go  through  a  long  period  with  no  more 
than  about  2  per  cent,  of  slip,  but  that  he  knew 
of  pumps  which  have  up  to  i%  per  cent,  of  slip; 
is  ProTldence  the  slip  had  been  kept  within 


about  2  per  cent,  the  amount  of  water  dis- 
charged as  measured  over  a  weir  being  com- 
pared with  the  plunger  displacement.  Mr.  Dex- 
ter Brackett  of  the  Metropolitan  Water  Works, 
Boston,  expressed  the  opinion  that  conditions 
giving  2  per  cent  slip  were  the  exception  rather 
than  the  rule.  He  stated  that  he  had  personally 
measured  pumps  in  which  there  was  50  per  cent, 
slip;  that  he  had  known  of  others  in  which 
the  slip  was  40  per  cent.,  and  that  the  slip  of 
pumps  used  on  the  Metropolitan  Water  Works 
haa  been  found  to  be  from  3  to  18  per  cent  He 
said  further:  With  an  outside  packed  plunger 
pump  there  is  very  little  slip  or  leakage  past 
the  plunger,  but  the  rubber  valves  wear  with 
years  of  use,  and  as  the  valves  wear  there  will 
be  an  increase  in  the  amount  of  slip.  You  sel- 
dom get  less  than  1  per  cent  slip  with  a  new 
pump.  Mr.  Foster,  connected  with  the  Worth- 
ington  Company  for  sixteen  or  seventeen 
years,  said  that  he  thought  the  slip  of  a  pump 
ought  not  to  be  more  than  2  to  5  per  cent.  He 
told  of  the  test  of  a  pump  which  had  been  in 
use  eighteen  years;  the  valves  had  been  kept  in 
good  order  and  the  plungers  showed  little  wear; 
the  slip  was  found  to  be  5  per  cent. 


Recent       Concrete-Steel    Water-Works 
Construction  at  Ithaca,  N.  Y. 


A  Sewage  Testing  Appabatus  has  been  de- 
signed by  Mr.  W.  D.  Scott-Moncrleft  which  is 


Coagulation  and  Clear-Water  Tanks,  Cornell  University  Filters. 


in  principle  a  miniature  set  of  nitrifying  trays 
of  the  type  designed  by  him  and  used  with 
much  success  in  various  places.  The  apparatus 
consists  of  a  box  about  7  feet  high  and  1x3  feet 
in  plan.  At  the  top  is  a  tipping  trough  which 
discharges  a  quantity  of  sewage  over  a  perfor- 
ated tray  at  regular  periods  capable  of  a  wide 
variation.  The  sewage  percolates  through  a 
series  of  filters  arranged  one  above  the  other 
and  finally  reaches  the  free  space  at  the  bot- 
tom from  which  it  escapes  to  the  drain,  the 
arrangement  being  in  all  respects  like  that  used 
in  Mr.  Scott-Moncrieff's  regular  practice.  The 
amount  of  air  passing  through  the  filters  is 
measured  by  an  ingenious  syphon  device.  Cocks 
are  provided  at  each  filter  tray  so  that  samples 
of  the  effluent  from  each  stage  of  the  apparatus 
can  be  taken.  It  Is  customary  in  starting  the 
apparatus  to  begin  with  any  rate  of  supply  of 
air  and  sewage.  After  running  for  24  hours 
samples  are  taken  from  the  different  cocks,  and 
the  highest  one  at  which  the  desired  purifica- 
tion is  found  shows  the  depth  of  filtering  ma- 
terial for  that  particular  combination  of  air 
and  sewage  supply.  It  is  found  as  a  rule  that 
the  best  results  are  secured  when  the  sewage 
is  discharged  every  7i/4  to  10  minutes  and  is 
fully  hydrolized  by  anaerobic  bacteria. 


Filter  Plant. — Cornell   University  is  located 
on  a  plateau  about  500  feet  above  the  surface  of 
Cayuga  Lake,  on  the  east  side  of  the  city  of 
Ithaca.    The   campus,    containing   many    large 
University  buildings,  laboratories,  shops,  numer- 
ous fraternity  houses  and  residences,   has  an 
independent   water   supply   pumped   from   Fall 
Creek  and  distributed  by  gravity  from  a  reser- 
voir on  an  adjacent  hill.    The  character  of  the 
supply  has  always  been  considered  satisfactory, 
but  it  was  recently  determined  to  redouble  as- 
surance by  providing  mechanical  filtration  for 
it,  and  so  a  special  plant  was  designed  by  Pro- 
fessor Gardner  S.  Williams,  M.  Am.  Soc.  C.  E., 
in  charge  of  the  Cornell  hydraulic  laboratory. 
This  plant  has  been  constructed  under  his  di- 
rection and  will  be  put  into  service  within  the 
next  week.    The  filters  receive  raw  water  from 
the  pump  mains  and  discharge  the  pure  effluent 
by  gravity  to  the  reservoir.     They  have  a  ca- 
pacity  of   500,000   gallons  per   diem,   and   are 
situated   on  the  top  of  a  hill  about  1,000   feet 
east  of  the  reservoir  and  12  feet  above  it.   The 
plant  contains  Interesting  features  in  design, 
operation  and  construction  methods.     All   the 
tanks  are   built  of  reinforced  concrete,  of  un- 
usual  form,    and    have 
several      peculiar      de- 
tails which   will  be  de- 
scribed  in  this    article 
without   discussing   the 
arrangement    and    con- 
nections    of     the     pipe 
system     or     analyzing 
the   operation  and    effi- 
ciency of  the  filtration. 
The    tanks    are    two 
stories    in    height    and 
occupy   a    space   which 
has   an   L-shaped    plan 
and    is    about     68     feet 
long,  48   feet  wide  and 
32  feet  high  in  extreme 
dimensions.      They   are 
built    entirely    of    con- 
crete,  which  is  largely 
monolithic       and       has 
comparatively        thin 
cross-sections  reinforced 
with    flat    and    twisted 
steel    bars.      They    are 
enclosed     by     a    brick 
provided       with       a 
system    of    pipes     and 
are    omitted    in    the 
so    as    to    avoid 


building  and  are 
somewhat  elaborate 
valves,  most  of  which 
accompanying  illustrations 
complication  and  emphasize  the  construction  of 
the  concrete  work.  The  structure  is  divided  in- 
to three  principal  sets  of  tanks — the  coagula- 
tion tanks,  the  filter  tanks  and  the  pure-water 
tank.  The  general  arrangement  is  shown  in 
the  plan  and  is  substantially  that  of  two  inter- 
secting main  tanks  with  horizontal  axes  at  right 
angles  to  each  other  and  with  convex  bottoms 
and  sides.  The  coagulation  tank  is  divided  into 
two  parts  by  an  arched  floor  or  deck  extending 
from  end  to  end,  and  a  center  wall  with  large 
apertures  in  which  vertical  stop  planks  can  be 
set  to  form  transverse  partitions  provides  for 
the  further  subdivision  of  each  part  if  desired. 
The  top  of  the  tank  is  covered  by  a  horizontal 
floor  which  is  continued  over  the  pure-water 
tank.  The  latter  is  divided  by  a  longitudinal 
partition  wall  through  two-thirds  of  its  length 
and  is  one  story,  or  about  14  feet,  high  in  the 
clear  to  the  bottom  of  the  twin  rectangular 
9xl3-foot  filter  tanks,  which  are  8  feet  deep 
and  situated  directly  above  It 

Water  is  delivered  under  a  pressure  of  about 
eight  pounds  at  the  floorllne  through  an  8-inch 
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horizontal  pipe  which  passes  through  the  con- 
crete and  terminates  in  a  riser  with  its  top 
about  4  feet  above  the  bottom  of  the  coagula- 
tion basin  at  the  east  end.  The  coagulant  is 
mixed  in  a  3%xl4-foot  sub-divided  tank  3  feet 
deep,  seated  across  the  tops  of  the  filter  tanks, 
from  which  it  is  delivered  to  the  inlet  pipe, 
as  shown  in  the  cross-section.  The  water  from 
the  lower  compartment  of  the  coagulation  tank 
rises  at  the  end  opposite  the  inlet  through  an 
orifice  in  the  mid-deck  or  floor  to  the  upper 
compartment  and  filling  that  portion  of  the 
tank  overflows  into  the  8-inch  settled-water 
pipe  at  the  top,  18  feet  above  the  inlet,  and  is 
conducted  therein  to  the  filter  tanks.  All  of 
the  tanks  and  their  footings  were  made  ac- 
cording to  special  designs  and  no  part  of  the 
work  was  installed  or  furnished  by  any  filter 
company. 

The  design  Is  peculiar  in  that  the  principal 
division  of  the  coagulation  tank  is  horizontal 
rather  than   vertical,   thus  enabling  the   pure 


Pure-Woferlank 


Mixinoj  Tanks. 


water  at  the  top  of  the  lower  section  to  pass 
upward  into  the  second  story,  leaving  the  more 
turbid  portion  below,  and  also  provides,  if  de- 
sirable, for  a  secondary  coagulation  at  the  ori- 
fice, which  with  the  water  at  Ithaca  seems 
especially  desirable  at  times.  By  means  of  the 
movable  partions  in  the  crosswall,  and  addition- 
al inlets,  it  is  possible  to  use  either  the  whole, 
three-quarters,  one-half  or  one-quarter  of  the 
basin  for  coagulation. 

The  principal  structural  novelty  lies  in  the 
form  adopted  for  the  shells  of  the  coagulation 
tank  and  the  pure-water  tank,  which  have 
cross-sections  in  the  form  of  a  hydrostatic  arch 
designed  for  the  flow  line  6  inches  below  the 
top  of  the  manholes.  In  order  to  utilize  all 
available  head,  the  tanks  were  built  at  the 
greatest  possible  elevation,  and  their  founda- 
tions were  carried  only  to  the  frost  line  at  a 
maximum  depth  of  about  5  feet  below  the 
original  surface  of  the  ground.  Here  the  com- 
paratively narrow  bases  were  built  with  hori- 


Air  Main 


zontal  footings,  and  the  convex  bottom  and  walla 
were  continued  from  them  above  ground  with 
an  overhanging  construction  which  produced  a 
curious  effect;  they  were  braced  by  transverse 
buttresses  like  chocks  or  pillow  blocks  which 
reduced  the  strains  and  gave  abundant  stability. 
The  walls  of  the  main  tanks  have  a  uniform 
thickness  of  15  inches  and  are  reinforced  by 
%-inch  square  twisted  steel  rods  12  Inches  apart 
in  transverse  vertical  planes  and  by  lx%-lnch 
fiat  untwisted  horizontal  bars  16  inches  apart 
vertically,  woven  basket-fashion  between  the 
twisted  bars.  The  reinforcement  Is  about  3 
inches  Inside  the  outer  face,  and  the  vertical 
rods  are  calculated  to  provide  for  all  tensile 
stress,  no  bending  moment  being  developed. 

Concrete  was  laid  wet  enough  to  flow  and 
was  mixed  in  the  proportion  of  1:2:4  with 
Vulcanite  Portland  cement,  native  sand  con- 
taining 30  per  cent,  of  voids  and  screened  gravel 
from  %  inch  to  ly^  inches  in  diameter.  The 
footings  were   not  reinforced,  and  were  built 
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with  concrete  proportioned  1:3:6.  The  coagu- 
lation tank  is  19  ttvt  wide,  6S  feet  long  and 
23  feet  deep,  with  a  reinforced  arched  floor  9 
laches  thick  having  a  rise  of  30  inches.  The 
ends  of  the  tank  are  practically  semicircular, 
being  made  with  eleven  sides  corresponding 
to  the  chords  of  a  semlcircnlar  arc.  The  pure- 
water  well  is  similar  to  the  coagulation  tank, 
and  is  about  23  feet  wide,  22  feet  long  and  23 
feet  high  over  all,  but  rectangular  in  plan  with 
a  vertical  longitundinal  partition  through  the 
center  as  far  as  the  back  of  the  filters,  the 
dividing  wall  of  which  is  thus  supported. 

Underneath  the  filters  the  tank  has  an  inside 
htisht  of  14  feet  and  is  spanned  with  three 
teM-inch  transverse  concrete  beams  carrying 
the  bottoms  of  the  filter  tanks.  These  beams 
are  each  reinforced  with  three  ^-inch  square 
borlsontal  twisted  steel  rods  in  the  lower  side. 
The  fioor  above  them  is  a  solid  slab  about  12 
inches  thick  reinforced  with  ^-inch  twisted 
steel  rods  12  inches  apart  longitudinally  and  6 
Inches  transversely.  The  remainder  of  the  pure- 
water  tank  is  covered  by  a  roof  slab  12  inches 
thick  which  reaches  from  the  walls  of  the  tank 
to  the  walls  of  the  filter  tanks.  The  end  walls 
of  the  filter  tanks  are  continuous  from  one  to 
the  other,  and  at  one  end  are  in  the  plane  of 
the  top  of  the  pure-water  tank  and  at  the  other 
end  cross  it  transversely  and  serve  as  a  girder 
of  about  8  feet  clear  span  to  carry  that  portion 
of  the  filters.  The  walls  are  made  18  inches 
thick  at  the  base,  and  at  a  point  about  3  feet 
above  the  bottom  of  the  tank  are  widened  out 
so  as  to  form  the  gutter  around  all  four  sides. 
The  tank  is  filled  with  filtering  material  up  to 
this  gutter  and  when  the  filter  is  washed  the 
flow  of  the  water  is  reversed  so  as  to  pass  up- 
wards and  overflow  into  it,  whence  it  passes  off 
into  a  pipe  discharging  to  the  sewer.  Normally 
the  settled  water  is  received  in  the  upper  part 
of  the  filter,  fills  it  and  percolates  downwards 
through  the  filtering  medium  to  the  bottom 
where  It  escapes  through  special  outlets  to  the 
■nderdrains. 

The  underdrains  are  grooves  in  the  concrete 
bottom  connecting  with  the  central  drain,  which 
is  also  moulded  in  the  concrete.  It  being  cir- 
cular in  section  and  tapering  from  4  inches 
diameter  at  the  head  to  6  inches  at  the  outlet 
end.  The  grooves  are  covered  with  brass  strips 
bedded  in  the  fioor  slab  where  thejr  were  laid 
with  the  soft  concrete.  The  edges  are  secured 
by  transverse  iron  washer  plates  3  inches  apart, 
which  are  held  down  by  %-inch  center  bolts 
moulded  into  the  concrete.  On  top  of  the  floor 
there  are  transverse  concrete  ribs  4  Inches  high 
and  triangular  in  section  between  each  pair  of 
drains.  These  are  made  monolithic  with  the 
floor  and  form  a  corrugated  surface  with  single 
^-inch  twisted  bars  in  the  top  of  each  corru- 
gation and  pairs  of  %-inch  bars  through  the 
center  of  the  floor  slab  below  each  corrugation. 
The  brass  plates  are  perforated  throughout 
their  length  with  small  boles  to  form  the  strain- 
er. On  top  of  the  corrugations  is  a  system  of 
longitudinal  perforated  brass  pipes  for  air  agi- 
tation in  washing  the  sand. 

The  side  walls  of  the  fllter  tanks  have  vertical 
inner  faces  and  are  battered  1  in  32  on  the 
onter  surface.  They  are  reinforced  by  %-lnch 
vertical  rods  12  inches  apart  and  3  inches  from 
the  outer  faces,  also  by  %-lnch  horizontal  rods 
in  the  same  planes  12  inches  apart  vertically. 
The  vertical  rods  are  hooked  at  the  bottom 
around  3x3-inch  steel  angles  built  into  the  outer 
walls  of  the  pure-water  tanks.  The  coagulant 
mixing  tank  on  top  of  the  fllter  tanks  Is  made 
with  an  upper  and  a  lower  portion,  the  latter 
divided  into  four  main  chambers  and  the  former 
consisting  of  a  single  chamber  to  hold  pure 
water  for  dissolving  the  coagulant  The  walls 
are  vertical   on   the  Inner  face   and  battered 


on  the  outer  face,  and  are  reinforced  by  V4-inch 
square  vertical  rods  12  inches  apart  and  %-inch 
square  horizontal  rods  16  inches  apart.  At  the 
end  of  the  fllter  tanks  there  are  four  reinforced 
concrete  brackets  41^  feet  wide  to  carry  the 
gallery  floor  and  the  8-inch  pipe  to  the  filters. 
These  brackets  are  6  inches  thicK  and  5  feet 
deep  with  three  %-inch  reinforcement  rods 
parallel  with  the  inclined  lower  edge  and  two 
%-inch  horizontal  rods  in  the  upper  edge,  which 
are  anchored  to  the  main  vertical  wall. 

In  constructing  the  coagulation  tank  the  foot- 
ings and  inverts  were  first  built  up  to  a  total 
height  of  about  3  feet  and  the  scarfboards  or 
ribs  for  both  walls  of  the  moulds  were  erected 
and  braced  by  horizontal  and  inclined  struts, 
giving  the  framework  very  much  the  appearance 
of  the  skeleton  of  an  old-fashioned  wooden  ship. 
The  inside  sheathing  was  then  nailed  on  and  all 
of  the  steel  reinforcement  bars  were  set  in 
position  and  wired  at  Intersections.  The  Inner 
and  outer  ribs  of  the  moulds  were  at  first 
wired  together,  but  as  it  was  difficult  to  make 
this  fastening  secure  it  was  later  replaced  by 
horizontal  strips  of  band  iron  1-32  inch  thick, 
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which  were  nailed  to  them.  The  twisted  ver- 
ticals were  wired  to  these  strips.  The  outside 
sheathing  was  built  up  in  courses  4  feet  high, 
and  the  concrete  was  continuously  rammed  in 
around  the  entire  circumference  of  the  tank, 
work  being  maintained  day  and  night  for  about 
36  hours  until  the  walls  were  completed  and 
monolithic  construction  was  secured.  Where 
the  walls  joined  the  invert  a  keyed  connection 
was  made,  and  great  care  was  taken  to  secure 
perfect  adhesion  of  the  cement  there  so  as  to 
make  the  junction  watertight.  The  pure-water 
tank  was  built  In  a  similar  manner,  and  the 
filter  tanks  were  made  in  ordinary  forms  and 
were  absolutely  monolithic. 

The  tanks  have  been  subjected  to  a  pressure 
head  of  about  20  feet  and  have  proved  water- 
tight. The  principal  quantities  Involved  In 
their  construction  Include  about  400  cubic  yards 
of  excavation,  500  cubic  yards  of  concrete  and 
26,000  pounds  of  steel.  The  contract  price  for 
the  work  was  $8,500,  Including  the  laying  of 
3.000  feet  of  8-inch  pipe  and  exclusive  of  the 
cost  of  900  barrels  of  cement  required  In  the 
work.     The  work  was  done  under   difficulties 


incident  to  its  execution  through  severe  winter 
weather,  operations  being  commenced  in  Sep- 
tember, 1903,  and  completed  March  16.  An 
average  force  of  thirty  men  was  employed,  and 
the  concrete  work  was  suspended  during  Janu- 
ary to  allow  the  completion  of  the  fllter  house. 
When  this  was  roofed  in,  fires  were  built  there 
and  the  rest  of  the  concrete  was  mixed  with 
sand  and  stone  warmed  in  pans  over  open  fires. 
Impounding  Dam. — The  Six-Mile  Creek  dam 
to  impound  the  water  supply  for  Ithaca,  N.  Y., 
is  built  in  an  ideal  location  about  two  miles 
above  that  city.  Six-Mile  Creek  has  a  pre- 
cipitous watershed,  is  subject  to  large  spring 
freshets  and  sudden  floods  due  to  summer  rain- 
falls, and  flows  through  deep  gorges  to  Cayuga 
Valley  and  Lake.  At  the  dam  site  the  original 
channel  was  between  almost  vertical  cliffs  of 
solid  rock  about  90  feet  apart  and  500  feet 
long,  but  up-stream  it  widened  so  as  to  form 
a  large  basin  with  steep  slopes,  down  which 
a  wagon  track  was,  with  dlfliculty,  secured.  At 
the  site  the  geological  formation  is  of  shale 
rock  in  horizontal  strata  weathered  on  the  sur- 
face, but  reasonably  hard  and  sound  where  pro- 
tected. On  one  side  the  bank 
is  65  feet  and  on  the  opposite 
side  95  feet  high.  The  dam 
about  100  feet  long  over  all, 
is  a  concrete  arch  of  90  feet 
clear  span,  with  the  inner  and 
outer  faces  curved  in  vertical 
transverse  section  so  that  it 
resembles  a  sector  of  a 
spherical  shell  and  is  remark- 
able for  the  peculiar  outlines 
and  very  small  dimensions. 
The  original  design  and 
contract  provided  for  a  struc- 
ture 90  feet  high  from  Its 
crest  to  the  bed  of  the  creek, 
but  after  construction  was 
commenced  the  local  opposi- 
tion was  so  strong  that  the 
plans  were  modified  and  It 
was  finally  built  to  a  height 
of  30  feet,  as  shown  in  the 
accompanying  cross-section. 
The  radii  of  the  up-stream 
and  down-stream  surfaces 
vary  at  different  elevations 
and  have  maximum  lengths 
of  67  feet  9  inches  and  57  feet 
9  inches,  respectively,  with  a 
corresponding  maximum 
thickness  of  7  feet  9  Inches; 
the  thickness  at  the  crest  Is 
12  inches.  About  300  feet  be- 
low the  dam  there  is  a  parallel  dam  6  feet  high 
which  retains  sufficient  water  to  protect  the 
rock  bottom  from  erosion  by  the  discharge  over 
the  main  dam.  There  is  also  an  intake  tower 
above  the  dam  12  feet  in  diameter  and  about  40 
feet  high.  These  structures  are  all  built  of  con- 
crete with  brick  facing,  and  are  equipped  with 
the  necessary  waste  pipes,  valves  and  operating 
mechanism.  There  is  no  by-pass  or  waste  chan- 
nel, as  It  is  intended  in  the  time  of  high  water 
that  all  excess  flow  shall  be  discharged  over 
the  crest  of  the  dam.  The  principal  features  of 
the  dam  were  described  in  The  Engineering 
Record  of  July  18,  1903,  in  an  account  of  Its 
excellent  resistance  to  a  sudden  flood  which 
submerged  It  before  completion. 

The  location  and  the  character  of  the  design 
made  the  construction  dlfllcult  and  special  In 
many  respects.  It  was  dangerous  and  expensive 
to  deliver  heavy  materials  from  up-stream,  and 
It  was  also  slow  and  troublesome  to  deliver 
them  from  below  by  wagons  in  the  bed  of  the 
creek.  This  Increased  the  cost  of  coal  consid- 
erably and  made  It  desirable  to  use  as  little 
heavy    machinery    as    possible.     The  dangers 
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from  flood  were  considerable,  and  It  was  nec- 
•essary  to  arrange  the  plant  with  reference  to 
Its  safety  in  time  of  freshet. 

A  few  hundred  feet  below  the  dam  site  there 
was  a  low  wooden  dam  which  had  caused  a 
deposit  of  sand,  gravel  and  boulders  6  or  7  feet 
deep  over  the  whole  of  the  solid  rock  bottom 
between  the  cliff?  which  originally  had  a 
smooth  level  surface.  In  this  loose  material 
the  low-water  flow  of  the  creek  had  excavated 
■a.  shallow  channel  to  which  it  was  confined  for 
a  large  part  of  the  time  during  the  summer 
months  when  the  work  was  in  progress.  In  the 
beginning  a  wooden  flume  about  8  feet  wide  and 
2  feet  high  was  provided  by  the  contractors  to 
•carry  the  dry-weather  flow  of  the  stream,  and 
■excavation  for  the  foundation  was  commenced 
as  soon  as  the  flume  was  put  in  service.  Sim- 
ultaneously vertical  grooves  about  8  feet  wide 
and  8  feet  long  were  blasted  out  of  the  oppo- 
site sides  of  the  gorge  from  top  to  bottom  of  the 
cliff  to  receive  the  ends  of  the  dam.  This  ex- 
cavation was  easily  made  in  the  usual  way, 
and  the  stone  was  removed  to  solid  hard  strata 
and  was  dressed  with  faces  normal  to  the  line 
of  pressure  so  as  to  provide  stepped  skewbacks 


ordinary  methods,  and,  aa  it  was  so  open  that 
the  water  flowed  through  It  readily,  difficulty 
was  encountered  in  draining  even  a  small  ex- 
cavation. The  method  finally  adopted  was  to 
lay  a  large  round  log  or  boom  about  60  feet  long 
across  the  bed  of  the  creek  just  above  the  upper 
side  of  the  foundation  excavation.  A  ranger 
piece  was  blocked  out  a  few  inches  beyond  this 
log  and  against  it  were  driven  2x9-inch  square 
edge  planks  about  10  feet  long  like  poling 
boards  in  a  tunnel  roof.  These  were  driven  to 
rock,  but  because  of  the  numerous  boulders  en- 
countered it  was  found  very  difllcult  to  drive 
them  with  regularity,  and  their  angles  varied 
considerably.  As  fast  as  they  were  driven  sand 
bags  were  set  behind  them  between  the  log  and 
the  ranger,  and  the  excavation  was  commenced 
on  the  down-stream  side  so  as  to  undermine  the 
sand  bags.  More  sand  bags  were  added  and 
were  thus  forced  down  close  to  the  sheeting  as 
the  pit  was  extended  and  finally  formed  a  solid 
bank  against  the  under  side  of  the  sheeting 
with  a  wide  base  on  the  rock  bottom.  Wagon 
loads  of  loam  were  dumped  on  the  upper  side 
of  the  sheeting  and  worked  down  along  the  up- 
per surface  of  the  planks  so  as  to  All  in  be- 
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for  the  masonry.  When  the  excavation  was 
commenced  in  the  creek  bottom  it  was  found 
that  the  loose  material  was  saturated  with 
water  and  much  difliculty  was  encountered  in 
keeping  the  pits  free.  Finally  the  old  wooden 
dam  was  removed,  and,  as  a  result,  the  ground- 
water level  was  lowered  3  or  4  feet,  so  that 
much  of  the  upper  part  of  the  excavation  was 
made  with  teams  and  scrapers. 

Early  in  the  progress  of  the  work  there  was 
a  sudden  freshet  which  increased  the  flow  to 
a  stream  6  feet  deep  and  90  feet  wide  with  a 
velocity  of  6  or  8  miles  an  hour,  .and  washed 
out  the  500  feet  of  flume  which  had  previously 
been  ample  to  provide  for  the  entire  flow.  This 
demonstrated  that  any  artificial  by-pass  was 
likely  to  oe  insufliicient,  and  the  contractors 
abandcned  the  plan  to  build  the  full  length  of 
foundation  at  once  and  commenced  work  from 
both  ends  of  the  dam  toward  the  center,  making 
short  excavations  from  10  to  20  feet  long  and 
building  up  the  concrete  in  them  above  water 
level.  The  character  of  the  material  on  top 
of  the  rock  bottom  was  such  that  it  was  difficult 
to  build  cofferdams  or  sheet  the  excavation  by 


tween  them  and  the  sand  bags.  In  this  way 
a  tolerably  good  cofferdam  was  constructed, 
which  enabled  the  excavation  to  be  drained  by 
a  number  of  Edson  diaphragm  hand  pumps. 

The  rock  in  the  bottom  of  the  pits  was  picked 
and  blasted  until  the  excavation  was  carried 
down  to  solid  hard  strata  at  a  maximum  depth 
of  17  feet  9  Inches.  The  trench  was  then 
rammed  full  of  concrete  and  wooden  moulds 
were  commenced  at  the  original  rock  surface 
for  the  lower  part  of  the  curved  dam.  Both 
up-stream  and  down-stream  sides  of  the  dam  are 
faced  with  a  single  thickness  of  3x4x9-inch 
vitrified  paving  bricks  laid  flatways  with  %- 
inch  joints  of  mortar  made  of  one  part  of 
Alsen's  Portland  cement,  one  part  creek-sand 
and  one  part  crusher-dust.  The  brick  was  laid 
to  a  height  of  3  or  4  feet  in  advance  of  the 
concreting  and,  above  the  tops  of  the  six  but- 
tresses which  were  built  on  the  up-stream  side 
to  provide  stability  for  the  unloaded  structure, 
the  brick  face  walls  alone  retained  the  concrete 
and  obviated  the  use  of  temporary  forms.  Hor- 
izontal steel  rods  %  inch  in  diameter  and  4 
feet  apart  with  double  nuts  on  each  end  are 


built  Into  the  masonry,  as  shown  In  the  cross- 
section  at  B-G,  C-P,  etc.  These  rods  engage 
3x3-16-lnch  horizontal  curved  steel  bars  parallel 
to  the  faces  of  the  dam  which  form  ribs  against 
which  there  is  a  continuous  sheet  of  steel  wire 
netting  embedded  in  3  inches  of  mortar  between 
the  face  brick  and  the  concrete. 

To  facilitate  erection  the  contractors  were 
allowed  to  make  the  %-lnch  rods  long  enough 
to  temporarily  project  beyond  both  faces  of  the 
brickwork,  where  they  engaged  horizontal  and 
vertical  timbers  reaching  across  several  rods 
and  forming  bearing  strips  and  cantilevers  to 
strengthen  the  thin  brick  shell.  Besides  these, 
on  the  up-stream  face,  a  thin  flat  steel  bar,  or  a 
No.  10  steel  wire,  was  in  some  places  laid  In 
the  horizontal  joints  every  fourth  or  fifth 
course.  These  wires  were  long  enough  to  reach 
from  end  to  end  of  the  dam  and  were  secured  to 
the  sides  of  the  rock  bearings  by  cement  mortar. 

The  brick  facing  on  the  down-stream  side,  of 
course,  presented  its  convex  surface  to  the  con- 
crete and  so  developed  abundant  strength  as  an 
arch  to  resist  the  weight  and  lateral  pressure 
of  the  concrete.  On  the  up-stream  side  the  con- 
crete packed  against  the  concave  face  of  the 
brickwork,  and  It  was  at  flrst  thought  necessary 
to  strengthen  the  latter  with  the  tie-rods, 
wooden  beams  and  horizontal  wires  above  de- 
scribed. As  the  work  progressed,  first  the 
beams  and  afterwards  the  wires  were  dispensed 
with,  and  it  was  found  that  after  the  cement 
had  set  at  least  36  hours  the  concave  shell  of 
brickwork  developed  sufficient  strength  to  safe- 
ly hold  3  to  5-foot  courses  of  concrete  laid 
across  the  full  width  of  the  dapi,  so  that  the 
upper  part  of  the  structure  was  built  entirely 
without  bracing  or  forms,  except  at  the  crest, 
where  wooden  beams  were  necessary.  The  in- 
taken  tower  was  built  with  circular  and  oc- 
tagonal concrete  walls  6  inches  thick  faced  with 
brick,  and  was  erected  like  the  dam.  The  face 
bricks  were  lapped  instead  of  cut  at  their  Inter- 
sections on  the  corners,  and  served  as  the  outer 
walls  of  a  mould  in  which  the  concrete  was 
laid  In  courses  5  feet  thick,  and  a  wooden  core 
was  built  to  form  an  Inner  mould  for  the  con- 
crete. 

The  flow  of  the  creek  was  carried  through  its 
natural  bed  in  the  center  of  the  gorge  until 
both  ends  of  the  dam  were  built  up  to  a  height 
of  10  or  15  feet  above  the  rock  bottom.  The 
gap  was  closed  by  a  section  of  concrete  about 
40  feet  long  which  had  at  each  end  tongued 
and  grooved  points  In  vertical  radial  trans- 
verse planes.  The  foundation  for  this  section 
was  carried  down  to  a  depth  of  17  feet  9  Inches 
below  the  surface  of  the  rock,  and  the  pit  was 
drained  with  difficulty  by  a  large  force  of  men 
operating  hand  pumps,  most  of  which  dis- 
charged up-stream  so  as  to  avoid  lifting  the 
water  to  a  higher  level  to  clear  the  debris  on 
the  down-stream  side.  After  these  foundations 
were  In,  the  normal  flow  of  the  creek  was  passed 
through  the  dam  in  three  permanent  steel  pipes 
of  12,  24  and  60  inches  diameter. 

The  concrete  was  made  of  one  part  Alsen's 
German  Portland  cement,  two  parts  creek-sand, 
two  parts  creek-gravel  screened  from  the  sand 
and  two  parts  of  crushed  drift  boulders  which 
were  collected  frorn  the  bed  of  the  creek  for  a 
mile  above  and  below  the  site.  They  were  broken 
to  fragments  from  1  to  4  Inches  in  diameter 
by  a  steam-driven  Climax  crusher  located  in 
the  basin  about  500  feet  above  the  dam,  where 
greater  security  could  be  provided  against  the 
danger  from  freshets.  A  one-yard  Ransome 
drum  mixer  driven  by  a  kerosene  engine  was 
located  about  100  feet  above  the  dam. 

Stone,  sand  and  cement  were  wheeled  to  a 
platform  just  above  the  mixer  and  were  there 
fllled  by  hand  into  a  wooden  measuring  box, 
which  was  balanced  on  a  horizontal  pivot  so  aa 
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to  be  emptied  into  the  drum  and  returned  auto- 
nuttlcaJly  to  position  after  its  contents  had 
been  discharged.  In  order  to  be  safe  from 
floods  the  miser  vas  placed  at  such  a  height 
that  it  could  be  connected  with  the  top  of  the 
dam  br  a  moderate  incline.  It  was  therefpre 
deemed  economical  for  it  to  discharge  into 
wheelbarrows  which  delivered  the  concrete  to 
the  work  without  the  use  of  derricks.  It  was 
originally  intended  to  handle  all  concrete  by 
means  of  two  guyed  derricks,  one  at  each  end 
of  the  dam  on  top  of  the  cliff.  These  derricks 
were  erected  and  their  booms  were  long  enough 
to  meet  over  the  center  of  the  dam  so  as  to 
command  the  entire  work.  They  would  have 
been  necessary  if  the  dam  had  been  built  to 
the  full  height,  but  after  the  changes  in  plan 
It  was  found  that  there  would  be  no  difficulty 
In  wheeling  the  concrete  and  that  it  could  be 
lumdled  more  cheaply  in  that  manner  than  by 
incurring  considerable  expense  for  the  operation 
of  the  derricks,  so  that  finally  the  latter  were 
not  put  In  service.  As  the  concrete  was  laid 
one-man  stones  were  bedded  in  it  as  thickly  as 
poesible  without  contact  and  so  as  to  project 
above  the  horizontal  surfaces  of  the  different 
courses  and  bond  them  together.  The  concrete 
was  laid  very  wet  and  was  thoroughly  worked 
with  bars  and  rammers.  The  maximum  amount 
laid  in  10  hours  was  about  80  cubic  yards. 

Brick  and  cement  were  delivered  through 
special  chutes  from  the  railroad  track  on  top 
of  the  cliff.  The  cement  chute  was  24  inches 
wide,  12  inches  deep  and  about  400  feet  long. 
It  had  a  maximum  inclination  of  about  45  de- 
grees, but  the  lower  end  was  curved  to  a  hori- 
sontal  tangent  which  terminated  in  the  cement 
storage  house.  The  upper  end  of  the  chute  was 
110  feet  above  the  lower  end  and  terminated 
in  a  hopper.  Bags  of  cement  were  thrown  from 
the  car  into  the  hopper  and  arrived  in  the 
storage  house  a  few  seconds  later.  An  Inge- 
nious device  was  provided  to  diminish  the  veloc- 
ity of  the  bags.  Near  the  foot  of  the  chute  a 
horizontal  strip  was  nailed  across  the  upper 
edges  and  to  it  was  nailed  the  upper  end  of  a 
txl2-inch  board  20  feet  long.  The  lower  end 
of  the  board  rested  on  the  bottom  of  the  chute 
and  was  loaded  by  several  pieces  of  timber 
spiked  to  the  upper  side.  The  descending 
cement  bag  wedged  Itself  into  the  angle  between 
the  board  and  the  chute  and  lifted  the  former. 
The  spring  of  the  board  and  the  weight  at  the 
lower  end  opposed  considerable  resistance  to  tue 
passage  of  the  bag  which  emerged  at  a  greatly 
reduced  speed.  After  the  chute  had  been  In 
use  some  time  the  surface  became  so  smooth 
that  it  was  necessary  to  add  a  second  and  finally 
a  third  brake  to  check  the  speed  of  the  bags. 
A  similar  chute  5  Inches  wide  was  provided  to 
deliver  the  bricks. 

The  Work  on  the  dam  was  carried  on  simul- 
taneously with  that  of  a  filter  plant  which  was 
ander  construction  for  the  same  owners,  and  as 
the  men  were  shifted  from  one  job  to  the  other 
their  labor  was  irregular  and  no  attempt  was 
made  to  complete  the  dam  before  the  rest  of 
the  Improvements  were  finished.  Work  was 
commenced  In  September,  1902,  was  suspended 
for  about  four  months  during  the  severe  winter 
weather  and  was  concluded  during  the  next 
mmmer.  A  maximum  force  of  about  75  men 
was  employed,  but  the  average  number  was 
about  50,  including  those  occupied  In  collecting 
the  cobblestones  and  crushing  them.  The  total 
quantities  for  the  main  dam  included  about 
BOO  cubic  yards  of  excavation,  1,000  yards  of 
concrete,  5,000  pounds  of  steel  and  120,000  bricks, 
and  its  cost  was  about  125,000,  exclusive  of 
about  13,000  for  1,800  barrels  of  cement. 

The  dam  Is  owned  by  the  Ithaca  Water- Works 
Company,  was  designed  by  Professor  Williams 
and  was  constructed  under  his  supervision,  with 


Mr.  Weston  E.  Fuller  as  assistant  engineer. 
Both  it  and  the  filter  plant  described  in  the 
first  part  of  this  article  were  built  by  Messrs. 
Tucker  &  Vinton,  156  Fifth  Avenue,  New  York, 
Mr.  Philip  H.  Trout  being  their  superintendent. 


The  Canadian  Pacific  Grain  Elevator  at 
Port  Arthur,  Ontario. 


The  800-KiLowATT  Geseratino  Plant  of  the 
Rockland  Light  &  Power  Company,  Nyack,  N. 
Y.,  is  a  noteworthy  instance  where  many  of 
the  especially  promising  machines  and  appara- 
tus of  modern  power-plant  development  have 
been  installed.  An  independently  fired  super- 
heater, built  by  the  Power  Specialty  Company, 
an  American  Blower  mechanical  draft  outfit,  an 
Alberger  fan-draft  cooling  tower,  an  Alberger 
jet  condenser  and  a  400-kiIowatt  Westinghouse 
steam  turbine  form  part  of  the  equipment.  The 
plant  Is  in  charge  of  Mr.  John  S.  Avery,  gen- 
eral manager  of  the  company. 


Hr/xa/cSecfion  on  Cen(erjL/»». 
Ithaca  Dam  at  Deepest  Part  of  Foundation. 

The  Co.nuknsi.vo  Watek  Co.vduit.s  for  the 
Christian  Street  electric  lighting  station, 
Philadelphia,  are  arranged  in  an  interesting 
manner.  There  are  two  Intake  conduits  each 
7  feet  in  diameter,  side  by  side,  and  one  dis- 
charge conduit,  this,  elliptic  in  shape,  with  a 
height  of  12  feet  and  a  maximum  width  of  8 
feet,  occupying  a  position  above  the  center 
line  between  the  two  intake  pipes.  They  are 
formed  of  concrete  and  the  mass  enclosing  the 
three  is  made  to  serve  as  the  t'oundation  for 
the  partition  wall  between  engine  and  boiler 
rooms.  The  wall  stands  immediately  above  the 
discharge  conduit,  bringing  one  intake  conduit 
under  the  engine  room,  while  the  second  Is 
under  the  boiler  room.  The  condensers  are 
served  in  the  former  case,  and  the  various 
pumps  are  disposed  along  the  partition  wall 
in  the  boiler  room,  served  by  the  second  intake. 
The  two  intake  pipes  are  connected  together 
at  several  points  by  cross-pipes  4  feet  In  diame- 
ter. For  reinforcement  of  the  concrete  under 
the  wall,  a  grillage  of  20-lnch  I-beams,  Im- 
bedded In  the  concrete,  extends  the  length  of 
the  conduit  and  additional  beams  placed  across 
these  at  the  building  columns  act  to  distribute 
the  load  over  the  entire  structure. 


The  Canadian  Pacific  Railway  Company's 
new  elevator  at  Port  Arthur,  Ontario,  has  just 
been  built  to  provide  storage  until  shipment 
for  low-grade  grain  and  wet  wheat  which  has 
been  treated  in  the  adjacent  large  drying  plant. 
It  has  a  capacity  of  443,000  bushels  which  can 
be  stored  in  nine  43,500-bushel  cylindrical 
tanks  and  in  four  13,100-bushel  rectangular 
spaces  between  them.  The  elevator  occupies 
a  ground  area  of  about  105x98  feet  on  the 
shore  of  Lake  Superior,  which  was  covered 
in  some  places  to  a  few  feet  in  depth  before 
construction  was  commenced.  It  has  nine  ver- 
tical cylindrical  tanks  30  feet  In  diameter  and 
90  feet  high  which  have  a  one-story  steel-frame 
and  tile  cupola  covering  most  of  the  space  on 
their  flat  tops  with  its  roof  109  feet  above 
grade.  There  Is  also  a  16x36-foot  steel  tower 
166  feet  high  which  contains  the  elevator  ma- 
chinery and  a  three-span  steel  bridge  230  feet 
long  supported  on  steel  towers  60  feet  high. 
The  bridge  supports  a  covered  gallery  in  which 
there  is  a  36-inch  reversible  belt-conveyor  to 
transfer  grain  from  the  drying  plant  to  the  ele- 
vator or  from  the  elevator  to  vessels  which 
have  abundant  dock  facilities  here,  and  are 
loaded  through  four  dock  spouts. 

The  equipment  includes  the  elevator  leg  with 
a  capacity  of  15,000  bushels  per  hour,  two  36- 
inch  belt  filling  conveyors  over  the  tops  of  the 
tanks,  three  36-lnch  belt-conveyoi's  under  the 
tanks  to  receive  grain  from  them  and  one  36- 
lnch  belt-conveyor  transverse  to  these  to  carry 
grain  from  them  to  the  leg.  There  is  one  gar- 
ner, weighing  scale  and  shipping  bin  with  am- 
ple facilities  for  loading  cars.  The  elevator  is 
provided  with  electric  lights,  bell  signals, 
speaking  tubes  and  a  complete  modern  equip- 
ment for  handling  grain  efficiently.  The  ma- 
chinery is  operated  by  power  transmitted 
through  a  rope-drive  from  the  engine  house  of 
the  old  elevator. 

The  elevator  was  built  to  meet  special  con- 
ditions and  is  considered  by  Its  designers,  to 
be  unlike  any  previously  existing  structure. 
The  centers  of  the  bins  are  at  the  intersections 
of  three  longitudinal  and  three  transverse 
lines  30  feet  apart  In  both  directions.  The 
walls  are  of  reinforced  concrete  9  inches  thick 
on  foundations  24  inches  thick  which  are  car- 
ried down  to  offset  footings  on  a  stratum  of 
clay,  sand,  gravel  and  boulders  at  a  maximum 
depth  of  about  16  feet  below  grade,  or  7  feet 
below  water  level.  The  conical  tank  bottoms 
are  seated  on  a  rammed  sand  fill.  Under  the 
center  of  each  row  there  is  a  concrete  lined 
conveyor  tunnel  7  feet  wide,  7  feet  high  and 
about  86  feet  long.  At  one  end  of  the  build- 
ing these  tunnels  open  into  a  basement  room 
about  15  feet  wide  and  78  feet  long  which  ex- 
tends across  the  front  of  the  elevator  and  con- 
tains the  transverse  conveyor-belt  and  the 
boot  tank  for  the  elevator  leg.  Across  the  tops 
of  the  tanks  there  are  several  riveted  steel 
trusses  supporting  the  floor  and  roof  of  the 
cupola.  The  semi-circular  portions  of  the  tanks 
outside  the  walls  of  this  cupola  are  covered 
with  flat  roofs  sloping  slightly  to  the  outer 
edges  of  the  tanks.  The  tank  roof,  the  roof  and 
floors  in  the  conveyor  house  and  the  floors  In 
the  elevator  tower  are  all  made  of  book  tile 
laid  on  steel  T-bars  supported  by  I-beams.  The 
roof  tiles  are  covered  with  composition  felt 
and  gravel,  and  all  floor  tiles  are  covered  with 
1  Inch  of  Portland  cement  mortar.  The  walls 
of  the  tower  and  cupola  are  made  of  tile  re- 
inforced by  wire  netting  and  anchor-bolted  to 
the  steel  framework. 

The  walls  of  the  cylindrical  bins  have  a  uni- 
form  thickness  of  9  inches,  except  where   the 
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adjacent  bins  are  tangent  and  the  acute  angles 
between  the  convex  surfaces  are  filled  in  solid 
for  a  width  of  7  feet  and  a  maximum  thickness 
of  2%  feet  They  are  made  of  machine-mixed 
concrete,  one  part  Invincible  Portland  cement, 
three  parts  sand  and  five  parts  Lake  Superior 
gravel.  Tliey  are  reinforced  against  bursting 
by  horizontal  circular  steel  bars  12  inches 
apart  vertically  which  decrease  in  size  from 
the  bottom  upwards.  The  circular  bars  or 
hoop  bands  are  in  pairs,  one  near  each  surface 
of  the  wall,  For  the  first  15  feet  above  the 
base  their  cross-section  is  1  square  inch,  for 
the  next  35  feet  it  is  0.88  square  inch,  for  the 
next  20  fe«\  it  is  0.75  square  inch  and  above 
that  it  is  Ofo  square  inch.  Besides  the  hori- 
zontal bars'  there  are  in  each  tank  twenty- 
seven  equi-dstant  vertical  rods  V2  inch  in  di- 
ameter built  in  the  wall  to  give  it  permanent 
reinforcemeit.  Where  the  walls  are  thick- 
ened at  the  tontact  points  of  tangencies,  they 
are  reinforcd  by  horizontal  layers  of  2-inch 
mesh  galvansed  wire  netting  12  inches  apart 
vertically.  A  these  points  they  are  also  re- 
inforced by  wo  horizontal  l%x5/16-inch  con- 
tact anchors  12  inches  apart  vertically,  which 
hook  over  th  hoop  bands. 


well-rammed  bed  of  sand  filling  and  is  not  re- 
inforced. The  sides  deviate  from  a  true  cone 
to  converge  to  a  flat  chute  10  feet  long  and  1 
foot  wide  with  a  15xl5-inch  gate  near  the  cen- 
ter, through  which  the  contents  are  discharged 
to  the  conveyor-belt  in  the  tunnel  below.  The 
four  corner  bins  have  their  bottoms  highest  in 
the  center  and  slope  to  outlets  at  one  corner  of 
each,  from  which  there  are  chutes  carrying  the 
grain  to  the  center  of  the  tunnel  over  the  con- 
veying belts.  The  tunnels  are  made  with  solid 
concrete  floor,  walls  and  roof,  and  the  root  only 
is  reinforced  with  %-inch  horizontal  transverse 
rods  4  inches  apart  on  centers.  Where  the  roof 
carries  the  walls  of  the  bins,  it  Is  made  thicker 
and  is  reinforced  by  pairs  of  transverse  24-inch 
I-beams  and  by  1-inch  rods  3  inches  apart  on 
centers.  The  footings  under  these  points  are 
also  reinforced  by  1-inch  transverse  rods  7 
inches  apart  on  centers  which  extend  through 
both  walls  of  the  same  tunnel.  Over  the  tops 
of  the  basement  windows  the  walls  are  rein- 
forced by  %-inch  rods. 

Steel  Construction. — The  90x60-foot  house  on 
top  of  the  tanks  is  17  feet  high  and  has  its 
longitudinal  axis  coincident  with  the  centers 
of  the  middle  row  of  tanks.     Its  framework 
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The  spaces  etosed  between  the  convex 
surfaces  of  eacl^roup  of  four  bins  are  also 
used  for  grain  »rage,  forming  quadrilateral 
bins  with  the  ies  concave  outwards.  In 
some  other  elevars  the  unbalanced  pressure 
caused  by  filling  eh  bins  when  the  main  bins 
were  empty  hasproduced  injurious  effects, 
and  to  prevent  ithese  bins  are  reinforced  by 
tension  rods  pamg  through  the  opposite 
■walls  near  each  c«er,  as  indicated  in  the  gen- 
eral plan.  These  e  rods  have  a  diameter  of 
1%  inches  up  to  feight  of  20  feet,  1%  Inches 
for  the  next  30  ff  .^Vo  inches  for  the-  next  20 
feet  and  1%  inch'j  -om  that  point  to  the  top. 
The  screw  ends  S  nuts  bearing  on  beveled 
washers  which  i  'j-eated  on  flat  steel  tie- 
plates  which  dis  Tte  the  pressure  over  the 
cylindrical  walls  ^  connect  the  ends  of  ad- 
jacent rods.  The  l..t  parts  of  the  cylindrical 
walls  are  finished  w  brick  and  have  moulded 
terra  cotta  blocks  tt  into  their  outer  faces, 
as  shown  in  the  del,  to  foim  a  cornice. 

The  bottoms  of  thircular  bins  are  approxi- 
mately conical  surfai  with  3  inches  of  cement 
concrete  finished  wilPortland  cement  mortar 
1%   inches  thick,     "i  concrete  is  laid  on  a 


contains  four  longitudinal  lines  of  light  riveted 
steel  trusses,  two  of  which  are  13  feet  4  inches, 
and  two  are  15  feet  deep,  spaced  20  feet  apart 
on  centers.  This  brings  one  line  in  each  of 
the  outer  walls  and  the  other  two  lines  pass 
through  the  building  dividing  it  into  three 
equal  aisles.  The  outside  aisles  are  each  di- 
vided into  two  10-foot  spaces  and  the  space 
nearest  the  center  is  occupied  by  the  conveyor 
system  7  feet  above  the  bin  floor.  The  trusses 
are  built  of  light  channels  and  angles  and  are 
braced  together  by  transverse  struts  and  diag- 
onals. The  book  tiles  which  form  the  floor  and 
roof  surfaces  are  supported  in  both  cases  on 
2x2-inch  T-bars  18  inches  apart  carried  by  12- 
inch  transverse  channels  6  feet  apart.  The 
channels  are  supported  on  the  top  chords  of  the 
longitudinal  trusses,  and  from  the  bottom 
chords  of  the  longitudinal  trusses  and  the  tops 
of  the  bin  walls  in  the  roof  and  floor 
respectively. 

Outside  of  the  longitudinal  walls  of  the  cu- 
pola the  floorbeams  are  continued  with  a  down- 
ward inclination  to  rest  on  the  edges  of  the 
tank  walls  and  carry  the  longitudinal  T-bars 
and  tiles  which  form  the  half  circle  roof  over 


them.  One  end  of  the  building  is  connected  to 
the  elevator  tower  and  its  floor  and  roof  are 
supported  from  the  tower  columns.  The  steel 
framework  of  the  tower  has  six  horizontal 
struts  from  about  12  to  23  feet  apart  vertically 
across  each  side,  each  panel  thus  formed  being 
X-braced  by  single  4x3-lnch  or  3x3-inch  angles. 
At  the  top  of  the  tower  some  of  the  columns  are 
made  with  single  3x3y2-inch  angles  with  their 
flanges  turned  Inwards  and  some  with  pairs  of 
4x3-inch  angles  latticed.  The  sections  of  the 
columns  increase  downwards  and  the  heaviest 
ones  are  composed,  at  the  foot,  of  one  3^^x31^- 
inch  angle  and  two  12i/4x5/16-inch  plates,  or 
of  four  5x3i4x7/16-inch  angles  and  one  12x%- 
inch  plate.  There  are  in  the  tower  four  floors, 
the  flrst  at  a  height  of  55  feet  8  inches  from 
the  ground  is  at  the  level  of  the  bridge  con- 
necting it  with  the  old  elevator;  the  next  floor 
at  a  height  of  about  90  feet  is  at  the  top  of 
the  bins;  the  third  floor  32  feet  higher  is  called 
the  scale  floor  and  the  fourth  floor  22  feet  8 
inches  higher  Is  the  machinery  floor.  At  the 
height  of  the  roof  over  the  bins,  about  12  feet 
above  the  bin  floor,  the  columns  are  all  spliced 
and  the  tower  is  stiffened  by  5-foot  plate-gird- 
ers across  the  narrow  ends.  The  girders  also 
form  the  sides  of  garners  and  shipping  bins. 
Similar  girders  are  introduced  at  the  level  of 
the  upper  floor.  The  connections  of  all  tower 
members  are  fleld-rlveted  to  gusset  plates  which 
are  shop-riveted  to  the  columns. 

The  conveyor  bridge  has  three  61-foot  8-inch 
spans  at  a  clear  height  of  about  57y2  feet  above 
the  ground.  Each  span  has  a  pair  of  light  riv- 
eted trusses  8  feet  4  inches  deep  and  10  feet 
apart  on  centers.  They  have  eight  panels  with 
vertical  posts  and  zigzag  diagonal  members  and 
are  connected  by  top  and  bottom  transverse 
struts  and  zigzag  laterals.  The  upper  trans- 
verse struts  are  knee-braced  at  both  ends  and 
carry  on  the  center  line  a  very  light  longitud- 
inal strut  made  with  two  angles  latticed  which 
supports  the  center  of  the  double-pitched  roof. 
The  chords  of  the  trusses  are  made  with  pairs 
of  3%x3%x5/16-inch  angles  and  the  web  mem- 
bers are  made  with  single  2%x2%-inch  angles, 
all  riveted  to  connection  plates  between  the 
chord  angles.  The  floorbeams  are  8-inch  chan- 
nels bolted  through  their  top  flanges  and  clip 
angles  to  the  lower  chords  of  the  trusses  at 
panel  points.  They  carry  six  lines  of  longitud- 
inal angles  and  channels  which  support  the  con- 
veyor and  rope-drive  apparatus.  The  spans  are 
supported  on  four-post  towers  made  with  two 
vertical  bents  15  feet  apart.  Bach  bent  has  one 
vertical  and  one  battered  post  and  is  20  feet 
wide  at  the  base  and  10  feet  wide  at  the  top. 
The  posts  are  made  with  pairs  of  angles  riveted 
together  back  to  back  with  connection  plates 
between  their  flanges.  The  angles  are  reduced 
from  6x4  inches  at  the  base  to  5x3^4  Inches 
and  5x3  inches  in  the  upper  panels.  They 
have  wide  horizontal  base-plates  stiffened  by 
the  vertical  connection  plates  and  seated  on 
4xl9-foot  concrete  piers  10  feet  deep.  They 
are  anchor-bolted  to  reaction  washers  embedded 
In  the  pier  footings  and  each  pier  Is  carried 
down  to  hard  pan  20  feet  below  water.  The 
piers  were  built  in  open  coffer-dams  sunk 
through  loam  and  boulders,  in  which  it  would 
have  been  difficult  to  drive  piles  as  was  at  first 
proposed.  Each  face  of  the  tower  is  divided 
vertically  into  four  panels  by  horizontal  struts 
composed  of  pairs  of  3%x%-Inch  angles  back  to 
back  and  the  panels  are  X-braced  by  single  3x3- 
inch  angles. 

The  garner  is  a  13xl5-foot  rectangular  hop- 
per-shaped bin  5  feet  deep  with  a  W-shaped  bot- 
tom, and  is  made  with  J4-inch  plates  and  3x3- 
inch  angles.  The  scale  hopper  is  12  feet  square 
and  9  feet  deep  with  a  pyramidal  top  having  an 
opening  about  7  feet  square.    It  is  made  with 
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S/l€-inch  side  pUUes,  6x5,16-incli  splice  plates, 
taMnch  Inside  corAer  angles  and  2^x2^-lncli 
■***— »»''g  angles.  The  pyramidal  bottom  U  6 
tMt  deep  and  has  an  opening  2  feet  square  In 
the  center.  The  lSxl5-foot  shipping  bin  Is 
made  of  ^-inch  steel  plates  spliced  by  6-lnch 
pUtes  without  angles.  It  consists  of  upper  and 
lower  pyramidal  sections  with  their  horizontal 
baaea  fleld-riveted  together.  Each  section  Is 
about  6  feet  deep  and  has  a  2x2-fobt  opening  at 
the  vortex.  The  total  weight  of  the  steel  work 
In  the  elevator  Is  about  400,000  pounds. 

C<m$truction. — It  was  originally  Intended  by 
Chief  EUigineer  McHenry  to  support  the  eleva- 
tor on  pllee,  but  an  investigation  by  test  piles 
and  borings  showed  that  the  underlying  soil 
was  hard-pan  and  boulders,  and  it  was  deter- 


mined to  omit  the  piles  and  carry  the  sub- 
structure to  satisfactory  bearing  on  hard 
stratum.  The  lake  side  of  the  site  was  enclosed 
by  a  coffer-dam  consisting  of  an  earth  embank- 
ment with  a  center  line  of  double  3-inch  sheet 
piling.  This  was  found  satisfactory  and  en- 
abled the  water  to  be  drained  from  the  site  by 


a  centrifugal  pump  with  a  10-inch  Jischarge 
pipe.  The  sand,  silt  and  ashes  covering  the 
site  were  excavated  from  3  to  6  feet  to  the 
stratum  of  clay,  sand,  gravel  and  boulders  and 
leveled  15  feet  8  inches  below  top  of  founda- 
tion. Sand  and  gravel  were  delivered  on  scows 
and  were  unloaded  by  a  derrick  rigged  with  a 
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clam-shell  bucket  which  also  served  the  Smith 
machine  in  which  the  concrete  was  mixed.  The 
mixer  delivered  to  wheelbarrows  which  were 
elevated  by  a  brick  hoist  to  the  tops  of  the 
successive  courses  of  the  walls  and  there 
dumped  into  the  forms. 

The  concrete  walls  of  the  bins  were  made 
in  movable  cylindrical  forms  4  feet  high.  The 
curved  surfaces  of  the  forms  were  made  of  2- 
inch  vertical  planks  spiked  to  inside  and  out- 
side circular  horizontal  chords.  The  chords 
were  made  like  ordinary  arch  centers  with 
four  thicknesses  of  2x8-inch  scarf  planks  bolted 
together   to   break  joints   and    make   complete 


circles  inside  the  tanks  and  circular  segments 
of  270  degrees  or  less  on  the  outsides  of  the 
tanks.  The  moulds  were  faced  on  the  inside 
with  No.  28  galvanized  steel  and  were  main- 
tained in  concentric  positions  with  a  fixed  dis- 
tance between  them  by  means  of  eight  U-shaped 
steel  yokes  in  radial  planes.  Each  yoke  con- 
sisted of  an  inside  and  outside  vertical  post 
with  a  radial  web  and  ^flanges  engaging  the  In- 
ner and  outer  faces  of  the  circular  chords.  The 
posts  projected  about  2  feet  above  the  tops  of 
the  moulds  and  were  rigidly  connected  there  by 
means  of  heavy  braces  and  an  adjustable  ten- 
sion rod.    These  yokes  were  bolted  to  the  Inner 
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and  outer  chords  of  the  moulds  and  virtually 
united  them  In  a  single  structure.  The  lower 
ends  of  the  vertical  yoke  posts  were  seated  on 
jack-screws  which  were  supported  on  falsework 
built  up  inside  the  tanks  as  the  walls  pro- 
gressed. The  inside  surface  of  the  mould  was 
a  complete  cylinder,  but  the  outer  surface  was 
made  in  two,  three  or  four  sections  to  allow  for 
the  connections  between  the  concrete  walls  at 
the  points  of  tangency  of  the  different  tanks. 

The  Engineering  Department  of  the  Canadian 
Pacific  Railway,  Mr.  E.  H.  McHenry,  chief  engi- 
neer, furnished  the  elevator  specifications  and 
issued  requirements  concerning  the  size  and  lo- 
cation of  bins,  legs,  belt-conveyors,  scales,  ship- 
ping bins,  dock  spouts  and  other  governing 
data.  From  these  data  the  Barnett  &  Record 
Company  designed  the  elevator  and  erected  it 
including  the  steel  work  and  machinery  and  the 
foundations.  The  structural  steel  work  was 
furnished  by  the  Canadian  Bridge  Company, 
Limited,  Walkerville,  Ontario,  and  the  machin- 
ery was  furnished  by  the  Stephens-Adamson 
Manufacturing  Company,  Aurora,  111.  The  con- 
tract was  awarded  In  January,  1903,  and  the  ele- 
vator was  finished  ready  for  operation  January 
3,  1904. 


Cuban  State  Roads. 


'lii'VtrHcal  Rod. 
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Horizontal   Sections   through   Cylindrical   Bins   Showing   Intermediate  Bins,  and  Hopper  Bottoms. 


The  influence  of  good  roads  upon  the  develop- 
ment of  a  country  having  possibilities  is  well 
shown  by  the  observations  of  an  engineer  from 
the  United  States  during  successive  visits  to 
Cuba.  Mr.  C.  C.  Vermeule,  consulting  engineer 
for  the  Cienfuegos,  Palmira  &  Cruces  Electric 
Power  &  Railway  Company  and  for  the  new 
water  works  and  sewers  of  Cienfuegos,  has  re- 
cently returned  from  a  trip  of  about  three 
hundred  miles  on  horseback  between  Cienfue- 
gos, Trinidad,  and  Santa  Clara,  Cuba.  He  has 
noted  some  remarkable  results  from  the  build- 
ing of  macadam  roads  in  the  country  between 
Cienfuegos  and  Manicaragua  Valley.  One  year 
ago,  when  he  passed  over  the  same  route,  a 
macadam  road  was  built  five  mijes  out  from 
Cienfuegos  to  Caonao,  and  the  road  between 
Caonao  and  Guaos  was  then  under  construction. 
Guaos  is  fourteen  miles  from  Cienfuegos.  Be- 
tween Guaos  and  Cumanayagua  preparations 
were  also  being  made  for  an  extension  of  the 
highway,  and  an  important  bridge  was  being 
built  over  the  Rio  Aramao.  At  that  time  there 
were  about  three  stage  trips  daily  being  made 
between  Cienfuegos  and  Caonao,  and  beyond 
Caonao  the  travel  was  practically  nothing,  the 
highway  being  merely  a  cart  road  of  the  rough- 
est description.  This  year  the  macadam  road 
is  finished  to  Guaos,  and  stage  trips  are  made 
hourly  between  Cienfuegos  and  Guaos,  and 
these  stages  are  running  full  and  doing  a  large 
business. 

The  macadam  road  is  now  under  construction 
between  Guaos  and  Cumanayagua,  and  will  be 
completed  to  the  Aramao  bridge  in  August. 
Traffic  over  this  portion  is  still  confined  to 
carretas  or  ox-carts,  but  there  is  every  indica- 
tion that  when  the  macadam  road  is  done  traffic 
will  show  the  same  remarkable  increase  that 
is  shown  this  year  between  Caonao  and  Guaos. 
This  is  a  fair  Illustration  of  the  tremendous 
importance  of  improved  highways  in  the  de- 
velopment of  Cuba.  As  an  Illustration  of  the 
recuperative  powers  of  the  island,  even  without 
highways,  Mr.  Vermeule  states  that  at  the  close 
of  the  war,  less  than  five  years  ago,  not  a 
single  house  existed  beyond  Caonao  in  the  en- 
tire district  which  he  traversed  on  horseback. 
Caonao  was  a  reconcentratlon  camp,  and  beyond 
that  point  the- opposing  armies  had  devastated 
everything,  and  the  country  was  uninhabited 
except  for  a  few  Cubans  who  hid  themselves  in 
the  forests  of  the  Trinidad  Hills.    At  the  pres- 
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•Dt  ttne  this  entire  country  is  dotted  with 
hooMB.  the  Manicaragua  Valley  alone  having  a 
popalatlon  exceeding  5,000,  and  many  American 
planters  have  scattered  themselves  over  the 
territory  on  tobacco  or  coffee  plantations. 
Some  of  these  planters  have  commodious  habita- . 
tlons.  The  whole  country  traversed  shows  the 
greatest  activity  and  rapid  development 

The  sugar  crop  in  the  vicinity  of  Cienfue- 
goa  will  this  year  amount  to  1,600,000  bags,  or 
about  240,000  tons,  worth  nearly  $10,000,000.  It 
ia  20  per  cent  in  excess  of  last  year's  crop,  and 
prices  are  better  than  those  of  last  year. 


Railway  Location  in  the  Florida  Ever- 
glades.— IL 

By  William  J.  Krome. 

The  field  party  traveled  as  light  as  possible. 
Tents  were  abandoned  after  leaving  the  pine- 
land  and  a  couple  of  flies  used  to  protect  the 
goods  and  as  a  shelter  in  heavy  rains.  All 
cooking  utensils  were  of  aluminum  and  a  com- 
plete outfit  for  eight  men  nested  in  one  pot, 
and  weighed  barely  15  pounds,  entire.  A  tin 
box.  such  as  is  used  for  fishing  tackle,  and 
containing  a  supply  of  needles,  thread,  copper 
wire,  awls,  beeswax,  scissors,  screw  driver, 
pliers,  copper  rivets  and  various  odds  and  ends 
was  in  great  demand  and  took  the  place,  to  a 
considerable  extent,  of  the  usual  camp  chest.  A 


men  pretty  carefully  and  meeting  ailments  be- 
fore they  bad  made  much  progress,  the  party 
was  kept  in  rplendld  trim  during  the  entire  six 
motttbs  and  no  time  was  lost  through  having  a 
big  sick  roll. 

Sleeping  bags  of  light  felt  with  a  waterproof 
canvas  cover  were  used  by  most  of  the  men 
and  were  very  satisfactory.  As  no  cots  were 
carried,  and  boughs  fit  for  bedding  were  sel- 
dom obtainable,  the  usual  mattress  was  a  pile 
of  sawgrass.  Dry  camping  places  were  the  ex- 
ception and  as  the  mosquito  bars  were  often 
pitched  in  the  open,  the  canvas  covers  of  the 
sleeping  bags  were  a  double  protection  from 
rainfall  and  from  the  wet  ground.  Rolled  up 
with  the  mosquito  bar  inside,  they  were  car- 
ried on  the  owner's  pack  when  on  the  move. 

The  machete  was  used  for  clearing  line, 
opening  up  camp  sites  in  the  jungle,  cutting 
sawgrass  and  for  every  purpose  for  which  the 
axe  and  brush  hook  are  usually  needed,  except 
the  felling  of  large  timber  and  the  driving  of 
stakes.  It  is  strange  that  this  useful  imple- 
ment has  not  come  'into  more  general  use  on 
preliminary  and  location  surveys.  It  is  far  su- 
perior to  a  brush  hook,  as  it  can  be  handled 
much  nTore  easily,  has  no  helve  to  break,  and  as 
far  as  my  experience  goes  is  of  a  great  deal 
better  metal.  Axe  men  are  prone  to  lose  brush 
hooks  by  misplacing  them  while  using  the  reg- 
ular axe,  but  the  machete  may  be  carried  in 


them  when  not  in  use.  A  stegl  tape  was  kept 
in  camp  and  when  the  chance  offered  a  few 
of  the  longer  sights  were  tested  by  careful 
measurement  as  a  check  on  the  adjustment  of 
the  wires. 

One  radical  departure  from  usual  methods, 
which  will  probably  shock  stadia  theorists,  was 
made  early  in  the  survey.  The  country  was  so 
level  that  after  the  first  few  miles  the  reading 
of  the  vertical  angle  was  abandoned  entirely. 
This  simplified  instrument  work  somewhat  and 
reduced  to  a  minimum  the  labor  of  computing 
the  length  of  sights.  It  certainly  did  not  seri- 
ously impair  the  accuracy  of  the  results  for  a 
carefully  chained  location  which  has  since  been 
run  through  a  considerable  portion  of  the  terri- 
tory, checked  out  with  the  exploratory  line  re- 
markably well. 

Good  instrument  points  were,  as  a  rule,  hard 
to  get,  and  It  was  no  uncommon  occurrence  for 
the  tripod  head  to  be  at  the  water  level  with  a 
footing  of  soft  muck  that  increased  the  prob- 
able error  in  angular  measurements  alarmingly. 

A  computed  bearing  was  carried  throughout 
and  any  sudden  deviation  from  the  needle 
would  quickly  point  out  any  mistake  or  large 
error  in  taking  the  angle.  Sights  of  from  600 
to  800  feet  were  about  the  usual  length.  When 
meandering  streams  the  average  would  be 
shorter,  while  in  work  along  the  coast,  where 
the    failure    to    secure    some    projecting   point 


View  on  the  Trail  to  Long  Key  in  the  Everglades. 


similar  box  held  drafting  materials,  and  a  steel 
straight  edge,  an  18-inch  rolling  parallel  rule, 
and  a  small  drafting  l>oard  completed  the  neces- 
sarily meagre  office  outfit 

Medicines  were  carried  in  what  is  known  as 
a  country  doctor's  buggy-case.  Made  of  heavy 
sole  leather,  with  a  compartment  for  surgical 
Instruments  and  bandages,  and  fitted  with  a 
good  number  of  bottles  of  various  sizes,  it 
answered  the  purpose  well.  Such  a  case  is  of 
mach  the  same  size  and  shape  as  the  ordi- 
nary 4x5-inch  camera  and  slung  over  the 
shoulder  does  not  add  greatly  to  a  pack  load. 
The  stock  of  medicines  was  selected  to  meet 
the  needs  of  the  climate  and  could  be  replen- 
ished from  a  supply  at  the  permanent  camp. 
A  surgical  kit  containing  several  lancets,  sets- 
sors,  forceps  and  flesh  needles  and  a  twist  or 
two  of  eilk  was  ample  for  our  needs  and  came 
into  use  several  times.  Small  pocket  cases, 
each  holding  an  hypodermic  syringe  and  two 
small  phials,  one  filled  with  a  10  per  cent,  solu- 
tion of  permanganate  of  potash  and  the  other 
with  1/SOth  grain  tablets  of  strychnine,  as  an 
antidote  for  snake  bites,  were  distributed 
amongst  the  party  so  that  one  would  always  be 
at  hand  if  needed. 

The  climate  was  healthful,  for  the  water  In  the 
■rerglades  is  pure  and  fresh,  and  malaria  is  an 
ankDOwn  quantity.    So  by  keeping  watch  of  the 


a  sheath  hung  to  the  belt  without  hindering  the 
movements  and  need  never  be  laid  down  while 
in  the  field. 

The  stadia  was  particularly  adapted  for  this 
piece  of  work.  It  allowed  a  small  party  to  do 
the  work  thoroughly  and  took  the  place  of  the 
chain  or  tape  where  the  use  of  the  latter  in 
some  cases  would  have  been  impossible.  There 
are  stretches  miles  In  length  through-  the 
Everglades  where  stakewood  of  any  kind  can- 
not be  obtained  and  where  even  the  hubs  neces- 
sary for  the  stadia  work  had  to  be  carried  long 
distances.  This  would  have  seriously  handi- 
capped regular  stationing  and  ordinary  mark- 
ing pins  would  have  been  useless  on  account  of 
the  depth  of  water  and  soft  muck.  When  the 
Whitewater  Bay  region  was  reached,  numerous 
streams,  islands  and  stretches  of  coast  were 
meandered  where  the  dense  mangrove  swamp 
extended  out  into  the  water  for  fifty  feet  or 
more  beyond  the  shore  line.  As  a  mangrove 
swamp  is  about  as  hard  to  cut  through  as  a 
solid  wall,  a  chain  survey  would  have  had 
tough  work  making  half  a  mile  a  day.  By  zig- 
zagging the  streams  and  cutting  from  one  pro- 
jecting point  to  another  along  the  coast,  the 
stadia  party,  operating  from  the  boats,  made 
3%  to  4  miles  per  day,  regularly.  Special  12- 
foot  rods,  built  as  light  as  possible,  were  de- 
signed and  canvas  covers  furnished  to  protect 


might  mean  a  half  day's  heavy  chopping  around 
the  shore  of  a  cove,  sights  of  over  2,000  feet 
were  occasionally  made  and  the  readings  taken 
in  halves. 

The  closed  traverses,  after  being  balanced, 
were  platted  from  the  same  system  of  co-ordi- 
nates, and  the  tie  lines  and  laterals  were  built 
up  on  this  trunk.  The  field  map  drawn  on 
heavy  canvas-backed  paper,  was  platted  to  a 
scale  of  1  inch  to  5,000  feet.  As  the  outline  of 
the  whole  southern  end  of  the  State  had  been 
previously  put  on  from  the  government  coast 
survey  charts,  the  position  of  the  party  could 
be  learned  at  any  time  and  the  work  ahead 
blocked  out. 

Continual  scouting  ahead  was  necessary  and 
In  these  trips  seldom  more  than  two  men  took 
part,  enabling  the  field  party  to  continue  their 
work  without  Interruption.  As  such  expedi- 
tions often  lasted  several  days,  each  man  car- 
ried a  light  pack  containing  sleeping  bag  and 
mosquito  bar,  one  or  two  small  alumlnunrcook- 
ing  utensils  and  a  limited  supply  of  provisions. 
A  leather  haversack  held  flag  cloth,  a  ball  of 
strong  cord,  note  book  and  a  pocket  compass 
with  folding  sights.  A  pair  of  Trieder  binocu- 
lars, machete,  rifle  and  belt  of  cartridges  com- 
pleted a  load  that  by  nightfall  seemed  to  Its 
bearers  only  fit  for  a  two-horse  team.  A  start 
was  always  made  from  some  point  on  the  stadia 
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meander  and  a  careful  record  of  courses  and 
approximate  distances  kept.  When  the  new 
territory  had  been  penetrated  for  some  dis- 
tance trees  were  climbed  at  intervals  of  about 
a  mile  and  observations  made  in  every  direc- 
tion from  them.  The  lack  of  a  pair  of  light 
steel  climbing  irons,  such  as  are  used  by  or- 
nithologists, was  keenly  felt,  but  this  need  had 
not  been  foreseen  when  the  outfit  was  gotten 
together.  As  the  trees  used  were  often  lone 
pines  on  some  isolated  rock  reef  it  was  no  mean 


proper  drainage  will  eventually  become  fine 
farming  land  and  the  mosquitos  will  disappear 
to  a  great  extent  as  the  country  opens  up. 
The  malaria  breeding  species  of  this  insect  is 
evidently  not  present,  for  that  disease  was  con- 
spicuous in  the  party  by  its  absence. 

As  a  result  of  the  expedition  the  lower  ex- 
tremity of  the. Biscay ne  pine  land  was  defined. 
Long  Key,  a  pine  island  of  some  18,000  acres, 
lying  in  the  Everglades,  the  very  existence  of 
which  was  previously  doubted,  was  thoroughly 


thirds  of  the  area  known  as  the  Great  Man- 
grove Swamp  was  discovered  to  be  open  prairie. 
The  accompanying  table  compiled  from  the 
closed  traverses  may  be  of  Interest  to  those 
who  have  had  stadia  work  to  carry  on. 


A  Typical  Mangrove  Cluster. 


Progress  in  Sewage  Disposal. 

Progress  in  Sewage  Disposal  was  the  sub- 
of  the  presidential  address  recently  delivered  by 
Mr.  W.  D.  Scott-Moncriefl  before  the  Association 
of  Managers  of  Sewage  Disposal  Works,  in 
England,  and  printed  in  "The  Surveyor."  Speak- 
ing of  the  year's  progress,  Mr.  Scott-Moncrieffl 
quotes  a  suggestion  in  his  address  of  a  year  ago 
which  has  borne  fruit.  The  passage  is  as  fol- 
lows: "After  having  been  in  the  grit  cham- 
ber long  enough  to  allow  of  the  deposition  of 
the  detritus  and  in  the  anaerobic  tank  long 
enough  to  hydrollse  the  organic  matter,  the  raw 
Incoming  sewage  should  be  diverted  to  a  second 
set  of  grit  chambers  and  tanks,  and  the  liquid 
which  has  been  longest  in  tho  anaerobic  tank 
should  then  be  circulated  so  as  to  pass  again 
through  the  first  grit  chamber  so  as  to  complete 
the  hydrolysis  of  the  suspended  organic  mat- 
ter which  will  otherwise  appear  as  sludge."  It 
has  been  discovered  that  the  deposit  from  open 
hydrolysing  tanks,  which  have  been  in  con- 
stant use  and  undisturbed  for  four  years,  after 
being  discharged  over  the  surface  of  a  field  and 
dried,  is  indistinguishable  from  fine  garden 
mould  and  is  absolutely  odorless  and  inoffen- 
sive. The  old  question  as  to  how  far  these 
aerobic  changes,  which  occur  in  a  properly  con- 
structed filter,  can  be  depended  upon  to  reduce 
the  entire  organic  matter  in  solution  in  ordi- 
nary hydrolised  fiuid  is  the  only  one  that  re- 
mains, and  the  answer,  based  upon  a  wide  expe- 
rience in  Staffordshire  and  other  districts,  is 


task  to  "shin  up"  them.  The  observer  carried 
the  ball  of  cord  with  him  and  could  then  haul 
up  the  pocket  compass,  field  glasses  and  note 
book.  Bearings  would  be  taken  on  as  many 
known  points  behind  as  could  be  observed  and 
then  the  character  of  the  country  ahead  in 
several  directions  noted.  Before  descending,  a 
flag  fastened  to  a  sapling  was  hoisted  and 
securely  lashed  in  the  top  of  the  tree.  The 
tree  was  then  marked  with  the  blaze  of  the 
survey,  a  long  chop  with  a  hack  above  and 
below.  If  the  territory  developed  by  this  sys- 
tem of  scouting  proved  to  be  important,  it  was 
more  fully  investigated  by  a  stadia  line;  if  not, 
it  could  be  platted  up  with  sufficient  accuracy 
for  the  purpose  in  view  from  the  notes  already 
obtained. 

The  party  was  in  the  field  from  the  first  of 
December,  1902,  until  the  early  part  of  June, 
1903.  Trail  building  and  the  establishment  of 
a  base  of  supplies  held  back  the  work  for  a 
month  and  in  the  remaining  five  about  300 
miles  of  stadia  line  was  run  besides  accom- 
plishing considerable  work  in  channel  sound- 
ing. The  exploration  was  under  the  general 
direction  of  Mr.  B.  Ben  Carter,  chief  engineer 
of  the   Florida  East  Coast  Railway. 

The  most  serious  obstacles  encountered  were 
the  heavy  muck  and  dense  saw  grass  of  the 
Everglades,  and  the  jungles  and  mosquitos  of 
the  Whitewater  Bay  region.     The  muck  with 


A  Typical  Camp  in  the  Everglades. 


Total 
length  of 
,  traverse. 

Title.  -  Feet. 

BIscayne  Plneland   206.966 

Connecting  Link,  No.  1. ..  .    106,418 

Long  Key,  No.  1 120,210 

Long  Key,  No.  2 59,450 

Long  Key,  No.  3 30,126 

Long  Key,  No.  4 88,112 

Hammer   Island    23,420 

Connecting  Link,  No.  2 87,281 

Whitewater  Bay,  No.  1 39,958 

Whitewater  Bay,  No.  2 19,804 

Coot  Bay   14,771 

Peter's  Prairie,  No.  1 10,683 

Peter's  Prairie,  No.  2 13,193 

Black  Creek 96,144 


mapped.    Whitewater  Bay  was  reduced  to  one- 
half  the  size  shown  on  former  maps  and  two- 
Table    Showing  Rksuws  of  Stadia  Sdrvbt  in  the  Everglades. 
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Feet. 
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0°  14' 

165 

.80 

576.5 

0°   11' 

79 

.74 

700.1 

0"   13' 

121 

1.01 

711.3 

0°  7" 

38 

.64 

782.2 

0°  3' 

94 

3.12 

753.2 

0°  5' 

42 

1.10 

747.3 

0°  3- 

16 

.68 

755.5 

0°  21' 

141 

1.62 

632.5 

0°  19' 

32 

.80 

655.0 

0°  4' 

14 

.71 

1,100.2 

0°  1' 

45 

3.04 

1.846.5 

0°  1' 

8 

.75 

667.7 

0'  8' 

23 

1.74 

733.0 

0'  8' 

87 

.91 

757.0 

quite  positive.  If  a  sufficient  depth  of  filtering 
material  is  provided,  and  the  requisite  quantity 
of  air  for  the  life  processes  of  the  organisms  is 
supplied  to  them,  there  can  be  no  doubt  about 
the  satisfactory  character  of  the  effluent.  The 
only  factors  to  be  dealt  with  are:  (a)  The  depth 
of  filter  required  to  produce  the  necessary  stan- 
dard of  purity  in  the  effluent,  (b)  The  quuitity 
of  air  necessary  for  the  life  processes  of  the 
organisms,  (c)  The  proper  rate  of  flow  per 
unit  of  filter  bed  surface  in  order  to  obtain  the 
best  results,  and  (d)  The  best  period  of  rest 
between  successive  discharges  to  prevent  gela- 
tinuous  growths  in  the  filtering  material. 
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A  Concrete  Mixing  Plant  for  i  Powei 
House  Foundation. 

The  iK)wer  house  near  Thirty-fourth  street 
and  EUist  Rirer.  Long  Island  City.  N.  Y..  for  the 
Pennsylvania.  New  York  &  Long  Island  Rail- 
road Company,  will  furnish  power  for  the  oper- 
ation of  the  suburban  trains  of  the  company  and 
CTentually  for  a  portion  of  its  tunnels  to  the 
New  York  terminal.  It  will  occupy  a  200x500- 
foot  lot  about  a  block  from  the  river  front.  At 
present  only  the  river  end  of  the  building  will 
be  completed,  and  the  200x280-foot  excavation 
for  it  has  been  made  and  piles  driven  over  its 
entire  area  32  inches  apart  on  centers  in  both 
directions,  except  under  the  smokestack,  where 
they  are  closer.  The  piles  will  be  covered  by 
a  monolithic  mass  of  concrete  averaging  about 
6   feet    in   thickness   and    containing   approxi- 


slopes  upwards  to  the  shore  end  of  the  lot,  where 
it  crosses  over  to  the  center  line  and  returns 
with  an  increased  width  to  the  middle  of  the 
shore  end  of  the  area  to  be  concreted.  This 
part  of  the  platform  has  a  width  of  30 
feet,  slopes  slightly  downwards  towards  the 
river,  and  is  at  an  average  height  of  about 
18  feet  above  the  bottom  of  the  pit.  Materials 
are  dumped  from  this  platform  to  storage 
spaces  underneath  it,  and  the  empty  wagons 
continue  from  the  river  end  of  the  plat- 
form on  a  narrow  inclined  gangway,  which  runs 
parallel  and  adjacent  to  the  storage  platform 
and  allows  them  to  pass  under  the  approach 
gangway  and  emerge  at  street  level  on  the 
shore  end  of  the  lot.  There  is  thus  formed  a 
continuous  circuit  for  the  wagons  without  in 
any  way  interfering  with  the  storage  or  con- 
creting.      The     aggregate      is      delivered      by 
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long  piles  extending  partly  under  the  platform, 
and  are  delivered  to  the  storage  hoppers  by 
four-wlieel  dump  cars  running  on  depressed 
tracks  carried  under  the  piles  on  their  center 
lines  and  rising  at  the  end  of  the  platform  to  a 
level  above  that  of  the  hoppers.  The  cars  are 
always  filled  by  hand  from  the  material  at 
the  base  of  the  river  end  of  the  pile,  which 
fills  the  track  trenches  and  is  removed 
from  them  as  the  face  of  the  pile  recedes.  In. 
order  to  keep  the  sand  and  stone  warm  and  dry 
in  the  cold  and  wet  weather,  through  which  it 
is  Intended  to  vigorously  prosecute  the  work, 
horizontal  flues  18  inches  In  diameter  have  been 
carried  through  the  base  of  each  pile  from  end 
to  end.  These  are  connected  with  furnaces  by 
means  of  which  the  air  is  heated.  The  hot  air 
is  forced  through  the  flues  by  a  disc  fan 
driven  by  a  belt  from  the  mixer  engine.  The 
cars  are  pulled  up  the  45-degree  incline  at  the 
river  end  of  the  track  by  a  single  Vt-inch  wire 
cable  on  drums  operated  by  the  mixer  engine. 
At  the  upper  end  of  the  incline  the  cars  revolve 
part  way  so  as  to  dump  their  contents  into  the 
hoppers,  and,  when  released,  descend  by  gravity 
to  the  trench  where,  for  a  short  distance,  the 
wheels  engage  an  upper  rail  which  prevents 
danger  of  derailment.  A  tail  line  is  attached  to 
the  rear  of  the  car  and  when  the  latter  ascends 
the  incline,  it  raises  to  a  comparatively  short 
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mately  11,000  cubic  yards  of  1:2%:  5  concrete 
made  with  Atlas  Portland  cement  and  gravel. 
Probably  the  gravel  will  be  excavated  in  the 
Tlcinity  and  the  large  stone  and  boulders 
found  in  It  will  be  bedded  In  the  concrete. 

A  plant  has  been  designed  and  constructed 
for  the  handling  and  storing  of  materials  and 
for  the  mixing  and  distributing  of  300  cubic 
yards  of  concrete  in  each  10-hour  day.  The 
arrangement  and  equipment  have  been  care- 
fully designed  to  suit  the  special  conditions 
and  facilitate  rapid  and  economical  concreting. 
The  plant  Includes  some  interesting  features 
combined  in  a  novel  manner.  These  are  here 
described  from  the  concrete  specialists'  general 
plans,  which  were  made  In  accordance  with  the 
requirements  of  the  contractors  for  the  power 
bonse.  Sand,  gravel  and  cement  are  deliv- 
ered by  barges  at  a  dock  near  the  site,  and  are 
tbence  hauled  by  wagons  entering  the  lot 
near  the  river  end  of  one  long  side.  From  this 
point    a    timber    platform    carried    on     piles 


automatic  steam-hoisted  cars  to  elevated  stor- 
age hoppers,  from  which  it  and  the  cement 
are  discharged  by  gravity  through  a  measuring 
hopper  to  the  mixing  machine,  which  de- 
livers to  ears  on  elevated  longitudinal  and  trans- 
verse tracks  commanding  the  entire  founda- 
tion area. 

Underneath  the  full  length  of  the  main  plat- 
form there  is  on  the  center  line,  a  ce- 
ment storage  house,  as  indicated  in  the  cross- 
section,  with  the  top,  bottom  and  sides  covered 
with  double  layers  of  boards  with  tar  paper 
between  to  exclude  moisture.  Cement  in  bags 
is  delivered  to  Its  floor  through  side  chutes 
which  receive  It  as  dumped  from  the  wagons 
on  the  platform  above.  The  bags  are  piled 
on  the  sides  of  the  room,  a  gangway  being  left 
in  the  middle  for  their  delivery  by  hand  trucks 
to  the  storage  hopper.  The  edges  of  the  plat- 
form are  protected  by  bulkheads,  over  which 
the  wagons  dump  stone  on  one  side  and 
sand    on    the    other.      These    materials    form 


height,  a  heavy  weight  suspended  from  a  four- 
part  tackle.  When  the  car  descends  the  weight 
overhauls  the  tail  line  and  pulls  the  car  back 
to  the  starting  point  at  the  end  of  the  material 
pile,  thus  making  the  operation  automatic,  ex- 
cept as  controlled  by  the  hoisting  drum. 

In  good  weather,  when  it  is  not  necessary  to 
heat  or  dry  the  sand  and  stone,  the  wagons  de- 
liver directly  to  the  storage  hoppers  instead  of 
being  dumped  over  the  sides  of  the  platform. 
The  storage  hoppers  for  sand,  stone  and  cement 
are  set  below  the  level  of  the  cement  storage 
floor  and  have  a  combined  capacity  of  about 
100  cubic  yards.  The  lower  ends  are  closed  by 
vertical  steel-plate  gates  which  slide  in  angle- 
iron  frames  and  are  operated  by  long  hand 
levers.  As  it  will  take  some  time  for  the  hoist 
cars  to  make  a  round  trip  at  the  maximum 
haul,  special  provision  has  been  made  for  load- 
ing them  rapidly  so  as  to  avoid  all  delay  and 
secure  a  practically  continuous  delivery  of  ma- 
terials to  the  storage  hoppers  when  the  mixer 
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Is  running  to  its  full  capacity.  This  is  accom- 
plished by  providing  a  movable  hopper  which 
travels  over  the  trench  clear  of  the  car,  and 
being  kept  close  to  the  foot  of  the  material 
pile,  allows  the  car  to  pass  under  it  and  receive 
Its  load.  In  order  to  save  head  room,  this  hop- 
per is  made  with  a  W-shaped  bottom  having 
double  inclined  doors  pivoted  to  an  operating 
Jink  which  opens  them  simultaneously  by 
means  of  a  hand  lever,  as  shown  in  the  detail. 
The  materials  from  the  storage  hoppers  are 
drawn  into  the  charging  hopper  until  they  fill 
the  latter  to  successive  marks  when  the  gates 
are  closed,  and  as  soon  as  the  contents  of  the 
mixer  have  been  discharged,  the  gate  in  the 
charging  hopper  is  opened  and  its  contents  are 
Immediately  delivered  to  the  mixing  machine. 
This  is  a  standard  No.  14  Ransome  drum  mixer 
having  a  capacity  of  1  cubic  yard  in  40  seconds. 
The  mixer  discharges  into  a  small  steel  hopper 
with  double  gates  which  deliver  directly  to 
wheelbarrows    on   a  runway   platform   about   .3 


The  Erection  of  the  Monongahela  River 
Bridge,  Pittsburg. 

Past  III. — Permanent  and  Tempobaey  Pin-Con- 
NECTioKs,  Special  and  Adjustment  Appab- 
atus. 

Toggle  Pins. — At  some  of  the  truss  joints 
the  members  were  assembled  on  the  pins  In 
several  separate  operations  often  made  at  suc- 
cessive positions  of  the  traveler.  These  were 
called  temporary  joints,  and  were  marked 
"toggle"  on  the  erection  diagram,  so  as  to  dis- 
tinguish them  from  the  joints  which  werie  per- 
manently completed  at  the  first  operation  and 
were  marked  "pin."  In  most  of  these  joints 
the  number  of  pieces  engaged  by  the  pin  was 
so  great  and  they  were  so  rigid  and  had  so 
little  clearance  that;  with  the  difficulties  caused 
by  deflection,  displacement  and  inconvenient 
positions,  it  would  have  been  extremely  trouble- 
some to  drive  the  pins  by  the  ordinary  method. 
A  simple  and  ingenious  system  of  auxiliary  pins 


Monongahela  River  Bridge:     Final  Position  of  Travelers  Assembling  Members  of  Center  Panels. 


feet  above  grade,  or  9  feet  above  the  bottom 
of  the  foundation  pit.  This  permanent  plat- 
form is  carried  at  a  slight  downward  slope  trans- 
versely across  the  center  of  the  building.  On 
each  side  of  it  there  is  a  movable  longitudinal 
platform  on  which  the  concrete  is  wheeled  to 
the  sides  of  the  lot  or  intermediate  points  and 
dumped  where  required.  It  is  intended  to  place 
1-foot  layers  of  the  concrete  across  the  full 
width  of  the  lot  in  successive  narrow  strips 
until  the  area  is  all  covered,  and  then  to  repeat 
the  operation  until  the  foundation  is  finished, 
rollinn  each  layer  thoroughly.  With  this  plant 
84  cubic  yards  of  concrete  have  been  made  and 
laid  in  one  hour  and  584  one-yard  batches  have 
been  made  in  eight  hours,  double  the  designed 
capacity. 

Messrs.  Westlnghouse,  Church,  Kerr  &  Com- 
pany are  the  contractors  for  the  power  house 
building  and  equipment,  and  the  plant  here 
described  was  designed  and  installed  by  The 
Ransome   Concrete   Machinery   Company. 


and  sectional  pilots  was  therefore  devised  by 
Mr.  Mitchell  and  found  very  efficient  and  sat- 
isfactory. 

The  toggle  joints  were  made  by  inserting  re- 
duced-diameter pins  through  the  stiff  members 
and  the  bars  packed  inside  of  them  before  erec- 
tion. Outside  bars  were  then  assembled  on  the 
ends  of  the  toggle  pins.  In  the  bottom  chords 
of  the  anchor  arms  the  permanent  joints  were 
made  by  supporting  the  assembled  members 
while  the  toggle  was  drawn  out  by  a  line  at- 
tached to  a  loop-eye  screwed  into  the  end  of  the 
pin,  the  permanent  pin  being  meanwhile  driv- 
en through  the  joint  independently  with  an 
ordinary  pilot  nut.  In  all  other  cases  the  rear 
ends  of  the  toggle  pins  were  screwed  to  the 
forward  ends  of  the  pilot  nuts  which  formed 
a  connection  with  the  permanent  pin  so  that 
the  members  were  always  connected  by  the 
pins,  and  the  toggle  pin  was  not  removed  until 
all  the  bars  had  engaged  the  pilot.  The  pilots 
were  made   In  such   short  sections  that   they 


could  be  built  up  to  narrow  points  when  the ' 
conditions  required  It,  or  could  be  left  short 
when  the  bars  were  well  matched,  but  would 
in  any  case  form  a  single  cone  with  proper 
slope. 

One  of  the  most  difficult  of  the  toggle  joints 
was  at  14-U,  where  the  chord  pin  Is  15  Inches 
In  diameter,  7  feet  long  and  has  thirty-two  eye- 
bars  assembled  on  it.  As  these  bars  have  maxi- 
mum dimensions  of  14x1  25/32  Inches,  are  over 
4  feet  long  and  are  bored  to  fit  the  pin  within 
1/50  Inch,  it  would  manifestly  be  very  difficult 
to  center  them  at  first  on  a  full-size  pin.  The 
members  were  therefore  assembled  on  a  rough 
toggle  pin  about  5  Inches  in  diameter  and  7 
feet  long  which  could  easily  be  inserted 
through  holes  that  were  decidedly  eccentric. 
In  each  end  a  3-inch  hole  was  tapped  to  a  depth 
of  2  inches.  To  one  end  was  connected  a  short 
capstan-head  piece  with  male  threads  on  both 
ends,  and  to  it  were  successively  screwed  6-Inch 
hollow  sections  of  the  pilot  nut  which  in- 
creased to  the  full  diameter  of  the  permanent 
pin,  and  was  screwed  into  one  end  of  the  latter. 
In  the  opposite  end  of  the  permanent  pin  there 
was  screwed  a  driving  nut  which  received  the 
blows  from  a  12-inch  ram  10  feet  long,  weigh- 
ing about  4,000  pounds,  which  was  suspended 
from  the  traveler  overhang  and  was  swung  by 
men  working  on  a  suspended  platform.  As  the 
permanent  pin  was  driven  through  the  assem- 
bled members,  the  toggle  pin  was  driven  out 
and  the  forward  end  was  secured  by  a  line 
through  a  loop  screwed  into  it.  After  the  pin 
was  completely  driven,  the  toggle,  driving  nuts 
and  sections  of  the  pilot  were  unscrewed  and 
the  permanent  disks  were  bolted  to  the  pin. 

All  of  the  long  pins  engaging  numerous  bars 
were  driven  in  a  similar  manner,  four  differ- 
ent sets  of  sectional  pilot  nuts,  two  sizes  of 
single  piece  pilot  nuts  and  several  sizes  of 
driving  heads  being  provided.  Care  was  taken 
in  designing  the  pilot  nuts  to  separate  the  sec- 
tions at  such  points  that  the  large  ends  would 
exactly  fit  different  standard  sizes  of  pins,  and 
thus  serve  separately  as  independent  pilot  nuts. 
The  pilot  and  driving  nuts  were  made  of  high- 
grade  open-hearth  cast  steel  containing  0.6  to 
0.7  per  cent,  of  carbon.  They  were  thoroughly 
annealed,  rough  finished  inside  and  outside,  re- 
annealed,  bored,  finished  all  over,  hardened  in 
cyanide  of  potassium  and  tempered  in  oil  or 
water. 

Lifting  Appliances. — Numerous  special  fit- 
tings were  required  for  the  travelers  and  der- 
ricks and  for  the  different  erection  operations. 
Among  the  most  important  of  these  were  the 
appliances  for  the  safe  attachment  of  the  hoist- 
ing tackles  to  the  long  and  heavy  members. 
The  eye-bars  were  lifted  by  balance-beams 
which  were  triangular  riveted  trusses  of  24- 
foot  span  like  simple  Pink  roof-girders.  The 
center  top  chord  and  end  bottom  chord  connec- 
tion plates  were  bored  for  2-inch  pins  receiv- 
ing the  shackles  of  the  hoisting  tackle  and  of 
the  clamps  respectively.  The  clamps  for  the 
compression  members  consisted  of  parallel 
yokes  connected  by  perpendicular  screw  rods. 
The  upper  yoke  was  made  with  a  pair  of  10- 
Inch  channels  connected  by  transverse  dia- 
phragms and  having  a  shackle  pin  connected  to 
the  center  pair  of  diaphragms.  The  bottom 
yoke  was  made  with  a  pair  of  angles  riveted 
together  back  to  back  with  filler  plates  be- 
tween. Wooden  friction  blocks  were  placed  on 
the  opposite  faces  of  the  yokes  for  contact  with 
the  flanges  of  the  bridge  members.  The  ram 
for  driving  the  pins  had  a  suspension  attach- 
ment at  the  center  of  gravity  and  was  provided 
with  a  pair  of  tapped  eye-bolts  at  each  end 
to  receive  the  tag  lines  by  which  It  was  oper- 
ated. 

Tower  Adjustment. — When  the  traveler  stood 
at  the  main  pier.  It  erected  the  lower  part  of 
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the  tower  and  made  the  permanent  connections 
11-L  and  12-L,  assembling  the  members  indi- 
cated by  the  full  lines  in  the  diagram.  This 
InrolTed  assembling  diagonals  12-L,  IS-M,  but 
as  the  permanent  pins  at  13-M  could  not  be 
driven  until  after  the  first  panels  of  the  can- 
tilerer  arms  were  completed,  it  was  necessary 
to  provide  temporary  supports  for  them.  If 
the  trusses  had  been  erected  exactly  as  de- 
signed, it  would  have  been  necessary  to  have 
the  traveler  overhang  reach  from  the  tower  to 
IS-U  and  support  heavy  loads  at  the  extremity. 
This  would  have  involved  undesirably  large  di- 
mensions and  heavy  stresses,  and  in  order  to 
avoid  them,  special  provision  was  made  to  al- 
low the  traveler  to  advance  to  13-L  before  the 
permanent  members  of  panel  12-L,  13-L  were 
self-supporting.  This  enabled  the  members  to 
be  assembled  by  the  one  and  one-half  panel 
overhang  of  the  traveler  which  sufficed  for  the 
rest  of  the  bridge  and  secured  an  important 
saving  in  weight  and  expense.  To  acomplish 
it,  the  upper  end  of  12-L,  13-M  was  temporarily 
supported  by  diagonal  bars  arranged  as  shown 
in  the  diagram  in  detail,  so  as  to  transmit  bal- 
anced stresses  to  the  permanent  parts  of  the 
tmss  already  assembled  and  to  be  easily  re- 
moved after  the  permanent  connection  was  com- 
pleted at  13-M.  The  vertical  reactions  of  the 
bars  were  talcen  by  suspension  links  connected 
to  a  temporary  strut  in  the  tower,  and  the  hori- 
sontal  component  was  taken  by  a  temporary 
diagonal  to  10-M,  as  shown  by  the  dotted  lines 
In  the  diagram.  Both  of  the  temporary  diag- 
onals were  free  to  move  horizontally  at  their 
upper  ends  and  were  separated  by  wedges.  They 
were  arranged  so  that  by  slacking  off  the 
wedge,  the  stresses  in  the  bars  were  released, 
and  they  could  be  easily  removed  from  the  pins. 

Bottom  Chord  Wedges. — After  the  connec- 
tions at  13-M  had  been  completed,  the  adjust- 
ment wedges  were  removed,  and  were  later  set 
in  the  bottom  chords  at  18-L  to  provide  for 
the  final  adjustments  at  the  center  of  the  sus- 
pended span.  The  cast  iron  wedge  was  about 
5  feet  long  tapered  1:12  and  made  hollow. 
Guide  ribs  on  its  finished  faces  matched 
grooves  in  the  corresponding  faces  of  the  bear- 
ing pieces  which  had  half  holes  engaging  the 
pins  in  the  tower  suspension  links  or  in  the 
bottom  chord  pieces.  A  riveted  vertical  frame- 
work was  iMlted  to  the  bearing  pieces  and  re- 
ceived the  end  of  the  vertical  operating-screw. 
This  screw  was  commanded  by  a  ratchet  and 
pawl  with  a  long  lever  and  was  turned  by  a 
single  line  from  the  hoisting  engine.  When 
the  wedges  were  set  in  the  bottom  chords,  they 
were  adjusted  to  a  width  of  3  feet  11  inches 
between  pin  centers  so  that  at  the  normal  tem- 
I>erature  of  60  degrees  the  lower  chords  at  24 
would  overlap  6%  inches,  and  at  maximum  and 
minimum  temperatures,  40  degrees  above  and 
below  the  normal  the  overlaps  would  be  re- 
spectively 9%  and  4%  inches. 

Top  Chord  Toggles. — When  panels  18-U,  20-U 
were  assembled,  the  permanent  bars  19-M,  19- 
n  were  replaced  by  special  temporary  bars  with 
an  adjustable  screw  connection  to  pin  19-M, 
and  temporary  diagonals  19-M,  l^U  were  pro- 
vided. These  diagonals  had  nothing  to  do  with 
the  adjusting  device,  but  were  provided  to  reduce 
the  reach  of  the  traveler  from  two  and  one-half 
to  one  and  one-half  panels  as  at  13-M.  This  ar- 
rangement allowed  pin  19-U  to  be  depressed  so 
as  to  raise  the  extremity  of  the  cantilever  arm. 
Diagonals  19-M,  18-U  were  made  with  pairs  of 
bars  borrowed  from  the  center  panel  of  the 
■nsi«nded  truss,  and  were  extended  to  the  re- 
qaired  length  by  means  of  links  about  14  feet 
long  made  with  24x%-inch  plates  with  rein- 
forced pin  holes.    The  screw  had  a  diameter  of 

7  inches  at  the   root  of  the   thread  and   was 

8  feet  long  with  a  5-foot  ratchet  wheel  keyed 
to  it  in  the  center.     It  was  driven  by  a  riv- 


eted lever  13  feet  long  with  an  iron  ring  at 
the  end,  to  which  a  rope  could  be  attached  and 
led  to  the  hoisting  engine.  The  lever  engaged 
the  ratchet  wheel  with  a  pair  of  spring  pawls 
arranged  so  that  either  one  could  be  swung 
in  gear  and  turn  the  screw  to  the  right  or  to 
the  left  The  bearings  of  the  screw  were  in 
cast-steel  blocks  with  horizontal  trunnions  to 
engage  the  ends  of  the  vertical  eye-bars  and  of 
short  stub-plates  that  were  connected  to  pin 
19-M.  These  castings  had  projecting  ribbed 
arms  which  locked  them  in  position  by  engag- 
ing a  bracket  temporarily  bolted  to  the  inclined 
post   19-M,   20-U. 

The  screws  were  at  first  set  so  that  the  cen- 
ters of  the  trunnion  bearings  were  4  feet  % 
inch  apart  and  pin  20-U  was  drawn  back  4 
Inches.  At  the  second  setting  the  screws  were 
turned  up  to  bring  the  trunnions  3  feet  8^ 
inches  apart  and  release  bars  19-M,  18-U.  The 
deflections  when  the  traveler  stood  at  point  22- 
L  caused  pin  24-M  to  move  out  1%  inches  and 


were  corrected  by  means  of  the  screws  and 
wedges  so  that  the  final  pins  were  driven  easily 
under  the  conditions  for  which  the  apparatus 
had  been  designed. 

Connections  at  2i-L  and  24-17. — The  final  con- 
nections were  made  with  the  travelers  stand- 
ing at  panel  points  22-22.  The  bottom  chords 
overlapped  about  4  inches  at  24-L  at  a  tem- 
perature of  plus  20.  Pins  23-M  were  omitted 
so  that  members  22-U,  24-L  could  be  revolved 
about  points  22-U,  which  permitted  the  last  bot- 
tom chord  pin  24-L  to  be  driven.  The  over- 
lap in  the  bottom  chords  was  provided  for  by 
buckling  these  chords  at  pin  23-L.  After  pin 
24-L  was  driven,  the  top  chord  sections  22-U, 
22-U,  were  set  in  place,  vertical  posts  24-U  hav- 
ing been  set,  but  23-U,  23-M  not  being  yet  set. 
As  expected,  the  opening  between  the  chord 
sections  at  point  24-U  was  about  8  inches  at 
a  temperature  of  plus  20.  After  the  top  chord 
sections  had  been  set,  the  top  lateral  sway-brac- 
ing was  put  in  and  verticals  23-M,  23-U  were 
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to  drop  1%  inches.  Pin  24-L  moved  back  1% 
inches  and  dropped  12%  inches.  When  the 
travelers  were  in  this  position,  the  centers  of 
the  holes  for  pin  24-U  In  the  adjacent  top 
chord  members  were  separated  6%  Inches  at 
the  normal  temperature  of  60  degrees,  4% 
inches  at  100  degrees  and  914  inches  at  20  de- 
grees. All  of  these  temperature  and  defiection 
movements  and  any  other  variations  in  position 


set.  After  these  members  were  in  place,  the 
bottom  wedges  18-L  were  slacked  oft  until  the 
bottom  chord  became  straight,  but  without 
stress  in  the  panel  22-L.  The  top  toggles  were 
then  slacked  until  the  top  chords  came  to- 
gether at  point  24-U,  but  without  stress  be- 
tween points  22-U  and  22-U.  In  this  position  of 
the  plant,  joints  23-M  were  made  and  the  top 
lateral  bracing  and  sway-bracing  bolted  up  com- 


April  g,  1904. 

plete.  The  bottom  wedges  and  top  toggles  were 
then  slacked  together  until  the  span  was  swung. 
The  swinging  of  the  span  including  the  driv- 
ing of  the  pins  at  23-M  and  the  bolting  up  of 
the  lateral  bracing  and  chord  joints  at  24-U 
occupied  3%  hours. 

Comparisons. — The  rapidity    of   the  erection 
and  the  ease  and  precision  with  which  the  final 
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lighter  and  more  expensive.  It  had  two  1,710- 
foot  cantilever  riveted  spans  weighing  23,150,- 
000  pounds  each,  and  was  erected  in  about  four 
years.  The  largest  members  were  not  handled 
at  all  in  the  field,  but  were  built  up  piecemeal 
in  situ.  A  maximum  force  of  4,G00  men  was 
employed  on  the  work  at  once,  about  sixty  lives 
were  lost  on  It  and  an  average  number  of  100 

ji'TapBolt. 
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truss  members  were  handled  entire  by  an  elab- 
orate system  of  cableways  and  the  suspended 
span  was  erected  by  the  aid  of  a  falsework 
platform  and  auxiliary  floats.  The  adjustments 
were  very  slow  and  uncertain,  and  had  to  be 
several  times  repeated  before  the  cantilever 
arms  were  finished.  Finally  the  last  members 
of  the  truss  had  to  be  cut  to  required  length  to 
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connections  were  made  reflect  equal  credit  on 
the  design,  accuracy  of  shop  work,  skill  shown 
in  designing  special  adjustments  for  use  under 
unprecedentedly  heavy  stresses  and  the  experi- 
ence and  ability  exercised  in  directing  the  fleld 
operations.  There  are  only  three  other  bridges 
comparable  with  the  Monongahela  bridge  in  size 
and  erection.  The  double  track  Forth  Bridge, 
although    much    longer,    was    proportionately 


workmen  were  paid  weekly  indemnities  for  in- 
juries received. 

The  820-foot  span  of  the  single  track  Lans- 
downe  bridge  across  the  Indus  River  required 
two  years  for  its  erection  after  its  trusses  had 
been  completely  assembled  at  great  expense  In 
the  shops  in  England.  The  largest  truss  mem- 
bers were  divided  into  small  sections  and  were 
reassembled  on  falsework  at  the  site.    Smaller 


fit  the  openings,  as  described  in  The  Engineer- 
ing Record  of  April  9,  16  and  23,  1892. 

The  longest  cantilever  span  previously  built 
on  this  continent  is  the  pin-connected  double 
track  790-foot,  5,867,000-pound  span  of  the  Mem- 
phis bridge.  Its  cantilever  arms  were  erected 
on  pile  trestle  falsework,  and  only  the  452-foot 
suspended  center  span  was  erected  by  the  can- 
tilever method.     Sufficient  adjustment  was  not 
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provided  for  making  the  center  connections  and 
great  difficulty  was  experienced  in  driving  the 
laat  pins.  Finally  with  a  combination  o(  im- 
provised toggles,  powerful  screws  and  tackles 
supplemented  by  special  loading  and  steam 
heating  to  lengthen  the  chords  the  camber  was. 
IncrcABed  enough  to  remove  the  fixed  blocking 
in  the  lower  chord  sliding  Joints  and  the  trusses 
were  lowered  past  their  previous  position  until 
the  pin  holes  matched  as  illustrated  in  The  En- 
gineering Record  of  May  14,  1892. 

The  main  span  of  the  Monongahela  bridge 
weighted  7,000,000  pounds,  and  every  piece  was 
shipped  completely  finished  from  the  shops  and 
erected  whole  by  a  single  rapid  operation.  The 
erection  of  the  river  span  was  made  by  an  aver- 
age force  of  about  100  men  in  about  90  actual 
working  days,  and  the  connection  of  the  last 
pins  was  accomplished  without  any  difficulty  or 
delay  In  assembling  of  the  last  panel,  the  swing- 
ing of  the  bridge  was  accomplished  without 
trouble  or  peril,  and  the  closing  members  of 
the  trasses  fitted  within  1/50  inch  with  calcu- 
lated lengths  finished  at  the  shops  months 
previously. 

The  bridge  was  designed  by  Messrs.  Boiler  & 
Hodge,  consulting  engineers.  New  York,  built 
by  the  American  Bridge  Company  of  New  Jer- 
sey. Mr.  Paul  L.  Wolfel,  chief  engineer,  and 
erected  by  the  American  Bridge  Company  of 
New  York;  Mr.  S.  P.  Mitchell,  chief  engineer; 
Mr.  H.  A.  Greene,  manager  of  the  Pittsburg 
division,  and  Mr.  J.  A.  Sheedy,  superintendent. 


Steam  Turbine  Plant  of  the  Port  Huron 
Light  &  Power  Company. 

One  of  the  first  central  station  companies  to 
contract  for  a  Curtis  steam  turbine  was  the 
Port  Huron  Light  &  Power  Company,  of  Port 
Huron,  Mich.,  a  1,500-kllowatt  turbine-gener- 
ator having  been  ordered  in  October,  1902.  This 
unit  has  now  been  in  operation  for  several 
months  and  a  description  of  the  new  plant  in- 
stalled in  that  connection  has  been  prepared 
by  Mr.  James  E.  Davidson,  superintendent  of 
the  company,  for  publication  in  the  "Electrical 
World  and  Engineer."  The  equipment  includes 
a  condensing  outfit  that  has  shown  a  remark- 
able performance  and  a  coal  handling  plant 
of  considerable  interest.  From  advance  proofs 
Of  the  article  the  following  account  has  been 
obtained. 

The  light  and  power  business  in  Port  Huron 
was  started  by  the  Excelsior  Electric  Company 
In  18S5.  The  old  plant  of  this  company  was 
burned  twice,  as  a  result  of  which  experience 
the  present  station  is  entirely  fireproof.  In 
Jane,  1901,  the  company  was  reorganised  under 
the  name  of  the  Port  Huron  Light  &  Power 
Company,  and  a  thirty-year  franchise  was  ob- 
tained from  the  city.  The  property  at  the  time 
of  the  reorganization  consisted  of  a  fireproof 
bnllding  125x138  feet,  built  about  five  years 
prior  to  this  time.  This  building  contains  two 
compound  condensing  500  horse-power  engines, 
and  one  tandem  compound  condensing  1,200 
horse-power  engine;  three  500  horse-power  and 
one  250  horse-power  Stirling  boilers,  two  Worth- 
ington  feed  pumps  and  one  Cochrane  heater. 

To  accommodate  the  new  turbine  unit  a  new 
portion  adjoining  the  old  plant  was  built,  40x 
80  feet  In  size  with  a  9-foot  basement.  The 
1.600-klIowatt  turbine  unit  consists  of  a  Curtis 
turbine  driving  an  alternating-current  genera- 
tor, the  latter  being  a  three-phase,  60-cycle, 
1,150-voIt  machine.  The  unit  runs  at  720  revo- 
lutions per  minute.  An  Alberger  surface  con- 
denser guaranteed  to  maintain  28  inches  of 
vacuum  has  been  installed.  The  turbine  unit  is 
of  the  horizontal  shaft  type.  Steam  enters 
the  turbine  through  an  8-lnch  pipe.  The  gov- 
erning is  accomplished  at  five  ports,  the  num- 


ber of  ports  opened  depending  on  the  load. 
There  are  two  stages  in  this  turbine,  with  four 
revolving  disks  in  each  stage.  To  lubricate 
the  machine,  an  oil  pump  is  operated  by  a 
leather  belt  from  a  pulley  on  the  turbine  shaft 
between  the  generator  and  the  second  stage. 
The  oil  is  pumped  to  the  bearing  through  a  %- 
inch  brass  pipe  and  returned  through  a  1^- 
inch  pipe.  Before  returning  to  the  pump  the 
oil  passes  through  a  water  cooler.  This  cooler 
consists  simply  of  a  water  tank  with  a  coil  of 
copper  pipe  through  which  the  oil  circulates. 
There  has  been  no  trouble  from  heated  bear- 
ings. The  oil  at  the  pump  has  a  temperature 
of  120  to  130  degrees  Fahr. 

The  turbine  is  equipped  with  a  mechanical 
and  also  an  electrical  governor.  The  mechani- 
cal governor,  which  is  the  emergency  govern- 
or, is  set  to  operate  a  butterfly  valve  when  the 
speed  reaches  800  revolutions,  or  50  revolu- 
tions above  normal,  the  governor  tripping  a 
weight  which  closes  the  butterfly  valve.  This 
emergency  valve  can  also  be  operated  by  hand. 
The  electric  governor  is  the  one  used  for  the 
ordinary  governing.  The  governor  shaft  of  the 
electric  governor  is  run  by  a  3-inch  leather  belt 
from  the  turbine  shaft.  The  governor  shaft 
runs  about  200  revolutions,  and  is  equipped 
with  the  regular  fly-ball  governor.  When  the 
shaft  Is  above  normal  speed,  the  sleeve  of  the 
fly-ball  governor  makes  an  electric  contact. 
When  it  Is  below  speed  another  electrical  con- 
tact Is  made.  Supposing  that  the  turbine  Is 
above  normal  speed  and  the  high-speed  contact 
is  made,  a  circuit  is  established  through  a 
magnetic  clutch  which  connects  the  governor 
shaft  with  the  port  valves,  and  which  runs  the 
governor  valves  down  so  as  to  close  some  of 
the  row  of  ports.  When  the  speed  is  below 
normal  the  low-speed  contact  on  the  governor 
operates  another  magnetic  clutch,  which  causes 
the  governor  shaft  to  operate  the  valves  to 
open  the  ports. 

This  arrangement  is,  of  course,  radically  dif- 
ferent from  the  balanced  solenoid  valves  very 
recently  used  on  large  Curtis  turbine  units. 
The  steam  ports  open  into  nozzles,  and  clos- 
ing of  steam  ports  effects  the  shutting  off  of 
nozzles.  There  is  thus  no  throttling  action,  as 
a  nozzle  is  either  wide  open  or  closed.  The  reg- 
ulation of  speed  with  this  governor  with  a 
street  railway  load  varying  from  150  to  500 
kilowatts,  operated  together  with  the  other  ser- 
vices given  by  the  company,  consisting  of  500- 
volt  power  service,  incandescent  lighting  and 
Induction  motors,  is  within  0.14  per  cent.  At 
times  the  load  would  vary  from  zero  to  1,500 
amperes.  In  the  second  stage  of  the  turbine 
there  are  two  sets  of  ports  with  governor  valves 
Instead  of  one  set  as  in  the  first  stage.  The 
current  for  the  operation  of  the  governor  mag- 
nets Is  taken  from  the  exciter  circuit. 

As  to  the  high  vacuum  it  Is  interesting  to 
note  that  with  a  load  of  1,000  kilowatts,  and 
intake  water  at  72  degrees,  28  inches  of  vacuum 
have  been  maintained  continuously.  With  the 
same  load  and  cooling  water  temperature  at 
68  degrees,  28%  Inches  of  vacuum  has  been 
maintained  with  the  barometer  reading  29% 
inches.  During  the  winter  months  the  vacuum 
has  been  maintained  with  but  very  few  excep- 
tions above  29  Inches,  and  fluctuates  only  with 
the  barometer.  Readings  within  V4,  to  %  Inch 
of  the  United  States  Government  barometer 
readings  are  obtained  at  all  times.  This,  of 
course,  is  with  the  cooling  water  in  the  neigh- 
borhood of  40  degrees  Fahr.  By  closing  the 
valve  between  the  condenser  and  the  vacuum 
pump,  a  vacuum  within  14  Inch  of  barometer 
pressure  has  been  obtained.  A  vacuum  of  28)/^ 
inches  has  been  recorded  with  the  exhaust  from 
both  exciting  engines  going  into  the  condenser, 
and  the  vacuum  pump  discharging  into  the  con- 


denser, and  with  the  exhaust  from  the  circulat- 
ing pump  engine  going  into  the  heater.  A  mer- 
cury tube  and  not  a  gauge  was  used  In  all  these 
tests. 

The  Alberger  surface  condenser  with  which 
the  turbine  unit  is  equipped  is  supplied  by  a 
15-Inch  centrifugal  pump  made  by  the  same  com- 
pany. This  centrifugal  pump  is  driven  by  a 
standard  Westinghouse  8V^x8-inch  engine  direct- 
connected  to  the  pump.  The  water  is  pumped 
from  the  hot  well  to  the  heater  by  a  duplex 
pump.  Circulating  water  is  taken  from  a  well 
open  to  the  river.  This  well  has  cement  walls 
12  Inches  thick.  The  water  Is  let  in  from  the 
river  through  a  16-inch  cast-Iron  pipe.  The 
well  is  divided  by  a  screen  partition  with  %- 
inch  mesh,  the  Inflow  from  the  river  being  on 
one  side  of  the  screen  and  the  suction  from  the 
circulating  pump  on  the  other  side.  The  circu- 
lating pump  suction  Is  a  16-lnch  cast-iron  pipe. 
A  16-lnch  free  exhaust  to  the  atmosphere  is  pro- 
vided so  that  the  turbine  can  be  run  non-con- 
densing. The  exhaust  of  the  auxiliary  engines 
can  either  be  condensed  or  sent  to  the  feed- 
water  heater.  Condensed  steam  from  the  tur- 
bine Is  used  as  far  as  It  will  go  for  feed  water. 
The  air  cylinders  of  the  vacuum  pump  are  *ater 
Jacketed.  The  jacket  water  Is  run  into  the  feed- 
water  supply,  and  furnishes  sufficient  extra  feed 
water. 

The  steam  pressure  carried  on  the  turbine 
unit  Is  150  pounds.  Standard  extra  heavy  pipe 
is  employed,  with  brass  corrugated  gaskets.  A 
receiver  5  feet  long  and  3  feet  In  diameter,  made 
by  the  Jenks  Ship  Building  Company,  which 
erected  the  piping.  Is  placed  at  the  point  where 
the  live  steam  pipe  enters  the  turbine.  The  drip 
is  taken  from  the  bottom  of  this  receiver.  The 
steam  from  the  boilers  enters  near  its  top  and 
the  pipe  to  the  turbine  leaves  directly  at  the 
top.  A  Kieley  standard  trap  is  used  on  the  re- 
ceiver. Crane  valves  are  used  throughout  ex- 
cept the  throttle  valve  on  the  turbine,  which  Is 
a  Chapman  gate  valve.  The  6-inch  air  discharge 
on  the  vacuum  pump  is  outside  the  building. 
As  to  long  runs,  two  of  the  hardest  months 
in  the  year,  November  and  December,  the  tur- 
bine was  operated  almost  1,500  hours  without 
stopping.  It  was  then  stopped  to  clean  out  the 
surface  condenser.  The  turbine  will  maintain 
Its  speed  and  run  at  one-half  Its  capacity  with 
steam  pressure  at  the  boilers  as  low  as  80 
pounds. 

In  connection  with  this  plant  there  is  a  very 
complete  system  for  unloading,  conveying  and 
storing  coal.  There  is  a  gantry  crane  operating 
on  tracks  running  parallel  with  the  dock  front 
and  spanning  the  coal  yard.  The  surface  equip- 
ment for  hauling  coal  from  the  coal  storage  to 
the  boiler  room  consists  of  a  system  of  indus- 
trial railway  and  charging  cars,  designed  and 
constructed  by  the  Russell  Wheel  &  Foundry 
Company,  of  Detroit,  Mich.  The  outdoor  tracks 
are  laid  18  feet  6  Inches  between  centers,  cov- 
ering the  coal-storage  space  between  the  legs  of 
the  gantry  crane,  and  connect  by  means  of 
curves  and  switches  to  a  track  leading  to  the 
boiler  room.  All  cars  must  pass  over  a  two- 
ton  capacity  track  scale  of  special  design. 

The  outer  tracks,  20i^  inch  gauge,  are  made 
up  of  16-pound  rail,  spiked  to  oak  ties.  The 
curves  are  of  special  design,  12  feet  radius  to 
center  of  track,  and  made  of  cast  steel.  The 
tracks,  curves  and  switches  within  the  boiler 
room  are  of  cast-iron,  cast  In  plates,  and  ar- 
ranged so  that  the  full  charging  cars  may 
stand  In  front  of  the  boilers  and  the  empties 
may  be  passed  around  them. 

The  charging  cars  are  of  malleable  Iron  and 
steel,  of  11/^  tons  capacity.  The  running  gears 
are  so  designed  that  the  cars  run  around  the 
curves  of  12  feet  radius  easily.  The  doors  of 
the  cars   when  lowered   form  an   apron   from 
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which  the  coal  is  shoveled  into  the  boilers.  The 
ashes  are  removed  by  means  of  a  12-cubic-foot 
tip  car,  to  vacant  property  across  the  street. 

The  gantry  crane  which  operates  on  the 
track  along  the  dock  front  is  designed  to  un- 
load coal  from  the  holds  of  vessels  and  auto- 
matically convey  it  to  a  coal  storage  pile  on  the 
dock,  the  coal  pile  being  100  feet  wide  by  250 
feet  long  and  20  feet  high.  To  accomplish  this 
the  crane  spans  the  coal  dock,  running  on 
tracks  on  the  ground  level,  110  feet  center  to 
center,  and  the  bottom  cord  of  the  bridge  is  27 
feet  clear  of  the  dock  level,  giving  ample  clear- 
ance for  a  coal  bucket  over  the  coal  pile.  The 
crane  consists  of  a  bridge  with  a  movable 
apron,  a  back  pier  that  supports  the  end  of  the 
bridge  away  from  the  water,  and  a  front  pier 
carrying  the  hoisting  and  traveling  mechanisms 
and  the  operator's  house.  Both  piers  are  car- 
ried on  wheels  and  a  power-driven  squaring 
shaft  running  across  the  bridge  is  connected  by 
means  of  sprocket  chains  to  the  driving  wheels 
on  each  pier. 


point,  where  the  bucket  is  opened  as  It  passes 
under  the  dumping  trigger,  the  coal  falling  to 
the  stock  pile  below. 

In  rehandling  the  coal  from  the  stock  pile 
to  the  cars  that  carry  it  to  the  boiler  house,  the 
crane  is  used  in  connection  with  a  movable  bin. 
This  bin  stands  on  a  track  of  wide  gauge  and 
has  a  capacity  of  40  tons,  being  sufficient  to 
supply  the  power-house  heeds  for  24  hours.  The 
small  coal  cars  run  under  it  on  a  narrow-gauge 
track  and  are  filled  by  opening  a  valve  in  the 
bottom.  In  the  morning  the  bin  is  filled  from 
the  stock  pile  with  the  clam  shell. 

In  unloading  the  vessels  the  motions  of  hoist- 
ing and  trolley  traveling  occur  every  time  a 
bucketful  of  coal  is  handled,  while  movements 
of  the  entire  crane  are  necessary  only  when 
the  crane  moves  from  a  hatch  that  it  has  just 
emptied  to  a  full  hatch.  For  this  reason  the 
machine  has  been  given  a  hoisting  speed  of  100 
feet  per  minute,  a  trolley  travel  speed  of  600 
feet  per  minute,  and  a  crane  travel  of  only  60 
feet  per  minute.     These  speeds  will  enable  a 


bridge.  At  the  front  pier  the  bridge  Is  sus- 
pended in  such  a  manner  as  to  allow  it  a  lim- 
ited motion  in  a  horizontal  plane  about  a  king 
pin.  At  the  back  pier  the  bridge  is  allowed  uni- 
versal motion,  this  pier  simply  supporting  the 
load.  This  form  of  construction  permits  the 
crane  to  automatically  adjust  itself  to  any  rea- 
sonable track  variations,  and  one  pier  can,  if 
necessary,  travel  4  feet  in  advance  of  the  other 
before  the  wheel  flanges  will  bind.  The  crane 
was  designed  and  built  by  Whitehead  &  Kales 
Iron  Works,  of  Detroit,  Mich.,  and  is  flexibly 
constructed,  yet  having  but  two  tracks. 

The  officers  of  the  company  are:  Mr.  Henry 
McMorran,  president;  Mr.  Charles  P.  Harring- 
ton, vice-president,  and  Mr.  W.  P.  Davidson, 
secretary  and  treasurer.  Messrs.  Pleld,  Hinch- 
man  &  Smith,  of  Detroit,  were  the  mechanical 
engineers  for  the  new  plant. 


Some  Power  Pi..\nt  Details  of  interest  are  to 
be  noted  in  the  mechanical  equipment  desigrned 
by  Messrs.  Dean  &  Main,  of  Boston,  for  the 


Horizontal  Curtis  Turbine  Unit  in  the  Port  Huron  Light  &  Power  Company's  Station. 


The  bridge  and  its  hinged  extension,  the  35- 
foot  apron,  carrying  a  runway  for  a  trolley, 
and  supported  from  the  trolley  by  means  of 
the  hoist  rope  is  the  hoist  block  to  which  is 
attached  the  coal  bucket.  On  the  front  pier 
there  Is  a  platform  upon  which  stands  the  oper- 
ator's house.  On  the  platform  a  scale  is  placed 
where  the  bucket  can  be  landed  so  that  each 
bucket  of  coal  can  be  weighed  before  being 
fitocked,  if  so  desired. 

When  the  crane  has  been  placed  opposite  a 
hatch  from  which  coal  is  to  be  unloaded,  the 
apron  is  lowered,  giving  a  35-foot  extension 
over  the  vessel's  deck.  The  trolley  carries  a 
clam  shell  bucket  of  2,000  pounds  capacity, 
which  Is  run  out  over  the  hatch  and  the  bucket 
lowered  into  the  coal.  The  trolley  with  its  load 
is  run  back  along  the  bridge  to  the   dumping 


skilful  operator  to  handle  the  buckets  at  the 
rate  of  one  trip  per  minute  from  the  hold  of  the 
vessel  to  the  stock  pile  and  return,  and  while 
the  clam  shell  is  in  operation,  only  one  man 
should  be  necessary  in  the  hold  of  the  vessel. 

The  coal  yard  being  250  feet  long,  it  is  not 
deemed  advisable  to  rehandle  the  coal  into  a 
stationary  bin,  as  this  would  make  the  opera- 
tion a  slow  one,  and  as  traveling  the  whole 
crane  250  feet  to  deposit  one  ton  of  coal  in 
the  bin  would  be  too  much  like  sending  an  ele- 
phant to  pick  up  a  peanut,  the  movable  bin  has, 
therefore,  been  adopted.  One  hour's  work  with 
one  man  in  the  operator's  house  and  one  man 
on  the  coal  pile  should  suffice  for  rehandling  all 
the  coal  necessary  for  the  next  24  hours. 

The  crane  has  been  built  in  three  separate 
pieces;    the  front  pier,   the  back  pier  and  the 


New  England  Confectionery  Company  in  that 
city.  The  steam  pipes  from  each  boiler,  6 
inches  in  diameter,  connect  into  a  l2-inch  head- 
er, where  each  Is  provided  with  a  Wainwright 
expansion  joint.  The  steam  pressure  is  145 
pounds.  The  boilers  are  of  the  tubular  pattern, 
78  inches  in  diameter  and  18  feet  long,  and 
have  a  total  heating  surface  of  2,376  square 
feet,  with  a  grate  surface  of  49  square  feet. 
The  main  engine  is  operated  condensing,  with 
salt  water  for  that  purpose,  and  this  is  carried 
through  cast-iron  piping  coated  inside  and  out 
with  tar.  The  unit  has  a  370-kilowatt  Crocker- 
Wheeler  generator  and  a  Filer  &  Stowell  engine 
and  there  are  40  motors  aggregating  365  horse- 
power. A  50-kilowatt  unit  for  night  and  noon- 
hour  loads  is  driven  by  direct  connected  Ames 
engine. 
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Power  Production  and  Transmission  in 

the  Stuyvesant  Elevator,  New 

Orleans. 


The  Yasoo  tc  Mississippi  Valley  Railroad 
Company  erected  a  grain  elevator  in  New  Or- 
leans about  a  year  or  so  age  for  which  the  rope 
STStem  of  power  transmission  was  adopted.  It 
baa  a  capacity  of  1.500.000  bushels  of  grain,  and 
a  modern  power  plant  was  built  just  outside  of 
the  elevator  proper,  containing  1,500  horse- 
power in  compound  condensing  engines  for 
fnmishing  the  power  for  operating  both  the  ele- 
yator  building  and  a  system  of  belt  galleries 
ninning  from  the  elevator  and  along  the  wharf, 
the  elevator  being  located  near  the  Mississippi 
River. 

The  elevator  proper  is  of  the  usual  timber 
construction,  with  the  main  portion  containing 
the  bins  and  the  headbouse  or  cupola  given  over 
to  the  gamers  and  weighing  hoppers  and  dis- 
tributing conveyors  smd  spouts.  A  feature  of 
its  construction  is  the  use  of  Monier  tanks  in 
the  ground,  instead  of  steel  tanks,  to  keep  river 
water  and  seepage  from  the  elevator  boots.  The 
bin  portion  of  the  building  is  330  feet  long  and 
100  feet  wide,  and  the  bins  are  mostly  H  feet 
vide  on  centers  across  the  building  and  15  feet 
lengthwise  of  the  building.  Above  their  hopper 
bottoms  the  bins  are  60  feet  deep,  the  bottom 
30  feet  being  constructed  of  8-inch  cribbing  and 
the  upper  part  of  6-inch  cribbing.  They  are 
supported  at  the  comers  by  a  group  of  14x14- 
inch  timbers  in  each  case,  making  a  forest  of 
posts  over  the  whole  site,  spaced  on  the  14  and 
15-foot  centers.  Owing  to  the  nature  of  the 
aoll,  piling  had  to  be  used  and  each  group  of 
posts  rests  on  a  separate  set  of  piles  on  a  foun- 
dation expanding  to  a  bearing  of  9^x6^2  feet 
at  the  top  of  the  piles.  There  are  two  railway 
tracks  underneath  the  bins,  extending,  as  usual, 
longitudinally  through  the  building,  and  there 
are  seven  of  the  Monier  tanks  into  which  grain 
may  be  emptied  from  the  cars.  The  headhouse 
above  the  top  of  the  bins  rises  to  a  height  of 
83Vi  teet,  and  is  51  feet  wide  above  the  distrib- 
nting  spout  story  and  40  feet  at  the  roof.  The 
total  height  of  the  building  from  ground  level 
is  about  170  feet  and  from  the  bottom  of  the 
Ifonier  tanks  to  the  ridge  of  the  cupola  it  is 
nearly  190  feet 

There  are  two  elevator  legs  corresponding  to 
each  Monier  tank,  fourteen  in  all,  which  ele- 
vate the  grain  to  the  gamers  in  the  upper  part 
of  the  cupola,  from  which  in  turn  it  is  passed 
into  the  weighing  hoppers  and  thence  distribut- 
ed by  trolley  spouts  or  a  belt-conveyor,  or  by  a 
combination  of  both,  into  any  one  of  the  145 
bins.  The  building  is  provided  with  an  auto- 
matic sprinkler  system,  with  Grinnell  sprink- 
lers. The  system  is  maintained  under  pressure 
from  a  tank  supported  above  the  ridge  of  the 
cnpola,  and  it  is  connected  with  a  fire  pump 
in  the  power-house. 

One  engine  in  the  power-house,  of  1,200  horse- 
power capacity,  is  reserved  for  driving  the  ma- 
chinery in  the  elevator.  An  8  7/16-lnch  counter- 
shaft in  the  power  building  is  continued  into 
oiM  «nd  of  the  elevator  and  at  that  point  there 
are  three  rope  sheaves,  one  for  driving  the 
shovels  in  the  bottom  of  the  elevator,  one  for 
driving  the  headhouse  machinery,  including  the 
elevator  legs,  and  a  third  for  a  fan  in  the  first 
story.  The  drive  from  the  engine  to  the  coun- 
tershaft consists  of  14  lines  of  1%-inch  rope, 
run  at  about  4,500  feet  per  minute.  The  head- 
house  is  connected  with  this  jack  shaft,  which 
is  driven  at  120  revolutions,  by  thirteen  lines 
of  1%-inch  manila  rope,  carried  to  a  driven 
sheave  in  the  top  story  of  the  headhouse,  152 
feet  distant  from  it.  Both  the  driving  and 
driven  sheaves  are  120  inches  in  diameter  and 


the  shaft  speed  in  both  cases  is  thus  120  revo- 
lutions per  minute.  The  American  system  of 
rope  transmission  is  employed,  so  that  the  rope 
is  in  one  continuous  line  and  tension  as  well  as 
idler  pulleys  are  employed. 

The  cupola  rtne  shaft  carries  fourteen  sheaves 
placed  in  pairs  for  the  fourteen  elevator  legs, 
a  pulley  for  driving  the  passenger  elevator  at 
one  end  of  the  elevator,  a  sheave  for  the  belt 
conveyor  in  the  lower  part  of  the  cupola  and  a 
sheave  for  the  fan  drive.  In  the  case  of  each 
of  the  rope  sheaves  a  friction  clutch  is  pro- 
vided, these  having  a  capacity  of  55  horse-power 
for  each  elevator  leg,  a  capacity  of  35  horse- 
power for  the  belt  conveyor  drive  and  of  60 
horse-power  for  the  fan  drive.  The  shaft  has  a 
total  length  of  316  feet  and  ranges  in  size  from 
8  7/16  inches  to  3  15/16  inches  and  is  supported 
by  31  bearings.  This  makes  a  total  of  865  horse- 
power connected  to  the  shaft,  based  on  the  rat- 
ings of  the  friction  clutches,  not  including  the 
drive  for  the  passenger  elevator.  Each  of  the 
drives  for  the  elevator  legs  comprises  seven 
lines  of  1  '/4-inch  rope  running  from  a  30-inch 
sheave  on  the  line  shaft  to  a  116-ineh  sheave  on 
the  shaft  for  each  elevator,  reducing  the  speed 
of  this  shaft  to  about  31  revolutions  per  minute. 
The  shaft  is  4  5/16  inches  in  diameter  and  car- 
ries two  bearings  and  a  21-inch  face  pulley  over 
which  is  passed  the  elevator  itself.  For  this 
purpose  it  is  covered  with  4-ply  rubber.  The 
pulley  having  a  diameter  of  84  inches,  the  ele- 
vator has  a  linear  velocity  of  about  650  feet  per 
minute.  Its  capacity  is  12,000  bushels  per 
hour. 

The  belt-conveyor  is  driven  from  a  three- 
groove  60-inch  sheave  and  the  roi»es  are  carried 
down  to  the  driving  shaft  of  the  conveyor,  like- 
wise arranged  to  run  at  120  revolutions  per 
minute.  This  carries  the  driving  or  head  pul- 
ley, which  is  30  Inches  in  diameter  and  rubber 
covered.  The  belt,  which  was  furnished  by  the 
Boston  Woven  Hose  Rubber  Company,  is  thus 
driven  at  a  speed  at  about  1,000  feet  per  minute. 
The  rope  drive  to  it  is  arranged  with  two  fric- 
tion clutches  on  the  conveyor  floor  so  that  by 
the  use  of  one  or  the  other  the  direction  of 
the  belt  may  be  reversed. 

The  shovel  line  shaft  in  the  first  story  of  the 
elevator  is  driven  by  eight  lines  of  1'4-inch 
rope  at  a  speed  of  65  revolutions  per  minute, 
and  a  single  friction  clutch  of  85  horse-power 
capacity  is  fitted  next  to  the  driven  sheave  so 
that  the  entire  shaft  is  controlled  from  one 
point.  It  is  301  Vi  feet  in  length,  and  ranges  in 
size  from  4  7/16  inches  to  2  15/16  inches  and 
is  carried  by  22  bearings. 

The  belt  system  for  serving  the  wharf  com- 
prises a  gallery  along  the  wharf,  some  1,400 
feet  long,  and  two  belt  galleries  connecting  the 
elevator  with  the  wharf  gallery.  These  con- 
necting galleries  are  run  at  an  angle  with  the 
elevator,  so  that  while  235  feet  apart  in  the 
elevator  building,  they  enter  the  wharf  gallery 
at  two  points  850  feet  apart.  One  of  these  is 
447  feet  in  length  and  the  other  is  540  feet. 
Bach  of  them  carries  two  belts  and  is  arranged 
to  discharge  upon  two  belts  in  the  wharf  gal- 
lery, one  belt  discharging  upon  a  belt  moving 
in  one  direction  from  the  connecting  point  and 
the  other  belt  upon  a  wharf  belt  running  in  the 
opposite  direction  from  the  connecting  point. 
The  connecting  galleries  of  this  marine  system 
are  sloped  upward  from  the  elevator  building 
to  the  wharf.  At  the  elevator  the  belt  gallery 
is  16  feet  above  ground  and  at  the  wharf  line 
52  feet,  making  a  rise  of  36  feet. 

The  drive  for  the  marine  galleries  is,  as 
stated,  obtained  from  a  separate  engine  in  the 
power-house.  This,  as  indicated  in  the  ac- 
companying engravings  of  the  power  building, 
drives  an  overhead  countershaft  from  which  is 
carried  two  lines  of  rope,   one  to  one  of  the 


connecting  belt  galleries  and  the  second  to  the 
other.  The  belts  in  each  gallery  are  enclosed 
in  a  covered  bridge  and  the  rope  drives  are  run 
underneath  the  bridge,  with  a  suspended  walk 
by  which  access  may  be  had  to  the  rope 
sheaves  and  bearings.  The  rope  drive  for  each 
belt  gallery  is  carried  from  the  power-house  to 
a  point  underneath  the  connecting  gallery  and 
then  run  longitudinally  with  it.  At  the  con- 
necting point  with  the  wharf  gallery  an  elab- 
orate system  of  turns  has  been  developed,  for 
here  the  two  belts  for  each  connecting  gallery 
is  driven  and  also  the.  two  belts  running  in 
opposite  directions  from  that  point  in  the  wharf 
gallery.  The  ropes  are  driven  at  a  speed  of 
2,375  feet  per  minute  and  the  belts  at  1,080  feet 
per  minute.  They  have  a  capacity  of  18,000  to 
20,000  bushels  per  hour.  The  belt  in  the  wharf 
gallery  is  connected  with  the  corresponding 
belt  in  the  connecting  gallery  by  means  of  a 
short  chute,  into  which  the  latter  belt  empties 
and  which,  bent  round,  delivers  upon  the  wharf 
belt.  Along  the  wharf  there  are  some  30  dis- 
charging spouts  for  loading  vessels  and  there 
are  a  number  of  trippers,  built  by  the  Webster 
Manufacturing  Company,  which  furnished  the 
belt  conveying  system  throughout.  The  trip- 
pers are  run  along  the  belt  opposite  any  de- 
sired spout,  in  the  usual  way.  The  loading  spouts 
have  telescoping  sections  and  a  hand  hoist- 
ing system  of  ropes  by  which  they  can  quick- 
ly be  placed  in  position  for  the  delivery  of 
grain  into  a  vessel  alongside  the  wharf. 

The  lengths  of  rubber  belt  are  wired  together 
as  it  has  been  found  that  rats  cut  through  or- 
dinary lacing.  The  belts  of  the  marine  sys- 
tem are  36  inches  in  width  and  that  in  the 
elevator  cupola  38  inches,  and  they  are  run  on 
the  so-called  concentrating  rollers.  For  trans- 
ferring the  grain  from  the  cupola  belt  to  any 
one  of  the  universal  spouts  above  the  bins  a  re- 
versible tripper  is  used,  as  required  from  the 
fact  that  the  belt  is  installed  for  operation  in 
both  directions. 

The  power-house  Is  arranged  as  shown  in  the 
accompanying  plan,  with  boiler  and  engine 
rooms  end  to  end,  so  that  the  steam  main  over 
the  boilers  is  run  directly  into  the  engine  room. 
The  boilers  are  of  the  water-tube  type  and  the 
engines  are  run  condensing,  but  a  feed-water 
heater  has  been  provided  as  usual  for  the  utili- 
zation of  the  exhaust  steam  from  the  auxiliary 
machinery.  The  condensing  equipment,  to- 
gether with  the  fire  pump,  is  located  in  a  sep- 
arate room  back  of  the  boiler  room,  as  shown, 
and  the  smokestack  rises  outside  of  the  build- 
ing. 

The  boilers  were  built  by  the  Aultman  &  Tay- 
lor Machinery  Company  and  are  set  in  two  bat- 
teries of  two  boilers  each.  The  walls,  as  indi- 
cated in  the  longitudinal  section,  are  carried 
on  piles,  the  back,  front  and  bridge  walls  in  the 
same  manner  as  shown  for  the  side  and  cen- 
ter walls.  As  indicated  in  the  section  engrav- 
ing of  the  boiler  room,  arrangement  has  been 
made  for  burning  the  dust  collected  in  the  ele- 
vator building.  The  collecting  cone  has  been 
placed  in  the  monitor  over  the  boiler  room  and 
two  spouts  are  run  from  the  bottom  of  it 
through  the  fronts  of  two  of  the  boilers.  The 
products  of  combustion  are  carried  from  the 
boilers  in  a  brick  breeching  supported  over- 
head back  of  the  boilers,  so  that  the  floor  space 
is  entirely  accessible  all  around  the  boiler  set- 
tings. The  chimney  is  5  feet  in  diameter  and 
175  feet  high.  A  boiler  pressure  of  125  pounds 
is  normally  carried.  It  will  be  noted  that  the 
boiler  connections  into  the  steam  header  are 
made  In  the  bottom  and,  as  usual,  the  branches 
to  the  engines  are  taken  from  the  top.  In  the 
total  length  of  header,  some  95  feet,  there  are  no 
valves. 

In  the  engine  room  there  are  two  main  horl- 
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zontal  cross  compound  units  built  by  the  Vilter 
Manufacturing  Company,  of  Milwaukee,  and  a 
simple  engine  for  lighting  purposes,  built  by  the 
Ball  Engine  Company,  of  Erie,  Pa.  The  engine 
for  driving  the  machinery  in  the  elevator  has 
cylinders  24  and  48  inches  in  diameter  with  a 
48-inch  stroke  and  runs  at  80  revolutions  per 
minute.  The  engine  for  the  marine  conveyers 
has  14  and  28-inch  cylinders  with  28  inches 
stroke  and  runs  at  100  revolutions  per  minute. 
The  plan  drawing  shows  in  dotted  lines  the 
steam  connections  between  cylinders,  by  which 
steam  passing  into  the  receiver  from  the  high- 
pressure  cylinders  may  be  conducted  either  into 
the  low-pressure  cylinder,  or  when  necessary, 
into  the  main  exhaust  directly.  Both  high  and 
low-pressure  cylinder  has  a  direct  connection 
from  the  main  steam  header  and  there  are  ,in 
each  case,  two  valves  in  both  branch  pipes. 
The  exhaust  connections  are  all  carried  under- 
neath the  floor  line  and  the  main  exhaust   is 


xlO-inch  Fairbanks  pump  discharges  the  well 
water  into  the  heater,  which  is  of  the  vertical 
open  type,  and  one  of  two  12x6xl2-inch  duplex 
pumps  delivers  into  the  boilers.  The  latter  are 
installed  in  duplicate  and  with  the  heater  are 
located  in  the  engine  room.  The  fire  pump  is 
an  18xl0xl2-inch  Blake  pump  of  1,000  gallons 
capacity. 

The  elevator  was  built  by  the  George  B.  Swift 
Company,  of  Chicago,  Mr.  George  F.  Jenkins, 
superintendent,  from  the  designs  of  Mr.  E.  Lee 
Heidenreich,  consulting  engineer,  of  Chicago.  It 
is  known  as  elevator  E  of  the  Stuyvesant  docks 
at  New  Orleans. 


Fires  in  Coal  Piles. 


In  answer  to  a  question  regarding  experience 
in  the  prevention  of  fires  in  coal  piles,  the  Home 
Insurance  Company  of  New  York,  submitted 
to  the  New  England  Association  of  Gas  Engl- 
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Power  Plant  for  Grain  Elevator,  Stuyvesant  Docks,  New  Orleans. 


'passed  into  the  condenser  room,  where  it  rises 
to  a  point  above  the  roof  to  the  condenser, 
which  is  of  the  syphon  type.  Tne  lighting  unit 
comprises  a  10xl2-inch  engine,  run  at  300  revo- 
lutions and  direct-connected  to  a  Milwaukee 
dynamo  of  40  kilowatts  capacity  at  125  volts. 
The  engine  room  has  a  concrete  floor,  white 
painted  brick  walls  with  black,  wainscoting 
around  the  lower  part  and  black  painted  roof 
trusses.  A  lantern  has  been  provided  in  the 
roof  and  through  this  are  taken  the  rope  drives 
from  the  smaller  engine  for  the  marine 
conveyors. 

The  circulating  water  for  the  condenser  Is 
handled  by  a  Fairbanks-Morse  10xl4xl2-inch  du- 
plex p»imp  and  the  discharge  of  the  condenser 
falls  into  a  hot  well.  The  feed  water  may  be 
taken  from  this,  but  it  is  ordinarily  received 
from  an  IS-inch  artesian  well  725  feet  deep.  The 
water  stands  within  12  feet  of  the  top.    A  7x4% 


neers  at  a  recent  meeting  in  Boston  an  opinion 
on  the  subject,  which  is  of  sufficient  interest  to 
warrant  publication  in  part. 

The  liability  to  spontaneous  ignition  and 
combustion  appears  to  be  most  marked  in  free- 
burning  or  so-called  high-steaming  coals  which 
usually  contain  a  large  percentage  of  volatile 
constituents  in  combination  with  a  modicum  of 
oxygen;  and  in  this  class  the  tendency  to  spon- 
taneously heat  is  particularly  aggravated  when 
impurities  such  as  lignites  of  sulphur  In  any  of 
its  forms,  but  especially  when  in  the  nature  of 
iron  pyrites,  are  present  in  the  mass.  Dirty  or 
unsorted  coal,  known  as  mine-run,  presents  the 
most  decided  tendency  to  heat,  regardless  of 
any  spfeciflc  trade  name  or  grading  as  to  quality 
when  sorted,  and  the  comminution  of  such  coal 
accentuates  the  probability  of  spontaneous 
heating.  When  the  lot  Is  stowed  away  the  finer 
particles  are  prone  to  sift  through  the  mass 


and  form  the  bottom  of  the  pile,  where  they 
become  subject  to  the  effect  of  pressure  and 
consequent  heating. 

The  best  authorities  of  the  present  day  ap- 
pear to  be  agreed  in  the  conclusion  that  heat- 
ing is  ascribable  to  chemical  change  in  the 
substance  resulting  from  the  absorption  of  oxy- 
gen, and  that  this  absorptive  quality  of  the  car- 
bon constituents  of  the  coal  Increases  with  any 
rise  in  temperature  of  the  mass  however  pro- 
duced, whether  through  chemical  action  due  to 
slow  oxidation,  or  as  the  result  of  the  mechani- 
cal force  exerted  through  the  pressure  of  the 
mass,  due  to  height  and  volume  and  that  the 
conditions  thus  arising  are  considerably  stim- 
ulated in  action  by  the  presence  of  pyrites  or 
moisture.  It  has  been  assumed  by  some  au- 
thorities that  anything  in  excess  of  2%  per 
cent,  of  sulphur  is  indicative  of  danger  in  re- 
spect to  heating. 

Practical  experience  in  coal  fires  ascribable  to 
spontaneous  combustion  seems  to  indicate  a 
native,  but  varying  propensity  to  heat  in  the 
several  classes  of  bituminous  coal  in  general 
use  in  the  Eastern  and  Middle  States  in  about 
the  following  order  of  susceptibility:  Nova 
Scotia,  or  Dominion,  Pocahontas,  New  River, 
Clearfield,  Berwind-White,  Pittsburg,  Georges 
Creek.  80  far  as  specific  records  and  informa- 
tion may  prove  a  guide,  there  has  never  been 
a  fire  properly  ascribable  to  spontaneous  com- 
bustion in  the  Georges  Creek  grade  of  coal. 

The  experience  gained  in  the  handling  of  coal 
used  and  stored  by  steam  railroads  seems  to 
have  demonstrated  the  following  points  as  tend- 
ing to  minimize  if  not  to  entirely  prevent  the 
occurrence  of  serious  self-ignition  fires: 

Accumulations  of  bituminous  coal  in  any  one 
rile,  heap,  pocket  or  bunker  should  in  no  case 
exceed  1,500  tons  in  volume. 

Where  more  than  one  accumulation  of  such 
or  less  volume  is  necessary  at  contiguous  lo- 
calities, there  should  be  established  a  clear 
space  of  not  less  than  5  feet  between  the  piles, 
and  this  space  should  be  maintained  absolutely 
free  for  complete  ventilation  and  dispersion  of 
occluded  gases  from  the  mass. 

No  accumulation  of  coal,  of  1,500  or  less  tons 
in  volume,  should  be  piled  in  excess  of  12  feet 
in  height  when  "trimmed  oft"  or  "squared," 
but  where  such  accumulation  is  delivered  from 
dump-cars  on  trestle  over  12  feet  In  height,  the 
extreme  height  of  the  pile,  formed  by  the  nat- 
ural run  of  the  coal  as  dumped  from  the  cars, 
should  not  exceed  15  feet  to  the  apex  of  the 
triangle  of  coal  produced  by  this  method  of 
deposit. 

All  accumulations  of  bituminous  coal, 
whether  large  or  small,  should  be  rod  tested 
with  frequency  and  regularity,  in  order  to  dis- 
cover any  tendency  toward  dangerous  heating; 
the  degree  of  such  danger  line  should  be  set  at 
about  160  degrees  Fahr.  When  this  tempera- 
ture has  been  reached  the  exact  locality  of  in- 
creasing heat  may  be  designated  by  the  use  of 
iron  piping  inserted  into  different  sections  of 
the  mass,  into  which  piping  a  self  registering 
thermometer  should  be  lowered  and  allowed  to 
remain  for  sufficient  time  to  record  the  inten- 
sity of  heating,  thereby  enabling  prompt  meas- 
ures of  relief  to  be  undertaken  by  those  in  in- 
terest, without  waste  of  time  and  unnecessary 
handling  and  shifting  of  material  to  locate 
trouble. 

While  it  is  not  at  present  probable  that  ship- 
pers of  bituminous  coal  make  it  a  practice  to 
advise  consignees  of  the  percentage  of  sulphur 
or  its  compounds  which  are  known  to  exist  in 
shipments,  it  is  very  desirable  that  such  In- 
formation should  be  had,  in  view  of  the  ap- 
parent consensus  of  expert  opinion  that  the 
presence  of  this  deleterious  material  tends  to 
an  Increase  of  fire  hazard. 
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The  Greenfield   Street   Railway   Bridge. 

The  Greenfield  &  Deerfield  Street  Railway 
crosaes  the  Deerfield  River,  between  Cheapside 
and  Greenfield.  Mass.,  on  a  bridge  about  503  feet 
long  from  center  to  center  of  abutments  and 
•bout  30  feet  in  clear  height  above  low  water 
leyel.  The  low  water  channel  of  the  river  is 
•bont  270  feet  wide  and  15  feet  deep  in  the  mid- 
dle, and  in  it  are  built  piers  2  and  3.  141 '>.  feet 
apart  on  centers.  These  piers  and  the  similar 
piers  1  and  4  carry  three  single-track  through 
steel-truss  spans.  140  feet  long  on  centers.  The 
main  spans  are  on  a  tangent,  but  the  single  20- 
foot  approach  span  at  the  Greenfield  end  and 
the  30-foot  and  28>;2-foot  approach  spans  at  the 
Deerfield  end  are  deck  skew  spans  each  made 
with  two  lines  of  18  or  24-inch  I-beams.  The 
trusses  are  22  feet  deep  and  15  feet  apart  on 
centers  built  of  medium  open-hearth  steel  and 
proportioned  for  an  assumed  dead  load  of  800 
pounds  per  linear  foot  and  a  moving  load  of  1.- 
400  pounds  per  linear  foot,  or  for  concentrated 
loads  according  to  the  specifications  of  the  Mas- 
sachusetts Railroad  Commission,  under  whose 
inspection  the  work  was  built. 

The  main  span  trusses  are  built  entirely  of 
stllT  members  with  field-riveted  main  connec- 
tions. The  depths  are  somewhat  greater  than 
the  usual  proportions  and  the  lateral  bracing 
was  made  ample,  as  the  bridge  is  intended  to  be 
rigid  under  heavy  loads,  without  undue  vibra- 
tions under  traffic,  thus  avoiding  troublesome 
speed  restrictions.  The  top-chords  and  end  posts 
are  of  the  standard  cross-section  made  with  two 
9-inch  channels  and  one  14-inch  cover-plate.  The 
Tertical  posts  all  have  I-shaped  cross-sections 
made  with  two  pairs  of  angles  back  to  back  lat- 
ticed, and  the  diagonals  have  U-shaped  cross- 
sections  made  with  two  angles  latticed.  The 
bottom  chord  has  an  I-shaped  cross-section  made 
with  two  pairs  of  angles  riveted  back  to  back 
and  connected  by  lattice-bars  and  short  web 
plates  in  a  horizontal  plane. 

The  transverse  depths  of  the  lower  chords, 
Tertical  posts  and  diagonals  are  made  equal  so 
that  the  connection  plates  shop-riveted  to  the 
flanges  of  the  lower  chord  and  to  the  webs  of 
the  top  chord  channels  form  jaws  receiving  the 
ends  of  the  verticals  and  diagonals.  Each  top 
and  bottom  chord  was  shop-riveted  in  three 
lengths.  All  other  members  were  sliipped  sep- 
arately. The  trusses  have  end-pin  bearings  in 
fixed  and  sliding  shoes.  The  sway-bracing  con- 
sists of  transverse  lattice-girder  struts  3  feet  8 
inches  deep  made  with  pairs  of  3%x3Vj-inch 
angles  for  the  flanges  and  single  2'/jx2'X.-lnch 
diagonal  angles.  They  are  riveted  with  end 
flange  angle  connections  to  the  flanges  of  the 
vertical  posts  and  to  the  webs  of  the  top  chords, 
and  at  the  lower  ends  are  kneebraced  to  the 
vertical  posts  by  pairs  of  angles  about  4>^  feet 
long. 

The  portal  struts  are  similar  to  the  interme- 
diate struts,  except  that  they  are  5  feet  4  inches 
deep  and  that  their  connections  to  the  end  posts 
and  top  chords  are  made  by  web  plates  riveted 
to  the  cover-plates.  The  top  laterals  consist  of 
X-bracing  in  each  panel  and  are  made  with 
single  2%-lnch  angles  riveted  to  horizontal  con- 
nection plates  engaging  the  top  flanges  of  the 
chords  and  transverse  struts.  The  angles  are 
all  in  the  same  plane  and  one  in  each  panel  is 
made  continuous,  while  the  other  Is  cut  to  clear 
It  and  spliced  by  the  connection  plate,  which  is 
also  riveted  across  the  continuous  angle. 

The  bottom  laterals  are  single  3x3-inch  to  5x3- 
inch  angles  riveted  to  horizontal  plates  con- 
nected to  the  lower  flanges  of  the  floorbeams, 
and  by  shelf  angles  to  the  vertical  flanges  of  the 
lower  chords.  Their  vertical  flanges  are  all 
turned  downwards  and  the  horizontal  flanges 
are  riveted  to  the  stringers  at  intersections.  One 


angle  in  each  panel  is  made  continuous,  and 
the  other  is  cut  to  clear  it  and  spliced  with  a 
5x3-inch  angle  on  the  horizontal  flange  and  a 
3x3-inch  angle  on  the  vertical  flange,  both  of 
them  being  also  riveted  to  the  continuous  angle. 
The  floorbeams  are  20-inch  65-pound  I-beams 
with  fourteen  »4-inch  rivets  at  each  end  through 
their  vertical  connection  angles  and  the  gus- 
set plates  at  the  lower  chord  panel  points.  The 
stringers  are  two  lines  of  18-inch  55-pound  I- 
beams  6  feet  apart  web-connected  to  the  floor- 
beams  with  fourteen  rivets  at  each  end.  Their 
lower  flanges  are  flush  with  those  of  the  floor- 
beams  and  they  are  braced  by  zigzag  21^-inch 
angles  just  above  the  center  lines. 

In  the  deck  approach  spans  the  main  girders 
serve  as  stringers  to  support  the  5x7-inch  oak 
ties  12  inches  apart  on  centers,  and  are  braced 
together  by  zigzag  lateral  angles  and  by  sway- 
brace  frames  at  the  ends  and  at  the  middle 
points.  At  one  abutment  the  sliding  ends  of 
the  approach  girders  are  seated  on  cast-iron  bed 
plates  which  have  the  upper  surface  corrugated 
and  planed  to  receive  the  beam  flanges.  Here 
the  lower  flanges  of  the  girders  have  slotted 
holes  3  inches  long  for  1-inch  anchor  bolts  with 
round  holes  in  the  bed  plates.  The  fixed  ends 
of  the  girders  rest  on  steel  base-plates  16  inches 
square. 

The  adjacent  ends  of  the  two  approach  spans 


cylinder  and  their  tops  are  29  feet  above  low 
water  level  and  2  feet  above  high  water  level.  For 
each  pier  two  clusters  of  thirteen  piles  each 
were  driven  and  cut  off  5  feet  below  low  water 
level  and  8-foot  cylinders  17  feet  long  were  sunk 
around  these  piles  to  a  depth  of  about  5  feet 
below  the  river  bottom.  The  4-foot  upper  cylin- 
ders 31  feet  long  and  15xl5-inch  vertical  tim- 
bers 19  feet  long  were  then  centered  in  the 
lower  cylinders  with  the  base  of  the  upper  cyl- 
inder 4  feet  below  the  top  of  the  lower  cylinder, 
as  shown  in  the  drawings.  Both  cylinders 
were  filled  with  1:2:5  Portland  cement  con- 
crete sloped  up  from  the  top  of  the  lower  cyl- 
inders so  as  to  form  a  conical  surface  enclos- 
ing the  foot  of  the  upper  cylinder.  The  cylinders 
were  capped  with  octagonal  steel  plates  %  inch 
thick  and  4  feet  8 '/a  inches  in  diameter  bolted 
through  slotted  holes  to  the  top  flanges  of  the 
cylinders.  The  bed  plates  for  the  pedestals  of 
the  trusses  and  girders  were  bolted  to  the  cap 
plates,  and  bearing  for  the  latter  was  insured 
by  thoroughly  grouting  the  top  of  the  concrete 
in  the  pier. 

The  4-foot  cylinders  are  made  with  5-foot 
courses  of  5/lG-inch  plates  having  vertical  and 
horizontal  butt  joints  covered  with  single  shop- 
riveted  splice  plates.  The  lower  cylinders  are 
of  similar  construction,  except  that  two  upper 
courses  are  6  feet  high.    In  both  cylinders  the 
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street  Railway  Bridge   over  Deerfield  River,  at  Greenfield,  Mass. 


at  the  Deerfield  end  of  the  bridge  are  supported 
by  a  single  steel  trestle  bent  14>/j  feet  high. 
It  has  two  columns  battered  7%  inches  to  the 
foot  and  connected  together  by  top,  bottom  and 
Intermediate  horizontal  struts  and  by  X-brac- 
ing in  each  of  the  two  panels.  The  inclined 
columns  have  I-shaped  cross-sections  made  with 
two  pairs  of  5x3-inch  angles  back  to  back  lat- 
ticed and  having  horizontal  cap  and  base-plates 
riveted  to  the  milled  ends.  The  outstanding 
flanges  of  the  column  are  in  a  transverse  plane 
and  connection  plates  are  shop-riveted  across 
both  sides  of  them  to  form  jaws  receiving  the 
horizontal  and  diagonal  struts.  All  struts  have 
U-shaped  cross-sections  made  with  pairs  of 
angles  connected  by  tie  plates,  and  at  the  ends 
their  flanges  are  field-riveted  between  the  jaw 
plates.  One  diagonal  in  each  panel  has  the 
flanges  of  the  angles  reversed  so  as  to  clear  the 
intersecting  diagonal,  to  which  it  is  field- 
riveted. 

The  piers  under  the  truss  spans  are  each 
made  with  a  pair  of  steel  cylinders  on  the  cen- 
ter lines  of  the  trusses  connected  by  a  solid 
vertical  transverse  diaphragm  plate.  Piers  2 
and  3  were  sunk  to  a  much  greater  depth  than 
the  end  piers  and  are  made  with  enlarged  lower 
portions,  as  shown  in  the  drawings.  They  have 
a  total  height  of  44  feet  to  the  bottom  of  the 


metal  is  5/lG  inch  thick,  and  there  is  %  inch 
clearance  at  all  joints.  The  connecting  dia- 
phragms are  made  of  5/16-inch  plates  5  feet 
high  and  about  11  feet  long.  They  are  spliced 
by  horizontal  cover-plates  on  both  sides  and 
have  a  single  stiffening  angle  riveted  on  each 
splice  plate.  The  connection  to  the  cylinders  is 
made  with  pairs  of  3x3-inch  vertical  flange 
angles  shop-riveted  to  the  diaphragms  and  field- 
riveted  to  the  cylinders.  The  upper  diaphragm 
piate  serves  as  a  transverse  girder  to  receive 
the  ends  of  the  stringers  on  kneebrace  brack- 
ets riveted  to  the  vertical  web  stiffener  angles. 

The  piers  under  the  shore  ends  of  the  spans 
are  similar  to  the  upper  parts  of  the  pier  just 
described,  except  that  they  are  shorter.  Each 
one  has  a  4-foot  cylinder  enclosing  five  piles.  In 
one  of  them  the  cylinders  are  25  feet  long  and 
are  connected  by  four  courses  of  diaphragm 
plates.  In  the  other  the  cylinders  are  16  feet 
long  and  are  connected  by  two  courses  of  dia- 
phragm plates.  The  four  cylinder  piers  and 
bracing  contain  about  45  tons  of  steel.  The 
superstructure  weighs  about  145  tons,  and  was 
built  for  the  Bay  State  Construction  Company, 
Clapp  &  Abercrombie,  engineers,  by  the  United 
Construction  Company,  Albany,  N.  Y.,  Mr.  J. 
R.  Watt,  president,  and  Mr.  Walter  R.  Marden, 
vice-president  and  chief  engineer. 
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The  Proposed  Ferry  Bridge  at  Bordeaux. 

A  high  level  steel  bridge  of  unprecedented 
arch  span  has  been  proposed  to  carry  a  heavy 
highway  traffic  across  the  Gironde  River,  at 
Bordeaux,  France.  It  will  be  ot  the  transporter 
type,  of  which  several  examples  have  already 
been  built  abroad  and  some  are  proposed  for 
this  country,  notably  at  Duluth,  and  will  com- 
bine a  high   level   foot  bridge  with   a  movable 
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There  is  a  single  arch  span  with  two  steel 
trusses  which  have  a  clear  span  and  rise  of 
1,312  feet  and  328  feet,  respectively,  dimensions 
far  exceeding  those  of  any  arch  ever  built.  The 
trusses  are  in  vertical  planes  80  feet  apart  on 
centers  and  are  seated  on  masonry  piers  100 
feet  wide  and  1,412  feet  apart  on  centers,  which 
also  carry  the  portal  towers  1,394  feet  apart  on 
centers  and  about  150.  feet  high  to  the  bases 
of  their  finials.     The  trusses  are  of  a  peculiar 
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a  radial  depth  of  about  GO  feet.  The  maximum 
radial  depth  of  the  trusses  between  haunches 
is  about  40  feet,  and  the  rise  of  that  portion  Is 
about  170  feet  on  pin  centers.  The  distance 
between  lower  pins  is  990  feet,  which  may  be 
assumed  as  the  span  of  a  secondary  arch  rising 
from  the  end  portions  of  the  trusses  at  the 
roadway  level. 

Above  the  lower  hinges  the  trusses  are  braced 
together  with  horizontal  transverse  struts  and 
X-bracing,  and  from  each  lower  chord  panel 
point  there  are  two  transverse  diagonal  sway- 
rods  to  points  on  the  suspended  girders.  Each 
chord  is  practically  composed  of  two  unbal- 
anced plate-girders  28  inches  deep  with  their 
flanges  unequally  reinforced.  Vertical  members 
have  I-shaped  sections  made  with  a  web  plate, 
four  flange  angles  and  two  wide  flange  cover 
plates. 

The  diagonal  members  and  all  of  the  wind 
braces  have  rectangular  cross-sections  made 
with  four  angles  latticed.  The  lower  portions 
of  the  main  trusses  between  the  end  haunches 
and   the  portal  towers   are  connected  together 
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Section  X-X. 

STREET  RAILWAY  BRIDGE  AT  GREENFIELD:     DETAILS  OF  TRUSSES    AND   CYLINDRICAL   PILE    PIERS    WITH   DIAPHRAGMS. 


low  level  wagon  platform  or  ferry  car  which  is 
intendwi  to  give  ""practically  uninterrupted 
passenger  service  without  obstructing  naviga- 
tion and  with  a  minimum  cost  for  superstruct- 
ure. Elaborate  plans  have  been  detailed  by 
.Messrs.  Dayde  &  Pille,  the  eminent  French  en- 
gineers and  contractors,  who  have  built  many 
important  works  abroad,  and  "The  Engineer," 
Jyondon,  which  describes  the  design,  believes 
that  the  bridge  is  likely  to  be  constructed. 


form,  which  is  claimed  to  be  entirely  novel. 
The  top  and  bottom  chords  intersect  at  the 
crown  and  at  points  near  the  haunches,  thus 
dividing  each  truss  into  four  sections  hinged 
at  the  nodes  and  making  the  two  center  por- 
tions ot  the  truss  act  as  a  three-hinged  arch 
supported  on  long  inclined  trusses  reaching  to 
the  abutments.  The  ends  of  the  top  and  bot- 
tom chords  have  fixed  seats  on  the  piers  at  the 
same  level,  and  at  this  point  the  trusses  have 


only  by  heavy  horizontal-transverse  struts  at 
the  tops,  thus  leaving  the  space  between  them 
free  of  bracing  so  as  to  clear  the  suspended  car 
which  is  free  to  move  to  the  portal  towers.  At 
the  lower  chord  panel  points  of  the  upper  por- 
tions of- the  trusses,  vertical  suspenders  41  feet 
apart  support  a  horizontal  platform  just  below 
the  lower  hinges  and  the  tops  of  the  portal 
towers.  This  platform  serves  as  a  foot  oridge 
and  to  carry  the  tracks  for  the  transporter  car, 
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and  is  Intended  to  have  great  lateral-  rigidity 
ao  as  to  transmit  the  wind  stresses  to  the  portal 
towers.  It  is  composM  of  two  horizontal  plate- 
girders  88  feet  deep  with  flanges  made  up  of 
SlixSVi-inch  angles  and  several  12-inch  cover- 
platas.  It  is  supported  on  plate-girder  floor- 
Iwmn  with  latticed  webs  at  panel  points.  Hori- 
■ontal  X-brace  angles  connect  the  flanges  so 
that  the  construction  is  very  massive  and  is 
equivalent  to  a  box-girder  made  up  with  a  com- 
bination of  horizontal  plate  and  lattice-girders. 
A.  72x39-foot  transporter  car  is  suspended  by 
diagonal  rods  from  the  trolley  with  64  wheels 
running  on  tracks  suspended  from  the  hori- 
zontal platform.  These  tracks  have  I-shaped 
stringers  with  the  horizontal  flanges  of  their 
lower  flange  angles  turned  upwards  to  carry  the 
lx2-inch  solid  square  rails.  Each  car  has  a 
capacity  of  100  tons,  and  with  ISO-horse-power 
motive  force  is  calculated  to  make  a  round 
trip,  including  loading  and  unloading.  In  twelve 
minutes.  The  end  towers  will  be  provided  with 
stairs  and  elevators  to  give  access  to  the  fin- 
ished foot  bridge,  and  an  inspection  and  repair 
wall!  will  be  built  on  the  lower  chords  of  the 
arch  trusses. 


Combined    Steam    and    Hot    Water 
Radiation. 


In  the  Union  Trust  Building  in  Providence,  a 
twelve-story  oflSce  structure,  there  Is  installed 
a  system  of  direct  radiation  for  heating,  which 
may  be  operated  with  hot  water  or  steam,  at 
will,  from  a  system  of  low-pressure  steam 
mains.  If  the  system  is  regarded,  for  the  pur- 
pose of  explanation,  at  the  instant  that  steam 
is  first  admitted,  both  mains  and  radiation  will 
be  filled  with  steam.  The  condensation  grad- 
ually formed  is  not,  however,  allowed  ordinarily 
to  pass  into  the  return  system  until  the  radia- 
tors are  entirely  filled,  and  by  means  of  a  trans- 
mitter, so-called,  the  radiation  is  thereafter  kept 
full  of  water  so  that,  except  when  otherwise  de- 
sired, the  radiation  is  operated  on  the  hot-water 
system. 

Reference  to  the  accompanying  illustrations 
will  assist  in  explaining  the  apparatus,  which 
is  the  subject  of  a  patent,  held  by  Messrs. 
L.ynch  t  Woodward,  of  Boston,  who  were  the 
engineers  and  contractors  for  the  heating  in- 
stallation in  this  building.  In  the  present  case 
the  overhead  system  of  steam  distribution  is 
employed,  and  the  radiators,  whether  of  the  or- 
dinary type  or  of  groups  of  coils,  are  located 
under  the  outside  windows,  and  che  steam  sup- 
ply pipes  are  drop  lines  fed  from  a  system  of 
mains  in  the  attic  of  the  building.  The  steam 
supply  pipe  to  each  radiator  is  not,  however, 
connected  directly  into  it,  but  dtllvers  into  the 
transmitter,  from  which,  in  turn,  is  run  the 
supply  pipe  to  the  radiator.  The  transmitter 
yirtually  consists  of  an  enlargement  of  the  drop 
pipe,  constructed  of  4-inch  pipe  about  2  feet 
long,  with  special  reducing  connections  at  top 
and  bottom  for  attachment  to  the  drop  pipe,  as 
indicated  in  the  sketches.  In  general,  in  this 
building,  two  radiators  are  supplied  from  each 
drop  pipe,  and  from  the  top  of  each  transmitter 
are  two  openings  for  the  flow  pipes  to  the  rad- 
iators and  at  the  bottom  the  two  return  connec- 
tions from  them.  The  opening  from  the  trans- 
mitter to  the  continuation  of  the  drop  pipe  is 
not  made  directly  from  the  bottom,  but  through 
the  top  of  the  group  of  pipes  supported  within 
the  transmitter,  as  shown,  one  view  being  the 
transmitter  assembled  and  the  other  the  trans- 
mitter with  casing  removed. 

The  operation  is  as  follows:  Steam  admitted 
in  the  first  place  fills  the  transmitter  and  can 
pass  from  the  upper  openings  Into  the  radiator 
and  entirely  fill  it.  The  condensation  gradually 
formed  enters  the  transmitter  at  the  bottom. 


The  water  having  no  means  of  egress,  rises  in 
the  transmitter  and,  of  course,  in  the  radiator, 
until  the  tops  of  the  inner  group  of  pipes  are 
reached,  when  the  water  will  overflow  into 
those  pipes  and  in  that  way  reach  the  drop  pipe 
continuing  from  the  bottom  of  the  transmitter. 

As  shown  in  an  accompanying  sketch  giving 
the  connections  for  a  pair  of  windows,  it  will 
be  noted  that  the  transmitter  stands  higher 
than  the  radiators,  so  that  the  pressure  head  of 
the  water  in  the  radiating  coils  is  approxi- 
mately about  1  foot.  The  steam  passing  through 
the  drop  pipe  heats  the  water  surrounding  the 
group  of  tubes  in  the  transmitter,  and  the  water 
thus  heated  starts  a  local  circulation  from  the 
transmitter  through  the  coils  and  back  again. 
For  regulation  one  valve  only  is  provided  for 
each  radiator,  and  this  is  inserted  in-  the  return 
pipe  so  that  the  velocity  of  the  circulation  can 
be  varied  to  suit  the  temperature  conditions.  It 
will  thus  be  seen  that  the  system  is  one  pro- 
viding for  hot-water  radiation  with  its  com- 
paratively low  local  temperature  and  capability 
of  regulation  for  different  conditions  of  the 
weather  and  yet  without  a  large  volume  of 
water  filling  the  long  system  of  both  mains  and 
branches  in  the  tall  building. 

At  the  point  A,  in  the  sketch  of  the  trans- 
mitter, is  a  valve  by  which  water  may  be  dls- 


yet  forthcoming  regarding  the  performance  of 
the  present  winter,  but  it  is  said  that  during 
the  entire  month  of  January  the  average  daily 
consumption  of  coal  was  less  than  1,500  pounds. 
The  Beat  is  kept  on  the  building  thi-oughout  the 
24  hours.  This  indicates  a  consumption 
of  about  1/5  pound  of  coal  per  square  foot  or 
radiation  per  day.  The  cubic  contents  of  the 
building  amount  to  419,000  cubic  feet,  so  that 
the  corresponding  daily  coal  consumption  is 
3.6  pounds  per  1,000  cubic  feet.  It  should  be 
stated  that  some  of  the  steam  is  condensed  in 
Indirect  heating  coils  in  the  basement  in  con- 
nection with  a  blower  system  of  ventilating 
the  banking  rooms  on  the  first  floor.  Briefly, 
this  comprises  a  50-inch  Sturtevant  fan,  driven 
by  a  direct-connected  3-horse-power  motor  and 
the  usual  heater  coil.  The  motor  is  a  500-volt 
direct-current  motor  of  the  enclosed  type,  with 
field  regulation.  The  ventilating  unit  is  de- 
signed to  deliver  about  3,000  cubic  feet  of  air 
per  minute,  and  the  banking  room  having  50,- 

000  cubic  feet  of  space,  is  provided  with  ventila- 
tion at  the  rate  of  tour  changes  an  hour,  it  de- 
pendence Is  placed  on  the  fan  alone. 

Since  the  foregoing  was  written,  further  in- 
formation has  been  received  concerning  the 
coal  consumption  of  the  plant.     From  October 

1  to  April  1;  409,090  pounds  of  coal  were  burned. 
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Hot- Water  Radiation  Supplied  by  Steam  Main,  and  the  Transmitter. 


charged  directly  from  the  radiator  into  the  drop 
pipe.  This  allows  for  operating  the  radiation 
on  steam,  and  the  apparatus  Is  thus  equipped 
by  this  provision  for  meeting  unusually  severe 
states  of  the  water,  when  the  hot-water  radia- 
tion might  not  prove  equal  to  transmitting  the 
large  amount  of  heat  transmission  then  neces- 
sary. In  the  case  of  the  Union  Trust  Building, 
a  2  Mi-inch  drop  pipe  supplies  the  radiation  on 
every  one  of  twelve  stories,  about  2,000  to  2,400 
square  feet  all  told.  This  gives  each  transmit- 
ter capacity  to  carry  200  square  feet  of  radia- 
tion. 

The  heating  apparatus  in  the  Union  Trust 
Building  is  supplied  from  two  tubular  boilers 
54  Inches  In  diameter  and  13  feet  long,  that  con- 
tain 63-inch  tubes  12  feet  long.  They  deliver 
into  a  6-lnch  pipe  which  is  continued  vertically 
through  the  building  to  the  attic.  Here  some 
eleven  drop  pipes  are  supplied,  for  the  radiation 
set  around  the  exterior  walls.  The  bottoms  of 
the  drop  pipes  are  connected  into  a  system  of 
return  mains  which  are  collected  into  a  2-inch 
pipe  at  the  boilers.  There  are  7,462  square  feet 
of  radiation  in  the  building,  supplied,  as  out- 
lined, by  a  6-lnch  steam  main  and  a  2-lnch  re- 
turn main.  It  is  stated  that  only  one  boiler  is 
required  in  the  severest  weather.    Data  are  not 


One-half  of  this  was  No.  3  red-ash  buckwheat 
and  one-half  New  River  steam  coal.  Without 
considering  the  tan  coil  heater,  which  com- 
prises 1,000  linear  feet  of  1-lnch  pipe  coils  or 
345  square  feet  of  surface,  54.8  pounds  of  coal 
were  burned  during  the  six  months  per  square 
feet  of  radiation.  The  average  daily  consump- 
tion per  square  foot  of  direct  radiation,  based 
on  the  six  months'  experience,  was  0.3  pound 
of  coal.  The  grate  surface  under  each  boiler 
is  20%  square  feet  and  the  heating  surface  624 
square  feet.  As  one  boiler  only  was  used  at 
a  time,  this  means  for  the  average  of  2,235 
pounds  of  coal  burned  per  day  that  4.6  pounds 
of  coal  were  burned  per  square  foot  of  grate  per 
hour,  this  figure.  It  must  be  remembered,  being 
based  on  the  fact  that  the  apparatus  Is  in  oper- 
ation throughout  the  24  hours.  For  the  sea- 
son of  1902-3,  that  is  from  October  1,  1902  to 
June  1,  1903,  243  days,  the  average  daily  coal 
consumption  was  1,740  pounds.  This  is  rough- 
ly equivalent  to  one  pound  of  coal  per  cubic 
foot  of  the  building  contents  over  240  days  of 
a  heating  season  more  nearly  an  average  one 
than  the  present  severe  winter. 

The  cost  of  the  heating  plant,  including  the 
boiler  setting,  fan,  heating  and  ventilating  ap- 
paratus complete,  was   $11,916.     On   the   basis 


April  9,  1904. 

of  the  cubic  contents  of  the  building  already 
stated,  the  cost  of  the  heating  installation  per 
cubic  fdot  of  contents  was  thus  2.84  cents. 


Safeguarding  the  Foundations  of  Trinity 
Church  Spire,  New  York  City. 

The  spire  of  Trinity  Church  on  lower  Broad- 
way, New  York,  is  noted  for  its  height  and 
beautiful  proportions.  It  rises  about  284  feet 
above  the  street  and  has  heavy  masonry  but- 
tresses extending  to  points  about  15  feet  hori- 
zontally from  the  excavations  for  the  subway 
now  under  construction  by  the  Rapid  Transit 
Railroad  Commissioners,  the  width  of  which  Is 
here  greater  than  the  normal  so  as  to  provide 
lor  a  station  platform  opposite  the  church.  The 
concrete  foundations  of  the  tower  are  carried 
to  a  depth  of  about  10  feet  below  the  surface 
of  the  ground  and  are  believed  to  extend  to 
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braces  as  the  excavation  Is  continued,  and  will 
remain  permanently  in  the  ground  after  a  very 
heavy  concrete  retaining  wall  has  been  built 
against  it  in  the  trench. 

In  front  of  the  church  the  upper  part  of  the 
trench  has  already  been  excavated  to  a  depth 
of  about  11  or  12  feet  by  the  methods  described 
in  The  Engineering  Record  of  October  24,  1903. 
The  sides  of  the  excavation  are  retained  by 
ordinary  sheet  piling  and  the  pavement,  side- 
walks, street-car  tracks,  pipes  and  conduits  are 
supported  from  needlebeams  earned  by  vertical 
shores  set  In  pits  dug  down  to  sub-grade,  as 
indicated  in  the  cross-section.  This  leaves  a 
working  space  under  the  street  where  a  17x56- 
foot  rectangular  area  opposite  the  tower  will 
be  braced  and  sheeted  as  indicated  In  the  draw- 
ings. On  the  side  adjacent  to  the  tower  the 
sheeting  consists  of  10-inch  channels  12  feet 
long  driven  by  hand,  with  the  backs  of  their 
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tor  the  foot  of  the  steel  sheeting,  the  lower 
horizontal  strut  will  be  removed  and  new  con- 
crete properly  bonded  with  the  old  will  be  filled 
in  to  the  under  side  of  the  second  strut.  After 
it  has  set  so  as  to  support  the  sheeting  the 
second  strut  will  be  removed  and  the  remainder 
of  the  concrete  will  be  filled  in  in  two  more 
similar  layers,  after  which  grout  will  be  forced 
behind  the  steel  sheeting.  The  side  walls  will 
be  additionally  braced  by  temporary  inclined 
shores  seated  against  steel  backing.  These  will 
give  additional  resistance  to  lateral  pressure 
until  the  strength  of  the  concrete  Is  developed 
and  the  construction  of  the  subway  Is  com- 
pleted, when  they  will  be  removed. 

Mr.  William  Barclay  Parsons  is  the  chief  en- 
gineer for  the  Rapid  Transit  Railroad  Commis- 
sioners, and  the  work  is  being  executed  for  the 
Rapid  Transit  Subway  Construction  Company 
by  the  Degnon  Contracting  Company,  Mr.  H.  C. 
Sanford,  chief  engineer.  The  Foundation  & 
Contracting  Company  has  been  retained  as  con- 
sulting engineer  for  the  interests  of  the  Trinity 
Church  Corporation. 
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Explosive  Mixtures  of  fuel  gas,  with  refer- 
ence to  the  bearing  of  the  subject  on  gas- 
engine  practice,  were  discussed  some  time  ago 
before  the  British  Association  for  the  Advance- 
ment of  Science  by  Messrs.  L.  Bairstow  and 
A.  D.  Alexander.  According  to  their  experi- 
ments mixtures  in  which  the  ratio  of  the  vol- 
ume of  gas  to  that  of  air  was  0.215  gave  pres- 
sures on  explosion  of  90  and  88  pounds  per 
square  inch  after  stirring  the  mixture  of  air 
and  gas,  which  were  admitted  separately  to 
the  experimental  cylinder,  while  they  failed  to 
explode  before  that  operation.  In  the  case  of 
mixtures  having  about  1  volume  of  gas  to  5 
volumes    of   air    small    variations    in    the   pro- 
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within  about  9  feet  of  the  subway  extension, 
which  is  to  have  an  eventual  depth  of  about 
23  feet  at  this  point.  The  soil  here  Is  dry  sand 
varying  from  coarse  to  very  fine.  The  theo- 
retical slope  line,  or  line  of  repose,  drawn  from 
the  nearest  point  of  the  foundations  intersects 
the  lower  corner  of  the  subway  excavation,  and 
on  account  of  the  great  height  and  weight  of 
the  spire  and  the  possibility  of  undermining 
the  footings  by  any  tnovement  of  the  soil  which 
might  result  from  the  sand  running  Into  the 
excavation  special  provision  has  been  made  to 
prevent  any  possible  disturbance  of  the  sand 
outside  the  trench.  This  is  accomplished  by 
driving  a  wall  of  steel  sheeting  along  the  edge 
of  the  subway  in  front  of  the  spire  before  the 
excavation  Is  carried  below  the  level  of  the 
foundations  of  the  spire.  This  sheeting  will 
be  thoroughly  secured  by  horizontal  transverse 


webs  against  the  rangers  on  the  bottom  of  the 
present  excavation.  Where  these  rangers  are 
braced  by  transverse  horizontal  struts  the  latter 
are  not  removed,  but  the  sheeting  under  them 
consists  of  15-inch  channels  cut  in  30-lnch 
lengths  and  driven  successively  under  the  struts 
by  means  of  a  follower  notched  to  clear  the 
strut  and  take  bearing  on  the  upper  ends  of  the 
channel  flanges.  As  fast  as  one  piece  is  driven 
down  the  succeeding  one  is  web-spllced  to  It 
and  the  driving  resumed. 

The  other  three  sides  of  the  pit  are  protected 
with  ordinary  tongued  and  grooved  wooden 
sheeting,  and  the  excavation  Is  made  in  three 
successive  sections,  the  one  In  the  middle  being 
done  last.  After  the  first  section  Is  excavated  a 
solid  mass  of  concrete  will  be  laid  in  the  bot- 
tom up  to  the  under  side  of  the  first  horizontal 
strut.    After  it  has  set  so  as  to  afford  reaction 


portion  proved  to  have  very  little  effect  on  the 
maximum   pressure. 


The  Povtee  Plant,  of  Kynoch,  Ltd.,  Birming- 
ham, the  performance  of  which  was  noted  In 
the  Issue  of  March  26,  in  the  article  on  "The 
Cost  of  Generating  Electric  Power,"  includes  an 
equipment  of  500  kilowatts,  usually  run  during 
the  daytime,  and  another  portion,  of  200  kilo- 
watts, used  at  night.  The  steam  is  not  super- 
heated nor  are  economizers  in  use.  The  plant 
is  run  condensing  during  the  daytime  and  non- 
condensing  at  night;  the  condenser  pumps  are 
electrically  driven.  The  coal  consumption  and 
cost  of  operation  may  be  compared  with  the 
corresponding  figures  for  the  Watson  plant, 
which  has  both  superheaters  and  economizer. 
The  equipment  of  this  plant  was  outlined  In  the 
same  Issue  on  page  381. 
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The  Relation  of  Forests  to  Water  Supply. 

Questions  relating  to  the  effects  ot  deforesta- 
tion and  afforestation  upon  rainfall  and  water 
supply  have  been  frequently  discussed  in  this 
lountry  and  in  Europe  for  many  yeare.  Some 
(Oni'lusions  on  the  relationship  of  woods  to 
domestic  water  supplies  were  stated  recently 
in  a  leaflet  issued  by  the  Board  of  Agriculture 
and  Fisheries  of  England,  and  condensed  in 
"The  Surveyor."  from  which  the  following 
paragraphs  have  been  taken: 

The  foliage,  branches  and  stems  of  the  trees 
intercept  much  of  the  rain  and  snow,  so  that  it 
never  reaches  the  ground  at  all.  the  amount  so 
intercepted  usually  ranging  from  30  to  45  per 
cent,  of  the  total,  but  much  depends  on  the 
character  of  the  rainfall  and  on  the  species  of 
tree.  In  a  district  of  heavy  annual  rainfall  a 
smaller  proportion  of  the  precipitations  is 
caught  by  and  evaporated  from  the  trees  than 
where  the  rainfall  is  light.  Similarly  In  the 
case  of  heavy  and  long-continued  rain,  as  con- 
trasted with  gentle  showers;  in  the  latter  case, 
in  fact,  but  little  of  the  water  reaches  the 
ground  \hrough  the  leafy  canopy  of  a  dense 
forest.  Then,  again,  much  depends  on  the  kind 
of  tree,  evergreens  intercepting  more  water 
throughout  a  year  than  deciduous  trees,  and  a 
larger  proportion  of  the  rainfall  is  evaporated 
from  the  leaves  and  branches  in  summer  than 
in  winter. 

But  (the  leaflet  continues)  although  less  rain 
water  reaches  the  soil  of  a  wood  than  finds  its 
way  to  the  ground  in  the  open  country,  the 
moisture  in  the  soil  is  much  better  conserved  in 
the  former  than  in  the  latter  case.  Long- 
continued  obser\-ations  have  shown  that  more 
water  drains  from  a  wooded  area  than  from 
one  devoid  of  trees.  The  greater  abundance 
of  water  in  forest  soil,  in  spite  of  the  trees 
intercepting  a  large  proportion  of  the  raiul'all. 
is  due  partly  to  the  reduction  of  evaporation 
owing  to  the  exclusion  of  the  sun's  rays  by  the 
foliage,  partly  to  the  air  in  a  forest  being  more 
humid,  and  thus  better  fitted  to  discourage 
evaporation,  and  partly  to  the  absorbent  and 
retentive  character  of  the  decaying  vegetable 
matter  that  covers  the  ground  of  a  dense  and 
well-managed  wood.  The  lace-work  of  tree 
roots,  too,  that  occupy  the  soil  of  a  forest  on:er8 
mechanical  resistance  to  the  rapid  surface-How 
of  water.  It  is  also  to  be  noted  that  roots  pen- 
etrate to  great  depths,  and  when  they  die  they 
leave  holes  through  which  water  readily  pene- 
trates from  the  surface.  The  friable  condition 
of  the  soil  of  a  wood,  too,  permits  ready  perco- 
lation of  water,  whereas  in  the  open  country 
the  denser  character  of  the  surface  of  the 
ground  is  less  favorable  to  the  entrance  of 
water.  The  consequence  is  that  streams  in  a 
wooded  country  are  not  so  subject  to  rapid 
riaes  and  falls,  the  flow  being  maintained  more 
equably  throughout  the  year.  Where  water 
supply  for  domestic  or  industrial  purposes  is 
concerned,  the  avoidance  of  violent  freshets  on 
the  one  hand,  and  8<-anty  flow  on  the  other.  Is 
alike  desirable.  Not  only  may  the  water  of 
sudden  and  heavy  floods  lie  lost  owing  to  the 
incapacity  of  the  reservoir  to  contain  it,  but 
buch  floods  have  also  the  disadvantage  of  car- 
rying much  mud  and  similar  material  in  sus- 
pension, and  this  gradually  silts  up  reservoirs. 
berides  entailing  increased  expenditure  in  flller- 
ing. 

When  a  catchment  area  is  covered  with  trees, 
and  with  the  vegetable  matter  that  accumulates 
on  the  surface  of  the  ground,  the  water  that 
reaches  the  soil  as  rain  is  impeded  in  its  How, 
and  its  evaporation  is  hindered,  so  that  the  gen- 
eral effect  is  equivalent  to  an  increase  in  the 
size  of  the  reservoir.  It  is  also  important  to  note 
that  snow  melts  more  slowly  underneath  trees 


than  in  the  open  country,  so  that  at  a  time  ol 
thaw  the  snow  water  is  yielded  up  more  sradii 
ally.  Nor  must  the  fact  be  overlooked  lluii. 
when  snow  in  a  forest  melts,  the  ground  ahsorhs 
the  water  to  a  much  greater  extent  than  hap 
I>ens  in  the  open  country,  in  the  latter  case 
the  ground  is  probably  frostbound,  so  that  the 
snow  water  cannot  be  absorbed  by  the  soil, 
whereas  forest  soil,  being  protected  by  trees, 
never  freezes  to  the  same  extent,  and  is  con- 
sequently in  a  better  position  to  absorb  snow 
water.  The  result  is  that  not  only  does  a  forest 
mitigate  the  violence  of  floods,  but  the  snow 
water  that  flows  from  its  area  is  less  muddy 
than  would  otherwise  be  the  case. 

Forests  not  only  affect  the  degree  ot  moisture 
in  soil,  but  they  also  exert  considerable  influ- 
ence on  the  soil  temperature.  Although  this 
influence  is  greatest  at  the  surface  of  the 
ground,  it  is  also  perceptible  to  a  depth  of  sev- 
eral feet.  On  the  average  of  a  large  number 
of  continental  stations  it  was  found  that  woods 
of  various  species  and  ages  depressed  the  moan 
annual  temperature  at  the  surface  of  the  ground 
by  about  2.6  deg.  Fahr.,  while  even  at  the  depth 
of  4  feet  the  reduction  of  temperature  was  2 
deg. 

This  general  cooling  influence  is  due  to  a 
variety  of  causes.  The  foilage  ot  the  trees  ex- 
cludes the  sun's  rays,  the  decaying  vegetable 
matter  that  covers  the  ground  prevents  the 
free  exchange  of  air  between  the  soil  and  the 
atmosphere,  while  the  water  in  the  soil  absorbs 


The  Fireproof  Floor  of  the  Williamsburg 
Bridge,  New  York. 

The  two  20-foot  cantilever  roadway  floors  of 
the  l,tiOO-toot  main  span  of  the  Williamsburg 
Bridge  and  the  corresponding  floors  on  the 
shore  spans  from  anchorage  to  anchorage  are 
to  be  covered  with  a  wooden  block  pavement 
supported  on  a  solid  steel  platform.  The  floor- 
beams  about  20  feet  apart  carry  plate-girder 
stringers  about  5  feet  apart  with  their  top 
flanges  a  few  inches  below  those  of  the  floor- 
beams.  Transverse  channels  7  inches  deep  and 
about  214  feet  apart  are  seated  on  the  top 
flanges  of  the  stringers  and  support  12-inch 
201^-pound  longitudinal  channels  laid  across 
them  close  together  with  the  backs  up.  Tile 
flanges  ot  the  longitudinal  channels  are  riveted 
to  bent  plates  which  are  riveted  to  the  webs  of 
the  transverse  channels,  and  they  are  also  fiald- 
rlveted  together  with  %-inch  washers  midway 
between  these  connections.  The  channels  have 
butt  joints  without  splice  plates  midway  be- 
tween bearings.  The  transverse  channels  are 
shimmed  up  iv  ti  of  the  string- 

ers so  as  to  slope  gently  toward  the  axis  of 
the  bridge.  The  longitudinal  channels  form  a 
smooth  flat  surface  19  feet  11^4  inches  wide 
which  terminates  at  both  edges  with  the  steel 
curb  made  with  a  pair  of  12-inch  channels  and 
a  9x  5/16-inch  cover-plate.  Wrought-iron  drain 
pipes  about  10  feet  apart  are  bolted  to  the  inner 
face  of  the  curb  on  the  lower  edge  ot  the  road- 
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Solid  Steel  Paved  Floor  of  Williamsburg    Bridge,  New  York  C.ty. 


much  heat  without  its  temperature  being  much 
affected. 

While  woods  have  a  depressing  influence  on 
the  mean  annual  temperature,  it  is  found  that 
this  effect  is  much  greater  in  summer  than 
In  winter.  On  the  average  of  eleven  German 
stations  the  July  temperature  of  the  surface 
soil  in  the  forest  was  found  to  be  7  deg.  Fahr. 
lower  than  that  in  the  open  field, ^whereas  in 
December  the  former  was  rather  warmer  than 
the  latter.  Forests,  therefore,  tend  to  equalize 
the  temperature  of  water  collected  in  them,  the 
temperature  being  slightly  raised  in  winter 
and  markedly  reduced  in  summer.  This  result 
would  appear  to  be  of  considerable' pra<ti(al 
and  hygienic  inriportance  where  a  supply  of 
water  for  domestic  purposes  is  concerned.  To 
the  credit  of  forests  is  also  to  be  placed  the 
fact  that  they  exercise  a  purifying  influence 
both  on  the  air  and  on  the  soil,  germs  of  all 
kinds  being  markedly  scarcer  in  a  well-wooded 
district  than  in  a  similar  extent  of  treeless 
country. 


In  Rekrkikratino  Work  the  effective  produc- 
tion of  cold  per  horse-power-hour  of  the  com- 
pressor varied  In  a  number  of  tests  reported  by 
Mr.  H.  Lorenz  in  the  "Zeitschrlft"  of  the  So- 
ciety of  German  Kngineers  from  8,560  to  15,800 
British  thermal  units. 


way.  At  distances  of  about  10  feet  IVaxlVi- 
inch  transverse  angles  are  bolted  across  the 
backs  of  the  longitudinal  channels  to  form 
guides  for  the  paving  blocks.  Especial  provis- 
ion is  made  to  protect  the  steelwork  of  the 
floor  platform  from  oxidation,  and  the  speci- 
fications on  this  point  are  unusually  minute. 
It  is  required  that  the  mill  scale  shall  be  re- 
moved and  the  steel  painted  with  pure  linseed 
oil  while  still  hot  from  the  rolls.  Afterwards 
the  steel  shall  be  dipped  in  an  enamolHug  com- 
pound and  baked  for  two  hours  at  a  tempera- 
ture of  300  degrees  Fahrenheit  in  a  dry  heat. 
The  enamel  thus  produced  must  not  vary  more 
than  1/100  inch  in  thickness;  it  must  resist 
scratching  by  the  finger  nail,  must  not  fly  when 
struck  by  a  hammer,  and  must  not  crack  when 
spread  on  a  thin  sheet  and  bent  180  degrees  ten 
times.  It  must  be  equal  in  smoothness,  hard- 
ness, toughness,  elasticity,  adhesiveness  and  in 
resistance  to  chemical  action  to  the  coating 
produced  by  the  Sabin  process.  It  must  be  un- 
affected by  soaking  for  48  hours  at  70  degrees 
Fahrenheit  in  solutions  of  sulphuric,  hydro- 
chloric or  acetic  acids  and  in  saturated  solu- 
tions of  carbonate  of  soda  and  carbonate  of 
ammonia.  All  heads  of  field  rivets  and  all 
abraded  places  shall  bo  painted  three  coats.  The 
steel  surface  of  the  platform  is  paved  with 
transverse  rows  of  long-leaf  yellow  pine  blocks. 
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4  inches  deep,  4  inches  wide  and  8  inches  long 
transverse  to  the  bridge  axis.  These  are  planed 
to  uniform  width  and  rebated  IV.j  inches  by  % 
inch  on  the  upper  long  sides  to  make  the  trans- 
verse caulking  joints.  The  blocks  are  treated 
by  the  creo-resinate  process  and  are  set  on  the 
steel  channels  in  hot  asphaltic  cement.  They 
are  driven  tight  against  the  transverse  angles 
by  wedges  or  jacks  and  the  rebated  joints  are 
rammed  full  of  fine  gravel.  All  joints  are  filled 
with  hot  asphaltic  cement  or  creo-resinate  mix- 
ture and  covered  with  sand  or  crushed  stone. 
The  United  Engineering  &  Contracting  Com- 
pany, of  New  York,  is  the  contractor  for  the 
roadway  floor. 


A      Cantilever      Plate-Girder      Highway 
Bridge. 

Benton  Boulevard,  Kansas  City,  crosses  the 
two  tracks  of  the  Kansas  City  Belt  Railway 
Company  at  an  angle  of  about  83%  degrees  on  a 


are  made  with  arched  lower  flanges  so  as  to  se- 
cure a  minimum  depth  of  web  in  the  center  and 
afford  maximum  clearance  there  over  the  rail- 
road tracks.  This  span  was  erected  with  two 
cantilever  arms  12  feet  long  and  a  connecting 
span  40  feet  long.  The  sections  forming  each 
adjacent  anchor  and  cantilever  arm  were  riv- 
eted up  solid  in  the  shops  and  shipped  as  single 
girders  about  43  feet.longj  and  their  connections 
to  the  center  spans  were  made  with  solid  fleld- 
riveted  splices,  so  that  in  service  each  line  of 
girders  consists  of  three  continuous  spans  with 
rigid  joints  and  deep  riveted  connections  to  the 
vertical  posts  of  the  intermediate  bents. 

The  girders  are  connected  by  floorbeams  par- 
allel with  the  abutments  and  about  15  to  16  feel 
apart.  The  panels  between  the  floorbeams  are 
X-braced  by  horizontal  6x%-inch  bars  riveted  to 
the  upper  flanges  of  the  girders,  floorbeams  and 
]  5-inch  stringers  4  feet  apart.  The  stringer 
webs  are  connected  by  1-inch  tie  rods  about  4 
feet  apart,  and  their  lower  flanges  support  flal 
68'0" 


top  chord  is  spliced  with  a  pair  of  side  plates 
having  six  horizontal  rows  ot  rivets  and  with  a 
cover-plate  having  four  rows;  the  bottom  flange 
is  spliced  with  a  pair  ol  cover  angles  and  a 
cover-plate  having  altogeiaer  two  rows  of  rivets 
in  the  sides  and  four  through  the  flange.  At  the 
deepest  part  of  the  girder,  where  it  is  supported 
by  the  vertical  posts,  the  web  is  reinforced  by 
side  plates  and  angles  and  is  shop-riveted  to  a 
transverse  diaphragm  with  flange  angles  on 
both  the  vertical  edges.  This  diaphragm  pro- 
vides for  the  connection  with  the  webs  of  the 
vertical  columns  in  the  -bents  supporting  the 
girder.  The  column  channels  extend  to  the  top 
flange  of  the  girder,  which  passes  between  them 
and  is  field-riveted  to  them  through  the  dia- 
phragm flanges.  The  Joint  between  the  column 
and  the  inclined  lower  flanges  of  the  girder  is 
covered  with  bent  plates  shop-riveted  to  the 
girder  flanges  and  fleld-riveted  to  the  column 
flanges.  The  anchor  ends  of  the  girders  have 
vertical  side  plates  riveted  to  the  end  web-stlf- 
fener  angles  and  projecting  below  the  lower 
flange,  where  they  have  horizontal  flange  angles 
and  base  plates  riveted  to  them  to  form  pedes- 
tals for  the  seat  on  the  masonry.  The  pins 
through  these  pedestals  engage  the  upper  ends 
of  single  6xl-inch  eye-bars  10  feet  long,  which 
pass  through  a  slot  in  the  base  plate  and  en- 
gage, ?it  the  lower  end,  pins  in  reaction  I-beams 
built  into  the  masonry. 

/  ^///«r  ^r  strings  i  "ihlck. 
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Details    of  Columns    and  of 
Girder  connection.' 


I  thoW(«n.ii  recjxu 


Half     Elevation    of  Continuous    Cantilev 


The  Benton  Boulevard  Cantilever  Plate  Girder  Highway  Bridge,  Kansas  City,  Missouri. 


deck  bridge  about  126  feet  long  over  all  and  68 
feet  wide.  It  is  designed  for  a  40-foot  roadway 
and  two  14-foot  cantilever  sidewalks.  The  three 
lines  of  plate-girders  were  erected  as  double 
cantilevers  with  unequal  arms  and  connecting 
center  spans  supported  by  two  trestle  bents  with 
three  vertical  columns  each,  thus  giving  a  cen- 
ter opening  of  64  feet  and  two  side  openings 
of  29%  feet.  The  latter  are  spanned  by  the 
anchor  arms  which,  at  the  abutments,  have  pin 
bearings  engaging  vertical  eye-bars  connected 
to  reaction  platforms  built  into  the  masonry. 
The  center  opening  is  spanned  by  girders  which 


arches  of  hollow  terra  cotta  blocks  covered  with 
concrete  fllling  and  an  asphalt  pavement.  Plate- 
girder  cantilever  brackets  9  feet  long  are  web- 
connected  to  the  girders  on  both  sides  of  the 
bridge  and  carry  the  stringers,  which  are 
seated  on  their  top  flanges  to  raise  the  surface 
of  the  sidewalks  about  G  inches  above  that  of 
the  roadway.  The  sidewalk  floors  have  a  ce- 
ment surface  carried  on  flat  arches  of  hollow 
terra  cotta  similar  to  those  in  the  roadway,  but 
only  10  inches  thick. 

The  fleld-splices  of  the  main  girders  are  made 
with  six  vertical  rows  of  rivets  for  the  web;  the 


At  the  trestle  bents  the  floorbeams  are  web- 
connected  to  the  webs  of  the  post  channels  and 
are  seated  on  long  solid-web  kneebraces.  The 
intermediate  floorbeams  are  web-connected  to 
the  main  girders  and  the  upper  corners  are 
sheared  at  an  angle  of  45  degrees  to  clear  the 
top  flanges  of  the  girders.  Tension  plates  are 
riveted  across  the  top  flange  of  the  girder  and  of 
the  floorbeam  and  sidewalk  brackets  to  splice 
the  latter.  The  columns  in  the  trestle  bents 
have  I-shaped  cross-sections  made  with  a  web 
plate  and  four  angles  and  a  pair  of  channels. 
They  are  anchored  to  the  masonry  with  four 
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1%-inch  upset  bolts  6  feet  long  engaging  cast- 
iron  reaction  platM  built  into  the  concrete 
piera.  Sxcept  the  anchor  bolts,  which  are  soft 
steel,  the  bridge  is  built  of  medium  steel  and 
all  rivet  holes  are  reamed  3/16  inch.  All  inter- 
mediate stiffener  angles  are  crimped  and  the 
ends  of  the  floorbeams  and  stringers  are  faced. 
All  field  connections  of  the  main  girders  and 
floorbeams  to  the  columns  were  reamed  to  cast- 
iron  templates.  All  abutting  ends  of  compres- 
sion members  are  faced.  The  piers  and  abut- 
ments are  built  of  1:3:5  Portland  cement  con- 
crete. The  exposed  angles  of  the  concrete  were 
rounded  to  a  radius  of  3  inches.  The  coping  is 
of  1:2:3  concrete. 

The  bridge  was  designed  by  Messrs.  Waddell 
It  Hedrick,  consulting  engineers,  Kansas  City, 
and  was  built  at  the  Chicago  plant  of  the  Amer- 
ican Bridge  Company.  It  was  opened  tor  traf- 
fic in  December,  1902. 


York  for  very  low  rentals.  Thousands  of  these 
houses  must  be  built  in  place  of  the  present 
rookeries  before  the  people  of  these  quarters 
can  be  reasonably  expected  to  be  good  citizens. 
The  wholly  unnecessary  squalor  of  the  average 
tenement  house  is  a  blot  on  our  municipal  life. 


portaut  change  is  the  introduction  o£  a  consid- 
eration of  impact  in  discussing  various  types 
of  formulas  for  worlting  stresses.  The  work 
as  it  now  stands  is  better  than  ever,  and  it  was 
always  good.  I  New  York,  John  Wiley  &  Sons; 
cloth,  12x9  Ins..  570  pages,  $10.] 


Book  Notes. 


Thk  Tekemekt  House  Pboblem.  Including 
the  Report  of  the  New  York  State  Tenement 
House  Commission.  By  various  writers;  edited 
by  Robert  W.  De  Forest  and  Lawrence  Velller. 
New  York,  The  MacmiUan  Co.;  cloth,  9x6  ins.. 
two  volnmns,  about  1,000  pages,  many  illus- 
trations, |6. 

This  is  a  work  which  merits  a  place  in  the 
library  of  all  students  of  municipal  affairs,  for 
it  concerns  the  homes  of  the  poorer  classes  in 
large  'cities.  The  editors  have  been  familiar 
with  the  conditions  in  New  York  for  many 
years,  and  a  large  part  of  the  present  measure 
of  success  in  the  public  control  of  tenement 
houses  in  that  city  can  be  traced  to  them.  It 
is  a  very  old  subject  in  New  York,  and  there 
are  some  passages  in  the  book  which  indicate 
that  Mr.  Veiller,  who  is  the  historian  of  tene- 
ment house  reform,  hardly  appreciates  the 
value  of  the  work  done  by  the  men  who  gave 
their  time  and  money  to  its  study  years  ago. 
The  tenement  house  problem  is  extremely  com- 
plicated, and  the  attacks  made  upon  it  in  the 
past  by  these  public-spirited  citizens  were  in- 
valuable in  developing  the  nature,  of  the  com- 
plications. When  the  problem  was  once  un- 
derstood it  was  not  difficult  to  secure  the  ap- 
pointment of  a  commission  to  solve  it.  It  was 
these  early  investigators,  who  showed  what  was 
the  condition  of  the  tenement  house  districts 
and  interested  the  public  in  Its  improvement, 
who  rendered  possible  the  great  work  of  the 
present  commissioners. 

There  are  many  official  reports,  as  well  as 
special  papers  In  these  two  volumns.  Among 
the  latter  there  are  particularly  interesting 
chapters  by  Mr.  Veiller,  on  a  statistical  study 
of  New  York  tenement  houses,  and  on  the 
varions  attempts  made  to  improve  their  char- 
acter, one  on  tenement,  house  sanitation  by  Mr. 
Albert  L.  Webster,  one  on  small  houses  for 
worklngmen  by  Mr.  H.  L.  Cargill,  and  one  on 
the  financial  aspects  of  recent  tenement  house 
operations  in  the  city  by  Dr.  E.  R.  L.  Gould. 
These  should  be  studied  carefully  for  they  con- 
tain the  pith  of  the  subject.  The  remaining 
pages  in  the  volumes  are  supplementary  to 
them  and  need  not  be  read  by  those  whose 
time  to  put  on  the  topic  is  limited. 

The  Importance  of  the  subject  to  the  en- 
gineer depends  mainly  on  the  unsanitary  condi- 
tion likely  to  exist  in  the  crowded  sections  of  a 
city.  It  is  his  duty  to  provide  well  paved 
streets  there  and  to  Insist  on  good  building 
construction  in  the  houses.  The  filthy  condi- 
tions in  parts  of  New  York  recently  are  almost 
beyond  belief,  and  are  dangerous  to  the  health 
of  the  entire  community.  This  book  shows 
that  good  houses  paying  a  reasonable  return 
on  their  cost,  have  already  been  built  in  New 


Condensation  or  Steam  in  Covered  and  Babe 
Pipes.  By  Charles  P.  Paulding.  New  York,  D. 
Van  Nostrand  Co.;  cloth,  9x6  Ins.,  102  pages, 
illustrated,  $2. 

This  is  a  very  interesting  attempt  to  harmon- 
ize the  experimental  investigations  of  Messrs. 
Barms,  Jacobus,  Brill,  Norton  and  the  author 
with  Pfclet's  theory  of  the  emission  and  trans- 
mission of  heat,  as  stated  in  his  "Traits  de  la 
Chaleur."  Although  Lord  Kelvin  has  expressed 
his  very  grave  doubts  respecting  Peclet's  ex- 
perimental results,  the  author  regards  them 
highly,  and  a  large  part  of  the  book  Is  a  trans- 
lation of  a  portion  of  his  treatise.  The  purpose 
of  the  book  Is  to  reduce  to  a  useful  shape  the 
available  experimental  and  theoretical  infor- 
mation concerning  the  loss  of  heat  from  bare 
and  covered  pipe.  Tables  and  diagrams  are 
given  to  aid  In  estimating  the  value  of  different 
thicknesses  of  the  leading  non-conducting  ma- 
terials, with  pipes  of  various  diameters  under 
the  usual  steam  pressures.  The  book  Is  the 
pioneer  work  In  this  particular  specialty,  and 
is  written  with  the  evident  intention  of  furnish- 
ing Information  of  practical  value  to  the  de- 
signing engineer.  While  it  may  seem  to  a  con- 
siderable number  of  readers  that  more  exten- 
sive experiments  are  needed  to  furnish  all  the 
data  requisite  for  a  complete  analysis  of  the 
pipe  covering  problem,  the  author  has  sup- 
plied a  book  of  distinct  value  to  any  one  who 
employs  it  carefully. 


In  view  of  the  interest  shown  just  now  in 
the  proposed  railways  in  the  Philippine 
Islands,  it  should  be  stated  that  Mr.  J.  T.  Nor- 
ton made  a  reconnaissance  of  several  lines  In 
Northern  Luzon  about  a  year  ago.  One  of  these 
lines,  in  his  opinion,  should  pay  a  fair  return 
on  its  cost  from  the  day  it  is  opened,  while 
others  will  be  lucky  if  they  pay  operating  ex- 
penses within  a  few  years.  The  trouble  seems 
to  be  that  war,  pestilence  and  lack  of  trans- 
portation facilities  have  kept  the  country  in 
an  undeveloped  condition,  and  it  will  be  some 
time  before  even  such  an  efficient  pioneer  of 
civilization  as  a  well-managed  railroad  will  be 
able  to  produce  settled  conditions  on  a  land  of 
naturally  turbulent  people.  Mr.  Norton's  In- 
teresting report  on  his  surveys.  Illustrated  by  a 
large  map  and  a  number  of  engravings  from 
photographs,  has  been  Issued  as  Document 
206,  Bureiau  of  Insular  Affairs,  by  the  War  De- 
partment at  Washington. 


One  of  the  standard  American  engineering 
treatises  Is  Messrs.  Johnson,  Bryan  and  Tur- 
neaure's  "Modern  Framed  Structures,"  a  work 
now  eleven  years  old.  A  new  edition,  the 
eighth,  has  Just  appeared  In  which  many 
changes  have  been  madei  to  bring  It  abreast 
with  current  practice  or  to  Improve  the  manner 
in  which  a  subject  Is  presented.  The  chapters 
on  truss  analysts  for  uniform  loads  have  been 
entirely  rewritten,  several  changes  have  been 
made  In  the  portion  on  wheel-load  methods,  the 
section  on  conventional  loads  has  been  rewrit- 
ten and  that  on  lateral  trusses  Is  nearly  all 
new.  The  chapter  on  plate-girder  design  has 
been  greatly  changed,  and  that  on  the  design 
of  a  pin-connected  railway  bridge  Is  entirely 
fresh  material.  The  American  Bridge  Com- 
pany's specifications  are  followed  rather  than 
those  of  the  Society  for  Testing  Materials. 
which  1b  rather  unfortunate  although  the  dlf- 
ferencea  between  them  are  slight.    A  very  Im- 


Notes. 

The  Board  of  Direction  of  the  American 
Society  of  Civil  Engineers,  acting  for  the 
Society,  has  purchased  a  lot  of  land  fronting 
on  West  Fifty-seventh  Street,  New  York 
City,  and  adjoining  the  Society's  house.  The 
lot  is  25  feet  wide  and  has  an  average  depth 
of  116  feet.  The  announcement  of  the  pur- 
chase was  made  by  the  secretary  at  the  reg- 
ular meeting  on  Wednesday  evening. 


Fob  Thawing  the  Covebs  of  water-works  ser- 
vice boxes,  which  have  been  frozen  into  their 
frames,  Mr.  Edwin  C.  Brooks,  superintendent  of 
water  works,  Cambridge,  Mass.,  uses  a  little 
benzine,  which  is  poured  onto  the  cover  and 
ignited.  At  a  meeting  of  the  New  England 
Water  Works  Association,  he  stated  that  the 
benzine  did  the  work  perfectly  and  saved  the 
trouble  of  running  Into  neighboring  houses  for 
pails  of  hot  water. 


Leatheb  Cbossties  were  put  in  the  Boston  & 
Albany  at  the  West  Springfield  freight  yard 
in  June,  1901.  At  this  particular  place  chest- 
nut ties  have  to  be  renewed  annually  on  account 
of  the  continuous  switching  over  them,  but  the 
leather  ties  are  now  In  as  good  condition  as 
when  first  laid,  according  to  Mr.  T.  J.  Sullivan, 
the  division  roadmaster.  The  spikes  are  stated 
to  be  as  firm  as  when  first  driven.  The  ties 
are  made  of  scrap  leather  and  a  cementing  and 
preservative  substance,  the  material  being  com- 
pacted under  heavy  pressure.  The  ends  of  the 
ties  have  metal  caps,  which,  in  a  sample  re- 
cently examined,  were  held  in  place  by  a  rod 
through  the  axis  of  the  tie  Mr.  H.  L.  Handy, 
Springfield,  Mass.,  who  is  interested  lu  the  tie, 
states  that  it  can  be  made  in  large  quantities  at 
a  very  low  figure  when  its  life  is  considered. 


The  Contraction  of  Jets  from  circular  ori- 
fices with  beveled  edges  in  the  bottom  of  tanks 
has  been  estimated  in  the  past  by  means  of  an 
empirical  formula  due  to  Rankine.  The  theo- 
retical analysis  of  the  subject  has  been  investi- 
gated by  Prof.  John  Goodman,  who  supplied  an 
outline  of  It  in  "Engineering'  of  March  11.  As 
the  theory  of  contractions  is  only  barely  touch- 
ed up  to  the  present  time,  it  is  particularly  in- 
teresting to  notice  this  successful  attempt  to 
harmonize  theory  and  experiment  in  a  subject 
still  an  untouched  field  of  investigation  in 
most  of  Its  aspects.  Professor  Goodman's  analy- 
sis Is  based  on  the  following  assumptions: 
When  an  orifice  In  the  bottom  of  a  tank  is  un- 
covered, the  weight  of  the  tank  and  Its  contents 
Is  reduced  by  the  weight  of  the  column  of  water 
over  the  orifice,  and  the  total  pressure  on  the 
bottom  of  the  tank  equivalent  to  the  kinetic  en- 
ergy of  the  approaching  water  as  It  fiows  over 
the  oiiflce-plate.  The  value  of  the  first  quantity 
Is  readily  obtained,  but  the  evolution  of  the 
second  Involves  assumptions  as  to  the  exact 
manner  in  which  the  water  approaches  the  ori- 
fices. If  the  approach  is  quite  steady,  the 
stream  lines  may  be  regarded  as  flowing  in 
pyramidal  passages,  whose  apices  meet  at  the 
center  of  the  orifice.  On  this  basis,  with  the 
further  assumption  that  tlie  depth  of  water  over 
the  orifice  Is  great,  the  surface  of  equal  flow 
win  be  a  hemispherical  shell  having  its  center 
coincident  with  that  of  the  orifice.  The  expres- 
sion deduced  from  these  assumptions  gives  re- 
sults agreeing  within  about  one  per  cent,  of 
those  of  the  Rankine  formula. 
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Book  Notes   500  roads  of  the  prairie  of  Illinois  and  Missouri  are 

—  delightful.    The  carriage  passes  over  them  with 

Drainage  for  Good  Roads.  a  springy  motion  and  the  horses  find  the  surface 

easy  on  their  feet.     The  season  of  affliction  of 

It  is  instructive  to  observe  how  steadily  the  such  roads  occurs  when  heavy  rains  form  pools 

feeling  is  growing  that  drainage  and  not  thick-  on  their  surface  or  the  protracted  droughts  of 

ness  of  metaling  is  the  main  essential  in  road  summer  cover  their  surface  with  a  mass  of  dust, 

building.     However  much  we  may  respect  the  The  latter  condition  is  largely  due  to  the  former, 
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Years  ago  the  theory  of  thin  roads  met  with  from  ruts  under  such  traffic.    It  would  be  well 


worth  the  trouble  and  expense  to  try  in  such  a 
case  a  covering  of  well-burned  clay,  such  as  is 
used  in  Missouri  and  neighboring  States  for 
railroad  ballast.  The  material  is  by  no  means 
a  substitute  for  broken  stone,  but  there  is  some 
reason  for  believing  that  on  carefully-drained 
loadbeds,  where  it  will  not  be  kept  soaked  with 
water  for  any  considerable  period  of  time,  It 
may  afford  just  the  remedy  for  ruts  that  Is 
needed  by  the  prairie  thoroughfare.  As  the  clay 
can  be  obtained  in  most  places  where  such  roads 
are  constructed,  and  its  burning  is  not  a  very 
difficult  matter  in  the  hands  ot  a  competent 
man.  the  cost  of  obtaining  and  applying  this 
surfacing  material  should  not  be  very  great. 
The  experiment  may  not  be  successful,  but  it 
will  be  recalled  that  when  the  material  was  first 
suggested  for  railway  ballast  there  were  very 
few  roadmasters  who  considered  it  worth  trial. 
But  if  it  is  tried,  it  must  not  be  forgotten  that 
perfect  drainage  must  first  be  assured,  other- 
wise the  experiment  is  destined  to  fail. 


The     Turbine     Ships     of     the     Cunard 
Company. 

By  all  odds  the  most  interesting  develop- 
ment in  steam  engineering  of  late  has  been  the 
determination  of  the  Cunard  Company  to  equip 
its  two  new  760-foot  vessels  with  steam  tur- 
bines. .  This  decision  was  not  reached  hastily 
or  for  advertising  purposes,  but  was.  made  on 
the  recommendation  of  a  special  commission 
of  eminent  experts,  organized  to  assist  the  di- 
rectors of  the  company  in  the  selection  of  the 
best  equipment  of  their  mammoth  vessels.  The 
use  of  the  turbine  in  British  ships  is  compara- 
tively well  established.  The  success  of  the 
Turbinia  at  the  Naval  Review  of  1897  was  so 
marked  that  the  directors  of  the  companies  en- 
gaged in  channel  traffic  about  Great  Britain 
immediately  turned  their  attention  to  this  new 
type  of  vessel.  The  keen  competition  between 
rival  passenger  boats  to  the  continent,  as  well 
as  to  Belfast  and  the  Isle  of  Man.  naturally  led 
to  the  adoption  of  turbine  vessels  for  these 
various  services.  It  is  probable  that  the  coal 
economy  claimed  for  the  turbine  did  not  have 
as  much  weight  in  reaching  a  decision  to  use 
these  engines  as  did  the  advertising  gains 
which  their  adoption  produced.  Novelties  al- 
ways have  attraction,  and  there  are  many  peo- 
ple who  will  doubtless  be  drawn  toward  a  ves- 
sel operated  by  a  steam  turbine  for  no  other 
reason  than  a  desire  to  say  they  have  traveled 
on  such  a  boat.  These  considerations,  how- 
ever, can  scarcely  be  held  to  have  governed 
the  adoption  of  the  turbine  for  vessels  in  Aus- 
tralian and  New  Zealand  trade,  nor  for  the 
two  ships  of  the  Allan  line,  nor  the  moderate 
speed  steamer  which  the  Cunard  Company  put 
under  contract  some  time  ago.  Vessels  for 
such  service  cost  too  much  money  to  build  and 
operate  to  be  the  scene  of  any  experimenting. 
Moreover,  the  possibility  of  accident  to  a  ves- 
sel engaged  in  long-distance  runs  is  ever  pres- 
ent in  the  minds  of  the  directors,  and  while 
they  may  be  willing  to  install  promising  ap- 
paratus in  small  vessels  for  short  routes,  they 
certainly  will  refuse  to  place  in  any  ship  for 
trans-Atlantic  or  similar  service  any  mechan- 
ism that  is  liable  to  inconvenience  the  passen- 
gers or  retard  the  regular  speed. 

While  the  adoption  of  the  turbine  for  these 
enormous  vessels  of  the  Cunard  Company  has 
been  the  result  of  very  careful  investigations. 
it  is  surprising  how  little  definite  information 
has  yet  been  made  public  concerning  the 
grounds  for  the  action  taken  by  Lord  Inver- 
clyde  and  his  directors.  The  commission  of 
experts  which  recommended  the  step  to  him 
was  a  really  remarkable  one.  It  includes  Mr. 
.lames  Bain,  the  marine  superintendent  of  the 
company;    Rear-Admiral    H.    J.    Oram,   deputy 
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ensineer-in-chlef  of  Uie  British  Navy;  Mr.  J.  T. 
Milton,  chief  engineer  surveyor  of  Lloyd's;  Mr. 
H.  J.  Brock,  of  th»  Dunbanon  firm  of  Messrs. 
Denn7,  builders  of  several  turbine  ships;  Mr. 
T.  Bell,  engineer  director  of  John  Brown  & 
Company;  Sir  William  H.  White,  representing 
C.  S.  Swan  &.  Hunter,- and  Mr.  Andrew  I.Aing. 
managing  director  of  the  Wallsend  Bngineerlng 
Company.  This  commission  tested  vessels  in 
the  Channel  ser*-ice  and  also  several  (urbines 
in  electric  central  stations,  and  secured  at  flrst 
hand,  as  well  as  by  correspondence  and  com- 
pilation, a  vast  amount  of  data  on  the  subject. 
The  statements  that  have  been  given  oiil 
concerning  the  report  of  this  commission  are 
remarkable  for  the  arguments  they  do  not  pre- 
sent concerning  the  turbine,  rather  than  for 
those  which  are  advanced.  The  claim  that  the 
new  engine  will  save  a  large  proportion  of  the 
weight  of  the  present  type  of  equipment  Is  not 
recognized.  The  engines  in  these  new  vessels. 
must  develop  something  like  70,000  indicated 
horse-power  in  order  to  produce  a  speed  of  25 
knots,  and  the  weight  of  turbines  of  this  capac- 
ity, suitable  for  the  service,  is  only  3  per  cent, 
less  than  that  of  reciprocating  engines  of  the 
usual  type.  Moreover,  it  is  understood  that 
the  commission  has  advised  the  Cunard  Com- 
pany not  to  add  the  additional  300  tons  thus 
saved  to  their  cargo  capacity,  but  to  reserve  it 
for  other  machinery.  This  decision  is  more 
surprising  than  the  reports  of  a  similar  nature 
concerning  turbines  for  war  vessels,  because 
in  the  latter  type  of  ships  very  little  steaming 
is  done  at  full  load,  while  in  the  mercantile 
marine  the  vessels  are  nearly  always  driven 
constantly  at  full  speed.  This  makes  the  de- 
sign of  engines  for  mercantile  vessels  an  eas- 
ier matter,  and  at  first  thought  would  indicate 
that  the  turbine  equipment  for  them  might  b'^ 
made  considerably  lighter  and  smaller  than  an 
outfit  of  reciprocating  engines.  Perhaps  one 
reason  for  the  weight  and  size  of  the  turbines 
for  the  new  Cunard  vessels  is  to  be  found  in 
the  fact  that  they  are  to  run  at  only  140  revo- 
lutions per  minute,  as  compared  with  the  300 
to  500  revolutions  at  which  the  shafts  of 
smaller  turbine-driven  vessels  are  now  driven. 
While  the  rate  of  revolution  is  low,  the  great 
diameter  of  the  bucket  wheels  will  bring  the 
peripheral  speed  up  to  the  normal  figure  in 
other  Parsons'  turbines.  It  might  be  stated 
that  the  commission  considered  only  the  Par- 
sons' type  of  turbine,  because  there  was  no  sea 
experience  with  others. 

The  economy  in  coal  consumption  of  the  tur 
bine  ▼esaels  which  were  tested  was  only  about 
2  per  cent.,  as  compared  with  the  consumption 
in  other  vessels,  although  the  data  from  elec- 
tric light  stations  show  a  much  greater  saving. 
tp  the  vessels  which  furnished  the  Information 
on  this  subject  there  were  so  many  influences 
affecting  the  steam  consumption  that  the  final 
conclusion  must  be  regarded  merely  as  an  ap- 
proximate one.  Where  marine  turbines  run 
steadily  at  their  rated  capacity,  as  is  the  case 
in  merchant  vessels,  there  seems  to  be  little 
reason  for  any  failure  to  secure  results  about 
aa  economical  as  those  In  central  station  prac- 
tice, although  war  vessels  which  steam  most 
of  the  time  at  rates  below  full  load  on  their  en- 
ginaa  cannot  employ  turbines  so  advantage- 
oualr- 

The  objection  to  the  turbine  that  it  cannot 
be  reversed  is  overcome  In  the  designs  for  the 
new  Cnnarders  in  an  interesting  manner. 
These  vessels  are  to  have  four  shafts.  This  Is 
the  first  case  where  four  shafts  have  been 
adopted  for  British  vessels,  although  the  Lu- 
beck,  of  the  German  Navy,  which  was  recently 
launched  at  the  Vulcan  Works  at  Stettin,  has 
this  number.  Each  oiiter  shaft  will  be  driven 
by  a  high-pressure  turbine  and  is  Intended  only 
for  propulsion  ahead.    Each  of  the  shafts  lying 


closer  to  the  center  line  of  the  vessel  will  be 
driven  ahead  by  a  low-pressure  turbine  and 
backward  by  another  turbine  installed  solely 
for  reversing,  in  other  words,  there  will  be 
six  turbines  tor  the  four  shafts,  four  for  mov- 
ing ahead  and  two  for  moving  backward.  The 
four  shafts  are  mainly  necessary  on  account 
of  the  impossibility  of'  applying  65,000  horse- 
power to  three  shafts,  with  a  reserve  strength 
for  10,000  horse-power  more  in  case  of  storms. 
Were  three  shafts  employed,  each  would  have 
to  be  designed  to  transmit  safely  25,000  indi- 
cated horse-power,  while  with  four  shafts  each 
will  have  to  carry  not  much  more  than  18,000 
indicated  horse-power,  an  amount  already 
reached  In  a  few  other  vessels. 

The  investigation  apparently  indicates  that 
the  turbine  equipment  of  these  vessels  is  ex- 
pected to  have  little  effect  on  the  weight  and 
size  of  the  machinery  and  hardly  more  on  the 
coal  consumption.  The  gain  will  apparently 
come  In  the  greater  facility  for  conducting  the 
engine-room  operations. 


The  Registration  of  Architects. 

In  a  number  of  States  In  this  country  the 
practice  of  registering  architects  has  been  fol- 
lowed for  several  years,  without  causing  any 
very  serious  inconvenience  to  the  members  of 
the  profession  and,  It  is  claimed,  with  consid- 
erable benefit  tothe  public.  A  number  of  arti- 
cles have  appeared  In  this  journal  concerning 
the  various  qualifications  required  in  the  dif- 
ferent states  for  legal  practice  under  these  laws 
In  no  case  are  the  Ifws  very  strict  nor  have 
they  Interfered  to  any  noteworthy  degree  with 
the  architects  who  were  in  practice  before  they 
were  passed.  This  being  the  case.  It  is  diffi- 
cult to  understand  the  serious  opposition  which 
arose  In  England  over  the  bill  introduced  last 
year  Into  the  House  of  Commons  for  a  com- 
pulsory registration  of  British  architects.  That 
bill  was  much  less  stringent  in  Its  provisions 
than  Is  the  law  In  Illinois,  for  example.  It  was 
not  passed,  but  the  subject  is  still  under  discus- 
sion and  is  therefore  of  considerable  Interest 
to  American  practitioners. 

The  object  of  the  bill  was  stated  as  follows 
In  the  preamble:  "It  is  expedient  that  persons 
requiring  professional  aid  In  architecture  should 
be  enabled  to  distinguish  qualified  from  un- 
qualified practitioners."  To  enable  the  public 
to  so  distinguish  between  the  sheep  and  the 
goats,  the  bill  provided  for  a  paid  General 
Council  of  Architectural  Education  and  Regis- 
tration, and  the  appointment  of  registrars  In 
England,  Scotland  and  Ireland  to  receive  the 
fees  and  strike  from  the  list  of  authorized 
architects  the  name  of  any  one  who  fails  to 
pay  these  taxes.  In  order  that  the  bill  may 
work  no  harm  to  those  in  regular  practice,  it 
was  proposed  to  register  without  examination 
fellows  and  associates  of  the  Institute  of  Brit- 
ish Architects  and  Its  allied  societies  and  mem- 
bers of  the  Society  of  Architects,  as  well  as 
any  person  able  to  prove  that  he  was  actually 
practicing  architecture  prior  to  1895.  After 
the  passage  of  the  act,  an  apprenticeship  of 
three  year,  or  two  years'  apprenticeship  with 
five  years'  service  as  assistant,  or  an  assistant- 
ship  of  ten  years  with  a  registered  practitioner, 
was  to  be  enforced.  The  standard  of  examina- 
tion Is  defined  as  "the  possession  of  the  knowl- 
edge and  skill  requisite  for  the  efficient  practice 
of  architecture." 

In  examining  this  bill  It  Is  Important  to  no- 
tice that  the  rights  of  members  of  the  Institu- 
tion of  Civil  Engineers  and  of  the  Surveyors' 
Institution  are  not  to  be  prejudiced  for  "work 
of  any  kind  falling  within  the  duties  of  their 
calling."  Moreover,  If  they  produce  certificates 
from  the  council  of  any  city,  borough  or  similar 
authority,  they  are  authorized  to  prepare  plans 


for  buildings,  as  is  now  the  custom  In  most 
British  municipalities. 

So  far  as  a  careful  reading  of  the  bill  Indi- 
cates, the  only  way  in  which  it  would  assist  the 
public  to  distinguish  qualified  from  unqualified 
practitioners  lies  in  the  fatt  that  only  those 
who  qualify  under  Its  provisions  would  be 
authorized  to  call  themselves  architects.  As 
one  critic  of  the  bill  pointed  out,  there  Is  noth- 
ing -to  prohibit  a  designer  of  buildings  from 
calling  himself  an  "unregistered  architect"  and 
practicing  in  any  way  he  pleases.  Moreover, 
any  one  who  will  call  himself  a  builder  and  not 
an  architect  is  not  prevented  from  drawing 
plans  tor  any  kind  of  a  structure.  These  peo- 
ple would  labor  under  the  disadvantage,  had 
the  bill  become  a  law,  of  being  unable  to  re- 
cover In  courts  of  law  any  charges  for  profes- 
sional services  of  an  architectural  nature;  they 
would  likewise  be  subject  to  fines  of  $100  to 
$250  for  the  use  of  any  name  or  title  or  descrip- 
tion as  architect  registered  under  the  terms  of 
the  bill. 

This  proposal  for  registration  is  so  mild  in 
its  provisions  that  It  is  really  difficult  to  under- 
stand the  serious  opposition  it  encountered. 
Probably  the  best  explanation  of  the  earnest 
criticism  it  received  was  recently  given  by 
Professor  Beresford  PIte.  He  pointed  out  that 
architecture  is  really  a  union  of  science  and 
art.  The  architect  Is  essentially  an  artist 
qualified  by  skill  in  Invention  and  arrangement 
to  design  beautifully  and  to  Impart  to  building 
construction  the  qualities  that  attract  Intel- 
lectual appreciation  and  attain  to  architectural 
beauty.  He  must  have  the  power  of  expressing 
thought  in  form  by  utilizing  dimension,  propor- 
tion, line,  mass,  light  and  shade,  and  ornament 
and  color,  as  graphic  means  for  the  communica- 
tion of  Ideas.  In  order  to  attain  perfect  expres- 
sion it  is  essential  that  he  should  also  be  a 
scientific  man,  able  to  design  structures  which 
are  strong  and  properly  equipped  for  their  pur- 
pose. 

It  is  contended  by  Professor  Pite  and  other 
opponents  of  the  bill  that  it  is  ridiculous  to  at- 
tempt to  determine  the  artistic  ability  of  an 
architect  by  an  examination.  They  elaim  that 
such  ability  can  only  be  shown  by  actual  exe- 
cuted works.  No  examination  lasting  a  day  or 
two  can  bring  out  the  artistic  capabilities  of  a 
candidate  for  registration.  Moreover,  it  is  held 
by  these  critics  that  the  government  is  not  at 
all  concerned  one  way  or  another  with  the  art- 
istic ability  of  architects,  and  Its  sole  object  is 
to  ascertain  whether  the  candidates  are  able 
to  design  buildings  that  are  safe  for  their  in- 
tended purpose  and  are  equipped  with  fittings 
of  a  character  that  will  not  Injure  the  health  of 
the  people  occupying  the  structures.  In  other 
words,  these  critics  claim  that  the  bill  really  is 
not  intended  to  register  architects,  but  to  pro- 
tect the  public  against  unsafe  construction. 
Consequently  they  held  that  it  is  not  just  to 
register  architects  and  leave  the  public  at  the 
mercy  of  other  men  who  design  buildings. 

The  bill  seems  to  have  been  very  unfortu- 
nately drawn  in  that  such  criticisms  as  these 
certainly  carry  considerable  weight,  particular- 
ly In  Great  Britain,  where  a  large  number  of 
buildings,  many  of  them  important  structures, 
are  designed  by  builders,  surveyors  and  en- 
gineers. In  the  United  States  this  difficulty  has 
been  avoided  by  requiring,  in  some  states,  that 
no  one  shall  design  a  building  for  any  purpose 
who  has  not  qualified  as  an  architect.  The  pur- 
pose of  this  requirement  is  not  to  insure  a  high 
order  of  artistic  merit  in  the  buildings,  but  only 
to  make  It-  certain  that  they  are  designed  by 
men  who  have  given  evidence  of  their  knowl- 
edge of  sound  methods  of  consti'uctlon.  The 
British  bill  did  nothing  of  the  sort,  and  It  Is 
not  at  all  surprising  that  the  architects  of  the 
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country  looked  upon  it  as  a  reflection  on  their 
professional   dignity. 

It  is  true  that  the  bill  found  some  advocates 
among  architects,  one  of  whom  recently  said: 
"To  pose  as  great  artists  does  us  more  harm 
than  good,  for  there  is  a  firm  conviction  in  the 
public  mind  that  the  more  artistic  the  less  prac- 
tical and  buiness-like  a  man  is.  Herein  lies  the 
mistake  in  the  analogy  too  often  drawn  between 
architects,  painters  and  sculptures.  The  fact 
that  those  whose  practice  is  mainly  utilitarian 
should  be  foremost  in  claiming  a  better  stand- 
ard in  both  the  art  and  the  science  is  of  the 
happiest  augury  in  the  future  interests  of  the 
art."  This  statement  is  really  the  key-note  of 
the  whole  matter.  The  practice  of  medicine  is 
governed  by  law  which  make  it  impossible  for 
a  charlatan  to  pose  as  a  physician.  No  man 
can  call  himself  a  lawyer  until  he  has  passed 
a  formal  examination.  The  doctor  and  lawyer 
look  after  our  health  and  our  public  and  pri- 
vate affairs;  the  architect,  upon  whose  work 
depends  in  a  measure  the  safety  and  comfort 
of  a  large  proportion  of  the  people  in  cities,  is 
allowed  to  practice  without  any  restriction  and 
any  one  who  can  make  a  drawing  is  permitted 
to  call  himself  an  architect.  There  are  certain- 
ly sound  reasons  for  holding  that  the  man  who 
designs  a  building  should  be  required  to  give 
proof  of  structural  knowledge  just  as  much  as 
the  candidate  for  admission  to  the  bar  is  re- 
quired to  prove  his  fitness  for  his  profession. 
The  proposed  examination  is  not  an  examina- 
tion of  an  architect  in  his  dual  capacity  as  an 
artist  and  constructor,  but  merely  a  test  of  his 
technical  ability  to  design  structures  that  are 
safe  for  use. 


Notes  and  Comments. 


The  Famois  Gloucestek  Water-Wouks  Liti- 
(iATio.x  has  apparently  reached  a  finish  in  the 
United  States  Supreme  Court,  where  Justice 
White  has  written  a  decision  that  states  the 
claims  of  the  water  company  were  so  attenu- 
ated and  unsubstantial  as  to  be  absolutely  de- 
void of  merit.  The  suit  has  been  fully  explained 
in  earlier  volumes  of  this  journal. 


The  Uxiox  Exoineering  Building  which  will 
be  built  with  the  assistance  of  Mr.  Carnegie  is 
the  subject  of  a  bill  already  passed  by  both 
Chambers  of  the  New  York  Legislature.  It  pro- 
vides for  the  incorporation  of  the  United  Engin- 
eering Society,  which  will  hold  the  property  for 
the  three  national  engineering  societies  that 
have  accepted  Mr.  Carnegie's  gift.  The  bill  is 
modeled  after  the  act  incorporating  the  Cooper 
Union,  the  purposes  of  the  two  organizations 
being  in  most  respects  identical  so  far  as  they 
relate  to  the  public  objects  of  their  buildings. 
The  conference  committee  in  charge  of  the 
affairs  has  selected  as  the  architects  to  join  in  a 
limited  competition  for  the  plans  for  the  En- 
gineering Building  and  the  Engineers'  Club, 
Messrs.  Carrere  &  Hastings,  Clinton  &  Russell, 
Whitfield  &  King,  Ackerman  &  Partridge,  Pal- 
mer &  Hornbostel  and  Lord  &  Hewlett.  The 
committee  is  about  to  select  a  professional  ad- 
viser to  assist  it  in  connection  with  the  archi- 
tectural part  of  its  work.  In  addition  to  the 
limited  competition  between  the  six  firms  men- 
tioned, each  of  whom  will  be  paid  for  its  plans, 
there  will  be  an  open  competition  in  which 
prizes  will  be  awarded  for  the  four  best  de- 
signs. Thl.i  is  contrary  to  the  practice  of  many 
leading  architectural  firms,  but  It  was  Mr.  Car- 
negie's wish  that  the  matter  should  be  put  on 
this  basis. 


that  the  manufacture  of  asphalt  from  herrings 
and  other  Ingredients,  which  was  accomplished 
a  few  years  ago  at  Swarthmore  College,  settled 
the  fact  that  it  might  be  of  animal  nature,  al- 
though not  proving  that  it  could  not  be  obtained 
as  well  from  other  sources.  Recently  the  ani- 
mal origin  of  asphalt  has  received  further  con- 
firmation through  the  discovery  of  a  fossil  egg 
near  the  Gila  River  in  Arizona.  It  had  ages  ago 
passed  the  stage  of  offensive  ripeness  and  is 
now  a  valued  object  in  the  museum  of  the  Uni- 
versity of  California.  According  to  Prof.  Wil- 
liam C.  Morgan,  it  is  filled  with  asphalt  mixed 
with  crystallized  colemanite.  The  latter  he 
considers  an  outside  substance,  but  all  the  evi- 
dence at  his  disposal  indicates  that  the  asphalt 
was  derived  from  the  natural  contents  of  the 
egg.  He  also  states  that  the  process  undergone 
appears  to  have  been  very  similar  to  that  which 
occurs  inside  of  a  "Chinese"  egg.  These  latter 
are  imbedded  in  clay  by  the  Orientals  to  pre- 
vent the  bursting  of  the  egg,  which  usually  oc- 
curs when  hydrogen  sulphide  gas  forms  due  to 
decomposition.  After  a  period  of  from  six 
months  to  three  years  the  eggs  are  removed 
from  the  clay.  He  has  observed  several  of 
these  and  finds  that  the  contents  are  beginning 
to  resemble,  outwardly  at  least,  the  asphalt  in 
this  fossilized  product.  The  change  taking 
place  in  a  year  or  two  shows  that  there  is  cer- 
tainly a  possibility  that  in  thousands  of  years 
this  bituminous  matter  could  be  formed. 


The  Origin  of  Asphalt  is  a  subject  that  has 
attracted  the  attention  of  many  chemists  and 
has  led  to  numerous  debates  of  an  interesting 
nature.     It  was  commonly  believed,  however. 


The  Recipeocatino  Steam  Engine  has  been 
somewhat    neglected    in     technical     literature 
lately,  owing  to  the  novelty  of  the  steam  tur- 
bine.    Naturally  enough  the  new  prime  mover 
has  been   attracting   more   attention   than   the 
familiar  types,  and  it   is   not  improbable  that 
builders  of  the  latter   have   been  willing  that 
this  should  be  so.     It  is  generally  a  good  plan 
to  let  an  adversary  move  first  in  any  encounter 
where  the  struggle  promises  to  be  long,  and  in 
the   battle   of  steam  engine  types  the  turbine 
advocates  have  had  the  field  entirely  to  them- 
selves.   Now,  however,  a  builder  of  high-grade 
reciprocating  engines  has  entered  the  fight  with 
some  very  interesting  figures  to  counter  those 
advanced  in  considerable  detail  by  the  turbine 
adherents.    In  a  recent  issue  of  the  "Electrical 
World  and   Engineer,"  Mr.   J.   A.   Seymour,   of 
Mcintosh  &  Seymour,  compares  the  figures  of 
steam  consumption  at  different  loads  of  a  West- 
inghouse-Parsons  turbine  unit  of  1250  kilowatts 
capacity,  given  in  a  recent  article  by  Mr.  A.  M. 
Mattice,  now  chief  engineer  of  the  AUis-Chal- 
mers  Company,  with  the  results  of  the  accept- 
ance tests  of  three  1,600  kilowatt  units  having 
Mcintosh    &    Seymour    engines.      The    turbine 
used  steam  with  76.8  degrees  of  superheat  and 
had  vacuums  of  27.1  and  28.1  inches  In  the  ex- 
haust pipes.     The   reciprocating  engines   used 
steam  with  81.3  degrees  superheat  and  had  a 
vacuum   of   25.6   Inches   in   the  exhaust   pipes. 
The  economy  curve  for  the  reciprocating  type 
shows   a   better   result  at   light  loads  and    its 
point  of  maximum  economy  is  more  favorably 
located  than  is  the  case  with  the  turbine  curves. 
Other  tests  of  a  similar  character  are  cited  to 
prove  that  in  comparing  the  steam  turbine  with 
the  reciprocating  engine  it  is  not  fair  to  the  lat- 
ter to  use  average  figures  of  the  performance 
of  the  old  type.     Mr.  Seymour  claims  that  the 
comparison   should  be  drawn  with  the  resuRs 
of  tests  of  really  modern  engines  which  have  a 
low  rate  of  steam  consumption  at  light  as  well 
as  full  loads.    He  admits  that  the  usual  average 
rate  of  steam  consumption  of  reciprocating  en- 
gines at  light  loads  is  excessive  as  compared 
with  the  figures   at  full  load,  but  claims  that 
the  usual,  average  engine  is   an  uneconomical 
and  out-of-date  machine.    This  argument  is  one 
which  will  appeal  strongly  to  those  who  have 
kept  in  touch  with  recent  achievements  of  en- 


gine builders.  Indeed,  the  published  figures  of 
engine  operation  at  light  loads  have  all  along 
indicated  that  on  the  ground  of  economy  the 
turbine  advocates  are  on  the  defensive,  al- 
though it  has  remained  for  Mr.  Seymour  to 
point  out  clearly  what  a  tough  opponent  the 
latest  type  of  reciprocating  engine  is,  particu- 
larly for  central  station  and  similar  service 
subject  to  fluctuating  loads. 


The  Picklin(j  of  Structural  Steel  was  prob- 
ably flrst  done  in  this   country  in  connection 
with   the  steel   flooring    of    the   Williamsburg 
Bridge   in  New  York  City,   which  was  briefly 
described  last  week.     The  specifications  for  the 
12-inch   channels  on   which   the   paving  blocks 
are  carried   required  them   to   be  cleaned  and 
painted   with   pure   linseed    oil   while   still   hot 
from  the  rolls.    When  it  came  time  to  execute 
the  work,  these  specifications  were  changed  so 
as  to  permit  the  metal  to  be  cleaned  in  pickling 
baths,  which  has  long  been  done  to  a  consider- 
able extent  in  Europe.    In  the  case  of  the  chan- 
nels  for   the   Williamsburg  Bridge  the  shapes 
were  first  boiled  in  a  10  per  cent,  solution  of 
caustic  soda  to  take  off  grease  and  were  then 
rinsed  in  boiling  water.     Afterward  they  were 
dipped  in  a  boiling  10  per  cent,  solution  of  sul- 
phuric acid   until  all  the  oxide  was   removed. 
After  being  rinsed  in  boiling  water,  they  were 
dipped  in  a  boiling  10  per  cent,  solution  of  car- 
bonate of  soda  to  free  them  from  any  trace  of 
acid.      Finally    they    were    rinsed    in    boiling 
water,  dried  over  steam   pipes  and  then  treat- 
ed by  the   Sabin  process  of  enameling.     The 
contractors  for  the  steel  work,  the  R.  H.  Hood 
Company,  made  a  sub-contract  for  this  pickling 
and  japaning  with  the  American  Circular  Loom 
Company   in   New  Jersey,   and   the    work  was 
done   at   the  plant  of  the   latter  company  for 
some  time.     Eventually  the  R.  H.  Hood  Com- 
pany built  a  plant  of  its  own  for  the  purpose 
near  the   bridge;    this   plant  was    inexpensive 
and  the  total  cost  of  the  work  was  probably 
very  low.     This  successful  use  of  the  process 
deserves  particular  attention,  not  only  because 
it  is  probably  the  first  instance  in  which  struc- 
tural metal  was  pickled  in  the  United  States, 
but  also  from  the  fact  that  the  coating  on  the 
channels     proved     extraordinarily     tenacious. 
During  the  construction   of  the  wooden  pave- 
ment on  these  channels  by  the  United  States 
Wood  Preserving  Company,  large  quantities  of 
material  were  wheeled  over  the  enameled  sur- 
face of  the  metal  without  injuring  it  in  any  ap- 
preciable manner.     The  result  of  this  experi- 
ment, technically  and  financially.  Indicates  that 
the  time  may  be  drawing  near  when  the  mem- 
'bers  of   important  bridges  will   be  thoroughly 
cleaned  and  enameled  before  they  are  put  in 
place.     The  painting  of  a  bridge  of  large  size 
is  a  tedious  and  costly  operation  and  the  possi- 
bility of  protecting  the  metal  by  more  durable 
enamel  opens  an   interesting   field  of  specula- 
tion.    In  the  same  way  the  success  of  this  in- 
itial trial  of  the  process  opens  a  new  field  in 
respect  to  the  steel  work  of  buildings.     From 
time   to  time  criticisms  are   made   concerning 
the  durability  of  the  steel  work  of  office  struc- 
tures,  particularly   that   portion   of   the   metal 
embedded  in  concrete  below  the  ground  water 
level.     The  use  of  japan  coatings  for  riveted 
steel  pipe  is  such  an  old  story  to  the  readers  of 
The  Engineering  Record  that  it  is  unnecessary 
to  more  than  mention  the  fact  that  steel  work 
treated  in  this  way  before  it  is  bedded  in  con- 
crete  probably   is   protected   against  corrosion 
as  thoroughly  as  it  is  reasonable  to  expect  such 
work  to  be  done.     Now  that  the  work  on  the 
Williamsburg  Bridge  has   been  executed  at  a 
very  low  figure,  there  seems  to  be  no  reason 
for  objection  to  the  use  of  this  process  on  the 
ground  of  its  cost,  which  has  hitherto  been  the 
great  argument  against  it. 
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Elxtensions   of   Brooklyn    Sewerage   Sys- 
tem: Avenue  G  Trunk  Sewer. — I. 


iMfge  areas  in  the  southerly  and  southeaster- 
ly parts  of  the  borough  of  Brooklyn.  New  York 
City,  are  being  rapidly  developed  and  built  up. 
Miles  of  streets  are  being  laid  oat  and  improved 
and  hundreds  of  houses  are  being  erected  from 
year  to  year.  This  process  has  been  going  on 
for  several  years  and.  of  course,  has  created 
a  demand  for  sewers.  As  large  parts  of  these 
districts  could  not  be  drained  into  any  exist- 
ing main  sewer,  it  became  imperative  to  build 
as  soon  and  as  rapidly  as  feasible  several  large 
trunk  sewers,  as  well  as  the  street  laterals, 
to  collect  and  convey  to  the  sea  not  only  the 
house  sewage  but  large  quantities  of  storm 
water  also. 

Furthermore,  some  of  the  main  sewers  In  the 


some  very  deep  trench  work.  October  26,  1901, 
mention  was  made  of  the  application  of  con- 
crete-steel construction  to  a  portion  of  the 
triple  outfall  sewer  projecting  into  New  York 
Bay  at  the  end  of  Sixty-fourth  Street;  this 
outfall  has  been  modified  somewhat  during  the 
construction.  The  Sixty-fourth  Street  sewer, 
14  and  16  feet  in  diameter  inside,  is  mostly 
in  deep  tunnel,  and  the  interesting  and  in- 
genious methods  employed  in  its  construction 
«*-ere  described  and  illustrated  November  21 
and  28  and  December  5,  1903.  Some  difficult 
reconstruction  and  complicated  connections 
with  Intercepting  sewers  were  shown  and  de- 
scribed in  the  issue  of  May  31,  1902. 

The  most  important  main  trunk  sewers  are 
designated  as  the  Avenue  G  sewer,  the  Ninety- 
second  Street  sewer,  the  sewer  in  the  proposed 
street    through    the    northern    part    of    Dyker 


uBted  easterly  of  the  district  served  by  tlio 
Sixty-fourth  Street  sewer.  This  sewer  will 
have  a  total  length  of  16.540  feet,  or  slightly 
more  than  'A  miles,  extending  from  Coney  Island 
Avenue  through  Avenue  G,  Flatbush  Avenue, 
Nostrand  Avenue,  Avenue  F,  Paerdegat  Avenue, 
Avenue  G  and  Paerdegat  Avenue  to  Paerdegat 
Creek  at  Flatlands  Avenue.  Beyond  the  inter- 
section of  Avenue  F  with  Paerdegat  Avenue 
the  line  passes  through  undeveloped  territory, 
largely  marsh  land. 

The  size  of  the  sewer  increases  as  needed 
from  15  inches  to  90  inches.  Beginning  at  the 
upper  end,  the  diameters  and  the  lengths  of 
sewer  of  each  diameter  are  as  follows:  Vitri- 
fied pipe  laid  in  concrete,  15-inch,  350  feet; 
18-inch.  780  feet;  24-inch,  260  feet;  circular 
brick,  36-inch,  140  feet;  egg-shape  brick,  equiv- 
alent  to   36-inch  circular,   805   feet;    egg-shape 


Brooklyn  Sewers:     Long  Island  Railroad  Crossing;   Curve   at  Forty-sixth  Street;  Setting  Frame  for  Sheeting;  Crossing  the  Marsh. 


older  parts  of  the  borough  have  become  over- 
taxed owing  to  the  laying  of  asphalt  and  other 
impervious  pavements  on  many  streets  and 
the  covering  of  large  areas  with  business  and 
dwelling  blocks,  thus  greatly  accelerating  the 
run-off  from  the  watersheds  of  a  number  of 
sewers  and  necessitating  the  construction  of 
several  large  relief  sewers. 

Consequent  upon  the  changes  just  mentioned. 
the  sewer  department  has  on  hand  an  unusual 
amount  of  large  work,  in  various  stages  of 
beginning  or  completion,  the  cost  of  which 
foots  up  approximately  $7,000,000.  A  few  of 
the  larger  pieces  of  this  work  have  been  de- 
scribed in  recent  volumes  of  this  journal.  An 
article  printed  September  1,  1900,  dealt  with 
the  Greene  Avenue  relief  sewer,  a  180-Inch 
diameter  circular  brick  sewer  35  to  40  feet  be- 
low the  street  surface;   this  article  describes 


Beach  park,  the  Bath  Avenue,  the  Flatlands 
Avenue,  the  Foster  Avenue,  the  Sixtieth 
Street,  the  Sixty-fourth  Street  and  the  Dyker 
Heights  sewers.  The  principal  new  relief  sew- 
ers are  known  as  the  Dean  Street  relief  sewer 
and  the  Degraw  Street  relief  sewer,  both  of 
which  relieve  the  Greene  Avenue  relief  sewer, 
the  Evergreen  Avenue  relief  sewer,  the  Mor- 
gan Avenue  relief  sewer,  the  Vanderwoort 
Avenue  sewer,  and  the  remodeling  of  the 
Knickerbocker  Avenue  and  the  Johnson  Avenue 
sewers.  The  construction  of  the  Atlantic 
Avenue  subway,  parts  of  which  have  been  de- 
scribed in  this  journal,  has  necessitated  many 
changes  in  sewers. 

Avenue  G  trunk  sewer  was  put  under  con- 
struction In  September,  1902,  and  is  to  be  com- 
pleted by  the  latter  part  of  the  coming  summer. 
It  will   drain   an  area  of  about  650  acres  sit- 


brick,  42-inch,  1,135  feet;  circular  brick,  48- 
inch,  5  feet;  egg-shape  brick  equivalent  to  48- 
Inch  circular.  630  feet;  egg-shape  brick,  54-inch, 
1,320  feet;  60-inch,  1,380  feet;  66-inch,  815 
feet;  circular  briCk,  84-inch,  5,660  feet;  90-inrh. 
3,260  feet.  The  egg-shaped  sections  and  the 
circular  sections  mentioned  have  great  advan- 
tage, according  to  Brooklyn  experience,  over 
other  sections  in  that  they  are  self-cleaning 
when  laid  at  the  minimum  grades  adopted  on 
this  work. 

The  portion  of  the  trunk  sewer  laid  with 
vitrified  pipes  has  grades  varying  from  a  rate 
of  .00431  to  .0143.  The  pipes  are  laid  in  a 
l)ed  of  Portland  cem.ent  concrete  reaching  up 
to  the  horizontal  diameter  and  placed  in  a 
trough  made  of  I'/i-inch  boards.  The  concrete 
is  G  inches  thick  beneath  the  bottom  of  the 
pipes  and  6  inches  wide  at  each  side.    For  the 
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36-inch  to  66-iiich  brick  sewers  ttie  grades  are 
.002,  .001578  and  .002182;  lor  the  84-inch  and 
90-inch  sewer  the  grade  is  uniformly  .001111 
to  the  silt  basin  at  the  terminus.  The  sewers 
are  designed  to  flow  two-thirds  full  when  car- 
rying the  ma.ximum  estimated  run-off,  and  the 
velocities  in  the  large  sewers  are  computed  to 
be  not  less  than  3  feet  nor  more  than  12  feet 
per  second. 

The  66,  84  and  90-inch  portions  of  the  sewer 
are  built  with  thfee  rings  of  brick,  and  wher- 
ever the  foundation  is  upon  quicksand  a  timber 
grillage  foundation  and  haunch  walls  built  of 
brick  or  concrete  are  provided  for  in  the  con- 
tract. The  other  sizes  of  brick  sewer  have  two 
rings  of  brick.  Cradles  of  IVi-inch  plank  have 
been  used  under  the  smaller  egg-shaped  sec- 
tions wherever  the  work  was  constructed  on 
firm  sand  or  gravel,  in  which  cases  the  lower 


the  marshes  there  were  from  3  to  12  feet  of 
muck  and  peat  on  top  of  the  sand,  but  the  dig- 
ging was  easy  everywhere,  no  rock  nor  hard- 
pan  being  found  in  this  part  of  Long  Island. 
The  unstable  nature  of  the  sand,  however,  re- 
quired close  sheeting  and  heavy  bracing  prac- 
tically throughout  the  length  of  the  trench,  and 
a  total  of  about  1,500,000  feet,  board  measure, 
of  sheeting  was  left  in  the  trench  at  various 
places.  One  of  the  pictures  shows  plainly  the 
method  of  setting  the  frame  and  starting  the 
sheeting  in  the  trench  for  the  66-inch  sewer 
alongside  a  street  railway  track. 

Water  has  caused  the  most  serious  difficulty 
in  the  execution  of  this  contract.  The  sands 
and  gravels  of  this  part  of  Long  Island  carry 
large  quantities  of  water  and  in  several  cases 
have  yielded  abundant  supplies  when  drawn 
upon  for  water-works  purposes.     Furthermore, 


from  which  point  (Avenue  G  and  Forty-sixth 
Street)  two  lines  of  12-inch  drain  pipe  becajne 
necessary.  For  the  90-inch  portion  of  the  sewer 
the  quantity  of  water  to  be  cared  for  has  been 
so  great  that  two  12-inch  pipes  are  being  laid, 
one  under  each  side  of  the  sewer,  the  center 
of  each  pipe  being  24  inches  from  the  center 
line.  In  some  places  on  the  lowland  pockets  or 
hollows  have  been  formed  between  the  sewer 
embankment  and  the  nearby  higher  land.  Most 
of  these  depressions  will  be  filled  soon,  and  all 
of  them  will  be  filled  when  the  streets  are 
graded,  so  that  no  permanent  culverts  will  be 
needed.  One  large  hollow  of  this  sort  in  the 
marsh,  at  Avenue  G  and  Forty-fifth  Street, 
is  drained  by  a  wooden  trough  leading  to  an 
18-lnch  lateral  sewer  connection  at  Troy 
Avenue,  left  in  the  south  side  of  the  sewer  near 
the   springing  line.     This  water  flows  in  the 


Brooklyn  Sewers:     Auxiliary  Pumping  Outfit;    Bracing,  Forty-sixth  Street  Curve;   Closing  Arch  on  Curve;  Sixty-six-inch  Sewer  in  Cradle. 


portion  of  the  ditch  was  shaped  to  fit  the  lower 
half  of  the  egg-shaped  section.  The  cross-section 
of  the  66-inch  egg-shaped  sewer  is  shown  by  an 
accompanying  drawing  and  is  typical  of  all 
the  egg-shaped  sewers,  in  general  form.  The 
egg-shaped  sections  used  are  always  of  the  well- 
known  John  Phillips  type,  in  which  the  long 
or  vertical  diameter  is  one  and  one-half  times 
the  short  or  horizontal  diameter,  and  the  radius 
of  the  small  end  of  the  egg  is  one-half  that  of 
the  large  end.  The  method  of  laying  the  66-inch 
sewer  in  a  wooden  cradle  and  the  centering  and 
profile  used  are  shown  by  an  accompanying 
photograph. 

The  depth  of  trench,  measured  from  the  sur- 
face as  it  existed  when  work  was  begun,  varies 
from  about  8  feet  to  27,  the  excavation,  except- 
ing through  the  marsh,  being  almost  wholly  in 
sand  of  various  grades  and  fine  gravel.     Across 


for  3,600  feet  of  its  length  the  bottom  of  the 
90-inch  sewer  trench  is  below  tide  level.  To 
handle  the  large  quantities  of  water  flowing  into 
the  trench  centrifugal  pumps  were  used.  While 
crossing  the  marsh,  sometimes  three  8-inch  de- 
livery and  two  6-inch  delivery  pumps,  designed 
by  Mr.  Richard  Bush  and  made  by  Mr.  Jesse 
Craft,  of  Water  Street,  New  York  City,  were 
installed  to  keep  the  water  out  of  the  portion 
of  the  trench  that  was  open.  The  8-inch  pumps 
are  rated  at  3,000  gallons  per  minute  and  the 
6-inch  at  1,200  gallons  per  minute.  This  water 
was  discharged  into  Paerdegat  Creek.  The 
pumps  were  driven  by  Nagle  engines  with 
portable  boilers.  Of  course,  as  the  work  pro- 
gressed, the  pumping  plants  were   moved. 

An  underdrain  12  inches  in  diameter  was  laid 
beneath  the  center  of  the  foundation  of  the 
sewer   from   Nostrand    Avenue    to    Avenue   G, 


sewer  for  a  short  distance,  to  East  Forty-sev- 
enth Street,  and  is  then  let  out  through  an- 
other lateral  sewer  connection  on  the  opposite 
side  of  the  sewer  and  led  through  a  short 
trough  and  ditch  to  the  creek.  A  temporary 
bulkhead  was  built  across  the  sewer  above  the 
upper  opening  and  another  below  the  lower 
opening  to  prevent  the  water  flowing  to 
parts  of  the  sewer  under  construction.  These 
low  places  will  be  filled  before  the  sewer 
contract  is  completed,  and  the  expedient  de- 
scribed is,  of  course,  for  temporary  relief  only. 
West  of  Flatbush  Avenue  the  streets  through 
which  the  sewer  passes  have  been  at  least  ap- 
proximately graded,  although  little,  if  any,  pav- 
ing has  been  done,  and  many  houses  have  been 
built  along  the  line.  East  'of  Flatbush  Avenue 
material  changes  are  contemplated  in  the  grade 
of  Avenue   F,  and  beyond   the   interse-ction  of 
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Avenue  F  and  Paerdegat  Avenue  the  location 
is  almost,  wholly  through  a  marsh  only  a  few 
Xeet.  at  most,  above  high-tide  level.  For  this 
section  the  streets  existed  only  on  paper  and  it 
was  necessary  (or  the  sewer  department  to 
make  extensive  and  accurate  surveys,  whicb> 
owing  to  the  nature  of  the  country,  were  some- 
what difficult.  Trouble  has  naturally  been 
experienced  in  maintaining  the  line  stakes  and 
bench  marks  across  the  marshes,  and  the  con- 
ditions have  necessitated  running  the  lines  on 
offsets,  frequently  at  distances  of  50  to  200  feet 
from  the  center  line.  The  general  topography 
of  this  marshy  territory  is  indicated  by  one  of 
the  accompanying  views,  taken  on  the  line  of 
the  90-inch  sewer  between  Fifty-second  Street 
and  the  Long  Island  Railroad,  which  also  shows 
the  sheeting  and  bracing  of  the  trench  and  one 
of  the  pumping  plants.  At  this  place  three  8- 
Inch  and  two  6-inch  centrifugal  pumps  were 
required  to  keep  300  feet  of  trench  dry  enough 
for  masonry  construction.  The  method  pur- 
sued was  to  bulkhead  off  about  300  feet  of 
trench,  which  was  carried  down  to  sub-grade 
and  kept  dry  until  the  masonry  was  completed. 
In  this  vicinity  the  spring  or  ground-water  level 
was  about  3V4  feet  above  the  sewer  invert. 

Excavating  machines  of  the  kind  shown  in 
some  of  the  accompanying  views  were  built  by 
the  contractor  for  digging  the  larger  trenches. 
E^ach  machine  consists  of  a  heavy  timber  plat- 
form spanning  the  trench,  supported  on  four 
car  wheels  traveling  on  two  rails,  one  on  either 
side,  and  an  A-frame  derrick  with  30-foot  boom 
mounted  on  the  forward  end  of  the  platform  and 
operated  by  a  Lidgerwood  engine  and  boiler  in 
a  small  house  on  the  rear  of  the  platform.  The 
excavated  materials  were  shoveled  into  1-cubic- 
yard  steel  buckets,  which  were  hoisted  by  the 
derrick  and  swung  over  2-yard  dump  cars  on 
narrow-gauge  tracks  laid  alongside.  For  a  con- 
siderable part  of  the  trench  for  the  large  sewer 
two  of  these  machines  were  used  together  fac- 
ing each  other  and  about  60  to  150  feet  apart, 
for  greater  convenience  in  handling  the  cars. 
The  forward  machine  moved  backwards,  that 
Is,  with  Its  derrick  end  toward  the  other  ma- 
chine, taking  out  the  upper  part  of  the  mate- 
rial, and  the  second  machine  followed,  remov- 
ing the  material  down  to  the  grade  for  the  bot- 
tom of  the  sewer. 

Machines  of  this  type  handled  in  this  way  are 
economical  for  work  of  this  class.  The  pres- 
ence of  so  much  water  renders  the  excavation 
extremely  difficult,  and  a  man  is  not  able  to 
shovel  over  22  yards  per  day  of  10  hours.  There 
are  seventeen  men  to  each  digger,  or  machine. 
On  the  trench  for  the  90-inch  portion  of  the 
sewer,  which  is  a  very  shallow  cut  (6  to  10 
feet),  one  machine  is  being  used  and  Is  passed 
over  the  line  twice.  On  this  part  of  the  work 
one  machine  used  in  this  way  can  open  the 
trench  as  rapidly  as  the  brickwork  can  be  con- 
structed. During  the  first  movement  over  a 
given  stretch  of  trench,  the  upper  part  of  the 
material  is  taken  out,  and  on  the  second  trip 
of  the  machine  the  bottom  is  brought  to  grade 
ready  for  the  sewer.  On  this  part  of  the  work, 
this  spring,  an  additional  platform  has  been  at- 
tached to  the  rear  of  the  machine  to  carry  an 
anxiliary  pumping  outfit  for  removing  the  water 
from  the  trench  bottom  Immediately  In  advance 
of  the  brickwork,  supplementing  the  large  sta- 
tionary pumping  plants  along  the  trench.  A 
6-lnch  contrifugal  pump  mounted  on  a  frame  is 
suspended  from  the  under  side  of  the  platform 
and  the  engine  and  boiler  for  driving  it  are 
mounted  on  the  platform.  This  equipment  Is 
shown  clearly  by  one  of  the  views.  As  this 
pump  travels  with  the  machine,  it  is  always 
near  the  point  where  It  Is  most  needed;  the 
pump  platform  may,  however,  be  detached  from 
the  excavating  machine,  if  desired,  as  it  is 
mounted    Independently   on    wheels.     This   ar- 


rangement, it  is  hoped,  will  to  some  extent 
avoid  the  frequent  movement  of  the  larger 
pumping  plants  at  the  side  of  the  trench. 

Where  the  84-inch  sewer  turns  from  East 
Forty-fifth  Street  into  Avenue  G  there  is  a  90- 
degree  curve  of  40  feet  radius.  To  construct 
this  piece  of  the  sewer  a  machine  of  the  type 
mentioned  above  was  set  up  near  the  middle  of 
the  convex  side  of  the  curve,  at  the  side  of  the 
trench,  and  fitted  with  a  derrick  having  a 
boom  40  feet  long  so  that  It  could  command  the 
whole  curve.  The  method  used  at  this  place  Is 
indicated  in  one  of  the  views.  The  centering 
and  the  method  of  closing  the  crown  of  the 
arch  on  the  curve  of  the  84-inch  brick  sewer 
at  Avenue  F  and  Paerdegat  Avenue  is  also 
shown  by  an  accompanying  Illustration,  In  the 
background  of  which  appears  a  shed  contain- 
ing two  8-Inch  centrifugal  pumps. 

In  Avenue  G  near  Forty-sixth  Street  the  sewer 
crosses  beneath  the  double  tracks  of  the  Long 
Island  Railroad  at  an  angle  of  about  45  de- 
grees. To  support  the  tracks  across  the  trench 
a  steel  I-beam  24  inches  deep  and  36  feet  long 
was  placed  by  the  employes  of  the  railroad 
company  beneath  each  rail,  and  the  ends  of 
these  beams  were  supported  on  piles  just  out- 
side, and  close  to.  the  lines  of  the  sewer  trench. 
As  the  excavation  for  the  sewer  was  carried 
lo  the  bottoms  of  these  piles,  it  became  neces- 
sary to  support  them  by  means  of  extra-heavy 


The  Avenue  G  trunk  sewer  was  designed  and 
Is  being  constructed  under  the  direction  of  Mr. 
Henry  R.  Asserson,  M.  Am.,  See.  C.  E.,  chief 
engineer  of  sewers.  Borough  of  Brooklyn.  Mr. 
George  T.  Hammond  is  the  division  engineer 
in  immediate  charge.  Mr.  John  McNamee,  of 
Brooklyn,  is  the  contractor. 

■  (To  be  continued.) 
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sheeting  and  bracing,  the  sheeting  being  placed 
against  the  piles.  The  arrangement  of  the  two 
excavating  machines  at  this  place  is  shown  in 
one  of  the  photographs,  which  also  indicates 
the  method  of  splicing  the  telegraph  poles  so  as 
to  raise  the  line  wires  out  of  the  way  of  the 
derricks  on  the  two  excavating  machines. 
A  lOxlO-inch  guard  stick  was  laid  outside 
each  rail  on  top  of  the  ties  and  bolted  down. 
With  these  supports  in  place  the  sewer  was 
successfully  constructed  without  interruption 
to  the  heavy  freight  and  passenger  trains  run 
at  short  intervals  over  this  line. 

About  200  feet  west  from  the  railroad  cross- 
ing just  described,  the  84-inch  sewer  is  sup- 
ported for  60  feet  on  a  cribwork  of  10x10- 
Inch  timbers  laid  up  cobhouse  fashion,  12 
Inches  apart  In  the  clear,  filled  with  gravel 
and  covered  with  a  platform  of  6x8-inch  lum- 
ber. This  form  of  support  was  adopted  because 
at  this  place,  near  the  edge  of  the  marsh,  the 
muck  extended  from  30  to  60  inches  below  the 
level  of  the  bottom  of  the  sewer,  making  nec- 
essary a  low  foundation  embankment,  and  be- 
cause the  material  under  the  muck  was  sharp 
sand  and  gravel  so  hard  that  piles  could  not 
readily  be  driven.  The  top  of  the  cribwork  is 
about  4  feet  below  the  spring-water  line  and 
the  wood  will  always  be  wet,  so  there  Is  no  dan- 
ger of  Its  rotting. 


The  .Mechanical  Plant  of  the  Minnesota 
State  Capitol. 

A  new  State  Capitol  has  been  in  process  of 
construction  for  the  last  few  years  in  St.  Paul, 
Minn.,  and  is  now  approaching  completion.  It 
is  a  building  of  some  4,000,000  cubic  feet  of 
contents,  heated  almost  entirely  by  the  plenum 
system  of  forced  hot-air  distribution,  lighted 
by  electricity,  provided  with  hydraulic  eleva- 
tors, furnished  with  the  system  of  water  distri- 
bution common  to  buildings  of  considerable  size 
and  has  an  extensive  call-bell  and  telephone 
system.  The  heating  and  ventilating  appar- 
atus includes  some  19,000  square  feet  of  pipe 
coil  heating  surface,  grouped  at  Ave  points, 
each  with  a  blast  fan,  and  these  blowers  have 
a  combined  capacity  for  delivering  under  nor- 
mal conditions  225,000  cubic  feet  of  air  per 
minute.  They  are  operated  in  conjunction  with 
five  ventilating  fans,  which  exhaust  air  from 
rooms  subject  to  more  or  less  vitiation.  There 
are  an  equivalent  of  7,000  16-candle-power  elec- 
tric lamps  to  be  supplied  for  illumination,  and 
the  total  connected  motor  load  for  driving  fans 
and  pumps  amounts  to  275  horse-power.  A 
separate  building  has  been  constructed  for  gen- 
erating the  power  required  in  the  main  build- 
ing and  this  is  some  367  feet  distant  and  is  con- 
nected to  the  main  building  by  means  of  an  un- 
derground tunnel.  In  both  the  power  plant 
and  in  the  equipment  of  the  building  itself  a 
design  of  considerable  interest  has  been  devel- 
oped, characterized  by  a  number  of  specially 
instructive  details.  It  is  the  intention  to  de- 
scribe the  power  plant  and  the  tunnel  in  the 
present  article  and  to  follow  this  by  a  discus- 
sion of  the  mechanical  engineeering  work  in 
the  Capitol  in  a  subsequent  issue. 

Power  House. — The  power  plant  is  note- 
worthy from  the  fact  that  its  boiler  plant  is 
served  by  a  mechanical  draft  equipment  and  is 
provided  with  economizers.  The  steam  engines 
are.  of  course,  direct-connected  to  the  electric 
generators,  and  are  run  non-condensing,  as 
there  is  use  for  the  exhaust  steam  in  heating. 
Only  the  exhaust  steam,  that  is,  steam  at  low 
pressure.  Is  conducted  to  the  building  for  heat- 
ing work,  and  no  high-pressure  steam  is  led 
from  it,  except  a  small  quantity  for  hot-water 
heaters  of  the  plumbing  system.  It  was  felt 
that  for  such  pumps  as  would  have  to  be  in- 
stalled In  the  main  building,  it  would  be  better 
to  employ  electric  motors,  and  carry  the  power 
in  the  shape  of  electric  current.  This  arrange- 
ment has  been  carried  to  the  extent  of  using 
motors  for  driving  the  boiler  feed  pumps  in  the 
power-house  itself,  but  the  unusual  departure 
in  the  provision  of  electric  driving  has  been 
the  installation  of  electrically-driven  pumps  for 
the  hydraulic  elevators  in  the  Capitol. 

The  power-house  building,  while  somewhat 
distant  from  the  main  structure,  has  been  de- 
signed with  a  notable  degree  of  attention  to  its 
architectural  appearance.  It  is  built  on  the 
side  of  a  hill,  and  at  one  end  of  the  building 
considerable  excavation  had  to  be  made,  so  that 
it  appears  partly  set  into  the  ground.  The  plot 
has  general  dimensions  of  60x165  feet,  but  one 
end  Is  cut  off  at  an  angle  by  one  of  the  streets 
of  the  city,  and  its  ground  area  is  about  8,350 
square  feet.  It  consists  of  an  engine  room 
and  a  boiler  room,  end  to  end,  as  shown  In  the 
accompanying  drawings,  and  beyond  the  engine 
room  the  ground  area  Is  utilized  for  the  firing 
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space  and  the  storage  of  coal.  The  total  gen- 
erating equipment  of  the  station  is  575.1iilo 
watts  and  the  engine  room  occupies  in  plan 
about  6  square  feet  per  kilowatt,  and  the  boiler 
room,  including  the  firing  space,  about  5.85 
square  feet  per  kilowatt.  These  two  rooms, 
excluding  the  firing  space,  form  the  building 
proper,  and  the  rest  is  covered  by  a  yard,  into 
which  coal  wagons  are  hauled  and  the  coal 
dumped  directly  through  coal  holes  into  the 
coal  storage. 

The  power-house  building  is  a  one-story  and 
basement  structure  built  of  St.  Louis  pressed 
brick  with  terracotta  trimmings.  An  idea  of 
the  character  of  the  exterior  design  of  the 
building  may  be  obtained  from  one  of  the  ac- 
companying illustrations.  One  of  the  note- 
worthy points  in  this  design  Is  the  rounded  out- 
side corners.  A  consideration  leading  to  the 
selection  of  mechanical  draft  was  the  proxim- 
ity of  the  power  station  to  the  Capitol  building, 
as  the  chimney  required  for  the  boiler  plant 
could  be  kept  short.  As  a  matter  of  interest, 
it  may  be  stated  th^t  it  rises  but  15  feet  above 
the  ridge  of  the  roof  and  is  enclosed  in  brick 


A  further  word  may  be  said  about  the  build- 
ing construction.  The  roof  trusses  are  sup- 
ported by  the  walls,  which  have  pilasters  at 
the  bearing  of  each  truss.  The  foundations 
under  grade  are  concrete.  The  trusses  in  the 
engine-room  are  exposed.  There  is  no  travel- 
ing crane  in  the  engine-room,  but,  instead,  a 
15-inch  I-beam  runs  along  the  ceiling  on  each 
side  of  the  engine-room,  6  feet  or  so  from  the 
outside  wall.  This  is,  of  course,  riveted  to  the 
roof  trusses  and  carries  a  trolley  hand  hoist  of 
10  tons  lifting  capacity.  It  provides  facilities 
for  handling  the  generators.  The  partition 
wall  between  the  rooms  is  16  inches  thick.  It 
has  one  opening  fitted  with  doors,  allowing  for 
the  central  passageway  through  the  station. 

Boilers,  Economizers  and  Mechanical  Draft. — 
The  boiler-room  floor  is  2  feet  below  the  level 
of  the  engine-room  floor,  leaving  sufficient 
headroom  to  run  the  ridge  of  the  power-house 
roof  continuous  over  both  the  boiler  and  en- 
gine-rooms. The  boilers  face  the  end  of  the 
power-house,  that  is,  the  firing  space,  and  their 
backs  are  9  or  10  feet  from  the  partition  wall 
between  the   engine   and   boiler  rooms.       The 
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with  the  terra-cotta  cap,  conforming  to  the  gen- 
eral design  of  the  exterior.  The  stack  itself  is 
separated  from  the  enclosing  chimney  by  about 
2  inches  air  space  and  the  chimney  brickwork 
consists  of  8  inches  of  hollow  brick  enclosed 
by  an  outer  facing  of  4  inches  of  brick.  The 
metal  flue  extends  a  few  inches  above 
the  terra  cotta  cap.  The  engine  room 
is  lofty  and  well  lighted,  as  indicated 
in  the  accompanying  drawings.  The  dis- 
tance from  the  floor,  which  is  of  1  inch  of  ce- 
ment on  a  concrete  and  brick-arch  flooring,  to 
the  under  side  of  the  roof  trusses,  is  25  feet. 
Underneath  the  engine  room,  e"xcavation  has 
been  made  between  the  rows  of  engine  founda- 
tions and  wherever  else  space  could  be  utilized, 
and  a  besement  tunael  formed  for  the  carriage 
of  pipes.  Both  the  high-pressure  steam  and 
the  exhaust  piping,  as  well  as  auxiliary  piping, 
is  all  run  in  this  tunnel  space  and  there  are  no 
pipes  overhead  in  the  engine  room.  The  head- 
room of  the  engine  room  tunnel  is  9*^  feet,  ex- 
cept where  the  connection  to  the  tunnel  run- 
ning to  the  Capitol  building  is  made,  at  which 
the  headroom  is  4  feet  greater. 


smoke  breeching  extends  across  the  top  of  the 
boilers  at  the  rear,  and  there  are  four  boilers, 
all  told,  placed  in  two  batteries,  leaving  a  gang- 
way between  them  extending  longitudinally 
from  the  firing  space,  through  the  partition  wall 
and  through  the  engine-room.  The  economiz- 
ers, one  for  each  battery,  are  supported  on  a 
line  with  the  smoke  breeching  over  the  space 
at  the  rear  of  the  boilers  and  the  mechanical 
draft  equipment  is  carried  by  a  structural  steel 
framework  in  the  center  of  the  boiler-room  over 
the  space  between  the  two  batteries.  The  flue 
connections  from  the  smoke  passages  direct 
and  from  the  economizers  are  made  at  this  cen- 
tral point. 

Under  one  of  the  economizer  settings  are 
located  the  boiler  feed  pumps  and  opposite  the 
end  of  the  tunnel  the  boiler-room  is  depressed 
in  the  form  of  a  pit,  in  which  the  steam  and 
other  piping  is  dropped  to  the  level  of  the  lines 
in  the  tunnel.  The  floor  of  the  coal  store  is  on 
a  level  with  the  floor  of  the  boiler-room,  while 
its  ceiling,  built  of  brick  arch  concrete  con- 
struction, supporting  the  yard  above,  is  16% 
feet  in  clear  height.    There  are  five  coal  holes 


in  the  yard  for  the  delivery  of  coal,  and,  iu 
addition,  a  floating  scale  for  weighing  wagons 
when  desired.  An  ash  hoist  at  one  end  of  the 
flring  room  also  delivers  to  this  yard,  which  is 
surrounded  by  a  wall  with  a  stone  cap,  partly 
with  a  cast-iron  railing.  The  coal  store  can 
hold  500  tons.  Its  walls  are  plastered  smooth 
with  cement  and  it  Is  provided  with  a  system 
of  narrow-gauge  tracking  in  the  floor  with  Ms- 
ton  open-side  cars  for  conveying  the  coal  to  the 
boilers.  The  ash  hoist  is  of  the  hydraulic  type 
with  direct-acting  plunger,  built  by  the  St. 
Paul  Foundry  Company.  Temporarily  it  is  run- 
ning on  city  pressure  direct,  but  this  will  not 
be  allowed  when  the  plant  is  completed.  In- 
stead a  pump  and  tank  will  be  installed  close 
to  lift. 

The  boilers  are  of  the  water-tube  type,  built 
by  the  Erie  City  l.-on  Works,  of  Erie,  Pa.  Each 
was  built  to  a  specification  requiring  2,250 
square  feet  of  actual  heating  surface,  or,  at  9 
square  feet  per  horse-power,  of  250  horse-power 
capacity.  The  water  tubes  are  4  inches  in 
diameter  and  about  23  feet  8  inches  long  and 
there  are  two  steam  drums  in  each  boiler,  each 
36  inches  in  diameter  and  21  feet  long.  The 
products  of  combustion  pass  backward  over  the 
bridge  wall  in  contact  with  a  lower  group  of 
tubes,  then  pass  forward  through  the  main  nest 
of  tubes  and  backward  again  around  the  under 
side  of  the  steam  drum,  finally  leaving  the  set- 
ting at  the  rear.  They  are  fitted  with  the  Haw- 
ley  down-draft  furnace,  the  upper  grate  of 
which  comprises  27  tubes,  2  inches  in  diameter, 
disposed  in  the  usual  way  on  2%-inch  centers. 
These  tubes  are  5%  feet  long  between  the  ■ 
headers.  The  lower,  or  front,  header  is  con- 
nected with  two  5-inch  pipes  extending  forward 
at  the  bottom  of  the  boiler  from  the  rear  header 
of  the  boiler  tubes  and  the  upper  header  of  the 
Hawley  tube  grate  is  connected  at  each  end 
with  the  corresponding  boiler  steam  drum  by 
a  6-inch  pipe.  The  surface  of  the  Hawley  grate 
amounts  to  about  90  square  feet  for  each  boiler, 
or  one-twenty-fifth  of  the  total  heating  surface 
of  the  boiler.  The  settings  are  enclosed  in  a 
white  enamel  brick. 

The  smoke  breeching  for  each  pair  of  boil- 
ers is  arranged  to  conduct  the  gases,  either 
toward  the  center  of  the  room,  where  the  chim- 
ney and  the  mechanical  draft  plant  is  located, 
or  toward  the  outer  end  of  the  room  to  the  in- 
let of  the  economizer  setting  in  each  case.  The 
breeching  has  a  cross-sectional  area  of  24 
square  feet.  Each  economizer,  which  was  built 
by  the  Green  Fuel  Economizer  Company,  con- 
tains 240  tubes,  presenting,  all  told,  2,850 
square  feet  of  heating  surface,  or  about  63  per 
cent,  of  the  heating  surface  of  the  boilers 
served  by  it.  The  mechanical  draft  plant  com- 
prises two  fans,  each  7  feet  in  diameter  by  34 
inches  peripheral  width,  one  fan  to  serve  as  a 
relay  in  case  of  accident  to  the  other.  Each  is 
designed  to  handle  the  products  of  combustion 
of  the  entire  boiler  plant  at  a  maximum  peri- 
pheral speed  of  5,175  feet,  the  boilers  burn- 
ing 4,000  pounds  per  hour  of  Youghiogheny  run- 
of-the-mine,  or  slack  coal,  giving  13,300  British 
.  thermal  units  per  pound.  The  fans  were  built 
by  the  B.  F.  Sturtevant  Company,  and  each  is 
directly  driven  by  a  25-horse-power  engine,  and 
the  bearings  are  of  the  water-cooled  type. 
Dampers  are,  of  course,  provided  for  directing 
the  gases  to  either  fan  or  around  both,  as  the 
case  may  be,  or  to  shut  out  the  economizers 
when  desired.  The  smoke  passages  as  well  as 
the  chimney  are  formed  of  %-inch  boiler  iron. 
An  estimate  would  indicate  that  each  fan  to 
meet  the  specification  requirements  would  have 
to  pass  16,000  cubic  feet  of  air  at  60  degrees  or 
33,000  cubic  feet  If  the  gases  of  combustion  are 
at  400  degrees  per  minute.  This  is  allowing 
18  pounds  of  air  per  pound  of  coal.  The  speed 
of  the  fan  to  meet  the  maximum  requirement 
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is  235  revolutions  per  minute.  The.  top  of  the 
chimney  is  about  50  feet  above  the  boiler 
grate*. 

Steam  Piping. — The  boilers  supply  a  14-lnch 
■team  header,  supported  overhead  immediately 
back  of  the  boiler  settings.  The  connections 
from  the  pair  of  steam  drums  of  each  boiler 
are  Joined  together,  and.  as  shown  in  an  ac- 
companying drawing,  the  steam  supply  from 
each  battery  is  passed  into  a  single  10-inch  pipe 
passing  backward  to  the  header,  one  battery  of 
boilers  feeding  into  one  end  of  the  header  and 
the  other  into  the  opposite  end.  The  header  it- 
self measures  23"^  feet  long.  A  pop  safety  valve 
is  fitted  to  each  steam  drum,  a  lever  safety 
Talve  is  provided  for  each  boiler,  and  each 
boiler  is  connected  into  the  steam  system 
through  a  gate  valve.  At  the  center  a  12-inch 
pipe  is  taken  from  the  bottom  of  the  header  and 
carried  to  the  basement  tunnel  under  the  en- 
gine-room, where  the  steam  main  is  carried 
horiiontally  through  the  tunnel  for  the  supply 
of  the  engines.  At  the  bottom  of  the  drop,  where 
the  tunnel  main  starts,  a  tee  was  used  for  the 
connection  and  the  bottom  of  the  tee  is 
closed,  as  is  often  done,  by  a  blank  flange 
through  which  a  drip  connection  is  made,  re- 
turning the  condensation  by  means  of  a  trap 
to  the  return  tank  for  delivery  to  the  boilers 
through  the  feed  pumps.  The  tee  is  supported 
by  means  of  a  pipe  stanchion.  The  piping 
throughout  is  extra  heavy  wrought-iron  lap, 
welded  with  Van  Stone  joints. 

The  generating  equipment  comprises  five 
units,  four  of  125-kilowatts  capacity  each,  and 
the  fifth  of  75  kilowatts.  The  larger  units  are. 
set  in  pairs  across  the  room,  with  their  steam 
ends  at  the  central  passageway  through  the 
room  and  their  generator  toward  the  outside 
walls.  This  arrangement  minimizes  the  length 
of  steam  piping  necessary,  and,  as  shown  in 
the  accompanying  illustrations,  the  steam  con- 
nections for  each  pair  of  engines  is  taken  from 


similarly  to  the  live-steam  pipes,  as  indicated 
in  the  illustration.  The  valves  to  both  the  live 
and  exhaust  pipes  at  each  engine  are  controlled 
from  Boor  stands  in  the  engine-room,  and  these 
stands  are  side  by  side,  the  exhaust  valve  stem 
being  continued  directly  upward  from  the 
valve,  while  the  valve  on  the  live-steam  con- 
nection is  reached  from  a  short  line  of  shaft- 
ing and  bevel  gearing.  The  exhaust  main  is  12 
inches  in  diameter  at  the  boiler-room,  where  It 
is  turned  upward  to  discharge  into  the  atmos- 
phere through  the  usual  back-pressure  valve, 
in  order  that  the  exhaust  may  be  utilized  dur- 


ber  of  different  mains  for  heating  purposes. 
Into  the  expansion  tank  is  brought  the  live- 
steam  auxiliary  supply,  with  the  reducing  valve 
near  the  tank  and  a  by-pass  around  the  reduc- 
ing valve.  According  to  the  experience  thus 
far,  only  five  of  the  eight  sets  of  chains  in  the 
grease  extractor  show  any  oil.  which  tact  is 
taken  to  indicate  the  efficacy  of  the  Utility  ap- 
paratus. The  extractor  and  expansion  tank 
are  located  near  the  entrance  to  the  tunnel  and 
the  heating  main,  12  inches  in  diameter,  is  run 
from  the  top  of  the  expansion  tank  into  the 
tunnel,  with  the  valve  at  the  tank.       A  high- 
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the  main  at  a  single  point.  Steam  is  drawn 
from  the  top  of  the  main  and  run  under  the 
engine-room  floor  to  a  gate  valve  at  the  engine 
cylinder.  Although  each  branch  for  steam  sup- 
ply is  short,  a  steam  separator  is  inserted  out- 
side the  gate  valve.  These  are  of  the  type 
made  by  the  Direct  Separator  Company,  of 
Syracuse.  The  steam  main  decreases  in  size 
as  the  connections  are  taken  from  it  and  at  the 
end  of  the  engine-house  tunnel  It  ends  in  a  4- 
inch  pipe  leading  to  the  small  unit  beyond  a  5- 
inch  connection  for  the  supply  of  live  steam  to 
the  beating  system  when  the  amount  of  ex- 
banst  Is  insufficient. 
The  exhaust  steam  connections  are  arranged 


ing  the  heating  season  in  the  ordinary  way. 

At  the  other  end  the  header  Is  14  inches  in 
diameter  and  is  connected  into  the  heating 
system  through  a  Utility  grease  extractor,  sup- 
plied by  the  Standard  Steam  Specialty  Com- 
pany, and  also  through  an  expansion  tank  con- 
nected in  series  with  the  grease  extractor. 
While  the  grease  extractor  can  serve  as  a  muf- 
fler, owing  to  its  large  volume  as  compared 
with  the  steam  pipe  connecting  to  it,  it  was  de- 
cided to  install  the  expansion  tank  in  addition. 
As  has  already  been  stated  in  these  columns, 
the  so-called  expansion  tank  is  a  usual  adjunct 
of  the  mechanical  plant  of  the  Middle  West, 
especially  where  It  Is  necessary  to  run  a  num- 


pressure  line,  2  Inches  in  diameter  (this,  as  ex- 
plained, for  hot-water  heaters  in  the  Capitol) 
is  run  from  the  5-inch  live-steam  pipe  employed 
for  the  delivery  of  live-steam  to  the  expansion 
tank.  Both  the  live-steam  and  exhaust  mains 
are  suspended  from  the  beams  of  the  engine- 
room  floor  by  wrought-iron  hangers.  The  ex- 
pansion tank  is  4  feet  in  diameter  and  10  feet 
long. 

Peed-Water  System. — Feed-water  Is,  of  course, 
obtained  during  the  heating  season  largely 
from  water  of  condensation  from  the  heating 
apparatus.  Generally  speaking,  the  water  is 
drained  by  gravity  from  the  Capitol  building 
to  a  return  tank  in  the  boiler  house  alongside 
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the  boiler  feed  pumps.  In  summer,  however, 
when  there  is  little  or  no  water  returned,  as 
the  exhaust  is  discharged  to  the  atmosphere, 
the  feed-water  is  mainly  made  up  of  fresh 
water,  taken  from  the  city  mains.  No  feed- 
water  heater  was  provided,  but  economizers 
were  installed  instead.  All  the  water,  from 
whatever  source,  is  delivered  to  the  return 
tank,  the  fresh  water  supply,  however,  con- 
trolled in  the  usual  way  by  a  float  valve,  to 
make  up  deficiencies  automatically. 

The  fresh  water  for  the  boilers  Is  metered 
and  Is  first  passed  through  a  brass-pipe  cooling 
coil  in  the  blow-off  tank,  this  arrangement  be- 
ing that  frequently  employed  In  places  where 
it  is  necessary  to  cool   down   the  contents   of 


pounds  pressure.  Two  are  equal  to  the  re- 
quirements of  the  plant,  leaving  the  third  as  a 
reserve.  Three  pumps  of  the  present  size  were 
thought  better  than  two  of  twice  the  capacity 
of  any  one,  as  there  is  one  chance  in  three  for 
failure,  as  against  one  in  two.  They  are  of  the 
Dean  trijjlex  pattern.  Each  is  separately 
driven  by  belt  from  a  7-horse-power  motor,  of 
Electric  Machinery  Company,  of  Minneapolis, 
make,  under  automatic  control  of  a  Kieley 
pump  governor  of  the  type  usual  with  steam- 
actuated  pumps.  The  balanced  float  lever  of  the 
Kieley  governor  actuates  an  automatic  switch 
for  stopping  and  starting  the  motor,  according 
to  the  level  of  the  water  in  the  return  tank.  A 
feature  of  the  use  of  the  three  pumps,  that  is. 
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the  blow-off  tank  before  delivering  into  the 
sewer.  The  return  tank  is  4  feet  in  diameter 
and  8  feet  long  and  is  built  of  %-Inch  shell  and 
7/16-inch  heads.  Besides  the  return  main  from 
the  heating  system,  which  is  5  inches  in  diam- 
eter, and  the  2-inch  water  pipe  from  the  city 
mains,  there  is  brought  to  it  a  drip  line  from 
the  engine  steam  separators,  discharged  Into 
the  tank  through  a  trap.  The  return  tank  has, 
of  course,  a  discharge  connection  to  the  blow- 
off  main,  and  a  vapor  pipe  run  from  it  to  the 
main  exhaust  riser  above  the  back-pressure 
valve. 

Three  feed  pumps  were  installed,  each  of  the 
capacity  of  40  gallons  per  minute,  against  1.50 


Pipe  and  Wire  Supports  in  Tunnel. 

of  two  in  regular  operation,  is  that  one  gover- 
nor is  set  to  act  ahead  of  the  other,  so  that  one 
pump  is  sufficient  for  say  three-quarters  of 
the  time,  and  two  together  are  only  required 
for  about  one-eighth  of  the  time,  due,  for  ex- 
ample, to  a  sudden  inrush  of  water  to  the  re- 
turn tank.  In  other  words,  both  pumps  are 
idle  about  one-eighth  the  time,  and  both  work- 
ing together  only  about  one-eighth  the  time. 
Each  pump  has  three  plungers,  4x4  Inches  in 
size,  and  has  a  3-inch  suction  and  a  2%-inch 
discharge.  They  draw  from  a  suction  main 
continued  from  the  return  tank. 

Over  the  boilers  the  feed  main  bifurcates  in- 
to two  lines,  one  leading  to  the  economizer  In- 


lets and  the  other  to  the  main  for  feeding  di- 
rectly Into  the  boilers.  The  feed  connections 
are  located  toward  the  rear  of  the  hollers  and 
the  valve  to  each  boiler  Is  controlled  by  a  stem 
extending  forward  to  the  front  part  of  the 
boiler,  where  a  sprocket  wheel  is  attached, 
carrying  a  chain  dropping  within  reach  of  the 
fireman.  In  other  words,  by  means  of  the 
pendant  chain,  which  is  nickel-plated,  the  more 
or  less  inaccessible  feed  valve  is  under  Imme- 
diate control. 

Generating  Equipment. — The  generating 
equipment  consists  of  simple  engines  of  Cor- 
liss pattern,  direct-connected  to  continuous- 
current  250-volt  generators,  built  by  the  Elec- 
tric Machinery  Company,  of  Minneapolis.  The 
generating  engines  are  of  the  Minneapolis  Cor- 
liss manufacture,  and  the  four  for  the  125-kllo- 
watt  dynamos  have  cylinders  16x42  Inches  in 
size,  and  operate  at  80  revolutions  per  minute, 
and  the  fifth  engine  has  a  14x36-Inch  cylinder 
and  runs  at  90  revolutions.  The  current  Is  all 
controlled  from  a  switchboard  at  the  far  end 
of  the  engine-room.  This  Is  of  marble,  2  inches 
thick,  and  comprises  nine  panels,  five  of  which 
are  devoted  to  the  generator  connections.  The 
sixth  Is  an  equalizing  panel  with  meters,  pro- 
viding for  recording  the  total  output  of  the 
plant,  and  the  remainder  for  the  feeder  con- 
trol. There  are  two  sets  of  bus  bars,  one  for 
power  and  one  for  light,  and  each  generator 
switch  Is  of  the  double-throw  pattern,  with 
three  poles,  the  third  for  equalizer  connections. 
Each  generator  panel  carries  an  ammeter  at 
the  top  and  a  circuit  breaker  at  the  bottom. 
The  two  sets  of  busses  may  be  thrown  to- 
gether, and  both  light  and  power  supplied  from 
the  same  generators  In  the  power-house.  The 
connected  load  has  already  been  referred  to 
and  It  may  be  stated  that  the  wiring  from  the 
switchboard  to  the  point  of  use  is  designed  so 
that  the  drop  in  voltage  will  not  exceed  6  per 
cent,  under  full  load. 

Pipe  and  Wire  Tunnel. — Both  the  piping  and 
wiring  Is  carried  in  the  same  tunnel  to  the 
Capitol  building.  This  Is  of  the  egg-shape  form 
of  construction,  8  feet  high,  6  feet  wide  and  367 
feet  long.  On  one  side  are  carried  all  the  pip- 
ing and  on  the  other  the  electric  cables,  the 
latter  being  eight  in  number.  The  walls  of  the 
tunnel  are  of  brick,  12  inches  thick. 

The  method  of  carrying  the  piping  Is  a  very 
interesting  one,  as  shown  in  an  accompanying 
drawing.  The  various  pipes  (which  comprise 
the  12-inch  low-pressure  pipe  for  heating  pur- 
poses, the  5-mch  return,  a  6-Inch  water  pipe 
for  domestic  or  house  purposes,  and  a  2-Inch 
high-pressure  pipe)  are  all  supported  on  ex- 
•pansion  rollers  in  the  usual  fashion.  These 
are  fixed  In  brackets,  which  may  be  adjusted 
in  position  to  bring  about  the  desired  align- 
ment or  pitch  of  the  pipe,  but  It  Is  the  scheme 
by  which  this  effected  that  is  the  instructive 
feature  of  the  present  design.  Each  bracket  has 
a  saw-tooth  surface  meshed  with  a  similar  sur- 
face, fastened  to  the  tunnel  wall.  This  is  a 
casting,  and,  as  shown  In  the  detail  sketches, 
carries  two  projections  fitted  into  the  brick- 
work in  such  a  position  that  the  main  stresses 
due  to  the  weight  of  the  pipes  are  taken  up  at 
these  two  points.  In  addition  to  this,  the  only 
other  fastening  to  the  tunnel  wall  Is  a  1%-inch 
anchor  bolt  in  the  top  of  the  casting.  The 
casting  is  ribbed,  as  indicated,  and  the  teeth 
are  cast  with  it  and  not  finished,  but  left  with 
the  original  surface.  The  toothed  surface  of 
each  bracket  is  likewise  unfinished,  and  it  has 
been  found  that  the  sets  of  teeth  can  be  brought 
together  quite  closely,  even  where  there  has 
been  some  shrinking  or  slight  curvature  of  the 
two  surfaces.  The  brackets  are,  of  course,  at- 
tached to  the  casting  by  through  bolts  and 
can  be  placed  at  any  height  by  means  of  cored 
openings  In  the  casting  face.     The  bracket  sup- 
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ports  are  spaced  at  interrals  of  16  (e«t  along 
the  tunnel.  The  larger  brackets  are  shown 
braced  to  prevent  lateral  movements,  by  longi- 
tudinal channel  irons,  bolted  to  the  under  side 
of  the  brackets,  one  channel  bar  extending  from 
one  bracket  to  the  next,  and  so  on.  They  were 
found  unnecessary,  however,  and  were  omit- 
ted, although  shown  in  the  engravings.  The 
expansion  rollers  are  all  made  to  conform  to 
the  outside  diameter  of  the  pipes,  which  they 
support. 

The  method  of  supporting  the  electric  cables 
is  also  shown  in  the  drawings.  They  are  held 
In  porcelain  clamps,  fastened  to  a  channel  bar, 
as  indicated.  Two  of  the  cables  are  for  power 
and  the  remaining  six  for  lighting,  three  for 
the  positive  legs  of  the  system  and  three  for 
the  negative,  the  generator  voltage  being  250 

TOltS. 

The  Minnesota  State  Capitol  was  designed  by 
Mr.  Cass  Gilbert,  largely  at  his  St.  Paul  office. 
The  mechanical  equipment  was  entrusted  to 
Mr.  Burt  S.  Harrison.  M.  Am.  Soc.  M.  E.,  A.  I. 
E.  E.,  A.  S.  H.  &  V.  E.,  consulting  engineer,  of 
New  York,  who  laid  out  the  work  and  designed 
the  system  of  pipe  supports  installed  in  the 
tunnel.  Messrs.  W.  I.  Gray  &  Company,  of 
Minneapolis,  were  the  contracting  engineers 
for  the  installation  described. 


Pire-Resistixg  Woodex  Pabtitioss  in  Bangor, 
Me.,  have  been  designed  and  used  satisfactorily 
for  some  years  by  Mr.  W.  E.  Mansur.  architect 
of  the  new  Court  House  and  other  buildings  in 
that  city.  In  the  few  steel-frame  buildings 
which  have  been  constructed  in  Bangor,  it  was 
found  that  the  necessity  of  importing  special 
tools  and  worjpnen  from  Boston  or  New  York 


The  Southern  Missouri  Railway. 
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One  of  the  important  pieces  of  railroad  con- 
struction done  lately  by  a  road  outside  of  the 
large  systems  is  the  Southern  Missouri  Rail- 
way, now  known  as  the  Missouri  Division  of  the 
Illinois  Southern  Railway.  Simultaneously 
with  this  work  a  branch  six  miles  long  was 
built  in  Illinois  from  Missouri  Junction,  on  the 
Illinois  Southern  Railway  ten  miles  northwest 
of  Chester,  to  Bogy  Landing  opposite  Ste.  Gene- 
vieve. Inclines  have  been  built  at  Bogy  Land- 
ing in  Missouri  near  Ste.  Genevieve  and  a 
transfer  boat  of  ten  cars'  capacity  makes  the 
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1873  caused  the  shutting  down  of  work  and 
though  many  efforts  have  since  been  made  to 
finish  the  road  none  has  been  successful. 

Of  late  years  the  western  end  of  the  route 
was  surveyed  to  Flat  River,  using  the  old  lo- 
cation over  the  "Ozark  Ridge"  and  to  the  east 
where  the  difiicult  work  had  been  partly  done. 
Efforts  were  made  to  build  this  line  but  none 
got  beyond  the  paper  stage. 

As  the  first  idea  of  the  Illinois  Southern 
Company  was  to  build  from  West  Chester  to 
Fiat  River  it  was  thought  that  the  Saline 
Creek  route  could  be  utilized,  and  a  preliminary 
was  run  over  this  line.  The  grades  were  steeper 
than  were  wanted  and  there  was  no  chance  to 
improve  them,  so  when  Flat  River  was  reached 
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made  the  cost  of  wire  lath,  expanded  metal  and 
bollow-tile  partitions  prohibitive.  In  order  to 
provide  an  economical  substitute  which  would 
occupy  little  space,  would  be  a  non-conductor 
of  sound  and  heat  and  would  resist  moderate 
flres,  a  simple  type  has  been  built,  which  is 
considered  very  satisfactory.  These  partitions 
have  a  core  of  2-inch  vertical  hemlock  boards 
well  secured  to  the  floor  and  ceiling,  and  cov- 
ered on  both  sides  with  crossed  diagonals  of 
Ti-incb  hemlock,  well  nailed,  so  as  to  form  a 
■olid  timber  web  3%  inches  thick,  which  de- 
velops abundant  strength.  Each  surface  is 
then  furred,  lathed  and  plastered  with  a  %■ 
inch  coat  of  lime  mortar.  The  mortar  keys  be- 
tween the  lath  and  furring  and  makes  a  durable 
and  satisfactory  finish.  The  cost  of  the  lumber 
Is  so  moderate  in  this  region  that  the  construc- 
tion is  cheap  and  popular.  By  substituting  ce- 
ment for  lime  mortar,  this  work  could  be  made 
still  more  fire-resisting.  An  example  of  its  use 
can  be  seen  in  the  Morse-Oliver  building,  where 
all  the  partitions  are  made  of  it.  and  are  fitted 
with  double  doors  between  adjacent  offices. 


crossing  of  the  Mississippi  River.  From  Little 
Rock  Ijanding  the  Southern  Missouri  Railway 
extends  southwest  to  Bismarck,  43,2  miles, 
passing  through  Ste.  Genevieve  near  its  east- 
ern terminus  and  through  the.  Flat  River  lead 
fields  near  the  Bismarck  end.  Mr.  Robert 
Moore,  of  St.  Louis,  was  chief  engineer  of  the 
new  work  in  both  States  and  the  writer  was  lo- 
cating engineer  of  the  above  work  and  resident 
engineer  on  the  work  in  Missouri. 

The  Illinois  Southern  Railway,  the  parent 
road,  runs  from  Salem  to  Chester  through  the 
coal  fields,  and  it  is  expected  that  the  principal 
business  will  be  to  haul  coal  to  the  lead  mines 
of  the  Flat  River  or  St.  Francois  County  Dis- 
trict, where  more  lead  is  produced  than  in  any 
other  locality  in  the  world,  making  the  con- 
sumption of  coal  there  very  large. 

The  Idea  of  building  a  railway  from  the  Mis- 
sissippi River  to  the  mineral  fields  of  Missouri 
is  quite  old  and  when  Iron  Mountain  was 
thought  to  be  inexhaustible  a  road  was  surveyed 
and  partly  graded  and  bridged  extending  from 
West  Chester  to  Iron  Mountain.    The  panic  of 


a  preliminary  line  was  i-un  from  there  to  Ste. 
Genevieve.  Though  the  country  is  much 
rougher  looking  along  this  route  it  proved  to 
be  much  the  better  line  and  location  followed 
the  preliminary.  To  build  a  road  from  any 
point  on  the  Mississippi  River  near  Ste.  Gene- 
vieve to  Flat  River  and  Bismarck,  the  "Ozark 
Ridge"  must  be  crossed,  its  general  elevation 
being  700  feet  above  the  Mississippi  Valley.  It 
is  too  broad  and  flat  on  top  to  permit  cutting 
to  much  extent  or  tunneling. 

The  two  longest  streams  in  this  neighborhood 
reaching  from  the  Ozark  Ridge  to  the  Missis- 
sippi Valley  are  the  River  Aux  Vases  emptying 
five  miles  south  of  Ste.  Genevieve  and  Estab- 
lishment Creek,  which  empties  five  miles  north 
of  Ste.  Genevieve.  These  creeks  have  good 
valleys  for  railroad  building  for  some  distance, 
but  head  up  very  suddenly  and  the  slopes  are 
extremely  rough  when  they  get  within  five 
miles  of  the  summit. 

Emptying  at  Ste.  Genevieve  is  the  South 
Gabouri  Creek,  six  miles  long  and  heading  up 
in  the  proper  direction.    The  ridge  at  its  head 
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Is  joined  by  the  divide  between  Establishment 
Creeli  and  Jonca  Creek,  a  branch  of  the  River 
Aux  Vases.  The  line  was  located  up  Gabouri 
Creek  and  then  along  this  ridge  which  extends 
in  the  required  direction,  and  joins  the  main 
summit  twenty  miles  from  Ste.  Genevieve.  For 
Ave  miles  more  the  line  is  on  or  near  the  divide 
between  the  St.  Francois  River  and  Big  River 
tributaries  and  then  it  enters  a  valley  leading 
to  Flat  River  and  when  reached  follows  Flat 
River  to  its  headwaters  at  Bismarck.  The 
heavy  work  lies  east  of  the  summit  and  con- 
sists mostly  of  cutting  through  the  divide  when 
it  is  too  crooked  to  be  followed  and  cutting 
through  spurs  of  the  divide.  Cuts  are  mostly 
rock  and  two  of  them  are  over  58  feet  deep 
and  one  of  them  65  feet.  About  sixteen  miles 
from  Ste.  Genevieve  the  divide  sags  about  thirty 
feet  below  grade  for  9,000  feet  and  bends  badly 
out  of  direction.  Lying  in  a  direct  line  and 
Joined  on  to  the  divide  at  its  west  end  is  a  very 
narrow  and  straight  spur  whose  top  fits  very 
closely  to  the  required  grade.  The  line  was  lo- 
cated on  this  spur  and  about  a  mile  of  tangent 
secured  crossing  a  gorge   called   Rough  Creek 


solid  rock  there  was  considerable  uncertainty 
and  in  some  cuts  the  material  bored  through 
and  thought  to  be  earth  was  too  hard  to  plow 
with  six-horse  plows  and  had  to  be  classified  as 
loose  rock.  Outside  of  these  cases,  the  rock 
profile  plotted  from  sounding  notes,  and  the 
cross-sections  taken  during  progress  of  work 
corresponded  very  closely. 

Transition  spiral  curves  were  used  on  the 
ends  of  all  curves  sharper  than  two  degrees. 
Length  of  spiral  was  250  feet.  The  method  used 
was  to  run  in  the  simple  curve  and  make  the 
transition  curve  by  offsets  from  the  simple 
curve.  This  kept  all  tangents  in  their  original 
location  and  shifted  the  curves  inwards  a  reg- 
ular distance  after  a  point  125  feet  beyond 
the  P.  C.  had  been  passed  and  up  to  within  125 
feet  of  the  P.  T.  Calculations  of  these  offsets 
were  made  in  the  oifice  for  every  station 
and  half  station  within  the  limits  of  the  transi- 
tion curve,  and  the  division  engineers  were  fur- 
nished copies.  This  method  reduced  the  work, 
so  that  it  was  very  little  more  trouble  to  run  in 
the  curves  than  simple  curves  would  have  been. 

Profiles  for  letting  contracts  were  prepared 


There  is  very  little  bridge  work  on  the  line 
except  at  Rough  Creek,  and  though  there  are 
a  few  frame  trestles  over  streams  too  large  for 
arch  culverts,  none  of  these  places  will  require 
a  permanent  opening  of  more  than  80  feet. 
One  stretch  of  14  miles  is  without  a  bridge, 
and  another  one  of  11  miles  and  another  of  5 
are  the  same,  all  drainage  being  taken  care 
of  by  concrete  culverts. 

Three  types  of  culverts  were  used.  The  18, 
24,  30  and  3G-inch  culverts  are  circular  in  form. 
For  4,  5,  6,  7  and  8-foot  openings,  a  segmental 
arch  designed  according  to  a  formula  by  Mr. 
Robert  Moore  were  used,  the  Inside  dimensions 
being  as  follows:  S  =  span.  Middle  ordinate 
of  lower  segment  =  0.1  S.  Vertical  height  of 
side  walls  =  0.5  S.  Middle  ordinate  of  upper 
segment  =  0.25  S. 
Area  is  as  follows: 

Upper  segment  or  arch      =  0.1742  S'. 

Lower  segment  =:  0.0676  S'. 

Rectangle  =  0.5000  S=. 

Total  area  =  0.7418  S'. 

Two  elliptical  arch  culverts  of  14  feet  span 
were  built  as  shown  in  one  of  the  illustrations. 
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with  a  bridge  105  feet  high.  The  steel  work 
in  this  bridge  is  615  feet  long  and  the  wooden 
trestle  approaches  bring  the  total  length  of  the 
bridge  up  to  1,425  feet. 

A  about  half  of  the  line  is  a  ridge  location, 
there  is  considerable  curvature,  about  30  per 
cent,  of  the  line  being  curved.  Five  degrees 
is  the  maximum  and  there  are  only  three  of 
these  outside  of  yard  limits.  One  per  cent,  is 
the  maximum  grade,  which  is  used  on  about 
fifteen  miles  in  all;  about  seventeen  miles 
range  from  0.5  to  0.8  per  cent,  and  twelve  miles 
are  practically  level.  Ascending  to  the  main 
summit  there  are  only  25  feet  of  adverse  grade 
though  a  total  climb  of  670  feet  is  made. 

All  grades  of  a  contrary  direction  have  a 
minimum  of  1,000  feet  of  level  grade  between 
them. 

As  soon  as  location  was  completed  a  sounding 
party  of  four  men  was  sent  over  the  line  to 
make  soundings  in  the  cuts  containing  rock. 
An  ordinary  2-inch  auger  with  a  stem  of  1-inch 
gas  pipe  in  4-foot  sections  was  used  and  gave 
good   results.     In   cemented   gravel   overlaying 


giving  as  much  information  as  possible  concern- 
ing the  character  of  work  and  the  proposed  dis- 
tribution of  material.  Distribution  was  shown 
by  a  system  of  cross  hatching  which  is  illus- 
trated on  the  accompanying  diagram,  the  aim 
being  to  give  the  number  of  yards  in  each  cut 
ani(  where  a  cut  was  hauled  to  several  differ- 
ent places,  to  show  the  number  of  yards  hauled 
and  the  average  distance  hauled  for  each  place 
or  part  of  the  cut,  and  the  result  was  reduced 
to  yards  overhauled  for  100  feet.  This  is  more 
work  than  is  usually  put  in  on  a  preliminary 
profile  but  in  the  writer's  opinion  it  is  time  well 
spent  and  saves  money  for  the  company  and 
lots  of  worry  for  the  engineers  later. 

The  swell  of  material  in  the  rock  cuts  and  its 
effect  on  overhaul  was  provided  for  in  the  fol- 
lowing clause  of  the  specifications:  "Solid  rock 
and  loose  rock  will  be  measured  in  excavation 
and  in  computing  overhaul,  the  number  of  yards 
haiiled  will  be  determined  by  the  measure- 
ment in  excavation  and  the  distance  hauled  will 
be  determined  by  the  volume  of  embankment 
made  from  it." 


Drainage  areas  were  traversed  and  acreage 
determined  and  slope  and  shape  of  basin  taken 
into  account  to  ascertain  the  proper  size  of  cul- 
vert to  be  used  at  each  place. 

On  a  good  part  of  the  line  gravel  was  used 
in  the  concrete,  and  seemed  just  as  good  if  not 
better  than  broken  stone  and  sand.  Propor- 
tions were  determined  by  tests  and  were  usually 
1  of  cement,  2  sand,  5%  broken  stone.  In  gravel 
the  general  proportion  was  one  to  seven.  Only 
Portland  cement  was  used.  The  heaviest  con- 
crete works  are  the  Rough  Creek  bridge  piers, 
one  of  them  being  about  fifty  feet  high.  Ped- 
estals for  foundation  of  steel  work  at  Rough 
Creek  are  of  concrete. 

The  concrete  culverts  have  proved  very  sat- 
isfactory during  two  seasons  of  heavy  rain 
and  no  washout  has  occurred  and  none  have 
failed. 

The  McArthur  Brothers  Company,  of  Chi- 
cago, contracted  for  the  whole  line,  for  the 
grading  and  masonry.  Work  was  begun  in 
June,  1901,  and  was  more  difficult  than  It  was 
first  expected  to  be.    A  great  deal  of  the  solid 
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rock  was  in  large  masses  without  any  stratiflca- 
titm  80  that  blastinc  was  expensive  and  the 
l»re»kM«  extended  beyond  the  proposed  cross- 
section  in  nearly  all  the  cuts.  The  largest  cut 
of  all,  65  feet  deep,  had  to  be  taken  out  on  a 
half  to  one  slope  on  account  of  bad  ledges  of 
sandstone  near  the  top.  Another  rock  cut  had 
to  be  taken  out  to  a  full  earth  cross-section  to 
secure  safety  from  slides. 

A  great  deal  of  red  waxy  clay  was  en- 
countered in  many  of  the  cuts  which  rapidly 
disintegrated  on  exposure  to  the  weather  and 
setUed  badly  in  the  fills. 

Material  on  a  five-mile  section  of  the  work 
was  very  much  mixed;  one  cut  having  porous 
sandstone  nearly  light  enough  to  float,  while 
close  at  hand  was  a  cut  with  the  heaviest  lime- 
stone in  the  country  in  it.  The  "backbone"  cut 
was  of  limestone  full  of  seams  running  in  all 
directions,  and  when  shaken  up  by  powder  it 
went  to  pieces,  making  a  first-class  quality  of 
ballast.  A  steam  shovel  was  put  to  work  there 
after  tracklaying  passed  this  cut  and  the  track 
was  given  its  first  lift  of  ballast  for  over  ten 
miles  out  of  it.  The  nature  of  the  soil  and  ma- 
terial from  excavations  put  into  the  banks  make 
it  absolutely  necessary  to  use  ballast  or  the 
track  would  soon  be  burled  and  the  rails  bent. 

After  Flat  River  was  reached  in  January, 
1903,  "chatts"  from  the  lead  mills  were  used  for 
ballast.  In  addition  to  the  output  of  two  mills, 
having  a  combined  capacity  of  600  yards  a  day, 
two  dumps  or  waste  heaps  of  chatts  were  se- 
cured, and  a  steam  shovel  put  to  work  loading 
this  material.  About  120,000  yards  were  se- 
cured in  this  manner  between  May  and  Sep- 
tember, half  of  it  being  shipped  to  the  Illinois 
side.  Chatts  make  a  good  ballast  for  several 
reasons.  In 'the  lead  country  and  nearby,  they 
are  cheap.  The  cost  of  surfacing  track  and 
renewing  ties  is  very  small  as  compared  to  this 
work  In  broken  stone  or  slag.  They  keep  all 
vegetation  from  growing  and  ties  last  well  in 
chatts  ballast.  They  wash  easily  and  should 
be  faced  with  rip  rap  of  some  sort  in  cuts. 

Grading  was  completed  In  June,  1903,  and 
track  laid  to  Bismarck  during  the  same  month. 

The  regular  location  party  consisted  of  fif- 
teen men  including  the  cook  and  teamster. 
Construction  parties,  three  in  number,  consist- 
ed of  the  division  engineer,  rodman,  tapeman, 
axman  and  teamster.  Surveys  werp  begun  in 
October,  1900.  and  finished  in  February,  1901, 
except  the  7%  miles  between  Elvins  and  Bis- 
marck, which  were  not  decided  on  until  in  the> 
fall  of  1901.  This  location  was  made  by  one 
of  the  construction  parties  in  February,  1902. 

The  Southern  Missouri  Railway  construction 
standards  are  as  follows: 

Width  of  roadbed  on  fills  of  6  feet  and 
less  =16  feet. 

Width  of  roadbed  on  fills  of  less  than  16  feet 
and  over  6  feet  =  18  feet. 

Width  of  roadbed  on  fills  of  16  feet  and 
more  =  20  feet. 

Width  of  roadbed  in  earth  cuts,  22  feet,  slope 
1  to  1. 

Width  of  roadbed  in  solid  rock,  18  feet,  slope 
%  to  1. 

Seventy-pound  rails;  No.  10  frogs  on  main 
line  turnouts,  and  No.  7  in  yards.  Ties  per 
mile.  2,992. 

The  work  averaged  about  3.400  yards  per 
mile  and  the  total  amount  of  excavation  added 
to  the  total  amount  of  borrow  came  on  final 
estimate  within  about  1  per  cent,  of  the  prelim- 
inary figures.  Excavation  was  increased  con- 
siderably and  borrow  reduced. 


The  Weston   Aqueduct  Pipe  Arch  over 
the  Sudbury  River,  Massachusetts. 

Until  December  29,  1903,  the  water  supplied 
to  Boston  and  the  other  municipalities  of  the 
Metropolitan  water  district  was  conveyed  from 
the  impounding  reservoirs  to  the  distributing 
reservoirs  within  the  district  through  the  Co- 
chltuate  and  Sudbury  aqueducts.  On  the  date 
given,  however,  the  new  Weston  aqueduct  was 
put  Into  commission,  as  stated  in  this  paper 
January  2,  and  now  supplements  the  older  aque- 
duct.   Articles  printed  in  this  journal  May  4, 

1901,  and  October  18  and  25,  1902,  described  and 
Illustrated  the  design  and  construction  of  the 
new  aqueduct,  and  in  the  issue  of  October  25, 

1902,  mention  was  made  of  the  two  IVy-toot 
riveted  steel  pipe  inverted  siphons  which  con- 
vey the  water  across  two  valleys  that  interrupt 
the  contour  location  of  the  aqueduct. 

The  longer  of  the  these  siphons  crosses  the 
valley  of  the  Sudbury  River,  has  a  length  of 
3,617  feet  and,  at  its  lowest  point,  is  about  75 
feet  below  the  hydraulic  grade  line.  Only  one 
pipe-line  has  been  laid,  sufficient  to  meet  the 
demands  for  water  for  several  years  to  come. 


bled  on  falsework  at  the  contractors'  shops  and 
the  rivet  holes  for  the  circular  seams  drilled  in 
place.  This  falsework  was  carefully  inarlied 
and  later  was  re-erected  on  a  wooden  trestle  at 
the  bridge  site  with  its  various  members  in  the 
same  relative  positions.  The  arch  was  riveted 
at  the  shops  in  sections  about  20  feet  long,  us- 
ing a  hydraulic  riveter  which  exerted  a  pres- 
sure of  approximately  80  tons  on  each  rivet. 
The  rivets  are  1  inch  in  diameter,  and  the  cir- 
cular as  well  as  the  longitudinal  seams  are 
double  riveted.  The  pitch  of  the  rivets  Is  3% 
inches  and  the  distance  between  rows  is  1% 
inch.    The  plates  are  lapped  4%  inches. 

Each  section,  consisting  of  three  courses, 
after  being  calked  and  tested,  was  dipped  into 
a  hot  bath  of  mineral  rubber  pipe  coating 
made  by  the  Commercial  Asphalt  Company,  of 
New  York.  The  vertical  dipping  tank  used  for 
all  these  steel  pipes  was  illustrated  in  the  arti- 
cle previously  referred  to.  The  steel  plates 
were  rolled  by  the  Central  Iron  &  Steel  Com- 
pany, of  Harrisburg,  Pa.,  and  inspected  by  the 
Pittsburg  Testing  Laboratory,  of  Pittsburg,  Pa. 
All  the  rivets  were  furnished  by  the  Champion 
Rivet  Company,  of  Cleveland,  O.     Field  joints 


Weston    Aqueduct:      Ninety-Inch    Pipe    Arch    over   the    Sudbury   River. 


The  BanxiE  or  Atb,  built  in  1232  and  made 
famous  by  one  of  the  poems  of  Robert  Bums, 
has  recently  been  closed  to  trafllc.  on  the  rec- 
ommendation of  an  Edinburgh  engineer.  The 
bridge  is  a  stone  arch  structure. 


but  with  a  capacity  much  less  than  that  of  the 
masonry  portions  of  the  aqueduct.  Two  other 
pipes,  which  will  probably  be  of  the  same  size, 
are  to  be  laid  as  required  in  the  future.  Where 
the  line  crosses  the  Sudbury  River,  instead  of 
laying  the  pipe  in  a  trench  beneath  the  water 
or  building  a  bridge  to  carry  It  above  the 
stream,  the  pipe  itself  was  designed  to  span  the 
river  as  a  tubular  arch  between  two  substan- 
tial abutments  of  concrete  faced  with  granite 
ashlar  masonry.  The  pipe-line  was  constructed 
with  alternate  inside  and  outside  courses,  each 
course  being  made  of  a  single  7/16  inch  basic 
open-hearth  steel  plate,  about  7V2  feet  long,  ex- 
cepting that  the  arch  was  made  of  plates  %- 
inch  In  thickness. 

The  arch  is  circular  and  has  a  radius  of  about 
165  feet  at  its  center  line,  a  span  of  80  feet  be- 
tween abutments  and  a  rise  of  5%  feet.  An  ele- 
vation of  this  arch  was  reproduced  with  the  arti- 
cle of  October  25,  1902,  and  accompanying  illus- 
trations show  some  of  the  details,  together  with 
views  of  the  structure  taken  during  its  erection 
and  after  completion.  In  order  to  insure  ac- 
curacy of  alignment  and  rapidity  of  erection, 
the  pipe  sections  forming  the  arch  were  assem- 


were  riveted  with  Boyer  pneumatic  riveting 
machines  of  4iA-inch  stroke,  making  800  strokes 
per  minute.  These  machines  were  set  up  and 
firmly  braced  inside  the  pipe  at  the  joint  to  be 
riveted,  and  pneumatic  holding-on  tools  were 
fastened  by  chains  around  the  outside  of  the 
pipe.  The  field  joints  were  calked  with  Boyer 
pneumatic  calkers  of  1%-inch  stroke,  making 
1,500  strokes  per  minute. 

The  portion  of  the  pipe  forming  the  arch 
across  the  river  is  connected  to  the  adjacent 
portions  on  either  side  by  reverse  curves  hav- 
ing a  radius  of  about  67  feet  at  the  convex,  or 
lower  side  of  the  curve.  The  greater  part  of 
each  of  these  curves  is  embedded  in  the  ma- 
sonry abutment,  as  indicated  by  the  illustra- 
tions. The  shape  of  the  portions  of  the  pipe 
buried  In  the  abutment,  together  with  the  ad- 
hesion of  the  concrete,  offers  considerable  re- 
sistance to  any  tendency  to  slip  or  overturn, 
but  to  provide  still  greater  resistance  to  any 
possible  movement  of  the  pipe  in  the  masonry, 
three  collars  of  6x6-inch  steel  angles  and  four 
longitudinal  pieces  of  angle  of  the  same  size 
were  riveted  to  the  portion  of  the  pipe  in  each 
abutment,  as  is  shown  in  one  of  the  photographs. 
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In  order  to  drain  portions  of  the  aqueduct  on 
each  side  o(  the  river,  a  24-inch  blow-o£E  pipe 
ending  in  a  24  to  36-inch  increaser,  was  laid 
close  to  each  abutment,  with  head  walls  of  con- 
crete, as  shown  in  the  views.  A  16-inch  con- 
nection was  made  from  the  24-inch  pipe  to  the 
steel  pipe,  and  by  means  of  a  Y-branch  blow- 
off  connections  to  the  steel  pipes  to  be  laid  at 
later  dates,  were  provided  for.  The  arrange- 
ment at  the  west  abutment  is  shown  in  an  ac- 
companying drawing;  the  other  is  similar.  To 
remove  air  from  the  pipe  arch  a  2-inch  Chap- 
man corner  valve  was  attached  to  a  short  pipe 
which  was  flange-connected  to  the  steel  pipe  at 
the  crown  of  the  arch.  On  the  few  occasions 
when  the  air  valve  has  been  opened,  there  has 
never  been  any  air  found  in  the  pipe.  For  the 
convenience  of  the  employes  of  the  water- 
works a  wooden  foot-bridge,  with  1-inch  iron 
pipe  railings  was  attached  to  the  arch  by 
means  of  pairs  of  short  6x6-inch  angles  riveted 
to  the  pipe,  as  shown  in  the  views  and  a  detail 
drawing. 

Wash  borings  were  made  on  the  sites  of  the 
abutments  to  a  depth  of  about  25  feet  below  the 
.surface.     Aside  from  small  deposits  of  silt  on 


gauge  track  was  laid  along  the  center  line  of 
the  bottom  of  the  trench  and  over  the  false- 
works. Each  section  of  pipe  was  rolled  from 
the  ground  alongside  the  trench  on  to  a  small 
car  running  on  the  track  just  mentioned.  This 
car  was  provided  with  rollers,  so  that  the  sec- 
tion of  pipe  could  be  rotated  into  exactly  the 
position  desired.  The  section  of  pipe  having 
been  adjusted  on  the-  car,  the  car  was  then 
hauled  Into  position  by  a  cable  attached  to  the 
drum  of  a  hoisting  engine.  This  method  is  sim- 
ilar to  that  used  for  laying  the  pipes  in  the 
other  siphon,  known  as  the  Happy  Hollow 
siphon,  described  and  illustrated  in  the  issue  of 
October  25,  1902.  One  of  the  photographs  shows 
a  section  of  pipe  being  connected  to  the  portion 
of  the  arch  already  in  place.  The  men  on  top 
of  the  pipe  are  in  the  act  of  placing  a  drift  pin 
in  the  upper  rivet  hole  of  the  joint.  After  the 
pin  had  been  inserted  the  farther  end  of  the 
section  was  raised  by  means  of  two  jacks  until 
the  car  and  rails  could  be  removed  from  be- 
neath it,  and  then  lowered,  so  as  to  bring  the 
rivet  holes  of  the  seam  to  match.  Adjustment 
was  accomplished  by  means  of  the  jacks  at  one 
end   and   pinch   bars   at   the  other,   until   drift 


Sudbury  River  Pipe  Arch:     Method  of  Connecting  Pipe  Sections;  Anchors  in  Masonry. 


the  easterly  side  of  the  river,  the  materials  en- 
countered afforded  a  satisfactory  foundation  for 
the  masonry.  The  silt  at  the  site  of  the  east- 
erly abutment  was  removed  and  the  lower  part 
of  the  excavation  refilled  with  coarse  gravel. 
Each  abutment  extends  about  25  feet  along  the 
pipe  line  and  the  portion  below  the  belt  course 
is  wide  enough  to  accommodate  the  two  addi- 
tional pipes.  The  earth  slopes  at  the  ends  of 
the  abutments  are  protected  by  substantial 
slope  paving  and  a  deep  layer  of  riprap  was  de- 
posited on  the  river  bottom  in  front  of  each 
abutment.  At  times  of  low  water  the  river  is 
not  very  deep  at  this  place  and  "so  no  particular 
difficulty  was  experienced  in  enclosing  the  site 
first  of  one  abutment  and  then  of  the  other  in 
a  low  cofferdam.  The  longer  side  of  the  coffer- 
dam was  built  approximately  along  the  axis  of 
the  river  and  served  for  the  excavations  tor 
both  abutments,  short  wings  being  built  from 
the  ends  of  this  portion,  first  to  one  shore  and 
then  to  the  other.  The  abutments  were  built 
some  time  in  advance  of  the  laying  of  the  pipe. 
For  laying  the  pipe  across  the  river  wooden 
falseworks  were  erected  between  the  abutments, 
as   shown    in    the   views,   and    then   a   narrow- 


pins  were  driven  into  every  third  or  fourth 
hole  around  the  joint.  The  arch  was  success- 
fully constructed  and  has  passed  through  the 
severe  winter  without  the  slightest  visible 
signs  of  injury,  the  joints  showing  no  signs  of 
distress  by  even  the  smallest  leak  or  in  any 
other  way. 

Several  pipe  arches 'have  been  constructed 
in  various  places,  but  the  practice  is  more  com- 
mon in  Europe  than  in  this  country.  An  arch 
of  164  feet  span  and  111/2  feet  rise,  of  pipe  of 
about  the  same  diameter  as  the  Sudbury  arch, 
was  built  across  the  Arc  River  in  France,  in 
1897,  and  was  described  In  "Le  Genie  Civil," 
June  23,  1900.  There  are  some  arches  of  cast- 
iron  pipes  which  were  built  a  generation  or 
more  ago  as  a  part  of  the  Washington  Aqueduct. 
These  were  described  by  Mr.  William  R.  Hut- 
ton  in  an  article  printed  in  The  Engineering 
Record,  July  29,  1899.  Two  pipe  lines  were  car- 
ried over  a  canal  by  being  built  in  the  form  of 
an  arch  of  120  feet  span  and  12  feet  rise,  with 
simple  blocks  of  masonry  to  serve  as  abut- 
ments. The  pipes  were  straight,  the  flanges  on 
the  ends  were  cast  with  a  proper  bevel,  planed, 
washed  with  a  solution   of  sal  ammoniac,  put 


together  and  bolted  up.  When  water  was  let 
on,  it  flowed  in  radial  jets  from  every  joint.  A 
workman  with  a  light  hammer  went  over  them 
and  battered  them  close.  It  is  reported  that 
they  have  not  lost  a  drop  of  water  since.  The 
pipes  were  carried  over  Rock  Creek,  separating 
Georgetown  from  Washington,  by  a  more  Im- 
portant arch,  200  feet  In  span,  of  pipes  4  feet  in 
diameter.  As  these  pipes  were  laid  in,  the  line 
of  Pennsylvania  Avenue  a  roadway  was  built 
on  them,  carried  by  an  iron  spandrel  bracing 
from  the  arch,  with  a  floor  of  wood.  These 
pipes  also  were  straight,  with  beveled  flanges, 
planed  and  put  together  with  paper  and  red 
lead.  In  the  article  quoted  a  stress  diagram 
for  this  arch  Is  given. 

For  the  steel  pipe-lines  of  the  Weston  aque- 
duct, including  the  Sudbury  River  arch,  Messrs. 
Edward  Kendall  &  Sons,  of  Cambridgeport, 
were  the  contractors;  Messrs.  Winston  &  Com- 
pany, of  Clinton,  Mass.,  were  the  sub-contrac- 
tors for  the  earthwork  and  masonry.  The  work 
was  done  under  the  general  supervision  of  Mr. 
Frederic  P.  Stearns,  chief  engineer  of  the  Met- 
ropolitan Water  and  Sewerage  Board.  Mr. 
Horace  Ropes  is  the  engineer  of  the  Weston 
Aqueduct  department.  Mr.  Frank  E.  Winsor 
was  the  division  engineer  In  immediate  charge 
of  the  pipe-lines  and  adjacent  portions  of  the 
aqueduct  until  he  resigned  In  February,  1903, 
to  accept  another  position;  he  was  succeeded 
by  his  brother,  Mr.  George  A.  Winsor,  under 
whose  supervision  this  interesting  pipe  arch 
was  erected. 


Development  of  an  Underground  Water 
Supply  for  Penzance,  England. 

The  problem  of  procuring  additional  supplies 
of  water  for  communities  which  are  outgrowing 
the  works  that  have  supplied  them  for  years  Is 
one  of  growing  frequency  and  importance  in 
England.  In  dealing  with  such  a  problem  for 
the  town  of  Penzance,  in  the  Cornwall  district, 
at  the  southwestern  extremity  of  England,  Mr. 
Frank  Latham,  the  borough  surveyor  and  water 
works  engineer,  had  some  interesting  experi- 
ences, which  he  described  recently  in  a  paper 
before  the  Society  of  Engineers.  Until  the  new 
works  were  put  into  service,  the  whole  supply 
of  the  town  was  obtained  from  two  reservoirs, 
220  feet  above  ordnance  datum,  having  a  com- 
bined capacity  of  nearly  fourteen  million 
gallons. 

The  existing  reservoirs  were  supplied  from  a 
stream  flowing  from  an  old  mine  adit  at  Lan- 
yon,  a  distance  of  about  4  miles,  which  In  the 
winter  months  was  considerably  augmented  by 
surface  water  from  the  moorlands.  There  was 
ample  water  running  during  the  winter  months 
to  supply  four  times  the  requirements  of  Pen- 
zance, but  during  the  remaining  months  of  the 
year  the  flow  was  scarcely  sufficient  to  meet  one- 
third  the  demand,  and  the  water  in  the  reser- 
voirs rapidly  lowered  in  consequence  of  being 
insufficiently  replenished. 

After  a  considerable  amount  had  been  pre- 
viously expended  In  an  experimental  well, 
without  the  success  anticipated,  together  with 
the  natural  tendency  of  a  granite  country  be- 
ing the  reverse  of  producing  a  plentiful  and  re- 
liable underground  supply,  any  suggestion  to 
make  another  attempt  In  that  direction  would 
quickly  be  negatived,  unless  very  conclusive 
evidence  was  forthcoming  in  its  favor.  In  tak- 
ing soundings  for  a  reservoir  site,  the  author 
found  that  in  some  places  a  tube  could  be  driven 
to  a  considerable  depth  with  little  difficulty.  The 
author  continued  his  observations,  and  finally 
located  the  subsoil  water  level  over  a  consider- 
able area  of  land;  thirty-two  wells  were  driven, 
varying  in  depth  from  18  to  45  feet.  Water 
was  found  in  abundance  at  several  points,  and 
in  one  instance  an  under  pressure  caused  the 
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water  to  ris«  20  inches  over  the  top  of  the  well. 
Tills  wftter  was  allowed  to  flow  for  some  weeks, 
and  did  not  diminish  in  volume.  The  author 
concluded  that  some  geological  condition  was 
naponsible  for  the  abundance  of  water  and  the 
similarity  of  the  tests  in  one  particular  local- 
ity. He  Investigated  this  matter,  and.  as  has 
since  been  proved,  rightly  attributed  the  cause 
to  the  following  interesting  geological 
formations. 

The  contour  of  the  country  to  the  north  of 
Penxance  is  a  gradual  rise  for  a  distance  of 
some  4  miles,  ranging  from  86  to  650  feet  above 
ordnance  datum.  Proceeding  from  Penzance  in 
a  northerly  direction  for  threeKjuarters  of  a 
mile  the  formation  is  greenstone,  a  hard  gran- 
ular crystalline  trap  rock.  At  this  distance 
the  trap  formation  changes,  and  for  nearly  half 
a  mile  there  is  an  alluvial  formation,  the  area 
of  which  the  author  has  traced  to  half  a  square 
mile.  This  alluvium  evidently  occupies  the  site 
of  some  lake  or  natural  reservoir,  which  by  the 
gradual  deposit  of  silt  and  drift  has  become 
converted  Into  land.  Bordering  the  upper  part 
of  this  alluvium  there  Is  an  extensive  elvan 
course  or  dyke  of  vertical  construction,  about 
30  feet  in  thickness,  running  for  a  distance  of 
6  miles  east  and  west  to  an  altitude  of  280 
feet  above  ordnance  datum  east  and  300  feet 
above  ordnance  datum  west,  while  the  alluvium 
valley  referred  to  is  but  220  feet  above  ordnance 
datum. 

Continuing  north,  above  the  elvan  dyke,  there 
is  a  course  or  considerable  formation,  of  white 
spar  rock  (imi)ortant  evidence  of  water),  which 
meets  the  Cornish  granite  country  on  its  upper 
side.  The  granite  formation  extends  for  3 
miles  north,  with  an  average  fall  towards  the 
elvan  dyke  of  1  In  35.  The  granite  as  it  leaves 
the  elvan  dyke  and  spar  Is  covered  with  an  up- 
per stratum  of  clay,  with  an  Intermediate 
stratum  of  decomposed  granite  of  gravelly  na- 
ture, known  as  "rab,"  ranging  from  5  to  15  feet 
in  depth.  The  surfacing  stratum  of  clay  runs 
out  in  many  places  about  a  mile  up  the  incline, 
where  the  "rab,"  covered  with  earth  and  grass, 
or  entirely  exposed,  forms  the  upper  stratum. 
The  district  referred  to  is  extensive  moorland 
country,  and  a  good  deal  of  the  water  that 
falls  thereon  must  percolate  the  "rab,"  find  Its 
way  down  the  incline  on  the  granite  surface, 
pass  under  the  clay,  to  be  finally  checlied  in  its 
downward  course  by  the  intervening  vertical 
elvan  dyke  and  spar  rock.  On  further  investi- 
gation and  Inquiry  the  author  located  an  ex- 
tensive crosfrcourse,  many  feet  In  width,  run- 
ning through  the  country  from  north  to  south, 
which,  being  filled  with  "rab"  and  drift,  in  Its 
turn  was  an  important  factor  in  conveying 
water  from  the  heights. 

Convinced  of  the  soundness  of  his  investiga- 
tions and  theory,  the  author  prepared  a  plan  for 
constructing  a  well  on  the  lower  side  of  the 
elvan  dyke.  In  the  schistose  and  gravelly  for- 
mation below,  within  reasonable  driving  dis- 
tance of  the  cross-course.  The  plan 
included  an  adit  driven  parallel  to  the 
dyke,  cutting  through  numerous  spar 
leads  as  they  left  the  elvan,  and  passing 
through  the  cross-course.  On  October  12,  1901, 
after  a  severe  drought,  the  quantity  pumped, 
when  the  shaft  was  but  56  feet  deep,  was  140,000 
gallons  per  day;  which  quantity  rapidly  in- 
creased with  the  depth,  until  at  the  completion 
of  100  feet,  after  continuous  pumping  night  and 
day  without  cessation  for  twelve  weeks,  the 
daily  quantity  had  reached  327,000  gallons.  The 
quantity  required  from  these  new  works  was 
but  350,000  gallons  a  day,  and  this  was  obtained 
with  only  18  feet  of  adits  completed,  the  quan- 
tity steadily  increasing  as  the  adits  were  ex- 
tended towards  the  cross-course. 

The  formation  through  which  the  shaft  was 


sunk  was  of  loose  schistose  and  gravelly  na- 
ture for  a  depth  of  80  feet,  the  excavation  to 
which  depth  was  naturally  most  dangerous 
work.  The  chief  danger  to  be  guarded  against 
was  the  collapse  of  the  walls  during  sinking  and 
pumping  operations.  Careful  consideration  had 
further  to  be  given  to  the  adoption  of  the  best 
facilities  for  substituting  permanent  steining 
stone  in  the  place  of  the  temporary  timbering 
should  the  undertaking  prove  successful.  The 
direction  in  which  the  timbering  was  con- 
structed— viz.,  from  the  surface  downwards — 
would  have  to  be  reversed  in  executing  the  per- 
manent steining,  which  would  be  built  from  the 


Tl^L— 


It  was  from  this  double  curb  that  all  the  tim- 
bers in  the  well  were  suspended,  and  to  which 
the  pumping  gear  was  fixed.  The  timbers  were 
prepared  on  the  surface,  and  were  rapidly 
placed  in  position  in  the  well  as  the  work  pro- 
ceeded. The  sets  were  placed  5  feet  6  inches 
apart  for  a  depth  of  50  feet,  after  which  the  dis- 
tance was  Increased.  Each  set  is  a  complete 
construction  in  itself,  and  was  easily  handled. 
The  sets  were  secured  one  to  the  other  by  means 
of  crook  bolts  at  the  corners.  The  crook  bolts 
were  extended  to  half  the  depth  of  each  set, 
into  which  the  corresponding  ones  of  the  set 
next  following  were  linked.     Upon  this  being 
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base  or  foundation,  and  carried  up  to  the  sur- 
face level.  The  method  adopted  may  appear,  at 
first  sight,  to  be  rather  costly,  but  bearing  in 
mind  the  nature  of  the  ground,  and  the  weight 
that  would  eventually  have  to  be  resisted  by 
It — by  the  settling  of  the  walls  and  constant 
vibration  of  the  pumping  machinery — it  will  be 
clear  that  a  good  and  safe  course  was  pursued. 
At  the  surface  level  much  importance  was  at- 
tached to  strength,  there  being  two  curbs  of 
timber,  each  measuring  12  by  12  inches.  These 
curbs  were  each  extended  at  the  angles  well 
over  the  surface  on  a  bed  of  cement  concrete. 


effected,  any  slackness  between  one  set  and  an- 
other was  readily  adjusted  by  the  screw  nuts. 
This  method  was  adopted  throughout  the  shaft, 
and  two  years  subsequently,  upon  stone  being 
substituted,  the  advantage  of  the  system  was 
.  again  very  evident. 

The  danger  of  a  run  in  the  ground  on  re- 
moving the  timbers  was  perfectly  guarded 
against.  The  sets  offered  such  facilities,  that  a 
foot  or  less  could  be  raised  at  a  time.  In  order 
to  raise  a  set  of  timbers  ahead  of  the  masons, 
the  vertical  derns  of  the  under  set  were  re- 
moved, and  by  the  use  of  the  screw-bolts  which 
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suspended  the  set,  the  lower  curb  was  raised 
as  slowly  as  desired,  and  to  whatever  height 
was  needed.  The  lagging  behind  the  sets  was 
in  most  cases  built  in  behind  the  steining,  but 
was  usually  drawn  out  again  on  the  comple- 
tion of  a  few  feet,  and  the  space  was  filled  up 
with  spalls  or  concrete. 

The  shaft  was  steined  elliptical  in  plan  to 
afford  strength  in  resisting  pressure.  The  in- 
ternal length  is  10  feet  and  width  5  feet  3 
inches.  The  stone  was  local  granite,  and  each 
stone  was  roughly  arch-shaped.  The  stones 
were  set  in  fine  concrete,  and  occasional  hori- 
zontal joints  were  left  open  as  weep  holes.  The 
whole  of  the  joints,  however,  within  30  feet  of 
the  surface  had  to  be  completely  closed,  owing 
to  the  soft  formation  being  forced  through  from 
behind,  discoloring  the  walls  and  possibly  at 
times  the  water  also.  The  work  now  finished 
forms  a  very  permanent  construction,  sufficient 
to  support  pump  girders  and  other  machinery. 

In  order  to  supply  the  upper  district  of  Pen- 
zance with  water  it  was  found  essential  to 
adopt  some  source  of  higher  altitude  than  the 
existing  reservoirs.  To  meet  this  requirement 
the  author  advised  that  the  mains  coursing  the 
town  be  divided,  so  that  the  higher  district 
might   be   supplied  by  a  main   independent   of 


struction,  must  naturally  be  of  excellent  qual- 
ity and  suitable  for  the  duty  it  has  to  perform. 
In  some  cases  resistance  would  be  the  essen- 
tial aim,  but  in  this  instance  Impermeability 
was  the  chief  consideration.  The  proportions  in 
which  the  concrete  was  mixed  were  as  follows: 
Gravel,  of  all  mixed  sizes,  varying  from  1/3  to 
%  inch,  but  free  of  sand,  24  cubic  feet;  sand, 
clean  and  gritty,  13Vj  cubic  feet;  Portland  ce- 
ment, of  highest  class,  6  hundredweight.  This 
mixture  when  in  place  and  rammed  was  equal 
in  volume  to  31  cubic  feet  of  concrete.  The  ce- 
ment used  was  required  to  pass  through  a  sieve 
of  5,767  meshes  to  the  square  inch,  leaving  not 
more  than  10  per  cent,  residue.  The  whole  of 
the  larger  material  used  in  the  concrete  was 
quarried,  machine  broken,  and  proportioned  by 
the  author's  workmen  at  the  corporation  quarry. 
The  difficulty  of  obtaining  a  good  specimen  of 
sand  in  the  neighborhood  was  known  to  the 
author;  the  removal  of  such  from  the  sea-shore 
being  strictly  prohibited.  The  sand  on  the  site, 
■which  had  been  brought  in  from  distant 
beaches,  ranged  from  a  coarse  gritty  beach  sand 
to  a  fine  drifting  sand,  common  to  different 
beaches  in  this  district.  The  concrete  obtained 
■from  these  materials  was  almost  as  close  and 
hard   as  granite  itself. 
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the  lower  part  of  the  town,  which  would  be  con- 
nected with  an  elevated  tank  to  be  fed  from  the 
well,  while  the  latter  district  would  continue  to 
be  supplied  from  the  present  reservoirs.  The 
site  for  this  tank  afforded  a  precarious  founda- 
tion, in  that  it  was  made  ground  on  a  side-long 
formation,  which  also  necessitated  the  greater 
part  of  one  side  of  the  tank  being  out  of  the 
ground  altogether,  while  the  back  would  have  to 
resist  the  thrust  of  the  land.  An  iron-covered 
tank,  of  150,000  gallons  capacity,  was  at  first 
considered  best,  but  finally  it  was  decided  that 
a  tank  constructed  on  the  Hennebique  ferro- 
concrete system  would  be  perfectly  adaptable  to 
the  conditions  of  the  case.  The  tank,  which  is 
of  light  steel  and  concrete  construction,  and 
roofed  with  the  same  materials,  was  the  first 
of  Its  kind  to  receive  the  approval  of  the  Local 
Government  Board,  after  the  holding  of  an  in- 
quiry on  the  subject,  and  since  its  completion 
it  has  proved  itself  highly  satisfactory. 

Great  care  was  exercised  that  the  steel  at  all 
corners  and  at  the  head  of  the  columns  should 
give  the  greatest  strength  possible.  The  con- 
crete, which  forms  an  essential  part  of  the  con- 


The  tank,  on  examination  three  months  after 
completion,  did  not  show  a  trace  of  a  single 
crack  or  settlement,  and  the  walls  themselves 
were  of  a  very  impermeable  nature.  The  inter- 
nal surfaces  of  tli«  walls  were  rendered  abso- 
lutely watertight  by  a  coating  of  cement  and 
sand,  in  proportion  of  one  of  the  former  to  two 
of  the  latter.  %  inch  thick,  troweled  to  a  smooth 
surface,  and  all  angles  were  rounded  and  ren- 
dered smooth,  most  important  desiderata  to  be 
observed  in  successfully  producing  a  water- 
tight  tank. 

With  reference  to  the  rendering  of  concrete 
reservoirs  the  author  had  an  experience  three 
years  ago  in  connection  with  a  work,  with 
which  he  had  been  entrusted  in  supplying  Tol- 
carne,  a  village  in  West  Cornwall,  with  water. 
The  reservoir  was  substantially  constructed  of 
concrete,  and  the  author  had  specified  that  it 
was  to  be  rendered  with  2%  of  sand  to  1  of  ce- 
ment, absolutely  watertight,  to  be  proved  so  by 
testing  on  completion.  The  contractor  appeared 
to  exercise  every  care  in  rendering  this  reser- 
voir, and  to  all  appearances  the  work  was  every- 
thing desired.     The  result  of  the  test,  however. 


disclosed  a  leakage,  and  the  author  rejected  the 
work  until  the  leakage  was  stopped. 

Upon  the  reservoir  being  emptied  the  author 
made  a  close  examination  of  the  walls  and  floor, 
and  found  that  the  floor  rendering,  which  had 
been  executed  when  the  concrete  was  still  plas- 
tic, before  the  walls  were  built,  had  a  sandy 
and  porous  appearance,  while  the  walls  were 
smooth  and  close.  The  whole  trouble  was  at- 
tributed to  the  use  of  coarse  beach  sand,  with 
insufficient  attention  to  filling  the  interstices  in 
rendering  the  floor,  which  would  be  affected  by 
the  greatest  pressure.  The  floor  had  in  con- 
sequence to  be  broken  up  and  again  rendered 
with  a  sand  which  would  enable  the  proportion 
of  cement  to  completely  fill  all  Interstices  and 
allow  a  thin  coating  of  neat  cement  to  rise  to 
the  surface  in  working,  so  making  a  hard  and 
Impervious  face. 

The  author  considers  it  of  interest  to  refer  to 
this  failure,  which,  although  soon  rectlfled,  is 
another  proof  of  the  care  and  knowledge  that 
are  required  In  selecting  materials  and  putting 
them  together,  in  order  to  obtain  the  best  re- 
sults from  concrete.  The  too  common  prac- 
tice of  entrusting  this  kind  of  work  to  Inex- 
perienced persons,  with  the  notion  that  con- 
crete making  is  but  a  matter  requiring  ordi- 
nary intelligence,  chiefly  in  that  the  proper 
quantity  of  cement  is  used,  is  most  erroneous, 
and  calculated  to  court  disaster. 

Here  is  an  example  among  several  tests  made 
in  connection  with  the  Penzance  sea  wall,  now 
in  course  of  construction.  The  author  made  ten 
briquettes  from  material  taken  from  these 
works.  In  some  cases  the  materials  were  care- 
fully measured  in  accordance  with  the  stereo- 
typed specification:  1  of  cement  to  4  of  sand, 
etc.;  and  in  others,  care  and  judgment  were 
used,  placing  a  little  flner  sand  to  the  mixture 
and  a  larger  proportion  of  sand  to  fill  up  the 
voids  in  the  gravel.  These  briquettes  were  pro- 
portioned 1  to  4,  as  in  the  case  of  the  others, 
also  1  of  cement  to  7  of  aggregate,  and  the  re- 
sult was  that  the  1  to  7  briquette  stood  115 
pounds  tensile  strain,  and  the  other  stereotype 
mixing  in  the  proportion  of  1  to  4  stood  but  45 
pounds,  after  twenty-one  days'  immersion  in 
water  in  each  case.  On  examining  the  careful 
gauging  of  1  to  7  and  comparing  it  with  sam- 
ples containing  a  higher  percentage  of  cement, 
it  will  be  observed  there  Is  the  appearance  of 
excess  of  cement  showing  on  the  top  troweled 
surface  of  the  former,  and  Insufficient  cement  in 
the  latter,  although  the  proportions  In  which 
the  cement  was  actually  used  were  the  reverse. 

The  foregoing  paragraphs  were  extracted 
from  Mr.  Latham's  paper  as  printed  in  a  re- 
cent Issue  of  "The  Surveyor." 


Tests  of  Two  De  Naeyeb  steam  boilers  of  a 
new  type  showed  an  evaporation  of  3.68  pounds 
per  square  foot  of  heating  surface  per  hour.  In- 
cluding a  so-called  reheater,  but  of  7.15  pounds 
when  the  reheater  surface  was  not  considered, 
according  to  "Revue  Industrielle."  Some  61.4 
pounds  of  coal  were  burned  per  square  foot  of 
grate  per  hour. 

The  Description  of  the  Powee-House  Foun- 
dations for  the  Pennsylvania,  New  York  &  Long 
Island  Railroad's  central  station,  which  was 
printed  last  week,  was  given  on  the  authority 
of  men  engaged  on  the  work,  but  in  some  way 
a  mistake  occurred  in  mentioning  the  important 
feature  of  the  concrete  itself.  As  a  matter  of 
fact,  the  concrete  employed  is  a  l:2i^:5  mix- 
ture, for  which,  up  to  date,  the  Lawrence  Ce- 
ment Company  has  furnished  over  22,000  bar- 
rels of  Dragon  Portland  Cement.  It  should 
also  be  added  that  this  company  furnished 
several  thousand  barrels  of  the  same  cement 
for  the  covered  reservoir  of  East  Orange,  de- 
scribed in  The  Engineering    Record  of  March  26. 
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The   Extension   of   the   Imperial   Hotel, 
New  York. 


Pam  I. — Desiox  axd  Construction   or  Pounda- 
tmNS,    Stkel-Cage    CoxsTBucnoN,    Ttvicai. 

COLTTMHS,   GRnXAQES,    DlSTKIBUTLNG   GlBOEBS, 

DiAOONAL     Swat     Bracinq     and     Poktax 

Braces. 
The  Imperial  Hotel,  on  Broadway,  between 
Thlrty-flrst  and  Thirty-second  streeu,  New 
York,  originally  a  tenstory  building,  has  re- 
cently been  enlarged  by  a  seventeen-story  addi- 
tion, which  occupies  a  90x80-foot  lot  adjacent 
to  the  first  structure  and  arranged  so  as  to  con- 
nect with  it  and  make  the  lower  stories  con- 
tinuous through  both  parts.  The  new  portion 
has  a  trapezoidal  B-shape  plan  with  two  lO-foot 
light  courts  about  51  and  55  feet  long  opening 
from  the  rear.  The  construction  is  fireproof 
throughout  and  the  steel  columns  are  seated 
Just  below  the  basement  floor  level  on  canti- 
lever beams,  distributing  girders  and  grillages 
with  concrete  piers  carried  down  to  the  rock 
in  sheet-piled  pits  from  3  to  30  feet  deep.  The 
surface  of  the  rock  was  found  to  be  very  ir- 
regular, dropping  vertically  several  feet  in  a 
number  of  the  pits.  Many  seams  were  en- 
countered, which  were  filled  with  chlorite  of  the 
consistency  of  soft  putty.  This  was  excavated 
to  a  depth  of  10  feet,  and  considerable  difficulty 
was  encountered  in  keeping  it  from  being 
forced  Into  the  excavations  by  the  pressure  of 
the  water  in  the  seams.  A  large  quantity  of 
water  was  encountered  and  was  drained  out  of 
the  pits   by  special   steam   siphons,   having  a 


less,  so  that  any  material  settlement  would 
have  been  detected,  but  none  was  observed. 
Great  care  was  taken  to  maintain  the  sheeting 
close  to  the  face  of  the  old  walls  and  to  keep  it 
thoroughly  braced  as  the  excavation  was  con- 
tinued. In  some  cases  where  the  pits  were 
deeper  than  the  pile  lengths,  the  sheeting  was 
spliced,  and,  in  other  cases  it  was  driven  in  two 
tiers,  care  being  taken  to  have  all  of  the  waling 
pieces  very  carefully  fitted  and  dimensioned. 

Important  features  of  the  work  were  the 
care  with  which  the  foundation  pits  were  sheet- 
ed, which  enabled  them  to  be  drained  more 
easily  than  is  usual  under  such  circumstances, 
the  rapidity  with  which  they  were  sunk  and  the 
success  which  was  attained  in  preventing  much 
fiow  of  the  wet,  fine  soil.  In  this  way  it  was 
possible  to  sink  deep  open  pits  very  close  to  the 
old  footings  of  heavy  walls  and  far  below  them 
without  undermining  or  disturbing  them,  and 
thus  avoid  tne  use  of  slower  and  more  costly 
pneumatic  caisson  work.  The  sheet  piles  were 
made  of  first-class  timber  accurately  tongued 
and  grooved,  planed  on  all  sides  and  very  rigidly 
inspected  for  straight  and  perfect  edges.  They 
were  received  in  13-foot  lengths  and  were  assem- 
bled together  in  vertical  planes  on  the  surface 
of  the  ground  so  as  to  make  complete  rectangu- 
lar walls  enclosing  the  pit  before  excavation 
was  commenced.  The  piles  were  held  in  position 
by  interior  frames  made  of  horizontal  waling 
pieces  with  the  ends  cut  square,  the  side  being 
dapped  1  Inch  or  2  inches  over  the  square  ends 
of  the  end  pieces,  and  the  Joints  covered  by 
horizontal  planks  spiked  or  bolted  to  the  tim- 


tical  spur  which  penetrated  the  timber  and  pre- 
vented it  from  slipping.  The  moving  part 
weighed  15  or  20  pounds  and  struck  from  400  to 
680  blows  per  minute.  The  hammer  guides  were 
fitted  with  spiral  springs  at  the  top  to  relieve 
the  impact  in  the  handle.  With  this  machine  it 
was  sometimes  diflicult  to  start  a  pile  in  bad 
ground,  but  once  in  motion,  it  was  easily  driven. 
The  rapid  action  of  the  hammer  seemed  to  pro- 
duce waves  of  vibration,  which  sometimes  were 
so  strong  as  to  cause  the  lower  ends  of  the  piles 
to  jump  out  of  the  grooves  of  the  adjacent  piles. 
In  such  cases  the  hammer  was  replaced  by  ordi- 
nary mauls  and  rams. . 

The  piles  were  driven  sometimes  as  much  as 
3  feet  in  advance  of  the  excavation  and  thus 
materially  checked  the  bottom  flow  o£  water  and 
being  practically  watertight  prevented  any  flow 
of  quicksand  through  the  sides  of  the  pits.  The 
waling  pieces  were  most  of  them  3  inches  square 
and  varied  from  2  to  3  feet  apart  vertically  on 
centers.  They  were  made  of  planed  timbers  and 
were  cut  and  fitted  at  the  mills  with  great  ac- 
curacy so  that  all  pieces  for  the  same  size  pits 
were  interchangeable.  In  some  cases  heavy 
pieces  were  used  for  the  bottom  course  which. 
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straightaway  passage.  Excavation  was  main- 
tained continuously  and  the  pits  were  sunk 
rapidly.  As  soon  as  they  reached  bed  rock,  its 
■arface  was  cleaned  and  stepped  where  neces- 
sary and  the  concrete  immediately  filled  in. 
Tongued  and  grooved  sheet  piles  3  to  6  inches 
thick,  dressed  on  both  sides  and  covered  with 
thick  grease,  were  driven  by  a  pneumatic  ham- 
mer, which  was  easily  handled  by  two  men 
without  the  use  of  tackle. 

Although  the  excavations  were  carried  down 
several  feet  lower  than  the  footings  of  the  foun- 
dations in  the  adjacent  buildings,  the  latter 
were  not  underpinned  nor  shored.  Photo- 
graphs and  levels  were  taken  before  the  work 
was  commenced  and  careful  observations  and 
records  were  made  frequently  during  its  prog- 


bers.  Outside  of  the  sheet  piles  a  rectangular 
frame  was  made  with  horizontal  planks  laid 
flatwise  with  their  overlapping  ends  bolted  to- 
gether, thus  forming  clamps  which  held  the 
piles  securely  in  position  against  the  inner 
frames.  In  some  cases,  where  the  piles  were 
driven  close  to  the  faces  of  the  old  walls,  the 
clamp  planks  were  replaced  by  steel  bolts. 

The  piles  were  bevelled  at  the  lower  ends  so 
as  to  draw  together  and  were  driven,  as  before 
stated,  by  special  pneumatic  machines  which 
could  be  lifted  by  one  man,  but  were  advanta- 
geously operated  by  two  or  three  men.  The 
lower  part  of  the  machine  had  Jaws  engaging 
the  top  of  the  pile  and  enclosing  a  cushion  piece 
to  receive  the  hammer  blows  and  protect  the 
head  of  the  pile.    This  cushion  had  a  small  ver- 


in  special  instances,  were  made  of  8  x  16-inch 
timber  with  the  IG-lnoh  side  vertical,  so  as  to 
occupy  less  space,  and  the  lower  edge  bevelled 
to  promote  convenience  in  working  under  the 
bottoms  of  the  piles  to  remove  stones  and  other 
obstructions.  The  successive  courses  of  wal- 
ing pieces  were  separated  by  vertical  posts  at 
the  corners  of  the  pits  and  were  driven  down  as 
the  excavation  proceeded.  This  novel  method 
was  found  to  be  very  satisfactory  and  to  be 
quicker  and  more  reliable  than  the  usual 
method. 

The  lower  set  of  waling  pieces  was  framed 
together  and  put  In  position  at  the  surface  of 
the  ground  before  excavation  was  commenced. 
Vertical  posts  were  set  on  top  of  it  at  the  cor- 
ners and  supported  the  second  frame  and  so  on. 
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As  the  excavation  proceeded,  the  waling  pieces 
were  driven  down,  slipping  easily  on  the  well- 
greased  surface  of  the  piles,  unless  the  pres- 
sure was  very  great.  Men  were  stationed  at 
■each  corner  of  each  course  of  waling  pieces  and 
drove  them  down  uniformly  with  simultaneous 
rows  of  14-pound  mauls.  Ordinarily  the  entire 
series  of  waling  pieces  that  had  been  placed 
from  the  bottom  of  the  pit  to  a  point  above  the 
.surface  of  the  ground  were  driven  simultaneous- 
ly, but  under  some  conditions  it  was  found  de- 
sirable to  remove  the  corner  pieces  and  drive  a 
single  course  separately.  When  the  driving 
was  unusually  difficult,  the  mauls  were  replaced 
by  vertical  rams  which  consisted  of  6  x  8-inch 
oak  timbers  about  10  feet  long  with  several  hori- 
zontal holes  bored  through  them.  Pipe  handles 
being  Inserted  in  these  holes,  several  men  could 


land  cement  grout  poured  into  them  through 
large  funnels.  A  plunger  made  with  a  long 
steel  rod  and  leather  discs  bolted  to  the  end  of 
it,  like  the  piston  of  an  old  fashioned  pump,  was 
inserted  in  the  upper  end  of  the  pipe  and  en- 
abled moderate  pressure  to  be  exerted  on  the 
grout  to  force  it  out  of  the  pipe. 

This  aparatus  sufficed  for  concreting  on  this 
work,  but  on  other  occasions  where  a  larger 
amount  of  It  was  required,  the  same  contractors 
have  forced  large  quantities  of  grout  into  the 
soil  outside  the  sheeting  by  pneumatic  pressure. 
A  closed  horizontal  cylindrical  steel  tank  with 
a  capacity  of  300  or  400  gallons  is  fitted  with  an 
axial  shaft  which  carries  radial  paddle  arms 
and  is  operated  by  hand  cranks  on  each  pro- 
jecting end.  The  cement  and  mortar  is  put  in 
the  tank  and  thoroughly  mixed  by  revolving  the 
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grasp  them  at  different  heights  and  drive  the 
pieces  with  great  force. 

After  the  pits  were  sunk  to  rock,  horizontal 
transverse  timbers  were  placed  against  the 
lower  course  of  waling  pieces;  and  powerful 
jacks  being  set  against  their  ends  and  operated, 
forced  the  walls  of  the  pit  apart  by  compress- 
ing the  solid  earth  and  thus  sometimes  in- 
creased the  width  of  the  pit  from  1  to  2  inches 
in  a  length  of  4  or  5  feet.  This,  of  course,  ex- 
ercised a  powerful  consolidation  on  the  loose 
soil  and  tended  to  prevent  any  displacement  of 
it  under  the  adjacent  old  footings.  When  there 
was  any  reason  to  suspect  the  existence  of  cavi- 
ties In  the  soil  adjacent  to  the  excavations,  2- 
inch  vertical  steel  pipes  15  feet  long  were  Jet- 
ted down  alongside  and  were  filled  with  Port- 


shaft.  Air  pressure  is  applied  to  the  upper  part 
of  the  tank  and  the  grout  is  driven  through  an 
outlet  in  the  bottom.  In  rocky  soil  where  the 
feet  of  the  sheet  piles  are  obstructed  by  bould- 
ers which  cannot  be  easily  removed  by  usual 
methods,  a  pipe  is  run  down  alongside  the  outer 
face  of  the  pile  and  grout  is  injected  through  it 
until  It  Is  considered  to  have  enveloped  the 
boulder.  After  the  grout  has  set,  the  boulder 
can  be  broken  out  from  the  inside  and  removed 
without  admiting  the  water  and  the  quicksand 
which  Is  excluded  by  the  concrete  shell  sur- 
rounding the  former  position  of  the  boulder. 

The  pit  for  the  pier  supporting  columns  27, 
28,  29  and  30  was  sunk  in  the  extreme  corner  of 
the  lot  with  the  two  outside  faces  In  the  build- 
ing lines.     This  left  no  space  between  the  sheet 


piles  and  the  old  footings,  and  the  wall  was  so 
high  and  the  soil  was  so  bad  that  the  excava- 
tion was  considered  hazardous  and  was  made 
in  two  separate  operations.  In  one  of  them  a 
rectangular  pit  was  carried  down  in  the  corner 
to  the  rock;  the  other  excavation  comprised 
the  L-shape  remainder  of  the  pit.  By  this  means 
about  half  of  each  wall  face  was  exposed  at  one 
time  and  after  the  first  pit  had  been  excavated 
and  the  concrete  built  In  it,  the  sheeting  of  the 
two  sides  which  were  common  to  both  pits,  was 
i-emoved  and  the  second  pit  was  excavated  and 
filled  with  concrete. 

In  several  places  the  grillage  beams  and 
girders  projected  somewhat  beyond  the  lot 
lines  at  a  level  below  the  footings  of  the  old 
walls.  Here  the  pits  were  excavated,  as  already 
described,  and  filled  with  concrete  up  to  the 
level  of  the  grillages.  The  site  of  the  pit  next 
to  the  old  wall  was  still  closed  by  the  sheet  piles 
in  contact  with  the  wall  face  at  the  upper  end 
with  the  new  concrete  at  the  lower  end.  Inter- 
mediate there  was  a  portion  of  the  pile  which 
served  to  retain  the  loose  fine  soil  under  heavy 
pressure  below  the  footing  of  the  old  wall.  This 
had  to  be  removed  In  order  to  set  the  beams  and 
girders,  and  the  operation  was  a  very  delicate 
one.  It  was  accomplished  by  cutting  away  one 
or  two  of  the  sheet  piles  at  the  required  point 
on  this  wall  and  on  the  opposite  wall  of  the  pit. 
Then  two  or  three  of  the  grillage  beams  were 
inserted  endwise  through  the  hole'  In  the  outer 
wall  and  pushed  into  position  with  their  ends 
projecting  through  under  the  old  wall.  This 
was  done  without  disturbing  the  waling  pieces 
and  braces  which  were  far  enough  above  the  top 
of  the  concrete  pier  to  clear  the  beams.  It  was, 
of  course,  difficult  to  work  on  the  beams  in  such 
narrow  quarters  so  the  ordinary  tie  rods  and 
separators  were  dispensed  with  and  the  beams 
were  conected  by  horizontal  hooks  engaging  the 
flanges  which  could  be  slipped  over  the  outer 
ends  of  the  beams  and  successively  pushed  back 
to  required  positions.  The  first  group  of  beams 
was  carefully  leveled,  concreted  and  a  second 
pair  of  sheet  piles  were  cut  off  adjacent  to  them 
at  each  end,  another  group  of  beams  inserted 
and  so  on  until  the  grillage  was  put  in  position 
and  concreted  by  successive  operations.  The 
foundation  work  was  accomplished  in  32  work- 
ing days. 

The  building  is  of  the  steel-cage  type,  with 
thirty-eight  main  columns  and  nine  minor  col- 
lums  arranged  in  seven  transverse  rows  and 
seated  on  distributing  girders  and  grillages, 
with  their  upper  fianges  about  9  inches  below 
the  surface  of  the  basement  floor  concrete.  The 
Interior  columns  have  separate  piers,  but  those 
on  three  sides  of  the  building  are  set  so  close 
to  the  line  that  it  is  necessary  to  carry  them 
on  cantilever  girders,  balanced  by  interior  col- 
umns, so  as  to  secure  central  reactions  on  the 
piers.  In  most  of  these  cases  the  distributing 
girders  receiving  the  extended  bases  of  the 
columns  are  made  with  two  or  three  pairs  of 
15-lnch  channels  riveted  together,  back  to  back, 
to  give  thicker  webs.  The  girders  are  of  such 
a  length  as  to  extend  across  the  top  flanges  of  a 
group  of  20-inch  I-beams,  which  are  supported 
on  the  regular  pier  grillages.  Columns  27,  28, 
29  and  30  are  located  on  the  corners  of  an  llx 
13-foot  rectangular  grillage,  through  which 
their  loads  are  distributed  by  a  pair  of  plate 
girders,  61%  inches  deep,  which  engage  the 
ends  of  the  grillage  beams.  Columns  48  and 
11  are  carried  on  the  extremities  of  cantilever 
beams,  intersecting  each  other  at  right  angles 
under  column  12,  which  has  a  computed  weight 
sufficient  for  their  combined  reactions.  All  of 
the  grillage  beams  were  painted  two  coats  of 
hot  asphalt  and  surrounded  with  concrete  4 
inches  thick  in  every  direction  before  the  base- 
ment floor  was  laid  above  them. 

A  few  of  the  Interior  columns,  which  support 
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only  the  first  two  stories,  have  cast-iron  pedes- 
tals seated  on  the  concrete  piers  without  grill- 
ages. The  superstructure  has  a  total  height  of 
about  240  feet  from  the  basement  floor  to  the 
top  of  the  roof  house  and  is  braced  by  foi|r 
arched  portals  across  each  of  the  light  courts 
and  by  two  sets  of  diagonal  braces,  reaching 
from  roof  to  basement,  between  the  wall  col- 
umns in  each  of  the  outer  wings  of  the  build- 
ing. The  framework  in  general  corresponds  to 
standard    practice   for   steel-cage   construction, 


All  of  the  columns  are  made  in  two-story 
lengths  and  have  rectangular  cross-sections 
built  up  of  pairs  of  12-lnch  channels,  back  to 
back,  with  their  flanges  turned  outwards  and 
latticed  or  connected  by  cover  plates.  In  the 
lower  stories  the  cross-sections  of  the  columns 
are  Increased  by  using  double  cover  plates  and 
by  riveting  reinforcement  plates  to  the  backs 
of  the  channel  webs.  The  beam  and  girder  con- 
nections are  made  with  horizontal  angles  riv- 
eted to  their  top  and  bottom  flanges,  the  lower 
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are  made,  as  above  described,  but  the  horizontal 
angles  are  very  short  and  their  vertical  flanges 
are  riveted  between  the  column  webs  and  the 
vertical  reinforcement  angles,  the  latter  being 
flUered  below  them.  The  basement  sections  oi; 
the  columns  have  double  %-inch  base  plates 
projecting  6  inches  beyond  the  cover  plates  on 
both  sides  and  stiffened  there  by  vertical  angles 
2  feet  long,  riveted  to  the  edges  of  the  cover 
plates  and  having  their  ends  milled  to  bearing 
on  the  base  plates. 
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but  is  special  in  the  provision  made  for  wide 
spans  In  the  lower  stories  and  for  carrying  the 
apper  tiers  of  the  columns  offset  from  the  lower 
ones,  and  in  that  above  the  eighth  and  ninth 
floors  the  stories  overhang  the  roofs  of  the  ad- 
jacent buildings,  and  the  floors  and  outer  walls 
are  carried  on  heavy  girders,  cantllevered  sev- 
eral feet  beyond  the  wall  columns,  as  indicated 
In  the  elevation  diagram. 


angles  having  their  horizontal  flanges  supported 
by  the  upper  ends  of  vertical  reinforcement 
angles,  milled  to  bearing.  The  horizontal 
angles  are  generally  6x6x1/2  Inches,  with  two 
rows  of  holes  In  the  beam  connections.  Where 
it  Is  necessary  for  them  to  project  beyond  the 
face  of  the  column  to  receive  eccentric  beams 
they  are  riveted  to  wide  tie  plates,  which  serve 
as  brackets.    Connections  on  the  channel  webs 


The  outside  flanges  of  the  vertical  angles  are 
riveted  to  wide  %-inch  tie  plates,  which  are 
carried  down  to  bearing  on  the  upper  surfaces 
of  the  base  plates,  and  receive  the  vertical 
flanges  of  the  6x4-inch  angles  which  connect 
the  base  plates  to  the  columns.  The  column 
splices  are  made  with  '/.-inch  cover  plates,  fleld- 
riveted  to  both  upper  and  lower  sections  of  the 
columns.    Horizontal  diaphragm  plates  are  also 
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inserted  between  the  ends  of  the  adjacent  sec- 
tions and  are  riveted  to  angle  lugs  on  the  webs 
of  the  column  channels. 

The  three  wings  on  the  rear  of  the  building 
are  connected  across  the  two  light  courts  by 
eight  plate-girder  arched  portals  eVi;  feet  deep. 
The  webs  are  made  of  ^A-lnch  plates  and  three 
sections  fleld-spliced  together  with  double  ver- 
tical cover  plates.  The  upper  and  lower  flanges 
are  pairs  of  6x6xV2-inch  angles,  the  former  be- 
ing horizontal  and  the  latter  being  curved  to  a 
radius  of  about  4  feet.  The  ends  of  the  struts 
have  bent  vertical  flange  angles  shop  riveted  to 
them  and  field-riveted  to  the  webs  of  the  col- 
umns. All  other  rivets  in  the  portals  are  fleld- 
driven,  so  that  the  different  pieces  could  be 
shipped  separately  and  assembled  in  position 
after  the  columns  were  erected. 


flanges  are  riveted  to  the  web  of  the  column 
channels,  thus  making  a  single  continuous  con- 
nection for  both  upper  and  lower  diagonals  and 
for  the  cantilever  girder,  the  latter  being  thus 
supported  by  five  rivets  in  double  shear,  and 
distributing  its  load  over  a  long  distance  on  the 
column  web. 

Where  it  was  necessaj'y  to  provide  for  doors 
in  the  panels  occupied  by  sway-bracing,  a  pair 
of  6x4-inch  vertical  angles  were  riveted  to  the 
floor  girders  about  4  feet  from  the  column  so 
as  to  leave  clearance  for  the  door  frame  be- 
tween them  and  the  column.  These  angles 
were  fleld-riveted  to  the  connection  plates  at 
the  ends  of  the  diagonals,  and  the  latter  braced 
the  remainder  of  the  panel  between  columns,  so 
as  to  continue  the  vertical  stiffening  truss  with 
a  diminished  width   from  story   to  story.     Be- 
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The  end  panels  between  wall  columns  in  the 
rear  of  the  building  are  x-braced  from  top  to 
bottom  with  riveted  diagonal  angles.  Above 
the  roofs  of  the  adjacent  buildings  the  regular 
bracing  consists  of  single  6x4-inch  angles  shop- 
riveted  to  vertical  connection  plates,  which  are 
field-riveted  to  the  columns  and  to  the  top  and 
bottom  flanges  of  the  cantilever  floor  girders 
which  pass  through  the  columns  and  support 
the  portions  of  the  floor  overhanging  the  adja- 
cent building.  The  connection  plates  have  short 
vertical  flanges  riveted  to  tie  plates  on  the 
flanges  of  the  outside  columns.  The  connec- 
tions to  the  inner  columns  are  made  with  pairs 
of  long  vertical  angles,  which  engage  the  con- 
nection plates  above  and  below  the  opposite  end 
of  the  cantilever  girder  and  are  also  riveted  to 
the    web    of    the    latter.       Their    outstanding 


low  the  roofs  of  the  adjacent  buildings  the 
floorbeams  of  these  panels  consisted  of  pairs  of 
15-inch  channels  fleld-riveted  together,  back  to 
back,  with  vertical  connection  plates  between 
their  webs.  These  plates  received  the  fleld-riv- 
eted connections  of  the  diagonals  above  and  be- 
low the  floorbeam  flanges  and  had  shop-riveted 
vertical  and  flange  angles,  which  were  fleld-riv- 
eted to  the  web  of  one  column  and  to  flange 
plates  on  the  other  column,  thus  making  a  very 
deep  and  rigid  column  connection  for  the  girder 
and  braces  and  distributing  the  girder  loads 
over  a  considerable  *3ngth  of  the  column.  X- 
bracing,  as  above  described,  was  provided  in 
two  panels  of  each  wing,  namely,  in  the  plane 
of  the  wall  and  between  the  columns  adjacent 
to  it.  The  pairs  of  columns  thus  connected  are 
11-12,  10-13,  28-29  and  27-30. 


Messrs.  Warren  &  Wetmore  were  the  archi- 
tects for  the  building;  Mr.  F.  A.  Burdett  was 
the  consulting  engineer,  and  the  general  con- 
tract was  awarded  to  Messrs.  M.  Reld  &  Com- 
pany. Messrs.  Clark  &  Company  were  the  con- 
tractors for  the  foundations.  The  J.  B.  &  J.  M. 
Cornell  Company  was  the  contractor  tor  the 
1,700  tons  of  structural  iron  and  steel,  and  Mr. 
H.  A.  Forsyth  was  in  charge  of  the  detailing 
and  designing. 

(To  be  continued.) 


The  Erection  of  the  Clairton  Bridge. 

The  curved  viaduct  approaches  of  the  Clair- 
ton Bridge,  across  the  Monongahela  River,  near 
Pittsburg,  have,  at  the  west  end,  three  single- 
track,  plate-girder  spans  and  at  the  east  end 
three  double-track  plate-girder  spans,  all  of 
them  seated  at  a  skew  on  masonry  piers  and 
having  girders  from  about  86  to  117  feet  long 
over  all.  The  massive  channel  span  of  this 
bridge  was  described  and  illustrated  March  12, 
and  the  plate-girder  approaches,  March  26.  The 
maximum  girder  weight  in  the  approaches  was 
about  62  tons  and  the  total  number  of  field-riv- 
ets driven  in  the  approaches  was  11,236.  Be- 
fore the  channel  span  was  erected,  both  ap- 
proaches were  erected  by  the  use  of  pile  false- 
workand  a  two-bent  through  traveler. 

This  traveler  was  built  principally  of  12x12- 
inch  timber,  with  double  4x8-inch  bracing,  and 
was  provided  with  a  48-foot  boom  on  the  for- 
ward end  of  each  sill.  It  had  a  vertical  and 
horizontal  inside  clearance  of  35  feet  and  23 
feet,  respectively.  It  was  sway-braced  by  6x 
12-inch  knees  in  each  bent  and  had  4x8-inch 
horizontal  X-braclng  In  the  plane  of  the  lifting 
beams.  The  latter  were  made  with  two  12x12- 
inch  timbers,  one  on  top  of  the  other,  fastened 
together  so  as  to  partially  develop  the  strength 
of  a  built  beam  by  means  of  the  bolts  through 
the  scabs  and  diagonal  members.  The  shackles 
for  the  topping-lifts  of  the  booms  passed 
through  holes  bored  on  the  line  between  the 
timbers,  and  thus  served  as  keys,  which,  with 
the  bearing  plates  bolted  on  both  sides,  helped 
to  connect  the  beams.  The  tackles  were  sus- 
pended from  the  beams  by  2-inch  square  stir- 
rups, with  loop  eyes  engaging  3-inch  pins,  which 
rested  on  top  of  the  beams  in  seats  between 
the  ends  of  spacing  planks  spiked  on  to  the 
timbers  to  prevent  the  ends  from  sliding. 

The  falsework  for  one  of  the  east  shore  spans 
consisted  of  two  low  bents,  braced  together 
longitudinally  to  form  a  tower,  midway  between 
the  piers.  In  all  other  girder  spans  the  false- 
work consisted  of  two  similar  towers  braced 
together  by  longitudinal  timbers  at  each  story. 
The  bents  were  of  simple  construction,  made 
with  12xl2-inch  vertical  and  horizontal  timbers, 
3xl2-inch  diagonal  braces  and  6x8-inch  sash 
pieces.  There  were  three  lines  of  6xl2-inch 
longitudinal  struts  at  water  level,  three  lines  of 
8x1 6-inch  at  the  pile  tops  and  at  the  middles  of 
the  bents  and  two  lines  of  12xl2-inch  on  top  of 
the  caps.  The  longitudinal  X-braces  were  6x8 
inches  and  all  connections  were  made  with  %- 
inch  bolts  and  cast-iron  washers  and  steel 
scabs.  On  shore  the  bents  were  seated  on  12x 
12-inch  sills,  and  in  the  river  the  sills  were  each 
supported  on  seven  piles.  The  falsework  car- 
ried two  lines  of  traveler  stringers,  each  line 
composed  of  four  20-inch  I-beams,  supporting  a 
single  rail.  Between  the  rails  there  was  a  set 
of  pony-bents  for  the  standard-gauge  surface 
track,  with  its  center  line  about  5  feet  from 
the  axis  of  the  span. 

The  bents  were  framed  and  assembled  on 
shore,  floated  to  position  and  erected  by  the 
booms  of  the  traveler,  which  moved  forward  on 
the  completed  falsework.  After  thf  falsework 
was  completed  for  the  west  approach,  one  of 
the  girders  for  the  eastern  span  was  unloaded 
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by  the  traveler  and  seated  In  position  on  the 
piers.  The  second  cirder  of  the  same  span  was 
delivered  to  the  traveler  and  the  bracing  for 
the  first  span  was  assembled  and  riveted,  while 
the  girders  for  the  succeeding  spans  were 
erected  as  above  described.  The  traveler  wlis 
then  used  to  remove  the  falsework  from  the 
abutment  lo  the  river  pier,  after  which  it  was 
taken  down  and  reassembled  on  the  opposite 
side  of  the  river  for  the  erection  of  the  false- 
work for  the  east  viaduct  and  for  the  channel 
span. 

The  operations  on  the  east  side  of  the  river 
were  modified  to  correspond  with  the  change 
in  the  structure  from  a  single  to  a  double-track 
viaduct  The  falsework  and  traveler,  being  used 
only  for  handling  single  girders,  required  no 
change.  Both  girders  of  the  shore  span  were 
successively  unloaded  by  the  traveler  and  tem- 
porarily seated  on  the  falsework,  as  close  as 


all  of  the  floor  system  and  removed  the  false- 
work. 

The  double-track  main  span  has  two  trusses, 
88  feet  deep,498  feet  long  and  32%  f^et  apart,  on 
centers,  which  weigh  about  1,000  tons  each,  and 
are  supported  on  masonry  piers,  500  feet  apart 
on  centers  and  about  50  feet  high  above  pool 
level.  The  total  weight  of  the  span,  exclusive 
of  track,  is  2,743  tons,  which  is  heavier  than 
any  other  double-track  span  of  the  same  length 
yet  built.  The  cross-sections  of  the  top  chord 
and  end  post  are  stated  by  Mr.  H.  S.  Jacoby, 
professor  of  bridge  engineering  at  Cornell  Uni- 
versity, to  be  larger  than  those  of  any  other 
simple  truss  bridge. 

The  main  channel  lies  between  the  piers,  has 
a  depth  of  about  12  feet  and  affords  navigation 
for  great  numbers  of  river  steamers  and  for 
large  fleets  of  coal  barges,  which  are  so  num- 
erous in  times  of  high  water  that  the  obstruc- 


bents,  seated  on  the  double  caps  of  the  pier 
bents.  At  this  point  the  river  bottom  consisted 
of  a  comparatively  thin  layer  of  mud  and  sand 
overlaying  a  bed  of  gravel,  varying  from  5  to 
20  feet  thick,  which  rested  on  the  sloping  sur- 
face of  slate  rock,  dipping  about  3  degrees  par- 
allel with  the  axis  of  the  bridge.  On  this 
account  it  was  expected  that  considerable  settle- 
ment would  take  place  in  the  pier  and  false- 
work, and  provision  was  made  for  this  in  the 
blocking  on  the  falsework  and  by  cylindrical 
cast-steel  sand  boxes,  about  3  feet  in  diameter, 
which  supported  the  trusses  at  the  center  point. 
They  were  placed  upon  a  tier  of  20-inch 
I-beams,  which  in  tuni  rested  on  wooden  crib- 
bing, carried  on  another  tier  of  20-inch  I-beams, 
which  distributed  the  load  over  the  bents  of 
the  false  pier.  The  distance  between  the  two 
tiers  of  20-inch  beams  was  sufficient  to  allow 
the  introduction  of  100-ton  jacks,  in  case  the 
pier  settled  more  than  was  counted  upon,  which 
would,  of  course,  have  made  it  necessary  to 
raise  the  span  at  the  center,  in  order  to  get  the 
far  end  on  the  masonry.  The  jacks  were  only 
Intended  to  be  used  in  case  of  this  emergency, 
which  did  not  occur,  as  the  center  pier  did. not 
settle  as  much  as  was  provided  for,  conse- 
quently, the  jacks  played  no  part  in  the  oper- 
ation. 
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possible  to  the  pony-bent.  The  traveler  then 
moved  on  to  the  center  of  the  next  span  and  un- 
loaded the  up-stream  girder  and  temporarily 
seated  it  on  the  falsework  and  moved  forward 
to  the  falsework  of  the  next  span.  The  girder 
was  then  slid  transversely  across  the  traveler 
track  to  its  permanent  position  on  the  down- 
stream ends  of  the  piers,  and  the  traveler  re- 
turned and  unloaded  the  two  center  girders  of 
this  span  and  seated  them  on  the  piers  in  their 
final  positions  between  the  rails  of  the  traveler 
track.  The  traveler  then  unloaded  the  fourth, 
or  upstream  girder,  and  held  it  suspended  while 
the  cars  were  withdrawn  from  the  falsework 
and  the  pony-bents  of  the  material  track  were 
removed.  The  girder  was  then  lowered  into 
its  final  position,  and  the  same  operations  were 
repeated  in  the  third  span.  Meantime  the 
through  girders  of  the  shore  span  had  been 
slid  to  final  position  and  the  traveler  erected 


tion  of  more  than  half  the  channel  at  once  was 
prohibited.  Under  these  conditions  it  was  de- 
termined to  first  erect  half  of  the  bridge  from 
the  west  abutment  to  the  middle  of  the  river 
and  then  to  remove  the  falsework  and  erect  the 
second  half,  thus  leaving  at  all  times  an  unob- 
structed water-way  of  about  210  feet.  This  in- 
volved a  temporary  middle  pier  to  carry  the 
500-ton  end  of  the  semi-span.  The  pier  was 
built  with  six  transverse  bents  of  12xl2-inch 
timber,  framed  and  braced,  as  shown  in  the 
drawing,  and  supported  on  nearly  one  hundred 
40-foot  piles.  Clusters  of  dolphin  piles,  bound 
with  wire  rope,  were  arranged  in  triangular 
form  at  the  ends  of  the  pier,  and  the  whole  was 
surrounded  by  heavily  sheathed  fender  piles,  to 
protect  it  from  collision  with  boats,  drift  or  ice. 
The  top  of  the  pier  was  16  feet  below  the 
center  line  of  the  bottom  chord,  and  the  trav- 
eler and  material  tracks  were  carried  on  pony- 


The  bridge  was  erected  at  a  height  calcu- 
lated to  be  sufficient  to  allow  for  settling,  so 
that  it  would  only  be  necessary  to  lower  the 
bridge  by  emptying  the  sand  boxes.  The  boxes 
provided  for  a  movement  of  18  inches  and  were 
filled  with  dry,  fine,  sharp  sand  and  covered 
with  a  steel  plunger  engaging  a  6-inch  pin, 
which  connected  it  to  a  cast-steel  shoe,  tem- 
porarily attached  to  the  foot  of  the  vertical 
post.  The  sand  was  heated  when  put  In  the 
box  and  the  piston  was  Immediately  set  on  it, 
calked  with  oakum  and  painted  with  tar,  which 
was  filled  in  to  the  top  of  the  box,  so  as  to  pre- 
vent water  from  collecting  there  or  leaking 
through. 

The  falsework  for  the  semi-span  consisted  of 
seven  intermediate  bents  and  a  pier  bent, 
framed  and  braced,  as  shown  in  the  elevation, 
and  supported  on  twenty-one  piles.  The  bents 
were  braced  together  in  pairs  to  form  towers 
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and  the  towers  were  united  by  longitudinal 
timbers  in  four  horizontal  planes  and  by  the 
track  stringers.  The  falsework  bents  above 
the  pile  caps  were  made  with  steel  scab  plates 
and  %-inch  bolts  and  may  be  considered  as 
each  composed  of  five  different  groups  of  verti- 
cal and  inclined  posts,  two  groups  to  carry  the 
traveler  tracks,  two  groups  to  carry  the 
trusses  and  a  center  group  for  the  material 
tracks  and  working  platform. 

The  traveler  moved  on  two  standard-gauge 
tracks,  48  feet  10%  inches  apart  on  centers. 
Bach  of  the  four  track  rails  was  carried  by  two 
20-inch  I-beams,  arranged  to  lap  past  each 
other  where  supported  on  the  bent  caps  and 
rigidly  braced  by  clamps  6  feet  apart,  as  shown 
in  the  detail.  The  I-beams  of  each  pair  were 
clamped  together  with  wooden  fillers  and  steel 
yokes,  and  bolts  spaced  about  5  feet  apart. 

It  was  expected  that  the  center  pier  would 
settle  about  5%  inches  under  maximum  load, 
and  a  diagram  was  prepared  showing  the  posi- 
tion of  the  top  of  the  pier  and  of  the  falsework 
caps  before  settlement,  the  top  of  the  pier  after 
settlement,  the  line  of  lower  chord  pins  before 
settlement,  when  at  the  position  of  no  stress, 
when  cambered  for  dead  load  and  without  cam- 
ber. These  were  drawn  to  a  scale  of  IV2  inches 
to  1  foot,  vertically,  and  instructions  were  given 


liffing  Beams 


the  flanges  on  both  sides  and  bolted  to  the 
main  girders.  Where  the  main  girders  rested 
on  the  top  chords  of  the  transverse  trusses,  the 
latter  were  reinforced  by  slightly  inclined 
posts,  seated  in  yokes  suspended  from  the  tops 
of  the  vertical  posts  and  bolted  at  their  upper 
ends  between  steel  Jaw-plates  on  the  chord  tim- 
bers, as  shown  in  the  detail. 

The  principal  truss  members  were  handled 
by  tackles,  suspended  from  stirrup  rods  car- 
ried by  wooden  beams  resting  on  the  tops  of 
the  main  girders.  These  were  of  various  sizes, 
with  capacities  of  15,  18,  22  and  46  tons  each. 
The  traveler  was  rigged  with  twenty  sets  of 
eight-part  Manila  tackle  and  a  number  of  small 
tackle,  web  lines,  etc.,  and  was  operated  by  two 
eight-spool  hoisting  engines,  stationary  on  the 
temporary  center  pier.  The  chord  and  end 
post  pieces  were  handled  by  a  special  yoke 
clamp.  The  heaviest  single  piece  was  the  end 
post,  weighing  about  65  tons.  The  middle  sec- 
tion of  top  chord  weighed  about  47  tons,  and 
there  were  about  21,500  field  rivets  driven  in 
the  completed  span. 

The  erection  of  the  bridge  was  accomplished 
without  serious  mishap  by  an  average  force  of 
about  60  men  working  about  90  days,  including 
the  time  required  for  building  and  moving  the 
falsework  and  erecting  the  approaches.    Mr.  J. 


Smoky  Chimneys. 


Extracts  from  a  paper  by  Mr.  Hastwell  Grayson. 

read   before   the   Liverpool    Architectural    Society  and 

printed    in    the    "Journal"    of    the    Uoyal    Institute 

of  British  Architects. 
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The  principle  of  a  flue  is  simple.  Smoke  con- 
sists of  warmed  air  charged  with  particles  of 
matter,  either  wholly  or  partially  consumed. 
The  warmth  makes  it  lighter  than  the  atmos- 
phere, and  therefore  smoke  rises  by  the  easiest 
way,  which  should  be  up  the  flue.  The  trouble 
begins  when  the  flue  is  imperfect,  inadequate, 
or  when  other  forces  are  at  work  counterbal- 
ancing the  natural  tendency  of  the  smoke  to 
rise.  Failure  may  show  itself  in  two  ways — 
there  may  be  a  steady  down-draught,  or  the  up- 
ward draught  may  be  so  sluggish  that  puffs  de- 
scend occasionally.  The  first  is  more  usual 
when  the  fire  is  just  lighted  or  nearly  out.  In 
either  case,  the  nuisance  may  be  accentuated  by 
wind  or  the  absence  of  it. 

The  chief  cause  of  smoky  chimneys  is  the  lack 
of  air  supply  at  the  base.  A  cubic  foot  of  fresh 
air  must  be  provided  for  every  cubic  foot  of 
smoke  that  passes  up  the  chimney.  The  Royal 
Commission  on  the  Ventilation  of  Factories,  af- 
ter making  experiments,  ascertained  that  an 
ordinary  fire  in  an  ordinary  room  sent  4,000 
cubic  feet  of  smoke  up  the  flue  per  hour,  and 
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to  take  frequent  levels  and  compare  them  with 
a  bench  mark  on  shore,  so  as  to  adjust  the 
camber  wedges  and  sand  box  in  accordance 
with  the  settlement,  which  was  successfully 
and  easily  accomplished. 

The  three-bent  traveler  had  a  total  height 
and  width  of  about  116  feet  and  76  feet  over  all 
and  a  vertical  and  horizontal  Inside  clearance 
of  about  98  feet  and  42  feet.  Excepting  longi- 
tudinal X-brace  rods  and  the  lifting  beams,  it 
was  built  entirely  of  wood.  Two  sets  of  longi- 
tudinal girders  on  the  center  lines  of  the 
trusses,  each  consisting  of  four  24-inch  I-beams 
bolted  together  with  wooden  separators,  were 
seated  on  the  caps  of  the  main  bents  and  car- 
ried six  transverse  lifting  beams,  each  of  them 
composed  of  a  single  20-inch  I-beam,  40  feet 
long  and  calculated  to  be  efficient  for  a  5-ton 
load  at  the  center.  These  beams  were  pro- 
^vided  with  short  bearing  blocks,  fitted  between 


B.  Mclntyre  was  the  chief  engineer  of  the  St. 
Clair  Terminal  Railroad  Company.  The  bridge 
was  fabricated  by  the  American  Bridge  Com- 
pany of  New  Jersey,  Mr.  Paul  L.  Wolfel,  chief 
engineer,  and  erected  by  the  American  Bridge 
Company  of  New  York,  Mr.  S.  P.  Mitchell  chief 
engineer,  and  Mr.  H.  A.  Greene,  erecting  man- 
ager of  the  Pittsburg  division. 


Enoinio  Lubrication  Under  Pressure  was  re- 
ferred to  in  an  article  on  engine  tests  in  a  re- 
cent issue  of  the  "Electrician,"  of  London.  A 
120-horse-power  compound  engine  running  at 
450  revolutions  per  minute  was  operated  at  no 
load,  and  friction  cards  were  taken  with  oil  at 
30  pounds,  5  pounds  and  without  pressure,  and 
the  result  showed  2.128,  2.409  and  3.333  horse- 
power, respectively.  It  was  concluded  that  a 
great  increase  in  oil  pressure  did  not  bring  a 
correspondingly  large  advantage. 


that,  after  hermetically  sealing  the  windows 
and  doors,  the  same  flue  drew  3,000  cubic  feet 
per  hour.  Before  seeing  this  fact  quoted  I  had 
made  some  personal  observations  of  the  smoke 
discharged  through  the  chimney-pots  above  an 
oflice  building:  it  seemed  to  me  that  the  velocity 
was  flve  feet  a  second  in  still  weather.  As  the 
diameter  of  the  flues  was  about  7  inches,  the 
volume  of  smoke  discharged  would  be  4.500 
cubic  feet  per  hour,  or  equal  to  the  capacity  of 
a  room  15  feet  broad,  25  feet  long,  and  12  feet 
high.  I  do  not  believe  that  in  a  substantial 
building  3,000  cubic  feet  of  air  per  hour  could  be 
produced  with  windows  and  doors  hermetically 
sealed,  unless  the  air  came  down  one-half  of  the 
chimney  and  the  smoke  went  up  the  other  half. 
It  is  well  known  that  buildings  with  thick  walls 
and  fireproof  fioors,  such  as  blocks  of  flats  or 
oflJces,  are  most  liable  to  down-draught.  These 
blocks  have  great  numbers  of  fir  s  lighted  daily. 
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They  have  very  few  outside  doors,  aod  a  special 
ettort  is  made  in  them  to  keep  the  windows  and 
internal  doors  draught  proof. 

in  a  compaiatlvely  small  office  building,  with 
the  only  entrance  protected  by  heavy  swing 
doors,  there  may  be  30  or  40  grates  in  constant 
use,  every  one  of  which  should  have  its  4,000 
cubic  feet  of  air  per  hour.  This  supply  is  im- 
possible unless  special  means  are  adopted  to 
provide  it  In  an  airtight  building  time  is  of- 
ten the  architect's  ally;  for  -every  minute  sel- 
tlement  and  6very  infinitesimal  shrinkage  pro- 
vides an  additional  air  inlet.  But  buildings  spe- 
cially constructed  should  have  special  ventila- 
tion. Even  then  some  flues  will  smoke,  because 
tenants  persist  in  closing  up  the  inlets.  Warmed 
fresh  air  is  almost  unprocurable.  Architects, 
therefore,  can  only  supply  fresh  air  from  the 
outside,  and  trust  that  the  tenants  will  use  the 
inlets.  But  tenants,  more  often  than  not.  con- 
sider fresh  air  a  draught  and  ventilators  an  un- 
necessarj-  fad.  .-Vir  inlets  are  least  objectionable 
when  near  the  ceiling,  as  that  position  allows 
the  fresh  air  partially  to  lose  its  chill  before 
reachi^ng  the  occupants  of  the  room ;  high  inlets 
are  also  useful  as  outlets,  when  the  fire  is  not 
lighted.  The  best  form  seems  to  me  to  be  a 
grating  at  the  side  of  a  chimney  breast  into  a 
flue  that  finishes  Just  above  the  roof,  with  cast- 
iron  gratings  on  opposite  sides.  A  contractor 
who  has  built  many  offices  once  advised  me  to 
have  doors  very  close  fitting  at  the  floor,  but 
very  easy  at  the  top,  and  with  the  rebate  of  the 
frame  cut  well  back.  By  doing  this  a  concealed 
inlet  can  be  provided  3  feet  long  by  %  inch 
deep,  equal  to  9  square  Inches.  This  device  has 
extra  value  when  the  hall  or  corridor  Is  warmed. 
For  years,  when  opening  the  front  door  on  a 
winter  evening,  it  puzzled  me  to  find  out  what 
became  of  the  immense  volume  of  chilly  air 
which  came  rushing  in;  two  or  three  hundred 
feet  entered  per  second,  but  the  house  seemed 
able  to  absorb  it  indefinitely.  The  answer  is 
that  the  flues  drew  up  a  greater  quantity,  and 
the  cold  heavy  air  from  the  outside  drives  the 
lighter  air  In  the  house  out  by  every  ventilator 
and  crevice  that  was  acting  as  an  inlet  before 
the  door  was  opened. 

Given  an  air  supply,  the  next  consideration  is 
the  flue.  The  majority  of  architects  and  build- 
ers feel  certain  that  a  14x9-inch  flue  is  much  too 
large;  and  the  proportion  is  stupid.  The  opening 
at  the  junction  of  the  grate  and  the.  flue  is  sel- 
dom 36  square  inches,  and  often  much  less. 
Chimney-pots  vary  in  area  from  40  to  60  square 
inches.  A  9x9-inch  flue  can  be  more  thorough- 
ly cleaned,  and  works  well  enough. 

Chimney-pots  have  this  in  common:  the  more 
efficient  the  uglier;  but  the  reverse  is  not  as 
true  as  potmakers  would  have  us  believe.  Pots 
with  the  ordinary  zigzag  rim  cause  an  up- 
draught  much  as  the  V  in  the  body  of  a  kite 
forces  It  up.  Louvres,  trumpet-mouths,  spirals, 
and  many  other  horrors  force  up  the  smoke 
when  the  wind  blows;  but  even  an  archimedean 
revolving  cowl  or  a  lobster-back  is  useless  in 
still  weather.  Trumpet-mouthed  blowers,  or 
drainpipes  with  the  socket  outwards,  built  into 
a  stack  at  an  angle  of  45  degrees  a  few  feet  be- 
low the  pot,  will  sometimes  cure  a  flue  that  is 
only  troublesome  when  the  wind  is  In  one  par- 
ticular quarter. 

The  value  of  at  least  two  bends  is  always  In- 
sisted on  in  specifications,  but  in  practice  the 
bends  are  often  scamped,  and  are  difficult  to 
provide  in  the  attics,  especially  when  the  fire- 
place comes  between  other  flues.  The  reason  for 
the  undoubted  advantage  of  bends  is  not  ob- 
vious. The  contraction  which  is  usual  in  mak- 
ing them  may  have  something  to  do  with  it; 
they  may  act  slightly  as  baffle-plates,  and,  of 
course,  the  top  bend  catches  the  rain  and  helps 
to  keep  the  lower  part  of  the  flue  dry;  probably 
under  various  atmospheric  conditions  all  these 


reasons  may  have  at  least  some  truth  in  them. 

The  height  of  the  chimney-stack  is  of  the 
greatest  importance;  but  again  the  reason  is 
not  obvious.  When  the  wind  blows  at  right 
angles  to  the  ridge,  the  velocity  must  be  greater 
nearer  the  ridge,  and  probably  steadier.  When 
the  wind  is  not  at  right  angles  to  the  ridge,  I 
cannot  see  how  it  can  affect  the  flue.  If  the 
straightness  of  the  flues  in  the  chimney-stack 
above  the  roof  helps  the  force  of  the  smoke,  it  Is 
curious  that  bends  should  be  useful  below. 
There  can  be  no  appreciable  difference  in  tem- 
perature or  atmospheric  pressure  at  the  top  of 
two  flues,  one  of  which  is  five  feet  higher  than 
the  other;  yet  we  know  that  five  feet  extra 
height  to  a  stack  may  work  wonders.  That  it  is 
advisable  to  keep  a  flue  warm  is  more  obvious. 
for  as  soon  as  the  smoke  approximates  in  tem- 
perature to  the  atmosphere  its  tendency  to  rise 
is  lost.  All  outside  stacks  should  have  9  Inches 
of  brickwork  between  the  flues  and  the  weather. 
Single  flues  should  be  avoided,  and  above  the 
roof  it  is  better  to  have  9  inches  of  brickwork 
on  the  most  exposed  side  and  end,  even  if  there 
is  only  iK  round  the  rest  of  the  chimney. 

The  plan  of  a  stack  and  the  direction  of  the 
wind  seem  to  have  no  connection.  A  chimney 
much  exposed  to  a  west  wind  is  just  as  likely 
to  be  satisfactory  with  Its  axis  north  and  south 
as  east  and  west.  It  Is  better  to  have  the  mid- 
dle pots  in  a  long  stack  raised  a  little  above 
those  at  the  ends,  but  the  flue  at  the  leeward 
end  is  just  as  likely  to  draw  well  as  that  at  the 
windward. 

We  frequently  hear  it  stated  that  on  account 
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The    Collapse   of    the    Floors    of    a 
Warehouse  in  Cincinnati. 


A  32  l/3xS2  1/3-foot,  flve-story  and  basement 
warehouse  in  Cincinnati  had  the  wooden  root 
and  floors  supported  on  the  brick  side  walls 
and  on  a  single  longitudinal  row  of  wooden  col- 
ums.  The  tenant  used  it  for  sugar  storage, 
and  in  flood-time,  when  a  large  number  of  bar- 
rels of  sugar  were  stored  on  the  second,  third, 
fourth  and  fifth  floors  and  the  first  and  base- 
ment floors  were  unloaded,  the  interior  sud- 
denly collapsed,  all  the  columns  and  floors  fell 
to  the  basement  and  the  contents  of  the  build- 
ing were  destroyed,  involving  a  loss  of  about 
$45,000,  besides  the  damage  to  the  building. 
The  tenant  held  the  owner  responsible  for  the 
loss,  and  the  owner  contended  that  the  tenant 
was  to  blame  for  overloading  the  building  be- 
yond a  reasonable  amount.  A  local  engineer 
was  retained  as  a  structural  expert  and  from 
his  report  it  appears  that  the  building  was 
strong  enough  to  sustain  the  loads  everywhere 
except  at  the  column  and  girder  connections, 
and  that  the  details  at  these  points  were  so 
much  weaker  than  the  rest  of  the  structure  as 
to  reduce  its  capacity  far  below  its  apparent 
and  reasonable  strength.  The  direct  cause  of 
the  failure  appeared  to  be  the  use  of  pine  tim- 
ber, under  transverse  crushing  stress,  between 
the  ends  of  the  main  columns.  The  principal 
details  of  the  design  and  calculations  of  load 
and  capacity  are  here  presented  from  the  report 
and  show  how  the  building  was  wrecked  by  a 
load  which  could  have  been   safely  carried  by 
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Cincinnati  Warehouse:     First  Floor  Beam  and  Column  Connection. 


of  other  buildings,  trees,  or  mountains,  the  wind 
Is  deflected  and  rushes  down  vertically  on  to 
some  unfortunate  flue  and  drives  the  smoke 
back  to  the  grate.  That  argument,  I  believe,  is 
generally  false.  A  strong  wind  acts  on  the 
principle  of  an  hydraulic  jet  pump,  or  one  of 
those  little  sprays  for  fixing  a  pencil  sketch. 
It  drags  after  it  the  air  on  the  lee  side  of  an 
obstruction  and  tends  to  create  a  vacuum.  It 
the  air  that  replaces  it  comes  from  the  inside  of 
the  building  the  chimneys  will  smoke.  A  vacuum 
is  especially  likely  to  occur  in  a  cul-de-sac,  or 
an  area  with  buildings  on  all  sides.  Take 
an  oblong  building  with  an  area,  and  the  block 
on  one  side  rather  lower  than  the  others.  If  a 
strong  wind  blows  directly  on  to  the  low  roof, 
it  will  bound  on  to  the  high  one  and  create  a 
vacuum  In  the  area.  Should  the  gust  be  pro- 
longed, air  will  rush  out  through  the  crevices  in 
the  walls  and  window's  and  transfer  the  vacuum 
to  the  rooms.  It  was  found  In  an  important 
Liverpool  building  designed  on  these  lines  that 
the  flues  on  the  floor  level  with  the  bottom  of 
the  area  smoked,  but  none  of  the  others.  Most 
buildings  are  not  so  fortunate,  as  a  vacuum  gen- 
erally sucks  impartially  from  all  rooms  round 
the  area.  An  air  trunk  through  the  bottom  of  th" 
low  part  of  the  building,  in  some  convenient 
place,  would  probably  allow  the  vacuum  in  the 
area  to  be  fliled  direct  from  the  street  and  save 
the  down  draught. 


beams  and  columns  of  the  same  size,  with 
slightly  modified  details. 

The  dimensions  of  the  timber  varied  some- 
what in  different  stories,  but  tor  the  first  story 
the  columns  were  12  inches  square,  11  feet  9 
inches  apart  on  centers  and  were  capped  with 
10xl2-inch  longitudinal  oak  corbels,  6  feet  long. 
The  corbels  supported  12xl6-inch  longitudinal 
girders,  with  butt  joints  on  the  column  centers. 
Transverse  joists,  2i4  inches  wide,  14  inches 
deep  and  12  inches  apart  on  centers,  carried  by 
the  longitudinal  girders  at  one  end  and  built 
into  the  brick  walls  at  the  other  ends,  were 
floored  with  2-inch  longitudinal  floor  planks. 
The  lower  ends  of  the  columns  passed  between 
the  pairs  of  joists  and  were  seated,  without 
bed  plates  or  cushions,  on  the  upper  sides  of 
the  longitudinal  girders,  with  the  center  of  the 
column  directly  over  the  end  joint  in  girders. 
The  upper  sides  of  the  girders  were  notched 
2%  inches  to  receive  the  dapped  ends  of  the 
joists.  All  timber  was  white  pine,  assumed  to 
weigh  25  pounds  per  cubic  foot. 

The  floors  were  loaded  with  barrels  of  sugar, 
which  had  an  average  diameter  of  25  inches, 
length  of  31'/4  inches  and  weight  of  340  to  350 
pounds.  They  were  piled  as  close  together  as 
possible,  three  tiers  high,  and  produced  a  com- 
puted load  of  166  pounds  per  square  foot  of 
floor.  The  weight  of  the  floor  construction  was 
about  14  pounds  per  square  foot,  and,  as  eacn 
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column  supported  a  floor  area  of  188  square 
feet,  the  total  load  per  column  per  story  was 
33,840  pounds.  The  net  section  ot  the  floor 
girder  was  12xl3i{.  inches  and  it  was  computed 
to  have  an  ultimate  capacity  for  a  concentrated 
load  of  116,330  pounds  at  the  center  and  a  safe 
load  of  17.600  pounds  with  a  deflection  of  0.3 
inch. 

The  successive  floor  loads  gave  totals 
of  129,172  to  138,100  pounds  in  the  first-story 
columns  (according  to  arrangement  of  barrels) 
and  they  were  calculated  to  have  a  safe  load 
of  456,840  pounds.  The  distributed  load  on 
each  joist  was  2,736  pounds  and  the  computed 
safe  load  was  5,671  pounds.  These  loads,  al- 
though large.  wer«  not  dangerous,  and  the  only 
critical  points  were  the  column  bearings,  where 
the  crushing  stresses  were  more  than  900 
pounds  per  square  inch.  The  transverse 
crushing  strength  of  white  pine  is  given  at  600 
pounds  per  square  inch  by  Trautwine,  and  is 
thus  far  below  the  unit  strength  required. 

Under  these  loads  the  lower  ends  of  the  first 
and  second-story  columns  penetrated  the  up- 
per surfaces  of  the  floor  girders  and  the  fibre 
of  the  timber  was  badly  crushed.  The  injured 
places  were  concealed  between  the  floor  joists 
and  were  dark  and  almost  inaccessible,  so  that 
little  or  no  attention  was  paid  to  them  and  no 


Steam  Turbine  Power  Plant  for  Boston 
Navy  Yard. 

An  interesting  change  in  the  practice  of  the 
Bureau  of  Yards  and  Docks  of  the  Navy  De- 
partment is  the  introduction  of  Westinghouse- 
Parsons  steam  turbine  units  for  furnishing  cur- 
rent for  lighting  and  for  operating  dry  dock 
pumps  and  miscellaneous  machinery.  The  ini- 
tial installation  ot  this  character  is  in  process 
01  construction  at  the  Charlestown  Navy  Yard, 
Boston,  and  for  the  present,  one  Westinghouse- 
Parsons  turbine  generating  unit  of  750  kilowatts 
capacity  will  be  placed  in  service.  This  tur- 
bine will  be  of  the  new  short-barreled  type  and 
is  now  under  construction  at  Pittsburg.  A 
Worthington  surface  condenser  will  be  em- 
ployed, using  salt  water  for  circulation.  The 
condensers  will  be  located  between  the  founda- 
tions, which  consist  of  concrete  piers.  It  is 
expected  that  a  running  vacuum  of  28  inches 
will  be  secured  through  the  aid  of  a  dry  air 
pump.  Steam  will  be  furnished  at  150  pounds 
pressure  by  Babcock  &  Wilcox  boilers  in  units 
of  350  horse-power,  equipped  with  Roney  me- 
chanical stokers.  Coil  superheaters  in  the 
boiler  settings  .will  furnish  steam  to  the  tur- 
"bines  with  a  superheat  ot  about  100  degrees 
Fahrenheit.    The  boiler  house  will  be  equipped 


Long  Through-Span   Double-Track  Plate  Girder  Loaded  on  Three  Steel  Cars. 


■examination  was  made.  The  basement  was 
sometimes  flooded  and  the  ends  of  the  girders 
decayed  and  split  open,  making  V-shaped 
spaces  on  the  upper  sides,  into  which  the  feet 
of  the  columns  penetrated. 

This  condition  of  the  timber,  together  with 
a  possible  settlement  of  some  of  the  col- 
umn foundations  in  the  softened  ground, 
started  a  failure  in  some  of  the  lower  stories, 
which  progressed  rapidly  and  wrecked  the 
whole  interior  of  the  building.  The  girders 
broke  at  one  or  both  ends  and  all  the  floors 
were  precipitated  into  the  basement.  In  some 
cases  the  girders  were  broken  off  short  at  the 
wall  ends,  and  at  the  column  ends  beyond  their 
bearings  on  the  6-foot  corbels.  The  basement 
columns  were  made  with  pairs  of  12xl2-inch 
timbers  and  one  of  them  remained  standing 
with  its  upper  end  carried  far  out  of  perpen- 
dicular, with  no  visible  means  of  support,  and 
still  carrying  a  66-ton  load. 


Pennsylvania  State  Roads  seem  to  be  re- 
garded with  great"  favor  just  now.  Commis- 
sioner Hunter  has  received  52  applications  for 
a  total  of  106  miles  of  road,  an  excellent  show- 
ing for  the  short  time  the  State  aid  system 
has  been  in  force.  The  applications  from 
Montgomery  County  far  exceed  those  of  other 
sections  In  number  and  length  of  road  desired. 
Lycoming  and  Bucks  Counties  come  next. 


with  a  complete  outfit  of  coal  and  ash  handling 
machinery. 

The  present  power  plant  is  the  outcome  of  an 
appropriation  made  in  1898  by  Congress  for  a 
dry  dock  and  pumping  plant  to  be  located  at 
the  navy  yard;  the  new  plans  for  a  dry  dock 
equipment  provide  foi;  a  power  plant  located 
near  the  outer  end  of  the  new  dock  with  pip- 
ing connections  to  both  old  and  new  docks  so 
that  the  one  pumping  plant  will  be  able  to 
handle  them  simultaneously  or  separately. 
During  the  period  ot  construction  of  the  new 
dock,  the  work  of  the  Bureau  of  Yards  &  Docks 
at  this  yard  underwent  considerable  enlarge- 
ment, necessitating  an  immediate  increase  in 
an  electrical  generating  equipment  for  supply- 
ing light  and  power  to  buildings  and  depart- 
ments. In  view  of  this  situation,  it  was  de- 
cided to  supersede  the  dock  pumping  plant 
originally  designed  by  a  central  lighting,  power 
and  heating  plant  for  the  entire  department, 
although  retaining  the  dry-dock  pumping  equip- 
ment, which  will  now  be  electrically  driven 
from  the  central  station.  It  is  also  intended  to 
supply  from  this  plant  electric  light  and  power 
to  the  vessels  docking  which  do  not  happen  to 
be  under  steam.  The  power  system  as  now 
under  construction  Is,  therefore,  considerably 
more  comprehensive  than  originally  laid  out. 

The  turbine  plant  will  supply  three-phase  al- 
ternating current    at   2,300   volts,   this  voltage 


being  used  for  general  distribution  and  for  di- 
rect use  in  larger  motors,  while  for  lighting, 
.  lower  voltage  will  be  provided  by  transforma- 
tion. The  turbine  generator  will  be  served  by 
a  37%-kilowatt  Westinghouse  compound  exciter 
unit. 

The  engineering  work  is  under  joint  execu- 
tion by  the  Department  of  Yards  and  Docks  and 
the  constructing  engineers,  Westinghouse, 
Church,  Kerr  &  Company,  who  are  installing  the 
plant. 


A  Long-Span  Double-Track  Plate-Girder 
Bridge. 

Two  tracks  of  the  Chicago  Terminal  Trans- 
fer Company  cross  the  Illinois  and  Michigan 
Canal  on  a  through  plate  girder  span  114  feet 
long  on  centers.  The  girders  are  about  115% 
feet  long  over  all  and  29  feet  apart  on  centers, 
and  are  skewed  about  11  feet.  The  intermedi- 
ate floorbeams,  about  9Vj  feet  apart,  are  perpen- 
pendicular  to  the  girders.  The  floor  is  X-braced 
by  single  angles  with  horizontal  connection 
plates  flled-riveted  to  the  lower  flanges  of  the 
floorbeams  and  to  the  projecting  edges  of  the 
cover  plates  in  the  lower  flanges  of  the  main 
girders,  one  panel  of  X-bracing  extending 
through  three  beam  panels.  Each  rail  is  car- 
ried by  two  lines  of  18-inch  55-pound  I-beara 
stringers,  and  the  girders  have  bearings  on  pins 
of  large   diameter,   which  engage  their  webs. 

The  bridge  is  proportioned  for  a  dead  load 
of  2,200  pounds  per  linear  foot  for  each  girder, 
and  for  a  live  load  consisting  of  two  locomotives 
weighing  310,000  pounds  each,  on  a  Sl'^-foot 
wheel  base,  followed  by  a  train  load  of  4,000 
pounds  per  linear  foot,  on  each  track.  The  max- 
imum stresses  produced  by  this  loading  are 
12,335,100  foot-pounds  moment,  475,500  pounds 
shear,  in  the  girders;  850,000  foot-pounds  mo- 
ment, 106,200  pounds  shear,  in  the  floorbeams, 
and  95,450  foot-pounds  moment,  45,500  pounds 
shear,  in  the  stringers. 

The  main  girders  are  somewhat  peculiar  in 
that  the  119  Mi-inch  webs  %  inch  thick  in  the 
center  panels  are  made  with  two  plates  spliced 
with  double  1-lnch  cover  plates  on  the  neutral 
axis  of  the  girder.  In  the  remaining  panels 
the  web  is  made  with  single  full  depth  plates 
increasing  to  a  thickness  of  %  inch  at  the 
ends,  where  they  are  reinforced  by  double  cover 
plates  on  each  side  in  the  short  end  panels. 
The  upper  corners  are  rounded  to  a  12-inch 
radius  and  the  lower  corners  are  bevelled 
slightly  and  have  the  bottom  flanges  cut  oft  to 
clear  the  riveted  pedestals. 

The  top  and  bottom  flanges  are  alike  except 
that  the  flrst  cover  plate  in  the  top  flange 
reaches  from  end  to  end  of  the  girder  and  in 
the  bottom  flange  it  is  only  94  feet  long,  rfach 
flange  has  in  addition  three  other  24x%-inch 
cover  plates,  two  16x%-inch  full-length  side 
plates  and  two  8x8x%-inch  angles.  The  side 
plates  are  spliced  with  8x%-inch  plates,  and 
the  flange  angles  are  spliced  with  pairs  of 
7x%-inch  plates,  one  on  each  flange,  all  flange 
splices  breaking  joints.  The  web  is  spliced  at 
alternate  panel  points  with  double  cover  plates 
having  six  vertical  rows  of  shop-driven  rivets. 
The  floorbeam  webs  are  made  with  short  end 
sections  extending  above  the  top  flanges  to 
form  guesset  and  connection  plates  and  have 
their  inclined  edges  stiffened  with  flange  angles 
to  serve  as  knee-braces.  They  are  connected  to 
the  webs  of  the  main  girders  by  pairs  of  vertical 
angles  flled-riveted  through  both  flanges. 

The  track  stringers  are  seated  on  horizontal 
shelf  angles  reinforced  by  the  upper  ends  of 
the  web-stiffeners  and  are  web-connected  to  the 
floorbeams  with  short  vertical  angles.  They 
are  supported  at  the  abutments  on  cast-iron 
pedestals  8  Inches  high.     Each   end   pin   is  a 
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boUow  steel  casting  having  various  diameters 
in  different  parts  of  its  lengb.  the  greatest  be- 
ing In  the  center,  wli^re  it  has  a  bearing  l2Vi 
inches  in  diameter  and  by,  inches  wide  on  the 
reinforced  girder  web.  On  each  side  of  the 
center  the  pin  is  unflnished  except  for  three 
bearings  IIV^  inches  in  diameter  and  IVj  inches- 
wide  which  have  narrow  guide  ribs  on  each 
side  and  engage  the  half  holes  in  the  webs  of 
the  pedestal.  At  the  fixed  end  the  pedestals 
are  seated  directly  on  the  abutment  masonry, 
and  at  the  expansion  end  they  are  seated  on 
nests  of  6%-inch  rollers  with  cast  bed  plates 
which  have  a  cross-section  resembling  a  row 
•f  ordinary  Trails.    The  pedestal  at  the  Uxed 
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and  to  the  upper  cross  piece  so  as  to  form  a 
rectangular  frame  enclosing  the  girder.  The 
top  of  each  vertical  post  was  guyed  by  three 
loop-end  rods,  one  of  which  was  pin  connected 
to  the  end  of  the  sill  piece,  and  the  others  had 
the  lower  ends  bent  to  pass  through  the  stake 
holes  and  were  screwed  up  on  bearing  plates 
on  their  under  sides.     Wooden  cushion  blocks 
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with  vertical  faces,  it  has  been  known  to  lift 
them  bodily  to  a  height  of  3  inches  by  adhesion 
of  the  frozen  earth  to  the  vertical  surfaces. 
This  is  successfully  prevented  by  making  the 
foundation  walls  of  flat  stones,  laid  in  cement 
mortar  and  battered  on  both  sides.  For  an  or- 
dinary building  in  Bangor,  Me.,  where  the  soil 
is  (*hiefly  blue  clay,  they  are  carried  down  to  a 
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Loading  Diagram  and  Details  of  Long-Span  Plate  Girder  Bridge,  Chicago  Terminal  Transfer  Company. 


end  is  made  U  inches  higher  than  that  at  the 
expansion  end  so  as  to  allow  for  the  thickness 
of  the  rollers  and  bed  plate. 

The  girders  were  riveted  up  complete  In  the 
shops  and  weigh  at>out  125.095  pounds  each  as 
shipped,  loaded  on  three  steel  cars  of  a  ca- 
pacity of  100,000  pounds  each.  The  middle  car 
was  a  spacer  and  the  bearings  were  near  the 
centers  of  the  end  cars,  where  the  girder  was 
set  to  swivel  on  supports  inside  steel  yokes. 
The  yokes  were  made  with  a  lower  transverse 
channel  sill  resting  on  the  car  floor  and  two 
■prights,  each  made  of  a  pair  of  channels  slight- 
ly battered  longitudinally  and  riveted  together 


were  bolted  to  the  tops  of  the  yokes  to  give 
bearings  for  the  top  flanges  of  the  girders. 

The  bridge  conforms  to  the  speclflcatlons  of 
the  Chicago  Terminal  Railway  Company,  Mr. 
F.  E.  Paradis,  chief  engineer,  and  was  built  and 
erected  by  the  Chicago  Bridge  &  Iron  Works, 
Mr.  Horace  E.  Horton,  proprietor. 


The  Action  of  Frost  on  foundation  walls  in 
Maine  has  often  resulted  in  serious  damage  to 
the  building  when  special  precautions  were  not 
taken  to  provide  for  the  upheaval.  The  ground 
freezes  to  a  depth  of  several  feet  in  the  winter 
and  when  the  stone  footings  have  been  made 


total  depth  of  about  8  feet  below  the  surface,  sO' 
as  to  extend  just  beyond  the  6-Inch  concrete 
cellar  floor  and  terminate  just  below  the  grade 
line.  Such  a  wall  is  about  4  feet  wide  at  the 
base  and  2  feet  wide  at  the  top,  and  receives 
the  concentric  brick  wall  20  inches  thick.  A 
space  about  9  inches  wide  on  the  outer  face  of 
the  wall  Is  filled  with  gravel,  and  at  the  bottom 
of  It  4-lnch  porous  land  tiles  with  open  joints 
are  laid  to  conduct  the  drainage  to  the  sewer. 
It  opposes  an  effectual  barrier  between  the 
clay  and  the  masonry  and  allows  the  former  to 
shrink  and  swell,  under  the  influence  of  the 
weather,  without  disturbing  the  masonry. 
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Earthwork  at  the  Washington  Filtration 
Works. 

Hy  K.  r>.  Hardy.  Assislaut    Kiiijineei'. 


The  site  for  the  Washington  aqueiluct  filtra- 
tion plant  covers  an  area  of  about  43  acres  and 
has  quite  an  irregular  surface,  the  minimum  ele- 
vation being  125  and  the  maximum  185,  malving 
an  extreme  difference  in  elevation  of  60  feet. 
The  elevation  of  the  foundation  of  the  filters 
was  made  155.  thus  making  the  greatest  depth 
of  fill,  as  well  as  cut,  30  feet.  The  amount  of 
excavation  exceeded  the  fill,  however,  by  615,- 
000  cubic  yards,  the  former  being  880,000  cubic 
yards  and  the  latter  265,000  cubic  yards. 

The  reasons  for  fixing  the  elevation  of  the 
foundation  at  such  an  elevation  that  the  exca- 
vation and  embankment  were  so  widely  dif- 
ferent were,  first,  that  had  this  elevation  been 
greater,  the  foundation  of  the  south  row  of 
filters  would  have  been  considerably  above  the 
fixed  grades  of  the  streets  surrounding  them, 
and  second,  that  there  would  have  been  a  con- 
stant additional  expense  for  coal,  to  pump  the 


of  the  beds  was  printed  in  The  Engineering 
Record  of  March  14,  1903.1  The  remainder  of 
the  wasted  material  was  deposited  by  the  same 
means  in  the  Soldiers  Home  Grounds  with  an 
average  haul  of  about  1,800  feet. 

The  material  excavated  was  a  mixture  of  clay, 
sand  and  gravel  in  varying  proportions,  enough 
clay  being  present  to  make  an  impervious  foun- 
dation for  the  filters  over  practically  the  whole 
area. 

The  rate  of  progress  and  amount  of  material 
excavated  was  as  follows:  May,  1903,  12.100  cu- 
bic yards;  June.  12,500;  July,  34,100;  August. 
56,200;  September,  77.100;  October,  90,451); 
November,  90,540;  December,  94,200;  January, 
1904,  56,400,  and  February,  62,820. 

The  number  of  hours  that  each  steam  shovel 
actually  worked,  the. amount  excavated  during 
the  month  and  average  per  hour,  are  shown  for 
several  months  in  the  accompanying  table. 

The  work  of  excavation  has  been  rather  dif- 
ficult during  the  winter  months  as  the  weather 
was  unusually  severe,  freezing  the  ground  to  a 
depth  of  about  2  feet  and  thus  compelling  the 
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steam  Shovel  at  Work  on   Washington  Filters. 


water  from  the  fixed  elevation  in  the  Washing- 
ton City  reservoir  to  the  filters. 

The  work  of  excavation  was  begun  in  May, 
1903,  in  a  small  way,  the  principal  work  being 
that  of  stripping  the  soil  and  piling  it  for  future 
use  for  covering  the  completed  filters.  The 
plant  employed  in  this  work  consisted  of  one 
New  Era  grader  drawn  by  a  traction  engine, 
and  of  49  wheel  scrapers.  The  grader  was  used 
very  little  as  the  surface  was  too  irregular,  cov- 
ered to  a  greater  or  less  extent  with  stumps 
of  large  oak  trees  and  was  hard  and  gravelly. 
The  wheel  scrapers  were  very  satisfactory,  not 
only  in  moving  the  soil,  but  in  piling  it. 

Later  the  plant  was  increased  by:  No.  1, 
a  35-ton  Vulcan  steam  shovel,  with  a  1 14-yard 
dipper;  No.  2.  a  50-ton  Vulcan  steam  shovel, 
with  a  114-yard  dipper;  No.  3,  a  55-ton  Marion 
steam  shovel,  with  a  2i/j-yard  dipper;  No.  4,  a 
55-ton  Marion  steam  shovel,  with  a  2Vi!-yard 
dipper,  and  No.  5,  a  60-ton  Bucyrus  steam 
shovel,  with  a  2%-yard  dipper,  together  with 
eight  locomotives  of  standard  gauge  from  the 
Manhattan  Elevated  Railroad;  80  4-yard  dump 
cars;  14  6-yard  dump  cars;  two  10-ton  grooved 
rollers  and   a  road  machine. 

Part  of  the  excavated  material  was  deposited 
by  means  of  the  dump  cars  in  the  low  area  im- 
mediately south  of  filters  Nos.  25  to  29.  with  an 
average  haul  of  about  1.600  feet.  |A  description 
of  the  purification  plants  showing  the  location 


contractors  to  break  it  up  by  blasting.     At  the 

time  of   writing,   March    18,  the   balance   to   be 

excavated   is   about  257,000  cubic  yards.     It  is 

steam  Slinvel  rei'tm'mancc,  Washington  I'Mlters. 
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estimated,  however,  that  this  material  will  be 
needed  in  making  the  fills  over  filters,  around 
walls  and  in  the  roadway  around  the  reservoir. 

The  amount  of  filling  under  filters,  when  com- 
pleted, will  amount  to  about  65,400  cubic  yards. 
In  making  the  fill  the  site  is  cleared  of  all  per- 
ishable material.  It  is  then  built  up  in  3-lnch 
layers,  each  layer  being  rolled  with  a  10-ton, 
grooved,  steam  roller,  which  passes  over  each 
layer  at  least  six  times.  Selected  material  is 
used  for  making  this  fill  containing  clay  and 
gravel  which  is  found  naturally  mixed  in  parts 
of  the  excavation.  The  several  layers  are 
sprinkled  with  the  desired  amount  of  water 
from  an  ordinary  road  sprinkler.  The  best  re- 
sults were  secured  when  the  water  was  spar- 
ingly used. 

The  work  is  being  done  by  Mr.  J.  D.  Maclen- 
nan,  receiver  for  Cowarden,  Bradley,  Clay  & 
Co..  at  3(1  cents  per  cubic  yard  for  excavation 
and  the  same  price  for  fill. 


813 


62,820 


Centers    for    Stone    Arches    on    a    New 
Swiss  Railway. 

Stone  Arches  in  large  numbers,  both  single 
arch  bridges  and  viaducts,  have  been  built  on 
the  Albula  Railway,  in  Switzerland,  with  a  wide 
range  of  spans.  In  the  construction  of  the  cen- 
ters special  care  was  devoted  to  having  them 
accurately  made  of  suitable  and  strong  wood. 
The  centers  were  all — with  one  .exception — 
made  to  rest  on  end  supports  only,  and  as  a 
rule  were  single  or  combined  strut-framed  con- 
structions. The  centers  were  made  rather 
larger  than  the  arch  to  be  formed  on  them,  so 
as  to  allow  for  settlement  due  to  compression. 
One  two-hundredth  of  the  width  of  the  span  was 
found  to  be  suflicient,  provided  good,  firm  wood 
and  accurate  workmanship  were  employed. 
The  exception  was  a  27  meter  arch,  the  cen- 
ters of  which  were  supported  in  the  middle  by 
staging  15  meters  high.  The  arch  was  in  this 
case  made  by  carrying  on  work  in  four  places 
at  the  same  time.  The  total  settlement  of  the 
center  was  only  25  millimeters.  The  centers 
were,  as  a  rule,  loaded  on  the  top  before  the 
work  of  construction  at  the  haunches  was  com- 
menced, this  being  done  so  9.S  to  prevent  the 
top  of  center  from  rising  on  account  of  its  being 
loaded  at  the  haunches.  In  cases  where  the 
centers  were  not  loaded  on  top  in  this  manner 
the  final  shape  of  the  arch  clearly  indicated  that 
deformation  had  taken  place,  and  demonstrated 
the  advisability  of  loading.  The  centers  of 
arches  up  to  30  meters  span  were  placed  on 
wooden  wedges,  these,  when  striking  the  cen- 
ter, being  gradually  cut  away.  The  centers  of 
the  greater  arches  were  placed  on  iron  tubes 
filled  with  sand.  In  some  cases  the  settlement 
of  10  meter  span  arches,  when  the  centering 
was  removed  only  four  days  after  the  closing 
of  the  arch,  was  from  2  to  3  millimeters;  16 
meter  arches,  when  their  centers  were  struck 
twelve  days  after  closing,  deflected  only  1  milli- 
meter; but  in  these  cases  the  arching  was  done 
in  dry,  warm  weather.  A  series  of  illustrated 
articles  describing  this  interesting  railway  and 
•its  construction  was  printed  in  recent  issues 
of  "The  Engineer,"  London. 

With  the  single  exception  of  an  80-meter  steel 
bridge,  there  are  no  steel  bridges  nor  viaducts 
on  this  railway.  The  reason  for  this  was  that 
masonry  in  nearly  every  instance  was  not  only 
cheaper  than  steel,  but  offered  a  great  ad- 
vantage, in  that  by  its  use  there  was  no  break 
in  the  foundation  for  the  permanent  way,  and 
little  or  no  expense  for  maintenance.  Masonry 
arch  viaducts  were  used  instead  of  retaining 
walls  in  nearly  every  case  in  which  the  height 
of  the  walls  would  be  7  meters  or  more.  In 
such  places  the  viaducts  were  not  only  cheaper, 
but  in  the  event  of  any  difficulty  due  to  the 
nature  of  the  ground,  possessed  advantages. 
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The  Value  of  Tests  for  Bacteria  of  Spe- 
cific Types  as  an  Index  of  Pollution. 

Extraciii  fiom   a    special    rwiuirt    b.v    11.    W.   Clark 

and  St^phvn  1>pM.  Gagi-.  lo  the  Thirtr-fuurth   .Vniiual 

K*>|H>n    ur    the    Statr    Hoard    of    Health    of    Massa- 

chusflts.  for   UHi'J. 


In  r«c«nt  years  increased  attention  has  been 
given  by  those  interested  in  sanitary  problems, 
and  especially  water  supply  and  water  purifica- 
tion, to  methods  (or  the  determination  of  fecal 
bacteria  in  water,  and  to  the  significance  of 
their  presence  as  a  determininK  factor  in  Judg- 
ing the  degree  of  purity  of  a  water. 

During  the  past  eight  years  the  woric  along 
this  line  at  the  Lawrence  experiment  station  of 
the  State  Board  of  Health  of  Massachusetts  has 
fovered  a  wide  field,  and  has  included  examina- 
tions of  over  18.000  samples,  including  4,700 
samples  of  polluted  river  water,  9,100  samples 
of  filtered  waters,  2.200  samples  of  other  potable 
waters,  including  samples  from  springs,  curb 
wells,  tubular  wells,  domestic  wells,  ponds  and 
other  surface  supplies,  etc.,  and  2,100  miscellan- 
eous samples,  including  shellfish,  sea  water,  ice, 
milk,  dust,  excrement  from  men  and  animals, 
grains,  food  stuffs,  etc.  Investigations  have  also 
been  made  upon  the  seasonal  distribution  of  B. 
coli,  the  elimination  of  B.  coli  from  water  by 
storage,  as  in  reservoirs,  and  studies  upon  the 
similarity  between  the  length  of  life  of  B.  coll 
and  B.  typhosus  under  a  variety  of  conditions. 

A  number  of  investigators  have  published  re- 
sults seeming  to  show  thf  presence  of  bacteria 
of  the  colon  type  in  samples  from  sources  ap- 
parently removed  from  pollution,  and  these  re- 
sults tend  to  discredit  the  value  of  tests  for  or- 
ganisms of  this  type  as  an  indication  of  sew- 
age pollution.  Nevertheless,  the  colon  tests,  cor- 
re<-tly  interpreted,  are,  undoubtedly  a  valuable 
aid  in  the  analyses  of  certain  classes  of  water 
where  the  determination  of  suspected  pollution 
becomes  necessary.  That  B.  coli  are  widely  dis- 
tributed is  not  to  be  disputed  when  we  consider 
that  this  organism  is  found  in  the  fecal  dis- 
charges of  men  and  the  major  animals  widely 
used  as  a  dressing  for  arable  soil,  and  in  the 
intestinal  contents  of  many  of  the  smaller  ani- 
mals, both  domestic  and  wild,  and  in  the  evalu- 
ations from  fowls  and  some  of  the  migratory 
birds.  Fliec  and  other  insects  may  also  act  as 
carriers  of  these  germs,  depositing  them  in 
places  where  we  would  least  expect  to  find  them. 
Examinations  of  48  flies  at  the  experiment  sta- 
tion resulted  in  the  finding  of  B.  coll  In  or  on 
nine  of  these,  and  bacteria  of  the  strepto  type  In 
or  on  three  others.  No  relation  could  be  traced 
between  the  locality  where  these  flies  were 
caught  and  the  finding  of  the  test  organism. 
Flies  caught  about  the  filter  house  at  the  sta- 
tion where  sewage  is  continually  present  fre- 
quently failing  to  show  the  test  organism,  while 
others,  obtained  from  localities  removed  from 
sewers,  privy  vaults,  stables  or  any  of  the  usual 
sources  of  contamination,  gave  positive  reac- 
tions. 

The  principal  types  of  bacteria  used  as  indices 
of  pollution  are  the  colon  type,  the  sporogenes, 
sewage  streptococcus  type,  and  occasionally  the 
aerogenes  and  the  chologenes  types.  The  colon 
type  has  received  the  most  study;  it  is  widely 
distributed  in  nature  and  since  it  is  the  most 
numerous  of  these  types  in  normal  sewage,  it  is 
of  the  most  value  as  a  positive  indication  of 
sewage  pollution.  The  streptococcus  type  and 
sporogenes  types  have  not  yet  received  the  study 
necessary  to  determine  their  value  as  indica- 
tions of  pollution.  The  aerogenes  and  cholo- 
genes types  have  no  specific  value,  but  are  in- 
claded  by  the  tests  applied  in  some  laboratories 
under  the  colon  type. 

In  the  filtration  of  a  polluted  water,  such  as 
that  of  the  Merrimack  River,  bacterial  tests  are, 
as  is  well  known,  of  more  value  than  chemical 
analyses.     The  filtered  water  may  be  changed 


but  little  from  the  raw  water  by  filtration,  as  far 
as  chemical  analyses  can  determine,  and  yet  a 
source  of  danger  be  absolutely  removed,  as 
shown  or  strongly  indicated  by  baterial  tests. 
Long-continued  comparisons  of  the  bacterial  ex- 
aminations, as  applied  to  raw  and  filtered 
waters,  have  shown  that  the  B.  coll  test  is  a 
more  delicate  indication  of  filter  efficiency,  when 
filtering  water  as  polluted  as  that  of  the  Merri- 
mack River  water,  than  tests  of  the  total  num- 
ber of  bacteria  present  in  the  filtered  and  unal- 
tered waters.  Disturbing  factors  In  filtration 
shown  slightly  or  not  at  all  by  ordinary  bac- 
terial counts  and  comparisons  are  often  shown 
strongly  by  B.  coll  tests. 

In  the  examination  of  spring  waters  the  de- 
gree of  purity  of  samples,  collected  in  a  careful 
and  proper  manner  from  properly  guarded 
springs,  is  almost  absolutely  shown  by  chemical 
analysis.  B.  coli  was  found  in  only  six  of  all 
the  spring  water  samples  examined  that  were 
collected  directly  from  the  springs  by  employees 
of  the  Board,  and  in  four  of  these  waters  both 
inspection  of  the  surroundings  of  the  spring 
and  chemical  analysis  would  alone  have  con- 
demned the  waters.  In  one  case  the  entrance  of 
B.  coli  occurred,  and  pollution  was  not  other- 
wise shown  by  either  inspection  or  chemical 
analysis.  This  accidental  pollution  was  evi- 
dently only  applicable  to  this  sample,  however, 
and  not  to  the  general  flow  of  water  from  this 
spring.  It  is  evident,  of  course,  that  however 
pure  the  water  might  be  as  coming  from  the  ' 
ground,  accidental  contamination  from  the  per- 
son collecting  or  bottling  the  water  might  intro- 
duce B.  coli  into  the  spring  itself  and  this  con- 
tamination not  be  shown  by  chemical  analysis, 
and  this  was  probably  the  case  In  this  instance. 

In  the  samples  of  spring  waters,  as  sold  upon 
the  market,  the  chemical  analyses  did  not  and 
could  not  reveal  such  slight  accidental  con- 
tamination as  might  introduce  B.  coli,  shown  by 
the  detection  of  this  germ,  and  this  contamina- 
tion might  be  of  considerable  moment.  The  de- 
terminations of  numbers  of  bacteria  in  these 
samples  were  of  little  significance,  as  the  waters 
had  been  bottled  for  indefinite  periods  of  time, 
with  a  plentiful  chance  for  the  increase  of  the 
bacteria  normally  present  in  them  when  drawn 
from  the  springs. 

In  the  examination  of  ground  waters  from 
driven  wells,  comparisons  of  the  chemical,  bac- 
terial and  B.  coli  analyses  show  that  in  all  of 
128  samples  quoted  in  th^  report,  the  chemical 
and  bacterial,  including  B.  coll,  examinations 
were  recorded.  In  which  B.  coli  was  found  In  a 
tubular  well  water,  chemical  analyses  also 
showed  the  water  to  be  of  a  poor  quality.  In  one 
instance,  as  has  already  been  stated,  accidental 
pollution  of  driven  well  water,  to  such  an  extent 
that  the  health  of  the  people  using  this  water 
was  seriously  affected,  as  shown  by  many  cases 
of  typhoid  fever,  was  not  indicated  by  either 
chemical  or  bacterial  tests,  but  was  Indicated 
by  the  presence  of  B.  coli  in  a  water  that  had 
never  before  given  positive  tests  for  this  germ, 
and  in  which  subsequent  tests,  after  the  pass- 
ing away  of  this  pollution,  again  gave  negative 
results. 

Eighteen  samples  of  water  from  filter  gal- 
leries showed  no  evidence  of  pollution  by  B.  coli 
tests  in  1  and  100  cubic  centimeters. 

The  complete  analyses  of  samples  from  a 
large  number  of  domestic  wells  show  that  pol- 
luted waters  that  might  become  unfit  for  con- 
sumption at  any  moment  are  more  plainly  indi- 
cated by  single  chemical  analyses  than  by  sin- 
gle determinations  of  B.  coli.  The  presence  of 
B.  coli  at  the  time  of  examination  may  Indicate 
actual  danger  to  health  and  its  absence  even  In 
the  most  polluted  of  these  waters — chemically — 
may  Indicate  lack  of  imminent  danger,  but  the 
chemical  analyses  are  certainly  the  more 
decisive. 


The  results  of  the  examination  of  samples 
from  ponds  and  lakes  show  with  considerable 
clearness  that  in  the  examination  of  surface 
waters  from  Inhabited  localities,  the  question  of 
obtaining  positive  tests  for  B.  coll  is  only  one  of 
taking  a  sufficient  volume  of  water  for  the  test. 
They  also  show  with  considerable  clearness  that 
the  degree  of  contamination  of  these  waters 
varies  inversely  as  the  volume  required  to  give 
a  positive  test  for  B.  coli. 

The  number  oC  B.  coll  in  a  rivpr  as  polluted  as 
the  Mfrrimack  varies  in  inverse  ratio  with  the 
dilution  of  the  entering  sewage  by  the  river 
water,  and  is  affected  by  the  temperature,  the 
numbers  of  B.  coli  being  larger  during  the  Warm 
weather  than  during  the  cold  weather.  In  ef- 
fluents from  water  filters  the  effect  upon  Alter 
efliciency  of  dilution  of  the  raw  water  in  winter 
is  less  marked  than  the  effect  of  high  tempera- 
ture in  summer,  the  work  of  a  filter  in.  warm 
weather,  when  biological  processes  are  active, 
being  far  more  satisfactory  than  during  cold 
weather. 

The  number  of  B.  coli  in  a  water  is  reduced 
quite  appreciably  by  storage  of  the  water. 

In  examination  of  shell-fish  from  suspected 
sources,  the  determination  of  fecal  bacteria, 
such  as  the  colon  bacillus,  is  of  considerable  im- 
portance, as  showing  the  purity  or  pollution  of 
these  sources. 

As  an  indication  of  the  presence  of  B.  coli  the 
presumptive  test,  so  called,  has,  judging  from 
our  own  work,  little  value  unless  suported  by 
subsequent  confirmatory  tests.  In  a  few  in- 
stances, where  one  Is  dealing  with  a  given  kind 
of  water  continuously,  the  observer  may  be- 
come so  expert  as  to  be  able  to  judge  the  pres- 
ence of  B.  coli  by  the  presumptive  test,  followed 
by  the  litmus  lactose  agar  plate  and  the  ap- 
pearance on  the  agar  streak,  but  if  the  classes  of 
water  are  varied,  even  the  most  expert  observer 
will  fall  into  serious  errors  if  he  depends  on 
those  tests  alone.  The  presumptive  test  includes 
at  least  58  well-described  species  of  bacteria,  of 
which  12  would  be  included  in  the  colon  type,  as 
determined  at  Lawrence,  7  spesies  are  of  the 
aerogenes  type,  3  species  are  of  the  chologenes 
type  and  13  species  are  not  sufficiently  well  de- 
scribed to  identify  them  with  or  e.xclude  them 
from  the  three  preceding  groups.  Besides  these,  ■ 
there  are  23  species  which  would  show  posi- 
tive results  by  the  presumptive  test  alone,  which 
would  never  be  included  in  the  fecal  group. 

Results  of  examinations  for  B.  coli  in  differ- 
ent volumes  of  water  show  that  tests  in  both 
1  and  100  cubic  centimeters  are  of  value,  the 
tests  in  the  larger  volumes  being  confirmatory 
of  the  tests  in  the  smaller  volume.  In  cases 
where  a  considerable  number  of  samples  are 
taken  from  the  same  source,  the  tests  in  the 
larger  volume  frequently  give  more  informa- 
tion as  to  the  quality  of  the  water  than  do  the 
tests  in  1  cubic  centimeter. 

Outbreaks  of  typhoid  fever  coincident  with 
the  finding  of  B.  coli  in  normally  pure  waters, 
■j.  e.,  in  water  known  to  be  safe  under  ordinary 
conditions  but  becoming  polluted  by  the  en- 
trance of  polluted  water,  have  occurred  in  at 
least  three  instances  within  the  observation  of 
the  writers,  where  the  danger  was  not  indicated 
by  chemical  tests  or  by  a  significant  increase  in 
the  numbers  of  bacteria  beyond  the  usual  limits 
of  variation  for  waters  of  their  class. 

Comparative  tests  for  the  relauve  viability  of 
H.  typhosus  and  B.  coll  show  us  that  there  is  a 
very  great  similarity  between  the  length  of  life 
of  the  two  germs  under  a  great  variety  of  con- 
ditions. Both  germs  appear  to  follow  the  gen- 
eral laws  of  the  removal  of  bacteria  by  sand  fil- 
ters, a  somewhat  greater  viability  being  noted 
in  the  case  of  B.  coll  than  of  B.  typhosus.  Most 
organisms  of  both  types  are  destroyed  quite 
rapidly  by  the  effect  of  cold  either  in  fluid  cul- 
ture or  when  frozen  in  ice.    When  caught  in  ice. 
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both  germs  will  live,  in  slowly  reducing  num- 
bers, for  a  considerable  length  of  time,  and  un- 
der these  conditions  the  morphological  and  cul- 
tural characteristics  of  the  species  may  lose 
their  identity  and  appear  to  merge  into  a  com- 
mon type  which  there  are  reasons  to  believe 
would  be  nonpathogenic.  When  subjected  to 
heat,  both  species  appear  to  follow  about  the 
same  rule,  the  majority  of  the  typhoid  germs 
being  destroyed  by  five  minutes'  exposure  to  a 
temperature  of  45°  C.  and  nearly  all  ot  the  B. 
coli  being  destroyed  by  five  minutes  at  50°  C, 
a  few  individuals  of  each  surviving  exposure  to 
temperatures  up  to  and  including  80°  C.  The 
thermal  death  point  appears  to  lie  between  80° 
and  85°  C,  a  point  somewhat  higher  than  has 
usually  been  set  for  these  species.  Both  species 
are  rapidly  destroyed  by  sunlight. 


to  the  power  plant  was  injured  to  any  degree, 
except  a  switchboard,  so  that  the  work  of  re- 
construction will  do  on  very  rapidly. 


A  Motor-Driven  Shear. 


The  York  Haven  Power  Plant. 


The  foundation  of  the  power  plant  on  the 
Susquehanna  River  at  York  Haven  has  been 
cleared  of  all  the  debris  which  was  left  by  the 


An  interesting  adaptation  of  the  direct  elec- 
tric motor  drive  for  a  machine  tool  is  illus- 
trated in  the  accompanj'ing  reproduction  of  a 
photograph  of  a  shear  in  the  Charlestown  Navy 
Yard,  Boston.  The  motor  is  fixed  in  a  rigid 
manner,  in  full  sight  and  accessible,  but  on  the 
top  of  the  machine,  as  shown,  out  of  the  way 
of  the  workmen,  and  it  drives  the  shear  through 
a  train  of  gears  having  the  usual  flywheel.  The 
machine  is  designed  for  cutting  angle  iron  as 
large  as  6x0x1  inches  in  size,  which  can  be 
sheared  square  across  the  bar  or  at  any  angle 
up  to  45  degrees,  and  the  motor,  which  is  of 
the  Crocker- Wheeler  manufacture,  wound  for 
220  volts,  is  of  10  horse-power  capacity. 

As  to  the  machine  itself,  which  was  built  by 
the  Long  &  Allstatter  Company,  of  Hamilton, 
O.,  attention  may  be  directed  to  the  enclosing 


Arrangement  of  Motor  Drive  for  Angle-Iron  Shear. 


demolition  of  the  power  house  and  wire  alley, 
caused  by  the  ice  gorge  in  the  river  in  March. 
An  account  of  this  gorge  and  the  flood  was 
printed  in  The  Engineering  Record  of  March 
12  and  19.  The  substructure  of  the  power 
plant  and  the  retaining  wall  were  found,  after 
careful  and  thorough  examination,  to  be  abso- 
lutely intact,  not  a  stone  having  been  moved 
nor  the  cement  cracked.  The  reconstruction 
of  the  generator  building  has  been  commenced. 
The  brick  walls  of  this  building,  up  to  a 
height  of  about  10  feet  above  the  foundations 
and  5  feet  above  the  high  point  of  the  last 
flood,  will  be  built  3  feet  thick  and  laid  in  ce- 
ment. The  wire  alley  on  the  substructure 
will  not  be  rebuilt.  Instead  of  this,  it  is  pro- 
posed to  construct  ah  arched  iron  bridge  from 
the  generator  building  to  the  transformer 
building  for  the  purpose  of  carrying  the  cables 
above  the  high  point  ot  the  last  flood.  This 
will  leave  the  walls,  on  top  of  which  the  wire 
alley  was  constructed,  free,  as  a  spillway  in 
case  the  flood  overreaches  that  high  point, 
which  is  not  likely,  as  this  wall  is  34  feet  above 
low  water.    None  of  the  machinery  belonging 


of  tha  gears  and  to  the  bracket  form  of  the 
table  in  front.  The  gears  effect  the  reduction 
of  the  motor  speed  of  850  revolutions  per  min- 
ute through  three  gear  trains,  all  of  the  spur 
pattern.  The  iron  table  is  carried  on  brackets, 
and  holding-down  clamps  are  provided,  as  in- 
dicated. The  power  is  transmitted  to  the  spin- 
dle through  a  friction  clutch,  which  enables  the 
operator  to  run  the  motor  up  to  full  speed  be- 
fore starting  the  shear  itself.  The  clutch  jaws 
are  faced  with  renewable  steel  wearing  plates. 


Steam  Boh.krs  of  the  Lancashire  type  have 
been  installed  in  the  power  station  for  the  por- 
tion of  the  Lancashire  &  Yorkshire  Railway 
that  has  been  equipped  for  electric  traction,  as 
mentioned  in  the  editorial  columns  April  2. 
There  are  16  boilere,  each  32  feet  long  and 
8.5  feet  in  diameter  with  two  flues  each  3  feet 
5  inches  in  diameter.  The  working  pressure 
is  160  pounds  per  square  inch  and  the  shell 
plates  are  13/16  inch,  the  flue  plates  9/16  inch 
and  the  end  plates  %  inch  thick.  The  plant 
was  designed  by  Messrs.  Dick,  Kerr  &  Company, 
of  London. 


Accident  to  a  Diver  in  Boonton   Reser- 
voir, New  Jersey. 

An  accident  of  unusual  character  in  water- 
works construction,  which  cost  the  life  of  an 
efllcient  diver,  otcurred  at  the  Boonton  reser- 
voir of  the  Jersey  City  Water  Supply  Company 
early  this  week.  The  large  masonry  dam  im- 
pounding the  water  in  this  reservoir  was  de- 
scribed and  illustrated  in  this  journal  August 
8,  1903,  and  by  reference  to  the  drawings 
printed  at  that  time  it  will  be  seen  that  two  48- 
inch  steel  pipes  were  laid  through  the  bottom 
of  the  dam  near  the  old  river  bed.  These  two 
pipes  extend  through  the  embankment  at  the 
heel  and  toe  of  the  dam,  ending  in  low  vertical 
lace  walls  with  wing  walls,  much  like  a  culvert, 
and  were  provided  for  controlling  the  water 
level  in  the  reservoir  during  the  completion  of 
the  dam.  Each  pipe  contains  a  36-inch  gate 
valve,  set  between  two  reducers,  at  the  bottom 
of  a  gate  well  formed  in  the  masonry  of  the 
dam  near  its  upstream  face.  The  inverts  of  the 
pipes  are  105  feet  below  the  top  of  the  dam, 
and  the  upstream  ends  are  about  90  feet  from 
the  back  of  the  dam.  It  is  the  intention  to 
close  these  two  valves  permanently,  when  the 
reservoir  is  flnished,  as  the  gate-houses  and 
other  pipes  control  the  supply  to  the  aqueduct 
leading  to  the  city,  and  there  is  a  long  waste 
weir  to  care  for  floods. 

The  dam  is  nearing  completion,  and  the  res- 
ervoir is  partially  filled,  the  depth  of  water  at 
the  entrance  to  the  pipes  being  about  70  feet 
when  the  accident  occurred.  At  the  beginning 
of  the  week  it  became  necessary  to  open  the 
valves,  in  order  to  prevent  the  water  from  ris- 
ing too  high.  One  valve  was  opened  success- 
fully, but  the  other  stuck  when  it  was  about 
half  open,  and  in  the  effort  to  open  it  farther 
the  stem  was  broken  at  the  lower  end.  In  or- 
der to  get  at  the  valve  to  repair  it,  an  attempt 
was  made  to  stop  the  flow  of  water  in  the  pipe 
by  plugging  the  inlet  end  of  the  pipe  with  a 
wooden  l)all.  This  ball  was  made  56  inches  in 
diameter  and  loaded  with  lead,  so  that  when  it 
was  submerged  it  could  readily  be  handled  by 
one  man,  by  means,  of  a  rope  attached  to  it. 
The  ball  was  lowered  from  a  float  and  guided 
to  place  by  lining  in  the  rope,  but  did  not 
wholly  stop  the  flow,  as  the  water  rushed 
through  the  pipe  in  large  quantities.  At  this 
juncture  the  diver  was  sent  below,  after  full 
explanation  of  the  situation  and  a  caution  of 
the  danger  due  to  the  suction.  Returning  to 
the  surface,  he  reported  that  there  was  a  space 
at  the  bottom  of  the  ball,  which,  he  thought, 
could  be  stopped  with  sandbags.  He  soon  went 
down  again  and  placed  some  sandbags  at  the 
right-hand  side  of  the  ball,  and  then  came  up 
to  get  the  bags  for  the  left  side.  After  going 
down  to  place  the  second  set  of  bags,  he  sent 
up  distress  signals.  His  helpers  essayed  to 
bring  him  to  the  surface,  but  were  unable. 

Other  divers  were  called  and  additional  ap- 
paratus brought  on  a  special  train  from  Jersey 
City;  every  effort  was  made  to  free  the  Im- 
prisoned man.  Just  what  happened  cannot  be 
known,  but  from  the  reports  of  the  other  divers 
who  went  down  it  is  thought  that  after  placing 
the  second  bags,  he  returned  to  examine  those 
placed  first.  Apparently  he  attempted  to  push 
the  bags  more  firmly  into  place,  and  they  gave 
way,  or  else  they  had  gradually  yielded  to  the 
pressure,  for  he  was  found  with  his  leg  caught 
between  the  ball  and  the  end  of  the  pipe.  The 
accident  happened  early  Monday  afternoon,  _ 
and  up  to  the  time  of  going  to  press,  all  ef- 
forts to  recover  the  body  and  to  stop  the  flow 
through  the  pipe  had  failed.  The  man  is  be- 
lieved by  some  observers  to  have  lived  for 
twenty  to  twenty-four  hours  after  going  down 
the  last  time.  The  air  supply  was  kept  up 
much  longer. 
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Kar\y  American  Chain  and  Wire  Bridges. 


It  is  rather  surpristng  that  so  little  care  is 
taken  in  this  country  to  preserve  data  con- 
cerning the  early  work  of  an  engineering  na- 
lure.  For  some  reason  the  average  eugineev 
has  no  regard  for  the  past,  and  tears  down  ob- 
solete structures  without  other  purpose  and 
desire  than  to  get  them  out  of  his  way  as 
quiclily  as  possible.  Others  who  have  played 
no  small  role  in  the  engineering  work  of  the 
last  thirty  years  refuse  to  give  information 
concerning  the  early  designs.  The  Engineer- 
ing Record  has  repeatedly  been  told  by  these 
men  that  they  did  not  wish  their  early  work 
mentioned,  for  while  it  was  as  good  as  that  of 
the  same  time,  it  was  so  far  behind  present 
practice  as  to  be  discreditable  to  their  reputa- 
tion. No  arguments  based  on  historical  neces- 
sities avails  with  either  class  of  engineers. 
Fortunately,  the  American  Iron  &  Steel  Asso- 
ciation has  started  a  movement  to  gather  and 
make  public  data  of  this  character,  and  in  a 
recent  number  of  its  "Bulletin"  there  are  the 
following  interesting  statements  concerning 
early  chain  and  wire  -bridges,  prepared  by 
Mr.  Austin  N.  Hungerford,  of  San  Francisco. 

One  of  these  early  structures  was  built  by 
James  Finley,  in  1801.  across  Jacob's  Creek,  in 
Western  Pennsylvania,  according  to  a  system 
on  which  he  received  a  patent  several  years 
later.  Jacob's  Creek  is  a  small  tributary  of 
the  Youghiogheny  River  and  forms  part  of  the 
dividing  line  between  the  counties  of  Fayette 
and  Westmoreland.  From  the  earliest  settle- 
ment along  its  borders  the  water  power  was 
used  for  saw  mills,  salt  works,  and  other  man- 
ufacturing purposes.  Not  only  was  it  the  site 
of  the  first  chain  suspension  bridge,  but  in  1789. 
very  near  the  bridge  site,  was  built  the  first 
iron  iurnace  west  of  the  Alleghenies  (The  Al- 
liance Iron  Works*.  The  road  across  the  creek 
at  this  place  was  the  main  line  of  travel  from 
the  lower  part  of  Fayette  County  northeast  and 
west  and  continued  later  to  Greensburg  and 
Pittsburg.  This  being  a  main  route  of  travel. 
undoubtedly  a  bridge  of  some  kind  was  at  the 
place,  but  the  first  official  mention  of  a  bridge 
is  in  the  records  of  Fayette  County,  of  dale 
March  12,  1801,  in  which  is  a  correspondence 
between  the  Commissioners  of  Fayette  and 
Westmoreland  Counties,  which  resulted  in  a 
meeting  of  the  two  boards  with  Col.  Isaac  Mea- 
son  on  the  banks  of  the  creek  on  the  next  fol- 
lowitiB  Tuesday,  "to  consult  and  complete  con- 
tract relative  to  James  Finley.  Esq.,  undertak- 
ing to  erect  an  iron  bridge  over  Jacob's  Creek." 
On  April  14  a  contract  was  completed  with 
James  Finley  to  build  the  bridge  for  six  hun- 
dred dollars,  each  county  to  pay  one-half  the 
amount,  the  bridge  to  be  a  "patent  iron  chain 
■aspension  structure"  of  seventy  feet  span  and 
to  be  completed  on  or  before  December.  1801. 
It  was  completed  at  the  appointed  time  and 
was  in  use  until  1833.  as  in  August  of  that  year 
the  Commissioners  agreed  to  build  a  wooden 
bridge  in  place  of  the  old  su»;>ension  bridge, 
and  thus  ended  the  life  of  what  Mr.  Hunger- 
ford  claims  to  have  been  the.  first  chain  suspen- 
sion bridge  in  the  county. 

The  practical  success  of  the  chain  bridge 
over  Jacob's  Creek  for  eight  years  enlisted  the 
attention  of  bridge  builders  in  different  parts 
of  the  country  at  that  time,  and  several  bridges 
were  constructed  on  the  Jacob's  Creek  plan. 
A  heavy  freshet  in  the  Spring  of  1808  destroyed 
the  wooden  bridge  over  Dunlap's  Creek  at 
Brownsville.  Fayette  County,  and  on  Febru- 
ary 14,  1809,  the  County  Commissioners  pre- 
pared plans,  Bpeciflcations,  and  estimated  ex- 
penses, and  a  copy  was  sent  to  the  President 
of  the  United  States,  with  a  request  for  an  ap- 
propriation in  aid  of  building  the  bridge.  This 
request  may  seem  singular,  but  it  must  be  re- 


membered that  the  site  was  on  the  line  of  the 
proiK)sed  National  Road,  which  was  soon  after 
commenced  at  the  eastern  end  and  was  finally 
built  and  passed  over  this  bridge.  11  was  not. 
however,  until  1835,  when,  under  the  advice  of 
Capt.  Richard  Delafield.  then  government  en- 
gineer of  the  work,  that  a  cast-iron  bridge  was 
built  over  Punlap's  Creek  and  made  a  perma- 
nent structure  for  the  National  Road.  The 
metal  was  furnished  by  the  Government,  and 
it  was  completed  under  the  superintendence  of 
George  W.  Cass,  who  bad  come  to  the  section 
years  before  as  one  of  the  engineers  of  the 
National  Road.  This  is  said  to  have  been  the 
first  cast-iron  bridge  built  west  of  the  Alle- 
ghenies. 

No  further  mention  appears  of  the  request 
made  to  the  President  by  the  Commissioners 
of  Fayette  County,  and  it  is  presumed  that 
nothing  came  of  it,  as  on  May  2G,  180!l,  a  con- 
tract was  awarded  for  building  the  abutments 
and  1,000  perches  of  stone  wall  along  the  banks 
of  the  creek.  A  heavy  flood  In  June  washed 
away  the  bank  at  the  sile,  when  changes  were 
made  and  the  bridge  was  built  and  completed 
during  the  summer.  It  was  suspended  by 
chains  as  patented  by  James  Finley,  similar  to 
the  one  on  Jacob's  Creek.  It  was  thirty  feet 
above  the  water,  very  long,  and  cost  $l,6(i0. 
II  continued  in  use  'until  Tlunsday,  March  20 


17,  that  year,  said:  "The  break  of  the  Schuyl- 
kill bridge  by  a  drove  of  cattle  is  an  occurrence 
which  deserves  attention.  An  ill-judged  clip 
or  coupling  piece  broke,  with  which  two  parts 
of  the  chain  were  joined  together."  The 
Schtiylkiil  Kails  Bridge  Company  was  incor- 
porated on  April  2,  1811,  with  Kennedy,  Car- 
penter, and  others  as  members,  and  another 
chain  bridge  was  built,  which  also  gave  way 
in  1816.  Alter  the  destruction  of  the  chain 
bridge  White  and  Hazard,  who  built  at  the 
Falls  of  Schuylkill  a  wire  factory,  constructed 
a  wire  suspension  bridge  across  the  river  for 
foot  passengers  only,  aiid  also  provided  that 
only  eight  persons  should  be  on  the  bridge  at 
one  time.  The  suspension  wires  were  fastened 
at  one  of  the  top  windows  of  the  mill  and  were 
stretched  across  the  river  to  some  large  trees 
on  the  west  side,  from  which  steps  descended 
to  the  ground.  This  was  probably  the  first 
wire  bridge  in  the  United  States,  if  not  in  the 
world. 

A  cotton  factory  was  built  at  Rokeby.  on  Ihe 
Brandywine,  near  Wilmington,  Del.,  about  1809 
or  1810.  Mention  is  made  of  it  in  later  years 
as  "near  the  old  wire  bridge."  No  facts  con- 
cerning the  time  it  was  built,  or  liow  long  It 
lasted,  are  obtainable.  It  was,  however,  in  all 
probability  later  than  the  White  and  Hazard 
bridge. 


'  Conicotl  Hoppef 


Sand  B/orS'f: 
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A  Sand  Blast  Apparatus  for  Field  Use. 


1820,  when  it  fell  with  a  crash  under  a  heavy 
weight   of   snow    and   the   added    weight   of    a . 
team  and  heavily  loaded  wagon. 

At  the  same  time  that  the  bridge  at  Dun- 
lap's  Creek,  at  Brownsville,  Fayette  County,  was 
being  built,  James  Finley  was  superintending 
the  erection  of  another  bridge  under  his  patent 
at  the  Falls  of  Schuylkill.  In  1807  Robert  Ken 
nedy  occupied  a  tavern  at  the  Falls,  and  on 
April  9  of  that  year  the  General  Assembly  of 
Pennsylvania  granted  him  the  right  for  the 
use  of  water  power  on  condition  that  he  would 
build  locks  around  the  Falls  for  the  accommo- 
dation of  the  "long  boats"  which  came  down 
from  Reading.  Kennedy  failed  to  construct 
the  locks,  and  in  a  year  or  two  sold  his  water 
rights  to  Josiah  White  and  Krskine  Hazard, 
who  built  there  a  rolling  mill  and  wire  factory. 
Kennedy,  with  Conrad  Carpenter,  under  an  act 
passed  on  February  22,  1809,  to  build  a  bridge 
and  levy  tolls,  built  a  chain  bridge  under  the 
Finley  patent,  with  two  abutments  and  two 
piers,  all  of  cut  stone  and  three  spans,  two  of 
which  were  153  feet  in  length.  Early  in  Janu- 
ary, 1811,  this  bridge  broke  down  under  the 
weight  of  a  large  drove  of  cattle. 

James   Finley,   in  an   article   dated  January 


The  chain  bridge  built  on  the  Brandywine  in 
1809  or  1810  was  on  or  near  the  site  of  the 
wooden  bridge  built  in  1762,  which  served  Its 
purpose  until  the  completion  of  the  chain 
bridge.  The  post  road,  which  passed  over  the 
bridge,  "was  the  main  thoroughfare  from  the 
Eastern  to  the  Southern  States,  crossed  over 
the  Brandywine  on  a  hanging  bridge,  passed 
through  the  Borough  of  Wilmington,  veered  off 
to  the  west  and  southwest  ranges  of  the  north- 
ern banks  of  the  Christiana,  and  continued  to- 
ward the  South."  In  1806  a  company  was  in- 
corporated with  a  capital  of  $20,000  to  build  a 
stone  bridge,  but  it  was  not  done.  In  1808  100 
citizens  of  Brandywine  and  Christiana  peti- 
tioned the  Levy  Court  of  New  Castle  County 
that  the  old  bridge  be  repaired  or  a  new  one 
built.  Commissioners  were  appointed,  who  re- 
ported in  favor  of  a  new  bridge  on  May  2.  1809, 
and  on  the  same  day  Commissioners  were  ap- 
pointed to  build  one  "on  the  plan  of  the  bridge 
at  Falls  of  Schuylkill  River,"  with  three  chains, 
its  width  to  be  decided  upon  later.  It  was 
completed  In  1810,  at  a  cost  of  $4,000,  and  was 
in  use  until  1822,  when  it  was  swept  away  by  a 
flood. 

Chain     bridges     built     at     Cumberland     and 
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Georgetown.  Md.,  about  this  time  were  proba- 
bly constructed  under  the  patents  of  J.  Tem- 
pleman,  of  August  16,  1808,  and  March,  1810. 
This  information  is  giv^n  by  the  index  to  the 
Patent  Office  records,  for  the  papers  them- 
selves were  destroyed  by  the  fire  of  1836,  which 
wrecked  the  building  where  they  were  kept. 

The  Upper,  or  Callowhill  Street.  Ferry  of 
Philadelphia,  was  opened  in  1692,  and  used 
until  about  the  time  of  the  Revolution.  A  float- 
ing bridge  was  set  up  at  the  Ferry  and  de- 
stroyed by  the  heavy  freshet  of  1789.  It  was 
restored,  and  again  destroyed  In  1810.  The 
cornerstone  of  a  bridge  was  laid  with  Masonic 
ceremonies  on  April  28,  1812.  The  bridge  was 
built  on  a  novel  plan  by  spanning  the  river 
with  a  single  arch  and  discarding  a  center 
pier.  It  was  destroyed  by  fire  on  September 
1.  1838.  and  under  the  Free  Bridge  Act  of  1839 
the  Commissioners  contracted  with  Charles 
EUet.  Jr..  to  erect  a  wire  suspension  bridge  of 
his  own  design,  with  a  span  from  center  to 
center  of  358  feet.  It  was  built  and  opened  to 
the  public  on  January  2,  1842,  and  was  in  use 
for  more  than  30  years. 


Sand-Blast  Apparatus  for  Cleaning  Steel 
in  the  Field. 


A  simple  sand-blast  apparatus  has  been  con- 
structed and  used  by  the  United  States  Engi- 
neer Corps  for  removing  rust  and  cleaning  steel 
work  exposed  to  fog  and  wet  salt  air  in  the 
batteries  of  the  coast  defences  at  San  Francisco 
Harbor.  It  consists  essentially  of  a  6xHxH-inch 
steam-driven  air  comprtssor.  a  receiving  tank 
and  a  sand  tank  with  mixing  apparatus,  pipes 
and  nozzles.  The  compressor  delivers  into  a 
lomracn  kitchen  l)oiler  12  inches  in  diameter, 
which  acts  as  a  storage  and  receiving  tank. 
From  it  a  1-inch  pipe  from  2(»0  to  300  feet  long 
delivers  the  air  to  the  mixing  apparatus.  whu;i 
is  contained  in  another  kitchen  boiler,  20  inches 
in  diameter  and  60  inches  high.  In  the  lower 
part  of  the  second  boiler  there  is  riveted  a  coni- 
cal hopper,  which  forms  a  false  bottom  about  2 
feet  above  the  original  bottom. 

The  bottom  of  the  hopper  terminates  in  a 
short  vertical  pipe,  intersected  by  a  1%-inch 
horizontal  pipe,  about  20  inches  long,  which  is 
diametrical  to  the  boiler  and  pierces  both  sides 
of  it.  This  pipe  serves  as  the  barrel  01  me 
mixing  valve  and  communicates  with  the  sand 
hopper  by  a  l%xV4-inch  slot  in  the  center  of  the 
upper  side!  One  end  of  the  pipe  has  a  T  con- 
nection to  the  air  compressor  pipe  and  the 
other  end  has  a  reducing  coupling  to  the  Vi-inch 
flexible  blast  hose.  The  air  end  of  the  pipe  Is 
capped  with  a  stuffing  box.  through  whidi 
passes  the  valve  stem,  terminating  in  a  hollow 
sleeve,  which  fits  the  pipe  closely.  The  upper 
side  of  the  sleeve  has  a  slot  corresponding  to 
the  slot  in  the  pipe.  When  it  registers  with 
the  latter  the  maximum  amount  of  sand  is  de- 
livered from  the  hopper  through  it  to  the  cen- 
ter of  the  blast  pipe  and  is  there  driven  for- 
ward with  the  escaping  air  through  the  sand 
pipe  and  nozzle.  The  valve  sleeve  engages  a 
stop  when  the  slot  is  fully  opened  and  can  be 
pulled  backwards  to  close  as  required. 

The  nozzles  are  made  of  hardened  steel  and 
are  heavy  to  resist  the  wear,  which  is  consid- 
erable. They  are  fitted  with  tips  made  of  3/16- 
inch  tube  steel  about  1  inch  long.  They  are 
hardened  in  nitrate  of  silver  and  wear  to  a  di- 
ameter of  %-inch  in  from  two  to  three  hours. 
The  apparatus  works  most  satisfactorily  under 
an  air  pressure  of  from  25  to  30  pounds  and 
cleans  sheet  steel  surfaces  at  a  cost  of  four  to 
five  cents  per  square  foot,  much  better  than  can 
he  done  at  any  price  by  liand  labor.  The  ma- 
chine cost  about  1400.  including  |265  for.  the 
compressor,  and  was  designed  and  supplied  by 
the  Rix  Engineering  Company,  San  Francisco. 
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It  is  described  and  illustrated  In  the  report  of 
Assistant  Engineer  J.  H.  G.  Wolf,  to  Lieuten- 
ant Colonel  Thomas  H.  Handbury,  in  charge  of 
defences  at  San  Francisco  Harlior,  and  pub- 
lished in  the  1903  annual  report  of  the  Chief 
of  Engineers,  U.  S.  A. 


A  Compound  Gasoline  Engine. 

A  compound  gasoline  engine  has  been  devel- 
oped by  the  Eisenhuth  Horseless  Vehicle  Com- 
pany, of  Middletown.  Conn.  It  employs  three 
cylinders,  two  high-pressure  and  one  low- 
pressure,  and  the  principle  on  which  the  pro- 
duction of  work  is  effected  in  two  stages  is 
the  generation  of  power  in  the  high  pressure 
stage  in  the  usual  way  and  the  utilization  of 
the  pressure  of  the  e.xhaust  or  discharge  from 
the  high-pressure  cylinder  for  further  genera- 
tion of  work  by  expansion  in  the  low-pressure 
stage.  In  short  the  engine  is  the  result  of  an 
effort  to  utilize  the  pressure  of  the  waste  gas 
of  combustion  from  the  ordinary  single-stage 
gas  engine,  which  pressure  is  said  to  amount 
sometimes  in  regular  practice  to  60  to  80 
pounds,  particularly  in  automobile  practice. 
The  scheme  of  this  utilization  is  to  pass  the  ex- 
haust from  the  first  stage  into  a  secondary  cyl- 
inder v.here  the  gases  can  expand  to  a  pres- 
sure approaching  the  atmospheric,  driving  a 
piston  which  is  linked  by  connecting  rod  and 
crank  to  the  shaft  rotated  by  the  high-pressure 
pistons  and  connections.  While  the  distri- 
bution of  v.-ork  as  outlined   was  sought   lor  in 


Visw  of  Compound  Gasoline  Engin;. 

the  interest  of  economy,  a  condition  that  ac- 
companies the  expansion  of  the  working  gases 
toward  atmospheric  pressure  is  the  minimizing  , 
of  the  noise  of  the  exhaust,  for  the  elimination 
of  which,  in  the  single  stage,  a  muffler  is  fre- 
quently provided. 

The  high-pressure  cylinders  work  on  the  four- 
stroke  cycle  and  their  pistons  and  cranks 
travel  together,  but  they  are  controlled  to  re- 
ceive their  respective  charges  of  gas  and  air 
at  alternate  revolutions,  one  cylinder  receiving 
its  fresh  charge  while  the  other  is  on  its  ex- 
plosion stroke.  Thus  the  engine  is  arranged 
to  develop  an  impulse  from  the  high-pressure 
stage  at  every  revolution.  In  the  meantime, 
however,  the  discharge  from  the  two  explo- 
sion strokes  in  two  successive  revolutions  has 
been  expanded  in  the  low-pressure  cylinder. 
The  crank  of  the  low-pressure  cylinder  is  180 
degrees  behind  the  high-pressure  cranks,  and 
as  the  high-pressure  pistons  begin  their  return 
stroke,  the  low-pressure  piston  starts  its 
forward  stroke.  During  its  return  stroke 
the  low-pressure  piston  discharges  to  the 
atmosphere,  so  that  it  is  ready  for  its  pressure 
charge  at  every  forward  stroke.  In  other  words, 
at  one  forward  stroke  it  takes  the  products  of 
combustion  from  one  of  the  high-pressure  cyl- 
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inders  and  at  the  next  receives  the  gases  from 
the  other  high-pressure  cylinder,  giving  to  the 
common  shaft  a  forward  driving  force  between 
the  high-pressure  impulses.  By  this  arrange- 
ment the  designers  are  able  to  say  that  with 
three  cylinders  they  have  an  engine  developing 
an  impulse  every  half  revolution. 

The  accompanying  reproduction  of  a  photo- 
graph is  a  view  of  a  60-horse-power  engine  built 
especially  for  automobile  work.  It  is  the  result 
of  five  years  of  trials,  during  which  it  is  stated 
that  23,000  miles,  recorded  by  cyclometer,  were 
covered,  besides  additional  mileage,  for  which 
there  was  no  cyclometer  record.  Each  of  the 
high-pressure  cylinders  has  a  7Vi-inch  bore  and 
a  6Vi-inch  stroke,  and  the  low-pressure  cylin- 
der a  12-inch  bore  and  a  6y2-inch  stroke,  indi- 
cating a  cylinder  ratio  of  1  to  2.7.  The  low- 
pressure  cylinder  is  located  in  the  center  be- 
tween the  high-pressure  cylinders  and  the 
valves,  which  are  of  the  lift,  mushroom-head 
type,  are  disposed,  as  indicated  in  the  engrav- 
ing. On  one  side  of  each  high-pressure  cylin- 
der is  the  gas  intake  valve  and  on  the  opposite 
side  the  high-pressure  exhaust  valve,  next  to  a 
low-pressure  admission  valve  in  each  case. 
Next  to  the  gas  intakes  to  the  high-pressure 
cylinders  are  the  low-pressure,  or  final  exhaust 
valves.  As  to  the  performance  of  the  engines, 
the  following  results  are  given  of  a  test  of  a 
12-hoise-power  compound  gasoline  motor. 
When  the  center  cylinder  was  in  use.  13  brake 
horse-power  were  developed,  at  720  revolutions 
per  minute,  but  when  the  center  cylinder  was 
disconnected,  the  brake  horse-power  at  the 
same  number  of  revolutions  was  8.9.  indicating 
a  gain  of  4.1  horse-power,  or  46.2  per  cent,  to 
be  credited  to  the  use  of  the  low-pressure 
cylinder. 

The  engine  is  controlled  by  a  method  of  lim- 
iting the  opening  of  the  inlet  valve,  and  it  is 
stated  that  the  engine  can  be  run  at  any  speed 
between  200  and  1.000  revolutions  per  minute. 
Water  jackets  are  only  provided  with  the  high- 
inessure  cylinders.  The  low-pre.ssure  cylinder 
has  two  methods  of  exhaust.  One.  the  usual 
two-cycle  engine  port  exhaust,  is  opened  auto- 
matically by  the  action  of  the  piston  when  it 
reaches  the  lowest  point  of  its  stroke,  and  the 
other  double  exhaust  valve,  which  is  opened  at 
the  extreme  top  of  the  cylinder.  The  latter  al- 
lows the  gas  to  pass  out  as  the  piston  moves 
upward,  closing  when  it  reaches  the  upward 
end  of  the  stroke.  The  low-pressure  piston,  by 
its  extra  weight  and  number  of  impulses,  is  de- 
signed to  balance  the  two  explosion  pistons. 


Letters  to  the  Editor. 


Cast-Iron  Column.s. 

Sir: — In  the  course  of  the  discussion  of  the 
merits  of  cast-iron  columns,  which  has  recently 
been  revived  in  connection  with  the  Darlington 
disaster,  it  has  been  stated  that  recent  experi- 
ments have  shown  that  the  formulas  in  general 
use  are  entirely  too  favorable  to  this  material. 
Will  you  kindly  cite  the  experiments  referred 
to.  and  indicate  where  the  data  relating  to  them 
are  obtainable? 

In  this  connection  1  have  made  some  com- 
parisons of  results  obtained  by  using  the  ac- 
cepted formulas,  taking  three  cases  which  cover 
a  wide  range.     The  formulas  used  were:  — 

1st.     The  original  Gordon  formulas,  viz.. 
80,00) 


1  + 


2nd.     The 
Handbook, 


formula 


t  = 


600  as 
given    in 


the    Carnegie 


80,000 


LI 

■'*"  8(K)d« 

These  formulas  give  the  ultimate  stress  and 
a  factor  of  safety  of  five  was  used  in  obtaining 
the  safe  stress. 
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3id.  The  New  York  Building  DetMurUnent 
formula, 

t  =  Il^xT-  30  —  (aafe  streM 

The  three  cases  assumed  were: — Case  1,  a 
column  6  inches  in  diameter  by  %  inch — 10 
feet  long;  case  2.  a  column  S  inches  In  diameter 
by  1  inch — 12  feet  6  inches  long:  cast-  3,  a  col- 
umn 12  inches  in  diameter  by  1'^  inches — 15 
feet  long. 

The  following  are  the  tabulated  results: 

Case  1         Case  2         Case  3 
Formula  No.  1  9,600  10,089  11,636 

Formula  No.  2  10,667  11.115  12,488 

Formula  No.  3  7,700  9.500  9.960 

or,  in  other  words,  the  Building  Department 
formulas  give  results  averaging  about  90  per 
cent,  of  those  given  by  the  original  Gordon 
formulas  and  about  S2  per  cent,  of  those  given 
by  the  Camegle-Gordon  formulas. 

These  results  were  somewhat  surprising  to 
the  writer,  and  led  him  to  apply  the  accepted 
formulas  to  a  steel  column  case,  with  the  fol- 
low^lng  results: 

.\  column  composed  of  two  12-inch,  20^- 
pound  channels,  latticed;  r  =  4.61  in.,  L  =  38 
feet.  5  inches,  L  h-  r  =  100. 

Ist.     By  the  Carnegie-Gordon  formula, 
iw.om 


f  = 


1  -4- 


L' 


I  (ulilmate)  =  :«,I30 
f  (saff,  iHCtor  *)  =  9782 


ulS,UU»  r' 

2nd.    By  Carnegie  straight  line  formula, 

t  =  17,100  -  — .  f  =  1I,«)0 
r 

3rd.    By  Building  Department  formula. 


f  =  15.S00  -  ^.  f 


9100 


The  result  given  by  the  Gordon  formula  Is  4 
per  cent,  higher  than  that  given  by  the  Building 
Department  formula,  and  that  by  the  Carnegie 
formula  21  per  cent,  higher. 

These  results  show  that  the  Building  Depart- 
ment formulas  are  much  more  conservative 
than  others  sanctioned  by  good  practice. 

It  has  become  customary  to  specify  a  bend- 
ing test  for  cast-iron  column  material,  which 
requires  an  ultimate  strength  far  in  excess  of 
that  given  by  the  best  authorities.  The  test 
usually  required  is  that  bars  1x1  inch  In  section 
and  supported  at  points  4  feet  8  inches  apart, 
shall  sustain  a  central  load  of  500  pounds  be- 
fore breaking.  This  necessitates  an  ultimate 
tensile  strength  of  21,990  pounds,  and  an  ulti- 
mate compressive  strength  of  109,950  pounds. 
The  Building  Department  is  not  quite  so  severe 
and  requires  an  ultimate  tensile  strength  of 
19.090  and  an  ultimate  compressive  strength  of 
95,450  pounds.  The  first  test  has  been  fre- 
quently employed  in  this  city,  and  the  writer 
has  seen  a  number  of  bars  sustain  a  load  as 
high  as  560  pounds  before  breaking,  and  the 
average  of  a  series  of  experiments  was  520 
pounds,  showing  that  the  ultimate  compressive 
strength  of  the  material  was  about  114,000 
pounds,  and  that  columns  designed  by  the 
Building  Department  formulas  would  have  a 
factor  of  safety  of  10.  This  should  surely 
be  enough  to  cover  inherent  imperfections.  It 
would  seem  that  we  need  more  light. 

Very  respectfully,  William  M.  Fabbak. 

New  York,  April  11. 

[The  tests  made  at  the  Watertown  Arsenal 
anlTat  the  works  of  the  Phoenix  Bridge  Com- 
pany for  the  New  York  Building  Department 
are  the  most  comprehensive  that  have  been 
made.  Data  concerning  them  can  doubtless  be 
obtained  from  the  Department.] 

SUPEKHEATED   StEAM. 

sir: — ^In  regard  to  your  editorial  on  the  sub- 
ject of  economy,  due  to  use  of  superheated 
steam,  which  appeared  in  The  Engineering 
Record  dated  January  2,  1904.  we  beg  to  say 
that  the  comparative  results  that  Prof.  Jacobus 
obtained  at  the  teat  ot  the  Millboume  Mills 


engine,  indicated  a  net  saving  of  VJ  per  cent, 
in  coal.  This,  it  cannot  be  denied,  should  be 
regarded  as  a  very  satisfactory  saving,  in  your 
estimate  of  the  probable  coal  saving  resulting 
from  the  use  of  steam  with  150  degrees  of 
superheat,  you  are  In  error  in  assuming  that 
the  superheat  at  the  MillbOurne  Mills  was  443 
degrees  at  the  throttle.  The  superheat  at  the 
entrance  to  the  receiver  of  the  engine  above  re- 
ferred to  was  374  degrees,  not  443  degrees,  and 
the  superheat  of  the  steam  entering  the  high- 
pressure  cylinder,  300  degrees.  The  superheat 
of  the  steam  entering  the  low-pressure  cylinder 
was  about  145  degrees.  Substituting  these  fig- 
ures in  your  calculations,  the  resulting  saving 
due  to  the  use  of  steam  with  150  degrees  super- 
heat at  the  throttle  of  high-pressure  cylinder, 
and  72  degrees  superheat  at  the  inlet  of  the 
low-pressure  cylinder  would  be  8  per  cent. 

As  offsetting  this  saving,  we  note  your  re- 
marks with  regard  to  depreciation,  increased 
cost  of  maintenance,  and  extra  first  cost  of  in- 
stallation. In  reply  to  which  we  would  say 
that  our  experience  indicates  that  the  saving 
of  first  cost  in  boiler  installation,  due  to  the 
decreased  amount  of  evaporative  capacity  re- 
quired, nearly  offsets  the  extra  cost  of  super- 
heater. The  reduction  in  the  amount  of  coal  to 
be  handled  reduces  the  labor  required  for  oper- 
ation.   There  is  little  if  any  Increase  in  the 
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A  Continuous  Service  Suction  Pipe  Strainer. 

cost  of  an  engine  to  use  superheated  steam  over 
that  of  an  engine  to  use  saturated  steam,  and 
as  for  the  pipe  line  requirement  to  carry  the 
superheat,  modern  practice  has  given  so  much 
experience  In  regard  to  this  that  there  need  be 
no  fear  as  to  the  reliability  of  joints,  valves, 
insulations,  etc.  In  many  cases  where  coal 
costs  $3  per  ton  or  more,  the  saving  in  coal  has 
completely  covered  whatever  extra  cost  there 
was  due  to  the  installation  of  a  superheating 
form  of  apparatus  in  less  than  one  year. 

In  the  editorial  referred  to,  further  compari- 
son is  made  with  a  test  published  in  The  En- 
gineering Record  of  November  8,  1902,  of  an 
engine  at  the  Atlantic  Mills,  which  showed  a 
total  steam  consumption  of  1.21  pounds  of  coal 
per  indicated  horse-power  per  hour.  We  can- 
not agree  with  you  that  It  is  fair  to  present  to 
the  ordinary  layman  such  a  result  in  compari- 
son with  the  results  obtained  at  the  Millbourne 
Mills,  without  further  explanation  of  the  differ- 
ences in  the  form  of  apparatus  installed  at  each 
plant.  An  examination  of  the  report  of  test  at 
the  Atlantic  Mills  will  show  that  there  was 
superheat  of  about  41  degrees  in  the  steam  at 
Its  entrance  to  the  high-pressure  cylinder.  Al- 
lowance for  this  would  probably  bring  the  coal 
consumption  at  the  Atlantic  Mills  up  to  1.24 
pounds.    A  further  allowance  should  be  made 


for  the  difference  in  pressure  of  170  pounds  at 
the  Atlantic  Mills,  as  against  140  pounds  at  the 
Millbourne  Mills.  Allowance  for  which  would 
probably  increase  the  coal  consumption  about 
3  per  cent.  At  the  All^ntic  Mills  there  was  a 
vacuum  of  28  inches,  as  against  2t;  inches  at 
the  Millbourne  Mills,  which  would  account  for 
a  probable  difforence  of  2%  per  cent.  more. 
The  principal  difference,  however,  between  the 
two  installations  lies  in  the  difference  in  evap- 
oration between  boilers,  due  to  the  fact  that 
feed-water  heaters  and  economizers  were  used 
at  the  Atlantic  Mills,  while  none  were  used  at 
•  the  Millbourne  Mills.  .  The  allowance  to  be 
made  lor  the  difference  in  this  respect  between 
the  two  plants  amounts  to  about  16  per  cent. 
Allowing  then  for  the  gain  in  the  Atlantic  Mills 
test,  due  to  increased  steam  pressure,  differ- 
ence in  vacuum  and  difference  in  evaporation 
at  the  boilers,  we  get  a  total  difference  of  21 1^ 
per  cent,  in  coal  consumption,  and  on  this  basis 
the  Millbourne  Mills  engine  would  show  a  coal 
consumption  of  0.987  pounds  per  indicated 
horse-power  per  hour  (which  is  a  coal  consump- 
tion, we  believe,  could  be  obtained  in  a  care- 
fully designed  installation).  This  shows  a  sav- 
ing in  coal  of  21  per  cent,  over  an  installation 
of  the  best  type  using  saturated  steam.  An 
allowance  should  be  made  for  the  steam  and  ex- 
haust of  the  vacuum  pump  for  the  condenser,  but 
experience  has  shown  this  should  not  be  more 
than  2  per  cent.  It  consequently  follows  that 
the  saving  really  shown  at  the  Millbourne  Mills 
amounts  to  about  20  per  cent,  in  coal  over  the 
best  known  records.  We  think  that  if  the  mat- 
ter, as  presented  in  your  editorial  of  January 
2.  was  shown  in  this,  the  true  light,  a  far  better 
idea  of  the  advantages  due  to  the  use  of  super- 
heated steam,  would  be  the  result. 

Yours  truly,  Pkovidknce  Exginekrixg  Wohks. 

Providence.  April  6. 


A  Continuous-Service  Foot- Valve  Screen. 


Most  men  who  run  pumps  know  by  experience 
the  annoyance  caused  by  having  twigs,  paper 
and  other  unwelcome  substances  enter  the  suc- 
tion pipe  and  find  their  way  into  the  pump 
valves.  A  number  of  devices  are  in  use  in- 
tended to  prevent  these  troubles.  A  particu- 
larly efficient  device  is  shown  by  the  accom- 
panying cut.  It  consists  essentially  of  two  con- 
centric cylindrical  screens  surrounding  the  ex- 
tension to  the  suction  pipe  below  the  foot  valve, 
as  indicated.  The  inner  screen  is  j-igidly  fas- 
tened to  the  diaphragm  containing  the  valve 
so  as  to  be  flush  with  the  flange  at  its  top,  and 
at  its  bottom  is  fastened  to  a  blanlc  flange  in 
the  manner  indicated,  the  flange  extending  be- 
yond the  screen  so  as  to  form  a  seat  for  the 
outer  screen.  The  outer  screen  is  attached  at 
top  and  bottom  to,  two  rings  of  metal  which 
hold  it  at  a  fixed  distance  from  the  inner  screen. 
Two  lifting  eyes  are  attached  to  the  top  of  the 
upper  ring  at  diametrically  opposite  points. 

Excepting  for  valves  of  the  largest  size,  one 
man  can  attend  to  the  cleaning  of  the  screen 
in  a  few  minutes.  The  lower  edge  of  the  bot- 
tom ring  carrying  the  outer  screen  is  beveled, 
as  shown,  and  as  the  screen  is  lowered  into  po- 
sition this  edge  acts  as  a  scraper  to  clear  the 
inner  screen.  It  will  be  seen  that  in  conse- 
quence of  this  arrangement  the  pump  can  be 
run  continuously  without  exposing  the  entrance 
to  the  suction  pipe  at  any  time.  All  the  water 
enters  through  the  vertical  sides  of  the  screen 
and  so  the  apparatus  can  be  set  close  to  or 
upon  the  bottom  of  the  pump  well,  pond  or 
other  body  of  water  from  which  the  pump  is 
drawing.  The  device  is  made  by  the  Newman 
Manufacturing  Company,  of  26  Cortlandt 
Street,  New  York,  which  also  builds  a  special 
form  of  foot  valve  and  screens  for  underwriter 
pumps. 
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O.  F.  Nichols. 


The  chief  (engineer  of  the  Department  of 
Bridges  of  New  York  City,  was  born  in  New- 
port, R.  I.,  in  1845,  and^iilie  his  classmate,  Lef- 
ferts  L.  Buck,  had  some  preliminary  shop  ex- 
perience before  entering  the  famous  class  of 
1868  of  the  Rensselaer  Polytechnic  Institute. 
It  has  often  been  claimed  that  a  considerable 
part  of  the  value  of  ccUegiate  training  is  to  be 
found  in  the  association  together  of  students 
from  many  sections,  all  working  for  the  same 
purpose,  and  it  is  not  difficult  to  appreciate  the 
force  of  this  argument  when  such  a  class  is 
considered,  containing,  in  addition  to  Messrs. 
Nichols  and  Buck,  engineers  now  so  well 
known  as  Messrs.  Thomas  Appleton,  V.  G. 
Bogue,  R.  E.  Briggs,  M.  T.  Endicott,  and  A.  V. 
Powell.  Moreover,  in  the  class  before  were 
Messrs.  S.  J.  Fields,  F.  J.  Hearne,  G.  B.  Mal- 
lory,  and  F.  H.  Saylor,  while  in  the  following 
class  were  Henry  Burden,  Robert  Forsyth,  and 
Theodore  Voorhees.  It  is  only  by  looking  back- 
ward in  this  way  at  the  classes  of  a 
technical  school  that  the  full  signifi- 
cance of  the  value  of  student  life  is 
appreciated,  and  it  is  possible  to  ap- 
preciate how  much  good  may  result 
from  mere  attendance  at  a  high  grade 
institution  of  this  character. 

Immediately  after  graduating  in 
1868,  Mr.  Nichols  joined  the  engi- 
neering corps  engaged  on  the  work  of 
laying  out  and  constructing  Prospect 
Park  in  Brooklyn.  This  corps  wa? 
one  of  the  most  remarkable  ever  or- 
ganized, on  account  of  the  number  of 
men  in  it  who  subsequently  attained 
a  high  position  in  the  engineering  pro- 
fession. Messrs.  John  Bogart,  C.  C. 
Martin,  Rudolph  Hering,  V.  G.  Bogue, 
and  James.  Owen  were  among  '  Mr. 
Nichols'  associates  on  this  work. 
Later  he  became  connected  with  the 
engineering  staff  engaged  on  the  ele- 
vated railway  on  Greenwich  street. 
New  York,  which  was  being  managed 
by  Charles  T.  Harvey.  The  system  of 
construction  was  covered  by  patents, 
and  for  this  reason  the  line  was  some- 
times known  as  the  West  Side  pat- 
ented elevated  railroad.  The  experi- 
ence on  this  early  railway  construc- 
tion is  of  some  interest  because  at  a 
later  period  in  Mr.  Nichols'  career  he 
again  engaged  in  similar  work  in  po- 
sitions of  the  highest  responsibility. 
After  his  connection  with  the  Green- 
wich line  was  finished  he  became  an 
assistant  engineer  to  Mr.  Edward 
Cooper,  in  New  York,  who  was  in  charge  of  the 
business  interests  in  that  city  of  the  New  Jer- 
sey Steel  &  Iron  Company,  of  Trenton. 

From  December,  1871,  to  1875,  Mr.  Nichols 
was  engaged  in  railway  work  in  Peru.  His 
classmate,  V.  G.  Bogue,  had  been  in  Peru  for 
about  two  years,  at  first  as  engineer  tor  a  Peru- 
vian company  and  later  in  the  employ  of  Henry 
Meiggs;  in  the  summer  of  1870  he  was  ap- 
pointed assistant  engineer  on  the  Callao,  Lima 
&  Oroya  Railroad,  and  spent  a  year  on  loca- 
tion and  construction.  He  was  then  appointed 
yliviiBion  engineer,  and  was  instrumental  in 
bringing  to  Peru  a  number  of  American  en- 
gineers. Among  those  who  came  over  to  take 
part  in  the  work  on  this  famous  line  was  Mr. 
Nichols.  He  was  placed  in  charge  of  several 
sections,  forming  what  was  known  as  the  tun- 
nel division,  and  was  in  charge  of  some  very 
difficult  construction,  particularly  the  Cuesta 
Blanca  tunnel.  Later  he  was  appointed  a  dlvi- 
.sion  engineer  on  'lOcation  and  construction,  and 
his  classmate,  Mr.  L.  L.  Buck,  about  the  same 


time  took  charge  of  the  construction  of  the 
famous  Verrugas  viaduct.  About  1873  Mr. 
Nichols  was  appointed  division  engineer  on 
the  Chimbote  &  Huaraz  Railroad,  and  remained 
on  this  work  until  he  returned  to  the  United 
States,  about  the  beginning  of  1876. 

On  his  return  to  the  United  States  he  was 
appointed  assistant  superintendent  for  the 
Edge  Moor  Bridge  Works  on  the  construction 
of  the  Metropolitan  Elevated  Railway  in  New 
York.  The  Edge  Moor  company  had  under- 
taken to  build  a  road  from  Rector  Street  to 
Forty-second  Street  in  a  few  months'  time,  but 
damage  suits  and  other  litigation  prevented 
the  execution  of  the  contract,  and  eventually 
the  section  was  split  into  three  contracts,  of 
which  the  Edge  Moor  Bridge  Works  received 
one.  In  1877,  Mr.  Nichols  was  assistant  en- 
gineer and  general  inspector  for  the  New  York 
Park  Department  on  the  Brook  Avenue  sewer, 
in  what  is  now  the  Borough  of  the  Bronx. 

About  this  time  one  of  the  most  interesting 
railway   undertakings    in    South   America    was 


0.  F.  Nichols. 

reaching  a  head.  More  than  half  of  Bolivia 
lies  in  the  basin  of  the  Amazon  River,  and  this 
low  district  has  long  been  famous  for  its  rub- 
ber. The  development  of  this  teri'itory  had 
been  proposed  many  times,  but  it  was  not  until 
1869  that  any  definite  plan  for  the  work  was 
formulated.  Late  in  that  year  Col.  G.  E. 
Church  received  a  concession  from  Bolivia, 
under  which  the  National  Bolivian  Navigation 
Company  was  incorporated.  The  following 
year  he  obtained  from  Brazil  a  concession  au- 
thorizing the  organization  of  the  Madeira  & 
Mamore  Railroad  Company.  The  latter  com- 
pany was  incorporated  in  London,  but  was 
practically  a  branch  of  the  navigation  company 
whose  stockholders  were  all  Americans.  In 
1877,  a  contract  was  made  between  these  two 
companies  and  Messrs.  P.  &  P.  Collins,  of  Phil- 
adelphia, for  the  survey  and  construction  of 
the  railroad  for  the.  sum  of  j£5,900  per  mile. 
Mr.  Nichols  was  appointed  resident  engineer 
of  the  railroad  company,  and  sailed  for  San 
Antonio  on  the  Rio  Madeira  River  about  the 


beginning  of  1877.  The  purpose  of  this  project 
was  to  construct  a  railroad  around  the  falls  of 
the  Rio  Madeira,  which  are  practically  the  only 
serious  obstacle  to  the  commercial  develop- 
menu  of  the  rich  half  of  Bolivia  that  lies  east 
of  Ule  Andes.  About  sixty  engineers,  repre- 
se^ing  the  best  professional  experience  of 
eastern  Pennsylvania,  were  sent  to  take  part 
in  this  work  by  Messrs.  Collins.  Nearly  70 
miles  of  the  line  were  carefully  surveyed  and  a 
location  was  made  along  this  portion  of  the 
route.  About  60  miles  more  had  been  covered 
by  a  preliminary  reconnaissance  before  the  un- 
dertaking collapsed.  As  soon  as  the  first 
vouchers  arrived  in  England,  suit  was  brought 
to  prevent  their  payment,  and  for  many  years 
litigation  ensued.  The  contractors  received 
practically  nothing  and  the  engineers  engaged 
on  this  enterprise  had  a  most  unfortunate  ex- 
perience before  they  finally  returned  to  the 
United  States.  A  very  interesting  and  com- 
plete history  of  the  undertaking  Is  being  pub- 
lished for  private  circulation  at  the  present 
time,  but  a  good  idea  of  It  can  be  ob- 
tained from  an  article  contributed  to 
"Railroad  Gazette"  of  January  1  of 
this  year  by  Mr.  Nichols.  Attention 
is  particularly  called  to  this  article 
because  it  will  prove  of  interest  to 
many  engineers  looking  forward  to  a 
possible  engagement  on  the  Panama 
Canal  construction. 

Mr.  Nichols  was  engaged  in  Europe 
for  some  time  in  connection  with  the 
litigation  over  this  unfortunate  rail- 
way project.  On  his  return  in  1879 
he  became  an  assistant  engineer  with 
the  New  Jersey  Steel  &  Iron  Com- 
pany, and  remained  with  the  company 
until  the  fall  of  1881,  when  he  became 
assistant  superintendent  of  the  Peter 
Cooper  glue  factory  in  Long  Island 
City,  where  he  remained  about  a  year. 
From  1882  until  the  middle  of  1885  he 
was  resident  engineer  of  the  import- 
ant bridge  at  Henderson,  Kentucky, 
and  after  it  was  completed  he  became 
chief  engineer  of  the  water-works  of 
Westerly,  Rhode  Island,  then  under 
construction. 

In  1886  Mr.  Nichols  was  appointed 
principal  assistant  engineer  to  Mr.  J. 
J.  R.  Croes,  at  that  time  chief  engineer 
of  the  Suburban  Rapid  Transit  Rail- 
road Company,  of  New  York.  That 
company  constructed  an  elevated  rail- 
way in  what  is  now  the  Borough  of 
the  Bronx,  and  introduced  a  number 
of  important  features  of  design.  The 
work  attracted  considerable  attention, 
and  Mr.  Nichols'  connection  with  it  led  to  his 
appointment  in  1888  as  chief  engineer  of  the 
Brooklyn  Elevated  Railroad.  In  this  line  he 
introduced  a  number  of  new  types  of  construc- 
tion, which  were  explained  a  few  years  ago  in 
a  discussion  on  elevated  railway  design  at  a 
meeting  of  the  American  Society  of  Civil  En- 
gineers. Another  undertaking  of  his,  for  the 
purpose  of  eliminating  some  unnecessary 
grades,  was  described  in  a  paper  by  him  be- 
fore the  same  society,  and  is  particularly  In- 
structive for  the  full  explanation  it  gives  of  a 
method  of  shifting  elevated  tracks  without  in- 
terfering with  train  movements.  Mr.  Nichols 
remained  with  the  company  until  1896  as  its 
chief  engineer,  and  during  the  latter  portion 
of  his  connection  with  it  he  also  acted  as  gen- 
eral manager,  a  position  of  great  responsibil- 
ity, on  acco\int  of  the  need  of  operating  the 
road  at  the  absolute  minimum  of  expense  con- 
sistent with  safety. 

In  1896,  Mr.  Nichols  was  appointed  principal 
assistant  engineer  of  the  Williamsburg  Bridge 
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in  New  York  and  was  afterward  made,  engineer 
of  that  structure.  He  remained  in  charge  of 
the  work — which  ha»been  described  in  so  man.v 
articles  in  this  journal  that  further  reference 
to  it  is  unnecessary — until  last  summer.  Early 
in  January  of  this  year  he  was  appointed  chief 
engineer  of  the  bridge  department  of  the  city, 
and.  as  such,  is  in  charge  of  all  of  the  bridge 
engineering  work  throughout  Greater  New 
York,  except  such  as  falls  to  the  Department 
of  Parks. 

Mr.  Nichols  Joined  the  American  Society  of 
Civil  Engineers  in  1876.  and  served  on  Its 
board  of  direction  in  1892  and  1893.  He  joined 
the  American  Society  of  Mechanical  Engineers 
in  1896.  He  has  been  a  member  of  the  Insti- 
tution of  Civil  Engineers  for  twelve  years  and 
received  a  Telford  premium  for  a  paper  con- 
tributed to  Its  proceedings; 


Book  Notes. 


Many  people  have  expressed  of  late  a  desire 
to  have  a  general  description  of  American  and 
foreign  work  in  reinforced  concrete  construc- 
tion. A  great  number  of  bridges,  buildings, 
conduits  and  other  structures  have  been  built 
on  many  different  systems,  as  the  readers  of 
this  journal  have  been  informed  by  the  many 
articles  on  the  subject  in  its  columns.  A  review 
of  the  whole  field,  exclusive  of  its  mathematical 
side,  has  been  written  by  Mr.  I>.  J.  Mensch.  a 
specialist  in  concrete-steel  work,  and  published 
under  the  title  "Reinforced  Concrete  Construc- 
tions." by  Cement  &  Engineering  News.  162  La 
Salle  Street.  Chii-ago.  It  describes  in  a  general 
way  the  applications  of  this  system  of  construc- 
tion to  many  notable  bridges  and  buildings  as 
well  as  minor  purposes,  and  it  is  particularly 
interesting  to  learn  how  widespread  is  the  use 
of  concrete-st€!el.  As  a  mildly  technical  explan- 
ation of  su?h  work,  free  from  the  mathematical 
vagaries  of  many  enthusiasts  on  the  subject. 
the  little  Ijook  will  undoubtedly  prove  useful  to 
many  engineers  and  architects.  It  is  sold  at  $2, 
and  is  profusely  illustrated. 


The  latest  number  of  Van  Nostrand's  Science 
Series  is  a  discussion  by  Dr.  Sanford  A.  Moss, 
of  "The  layout  of  Corliss  Valve  Gears."  The 
great  present  demand  on  this  and  kindred  sub- 
jects is  for  something  practical  as  well  as  com- 
prehensive. This  little  manual  fully,  meets  the 
demands  on  this  particular  topic.  It  is  pub- 
liBhed  at  fifty  cents  by  the  D.  Van  Nostrand 
Company,  New  York. 


ings  essential  to  a  thorough  study  of  the  re- 
port. The  most  important  of  these  omitted 
illustrations  have  been  published  in  The  En- 
gineering Record,  so  that  with  a  file  of  this 
journal  at  his  command,  the  reader  will  have 
little  difficulty  in  c-omprehending  everything  in 
the  documents. 


So  many  inquiries  have  been  received  lately 
concerning  the  work  of  the  Isthmian  Cana' 
Commission,  which  was  re:ently  succeeded  by 
the  commission  now  at  the  Isthmus,  that  it 
seems  desirable  to  mention  the  older  board's  re- 
port. It  was  printed  as  Senate  Document  54, 
57th  Congress,  first  session.  The  volume  con- 
tains the  full  report  of  the  Commission,  263 
pages  long,  533  pages  of  appendices  and  a  10- 
page  report  recommending  the  selection  of  the 
Panama  route  after  the  New  Panama  Canal 
Company  had  offered  to  sell  all  its  rights,  prop- 
erty and  unfinished  work  tot  J40.000.000.  The 
report  itself  is  already  familiar  to  the  readers 
of  this  journal.  The  appendices  are  of  great 
value.  Among  them  are  a  history  of  the  Uni- 
versal Interoceanic  Canal  Company,  the  de  Lea- 
seps  enterprise;  a  report  on  the  hydrography 
of  the  Panama  route,  by  Mr.  A.  P.  Davis;  a 
number  of  treaties  between  France.  New  Gren. 
ada,  Colombia  and  Spain;  contracts  between 
Nicaragua,  Colombia  and  various  corporations: 
and  an  elairarate  monograph  on  the  Industrial 
and  commercial  values  of  the  canal,  by  Prof. 
Emory  R.  Johnson,  one  of  the  commissioners. 
The  volume  contains  a  number  of  illustrations, 
but  unfortunately  none  of  the  maps  and  draw- 


The  "Proceedings"  of  the  sixth  annual  meet- 
ing of  the  American  Society  for  Testing  Mate- 
rials have  just  appeared  in  a  well-printed  and 
illustrated  volume  of  490  pages.  It  is  several 
months  late,  owing  to  the  destruction  of  the 
plates  by  fire  just  before  the  book  was  ready  to 
go  to  press,  but  beyond  the  delay  there  seems 
to  have  been  no  other  detrimental  result  which 
can  be  attributed  to  the  incident.  In  its  report 
of  the  meetings  which  are  covered  by  this  vol- 
ume. The  Engineering  Record  pointed  out  the 
great  value  of  the  papers  and  discussions  to  all 
engineers  and  architects  interested  in  the  man- 
ufacture and  use  of  structural  materials  of  any 
class.  Now  that  the  full  text  of  many  of  the 
papers  can  be  examined  more  carefully  than 
was  possible  at  the  time  of  their  presentation, 
this  opinion  is  much  strengthened,  and  it  seems 
beyond  dispute  that  the  Society  is  one  which 
is  dt>ing  a  great  work  in  a  manner  both  busi- 
nesslike and  scientific.  This  volume  of  "Pro- 
ceedings" is  sold  at  three  dollars  by  the  secre- 
tary. Prof.  Edgar  Marburg.  University  of  Penn- 
sylvania. Philadelphia,  and  every  reader  desir- 
ous of  obtaining  an  acquaintance  with  the  lat- 
est thought  in  the  broad  field  of  engineering 
materials  is  advised  to  secure  a  copy,, and  iilso 
to  join  the  Society. 


C().Mi'KM>iiM  OF  Dkawinc.  Compiled  from 
the  Instruction  Papers  in  the  Architectural, 
Mechanical  Engineering  and  Sheet  Metal  Pat- 
tern Drafting  Courses  of  the  American  School 
of  (Correspondence.  Chicago,  American  School 
of  Correspondence,  two  volumes,  cloth,  9'/ixfi% 
inches,  477  and  410  pages,  many  illusUations; 
|3  per  volume,  $5  per  set. 

In  these  two  volumes  are  7  of  the  4.'i  regular 
instruction  papers  in  the  architectural  course 
and  5  of  the  44  in  the  mechanical  engineering 
and  sheet  metal  pattern  drafting  courses  of  the 
American  School  of  Correspondence  at  the  Ar- 
mour Institute  of  Technology.  The  chief  aim  of 
the  books  is  to  acquaint  the  pubMc  with  the 
standard,  scope  and  practical  value  of  the  vari- 
ous Instruction  papers  by  means  of  a  personal 
examination  of  a  few  of  them.  It  should  be 
stated  at  once,  however,  that  these  two  volumes 
form  one  of  the  most  thorough  and  practical 
expositions  of  mechanical  drawing  that  have 
yet  been  published.  No  one  can  examine  them 
even  hastily  without  being  impressed  by  the 
fact  that  the  course  has  been  planned  by  ex- 
perienced teachers  who  have  also  a  practical 
knowledge  of  what  is  wanted  in  the  best  draft- 
ing rooms  to-day. 

The  volume  on  mechanical  drafting  opens 
with  a  general  article  on  working  drawings,  by 
Mr,  C.  L.  Griffin,  mechanical  engineer  of  the 
Semet-Solvay  Company.  It  explains  what  is 
wanted  for  clearness  and  completeness  on  such 
drawings,  and  gives  directions  for  doing  the 
work  expeditiously  and  neatly.  Then  follows 
an  unusually  clear  discussion  of  mechanism,  by 
Mr.  Walter  H.  James,  of  the  Massachusetts  in- 
stitute of  Technology.  It  shows  how  to  lay  out 
the  parts  of  machines  so  they  will  move  in  any 
desired  manner  and  contains  a  large  number 
of  problems  which  will  be  of  material  aid  in 
fixing  in  mind  the  various  rules  for  such  work. 
The  third  chapter  is  on  machine  drawing  and 
explains  the  actual  methods  employed  by  the 
draftsman  on  such  work.  The  fourth  chapter 
is  a  remarkably  good  general  explanation  of  the 
various  stages  through  which  a  design  passes 
in  the  drafting  room  befoce  it  Is  embodied  in 


the  final  set  of  drawings.  The  fifth  ihaptcr  is 
a  detailed  explanation  of  the  many  different 
methods  that  may  be  followed  in  preparing 
shop  drawings,  and  is  full  of  facts  that  every 
draftsman  should  kno*;  but  a  good  many  do 
not.  The  remaining  chapters,  by  Mr.  William 
Neubecker,  of  the  New  York  Trade  School, 
cover  in  a  satisfactory  manner  the  special  draft- 
ing required  to  prepare  sheet  metal  patterns. 

The  volume  on  architectural  drafting  con- 
tains papers  by  Messrs.  Ervin  Kenison.  Harry 
W.  Gardner,  William  H.  Lawrence  and  D.  A. 
Gregg,  of  the  Massachusetts  Institute  of  Tech- 
nology, and  Mr.  Frank  C.  Brown,  of  Boston, 
it  opens  with  a  chapter  on  the  selection  and 
care  of  instruments,  which  is  followed  by  one 
on  elementary  exercises  in  their  use.  The 
third  chapter  is  devoted  to  orthographic  and 
isometric  projections.  Perspective  drawing  is 
next  taken  up  in  a  manner  easy  to  comprehend 
and  the  method  of  preparing  perspective  draw- 
ings of  buildings  is  shown  in  all  its  stages. 
The  fifth  chapter  is  on  the  always  interesting 
subject  of  rendering  in  pen  and  ink,  and  is  il- 
lustrated by  many  well  selected  sketches.  The 
final  chapter  is  a  very  interesting  and  taste- 
fully illustrated  paper  on  architectural  letter- 
ing. The  suggestions  are  all  based  on  legibil- 
ity as  well  as  good  general  effect,  and,  if  adopt- 
ed, will  prevent  the  deplorable  titles  of  gro- 
tesque letters  with  which  some  architects  dis- 
figure their  drawings. 

In  both  books,  it  is  apparent  that  care  has 
been  exercised  to  give  instruction  which  the 
average  correspondence  student  can  compre 
liend  readily.  It  has  been  borne  in  mind  that 
such  a  student  cannot  rely  on  the  personal  as- 
sistance to  be  gained  in  the  class  room,  and  the 
instruction  papers  are  correspondingly  com- 
plete and  clear. 


Biinji  h;ttk..s  and  P.vtknt  Ft  ki..  Their  manti- 
facttiro  and  machinery  connected  therewith.  By 
Philip  R.  Bjorling.  London,  Rebinan,  Ltd.: 
cloth,  IDxfi  ins.,  254  i)ages,  121  illustrations.  $3. 

The  rapidly  increasing  interest  in  compressed 
fuel  renders  this  book  a  timely  one.  About 
eight  years  ago  the  author  contributed  articles 
on  the  subject  to  the  "Colliery  Guardian"  and 
"The  Mineral  Industry."  and  this  volume  con- 
tains both  series  of  papers,  with  many  addi- 
tions. The  washing,  drying  and  crushing  of 
the  fuel  is  first  explained,  and  then  many  types 
of  briquette  machinery  are  described.  The  most 
valuable  section  of  the  book  gives  an  explanation 
of  the  great  variety  of  bonding  materials  that 
have  been  tried.  It  is  this  feature  of  patent 
fuel  which  has  been  the  cause  of  most  of  the 
failures  to  secure  good  results,  and  the  great 
amount  of  detailed  data  given  by  the  author  will 
be  of  particular  service  to  the  engineer  making 
an  investigation  of  the  subject.  The  volume 
closes  with  a  discussion  of  the  financial  aspect 
of  the  briquette  business  and  the  calorific  value 
of  artificial  fuels  of  this  type. 


Thk  Rki.ativk  Volumk  of  Ashes  anb  Coai. — 
a  figure  of  value  in  calculating  the  spaces  re- 
quired for  storage  in  power-plant  design — is  1 
to  3.76  in  the  power  station  of  the  Brooklyn 
Rapid  Transit  Company,  at  the  Brooklyn 
Hridge,  where  No.  3  buckwheat  coal  is  burned. 
This  plant  is  employed  to  a  large  extent  to  drive 
the  cables  for  hauling  trains  across  the  bridge, 
and  an  average  of  60  tons  are  consumed  dally. 
The  ashes,  which  contain  14  per  cent,  of  com- 
bustible matter  in  them,  amount  in  a  day  to 
26  cubic  yards.  As  the  coal  occupies  44  cubic 
feet  per  ton,  it  will  be  found  that  the  ashes 
amount  to  26.5  per  cent,  of  the  volume  of  the 
coal.  Assuming  the  ashes  to  weigh  1,000 
pounds  per  cubic  yard,  the  ratio  of  the  weight 
of  the  ashes  to  the  weight  of  the  coal  passed 
through  the  station  in  a  day  is  1  to  4.6. 
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THE      ENGINEERING      RECORD  n^^ice  of  way  Association  recomtneiuled  pro- 
visionally the  methods  of  computing  concrete- 
Published  Weekly  by  the  Steel    structures    which    were    suggested    hy 
McQRAW  PUBLISHING  COMPANY.  Professor  W.  K.  Hatt  in  his  paper  before  the 
MAIN  OFFICES :  American  Society  for  Testing  Materials  in  1902 
114  l.iHKRTy  Stheet^  New  York.  renewed  interest  has  been  shown  in  his  work. 
BRWCII  OFFICES  •  '*  '^  therefore  gratifying  to  learn  from  his  re- 
PHiLADELPinl :    929  Chestnut  Street.  °«°<^  P^P^r  before  the  Chicago  organization  that 
CmcAcio:    114(1  Monadnock  Block.  his  later  tests,  which  are  not  yet  finished,  show 
Clevela.xd  :    Cuyahoga  Building.  that  this  method  of  Computation  is  confirmed 
London  Office,  Hastings  House,  Norfolk  St.,  Strand.  i,y   ^^^^   full-size   tests   now   being   made.      His 

■ work   further   confirms    that   of    Consid^re    in 

SUBSCRIPTION  RATES :  certain  respects;  for  example,  the  deflection  of 

United  states,  Canada,  Cu^a  and  Mexico.  ..$3.00  a  year  reinforced   concrete   beams   before   cracking   is 

Foreign  subscription  6.00  a  year  about  ten  times  that  of  a  beam  without  reln- 

^r,  Bhllllngs.            23  marks            .-il  francs.  forcement.   and   the   strength   of  a   beam   rein- 

Foreign  subscriptions  may  bo  sint  to  our  London  office.  ,       .i,      ,      ,        ,        , 

forced  with  steel  rods  whose  cross-section  con- 

■                ~  stitutes  two  per  cent,  of  the  total  section  of  the 

NOTICE  TO  ADVERTISERS.  beam  Is  from  four  to  five  t'mes  that  of  a  plain 

Change  In  advertisements  intended  for  a  particular  concrete  beam. 

Issue  should   reach   the  office  of  The   engineeb.n.;  ^hese  tests  are  being  made  as  a  rule  with 

Record  by   10   A.    M.   Tuesday  of   the   week   of   issue.  °          ,      ^     ,    „    , 

New    advertisements   can    be    received   up    to   noon    of  gO<«J     arch-rlng     concrete     mixed     1:2:4,     With 

Wednesday  of  the  week  of  Issue.  broken    Stone,    although   some   of    the     experi- 

ments   have   been    conducted   with   1:3:6   con- 

„  ,  ^  .  ,.,  .  J  t  u  I  »t  ,.  ,  Crete,  and  in  a  few  cases  the  beams  have  been 
Remittances  should  be  made  by  check,  New  lork  j  j^^  -  ^  ,  i  .  .  . 
draft  or  money  order  In  favor  of  The  Engixeebixc;  ™ade  with  1:5  gravel  concrete.  As  a  rule,  hOW- 
Recokd.  No  responsibility  is  assumed  tor  payments  ever,  the  proportions  first  mentioned  are  em- 
made  otherwise,  except  those  for  subscriptions  to  the  ployed,  as  the  purpose  of  the  tests  is  to  show 
international  News  Company,  London,  or  our  London  ^^^   ^^jj.^^   ^^  ^j^^   ^j^^^^.^  ^^^   ^^^^^   ^^^^   ^^^ 

. structlon,     which    implies    rich    concrete    for 

...      J     .  .V.    »T       1.    1    ij    »  r.».           t!        .,  ,.1  beams.     In  such  beams  the  first  visible  indica- 
Kntered  at  the  New   lork  Post  Office  as  Second  Clas.s 

mall  matter.  t'on  of  failure  has  been  a  tension  craclc  in  the 

Copyright  ino4.  by  iho  Mcfiraw  I'ubllshing  Co.  concrete   at  the   center   of  the   span,   not   due 

to  any  slipping  of  the  plain  bars  emploved  for 

TABLE  OF  LEADING  ARTICLES.  „„,    ,        »       „,..,     .,       ,  .a 

reinforcement.     With  the  lean  concrete,  mixed 

Steel-Concrete  Construction .501  ^ '  ^ '  ^'   ^^''"■"^   ^^^   ^een  due   to  the  slipping  of 

Covering  the  Poughkeepsle  Filters 501  th^  bars  In  the  concrete  near  the  ends  of  the 

The  Lateral  Pressure  of  Granular  Materials..  ..  502  beams,    which   was   naturallv   accompanied    by 

''■^''■1.4\'"al^'yorL'an^Sls''''rIlufs"r''Ited^  '^'"^cks    running    diagonally  "upward    from    the 

The    Turbine    «s    a    Means  of    rtilizing    Exhaust  supports    toward    the    point    of    application    of 

Steam j08  ^jjg   load,   which   was  always  at  the   center   of 

Progress  In  Constnictlon  of    .lerome    Park    Reser-  .i,      .                  „,t,            i            ,                 ^               „    ,         , 

voir.  New  York  City.     (Illustrated)    510  '•he   beam.     The   value   of  some   form    ot   bond 

licneral  Rules  for  Construction  Work,  Illinois  Cen-  or  stirrup  in  such  cases  is  evident.     After  the 

tral  Railroad 513  ,            ..             „     .,         „      ,               ,       .        , 

Kxtenslons   of   Brooklyn  S -werage  System;   Ave-  formation    of    the    first    crack    in    tension    it 

nue  G  Trunk  .Sewer. — 11.     i  lllustra'ted)   515  spreads  upward,  and  the  tensional  strength  of 

.^1  Indestructible  Viaduct 517  the  steel  and  compressive  strength  of  the  con- 

Ihgliwav  Bridges   in   the  Croton    Valley.       (Illus-  .                 v,           U4.    t    t         i             mi,         u           x 

trated) 513  Crete   are    brought   into   play.     The    character 

'J'he  Extension  of  the  Imperial    Hotel.    New    York.  of  the  steel  used  for  the  reinforcement  is  found 

—II.     (Illustrated)    522  ^        a,     ^  ^v.              i^                       ..      •    ,, 

Replacing  a  Lattice  Girder  ISridge  with  Plate  GIr-  *"  ^^^'^^  ^^e  results  very  materially, 

tiers 524  An   interesting  fact  mentioned  by  Professor 

■^  Xel^York  ""iliustSled)"'  ""'  ^^'^"  ^""''^  "'  -,"-,  "^"  respecting  the  behavior  of '  concrete-steel 

Sewage  Disposal  Works  and  Experlmeats  at   An-  beams  under  flexure  IS  that  there  is  a  point  at 

dover.  Mass.     (Illustrated)   526  somewhere  between  a  half  and  a  third  of  the 

Notes    on    the    Sewerage    System    ot    Worcester,  .                .           .,        .    .,.      .                     .          ,  ,  , 

.Mass.     (Illustrated)...... 528  maximum   Strength   of  the  beam  up  to  which 

The  Wood  Block  Roadways  for  the  Williamsburg  the   ratio   of   the   load   and    deflection    remains 

Bridge .  530 

An  Unusually  Heavy  WrecklngCrane.  (iil  us  trated  i  530  "^^'''^     constant.      The     Stress-Strain     diagram 

Book  Notes 531  then  changes  its  shape  until  the  appearance  of 

Tractor  Trains  for  Industrial  Establishments.    (II-  the  flrst  visible  crack.     It  is  this  crack,  and  the 

lustrated) 53'? 

The  Broken  Valve  at  Boonton  Reservoir   ...  i.'!.  532  ^°^^  producing  it,  which  Professor  Hatt  advisea 

■Ihe  I'reservation  ot  Steel  In  Concrete 532  using  in  applying  factors  of  safety  during  com- 

~  putation.     His  experiments  up  to  the  present 

Steel-Concrete  Construction.  time  indicate  that  his  theory,  which  was  ex- 

plained    in    The    Engineering   Record   of   June 

At  the  present  lime  there  is  unquestionably  28,  1902,  is  sufficiently  elastic  to  predict  the  flrst 

more    experimental    work    being   done   in   con-  point   of   change   in   the   stress-strain   diagram 

■crete-steel  investigations  in  the  Central  States  and  the  flrst  visible  crack  of  a  reinforced  con- 

than  elsewhere  in   the  country,   and   it  is'  not  crete    beam    of    really    flrst-class    construction, 

at  all   surprising  that  the  Western   Society  or  Future  experiments  are  to  show  how  well  the 

Engineers   is  now  discussing  the  subject.     At  theory  is  In  accord  with  tests  in  the  case  of 

the   last   meeting   of   this   body   two   very   im-  lean  concrete. 

portant    papers    were    presented,    one    by    Pro-  Professor  Howe's  tests  have  been  made  with 

fessor  Vf^  K.  Hatt  and  the  other  by  Professor  beams  reinforced  by  Johnson  corrugated  bars, 

Malverd   A.   Howe.    "Both   gave  the   results  of  and    their   primary  purpose   was   to   determine 

experimental  work  on  beams  of  large  size,  con-  the  strength  or  full-size  beams  built  by  regular 

ducted  In  a  careful  manner  and  in  accordance  concrete  workers;  it  was  also  decided  somewhat 

with  a  well-laid  program.     It  is  in  work  of  this  later  in  the  investigation  to  measure  the  defloc- 

nature  that  the  most  valuable  engineering  data  tlons  and  the  movement  of  the   neutral   axis, 

must  be  sought,  and  these  two  papers  indicate  The  data  of  these  experiments  are  given  quite 

not   only   what    good    work    their   authors   are  fully  in  the  paper,  but  their  main  value  to  most 

doing,  but  also  the  importance  of  many  more  engineers  is  their  proof  of  the  practical  utility 

investigations  of  this  character.  of  the  formula  for  computing  the  strength  of 

Since    the    Committee    on    Masonry    of    the  concrete-steel  beams  which  was  brought  out  by 

American    Railway    Engineering   and    Mainte-  Mr,  A,  h.  Johnson  several  years  ago  and  is  fully 


explained  in  the  publications  of  the  company  in 
which  he  is  interested. 

The  two  papers  will  rank  very  high  in  the 
literature  of  the  subject  for  years  to  come,  not 
only  on  account  of  their  actual  merit  as  con- 
tributions on  a  branch  of  engineering  which 
will  long  remain  the  subject  of  discussion,  but 
also  because  they  indicate  clearly  the  character 
of  the  experimental  studies  which  must  be 
made  in  great  number  before  concrete-steel  de- 
sign will  be  placed  on  a  really  satisfactory 
basis. 


Covering   the   Poughkeepsie   Filters. 

Ever  since  the  flrst  filter  was  built  in  1872  to 
purify  the  water  supply  of  Poughkeepsie,  en- 
gineers have  manifested  a  great  deal  ot  interest 
in  the  operation  of  those  works.  The  plant  was 
designed  in  a  most  creditable  manner  for  the 
time,  although  it  has  a  number  of  features 
which  are  now  out  of  date.  The  original  filter 
was  supplemented  about  eight  years  ago  by  an- 
other, reducing  the  rate  of  operation  to  a  figure 
corresponding  with  the  best  practice  In  Europe. 
A  number  of  filters  have  recently  been  placed 
in  operation,  and  considerable  curiosity  has 
lately  been  shown  among  those  acquainted 
with  the  plant  concerning  the  opinion  which 
the  manager  would  hold  regarding  it  after 
he  became  well  acquainted  with  the  re- 
suits  obtained  elsewhere,  by  recent  .works.  A 
few  days  ago  Mr.  George  E.  Fowler,  superin- 
tendent of  the  water  department,  submitted  a 
report  recommending  a  number  of  changes  and 
giving  some  information  regarding  the  plant 
which  is  of  general  value.    ■ 

For  some  time  there  has  been  a  leakage 
through  the  walls  of  the  filters,  permitting 
some  of  the  unflltered  water  above  the  sand 
beds  to  enter  the  clear-water  basin.  This  has 
been  slight  in  amount,  but  is  nevertheless  a 
condition  which  demands  remedy.  From  time 
to  time  the  water  has  also  been  In  such  a  con- 
dition that  it  could  not  be  treated  satisfactorily 
on  account  of  the  sediment  it  contained,  for 
there  are  no  settling  basins  connected  with  the 
works.  Mr.  Fowler  believes  that  unaided  sand 
filtration  will  not  accomplish  the  purification 
of  the  Hudson  River  water  at  Poughkeepsie  at 
all  times,  as  when  it  Is  heavily  charged  with 
clay,  as  occurred  during  the  winter  of  1901-2. 
He  doefe  not  suggest  the  introduction  of  a  sedi- 
mentation basin,  but  believes  that  ultimately  it 
may  prove  desirable  to  provide  for  adding  a 
coagulant  at  certain  seasons. 

The  most  interesting  feature  of  his  report  is 
that  which  states  definitely  the  necessity  of 
covering  the  filters.  For  many  years  a  small 
number  of  engineers  have  pointed  to  the  Pough- 
keepsie works  as  a  practical  demonstration  that 
roofs  are  unnecessary  in  a  locality  having  sim- 
ilar weather  conditions.  Mr.  Fowler  states  that 
covers  are  certainly  needed.  He  says  that  it  is 
impossible  to  maintain  the  filters  in  their  pres- 
ent exposed  condition  In  their  highest  efficiency, 
during  either  winter  or  the  hottest  portions  of 
summer.  The  past  winter  has  been  the  most 
difficult  for  the  last  twenty-three  years,  as  re- 
spects Its  effect  on  the  management  of  the 
works.  In  spite  of  the  extreme  cold,  the  man- 
agement was  more  successful  than  ever  before 
in  dealing  with  frozen  sand,  after  they  were 
able  to  get  at  it.  The  trouble  was  in  reaching 
it  through  the  thick  ice  on  the  surface  of  the 
water.  The  filter  surfaces  have  been  in  better 
condition  throughout  the  winter  than  would 
have  been  considered  possible.  Nevertheless,  it 
has  been  Impossible  to  operate  the  works  at 
their  normal  efficiency,  and  the  degree  of  bac- 
terial removal  since  the  beginning  of  the  year 
has  been  under  90  per  cent.,  a  record  which  is 
entirely  too  low  for  safety. 
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At  the  present  time  tbe  leakage  between  the 
filters  and  the  clear-water  basin  involves  an  un- 
necessary expense  tor  pumping,  which  Is  esti- 
mated at  about  9900.  The  cost  ot  removing 
snow  and  ice  between  January  1  and  March  21 
of  this  year  has  been  }2,853,  an  extraordinary 
expenditure,  tuat  may  not  be  necessary  again 
for  many  years.  The  average  during  the  last 
three  years  was  |S42.  It  is  also  estimated  that 
two  cleanings  of  the  sand  per  year  at  a  total 
cost  of  $150  and  the  services  of  a  laborer  at 
1520  would  be  unnecessary  were  the  filters  cov- 
ered. In  round  numbers  the  covering  would  re 
dace  the  expense  of  operation  about  12.412. 
The  expense  of  lining  the  filters  and  con- 
structing a  roof  of  concrete  over  them  has  been 
estimated  by  a  firm  of  conractors  making  a  spe- 
cialty of  concrete  construction  at  $33,468.  In 
addition  to  this  expenditure  the  work  would  re- 
quire 112,000  more  for  removing  and  replacing 
the  filtering  material  and  repairing  the  clear- 
water  basin.  All  told,  about  $45,000  will  be 
needed  to  place  the  works  in  a  satisfactory  con- 
dition. The  interest  on  this  sum  at  4  per  cent, 
is  11,800  per  annum,  a  sum  considerably  less 
>.aan  the  annual  saving  which  the  work  would 
make  possible.  The  report  does  not  state 
whether  these  estimates  make  any  provision  for 
the  introduction  of  regulating  devices  and  other 
modern  Improvements  for  a  careful  control  of 
the  purification  process.  They  indicate,  how- 
ever, that  in  the  opinion  of  Mr.  Fowler,  whose 
expert  management  of  the  plant  for  many  years 
has  been  frequently  mentioned  in  technical  pa- 
pers, the  open  filter  must  be  considered  a  back 
number  in  climates  like  that  of  Poughkeepsie. 

The  importance  of  this  report  can  only  be  ap- 
preciated by  tnose  who  have  been  in  close  touch 
with  the  opinions  regarding  water  purification 
expressed  in  many  parts  of  the  country.  The 
lack  of  covers  on  the  filters  at  Poughkeepsie 
and  Lawrence  has  been  so  often  employed  .as 
an  argument  of  a  practical  nature  against  the 
modem  construction  of  such  works  recom- 
mended by  specialists,  that  Mr.  Fowler's  state- 
ment of  the  money  value  of  roofing,  based  on 
long  experience,  is  most  welcome. 


The    Lateral  Pressure  of   Granular   Ma- 
terials. 


The  lateral  pressure  of  granular  materials, 
particularly  earth  and  grain,  has  been  attract- 
ing much  attention  of  late,  and  the  manner  in 
which  the  subject  is  handled  in  the  United 
States  and  Canada,  as  compared  with  the  treat- 
ment on  the  other  side  of  the  Atlantic,  is  char- 
acteristic of  the  difference  in  the  methods  of 
conducting  enginering  work.  The  technical 
literature  of  Prance,  and  that  of  Germany  even 
more  so,  is  replete  with  articles  on  these  pres- 
sures, but  probably  four-fifth  of  them  are  wholly 
mathematical  in  their  nature.  Most  engineers 
of  a  studious  frame  of  mind  have  examined  at 
one  time  or  another  the  numerous  volumes 
which  make  up  the  Weisbach  handbook  of  en- 
gineering, a  series  of  volumes  which,  in  its 
latest  revised  form,  is  more  of  an  encyclopedia 
than  a  handbook.  In  the  second  of  these  books 
there  is  a  voluminous  discussion  of  the  theory 
of  earth  pressures,  which  is  typical  of  the  treat- 
ment of  the  subject  usually  given  in  Europe. 
The  pressures  exerted  by  earth  are  determined 
partly  by  analytical  methods  and  partly  by  the 
use  of  most  intricate  diagrams.  One  in  par- 
ticular, which  Is  used  early  in  the  discussion  to 
determine  the  general  laws  of  earth  pressures, 
is  a  most  complicated  mass  of  big  circles,  little 
circles,  tangents  and  chords,  seasoned  with  a 
few  ellipses  and  decorated  with  letters  from 
both  ancient  and  modern  alphabets.  It  is  really 
something  of  a  strain  on  the  customary  belief 
in  tbe  direct  and  simple  methods  by  which  Na- 


ture works,  to  assume  that  when  an  earth  bank 
gets  ready  to  slide  any  such  complicated  sys- 
tem of  forces  comes  into  action  as  such  a  dia- 
gram presents. 

In  the  opinion  of  The  Engineering  Record 
there  has  never  t)een  any  analysis  of  the  lat- 
eral pressures  of  granular  materials  which  ex- 
cels In  clearness  and  practicability  that  of  Ran- 
kine.  It  is  based  on  certain  assumptions,  but 
so  is  every  other  mathematical  treatment  of  the 
subject,  and  every  one  of  these  analytical  treat- 
ments is  of  no  practical  value  until  it  is  supple- 
mented with  certain  data  obtained  experimen- 
tally. On  this  account,  without  in  any  way  re- 
fiecting  on  the  utility  of  mathematical  investi- 
gations, it  has  long  seemed  strange  to  many 
practicing  engineers  that  the  subject  was  not 
investigated  on  a  wholly  experimental  basis. 
The  design  of  steel  work  columns  is  now  gen- 
erally based  on  a  straight-line  formula  deduced 
from  the  results  of  experiments,  and  the  same 
is  true  of  the  design  of  cast-iron  columns.  The 
thrust  of  earth  or  grain  against  the  walls  hold- 
ing it  in  place  presents  problems  of  computa- 
tion which  have  the  same  class  of  difliculties  as 
those  connected  with  struts,  and  it  is  high  time 
that  empirical  formulas  were  used  for  these 
pressures.  Very  likely  one  reason  they  have 
not  been  employed  long  before  is  because  it  is 
much  easier  to  work  out  an  analytical  method 
by  making  assumptions  to  get  over  all  the  diffi- 
cult places,  than  it  is  to  conduct  a  series  of 
careful  experiments. 

Fortunately  some  very  valuable  experiments 
have  been  made  lately  in  Canada  by  Mr.  J.  A. 
Jamieson,  and  in  the  United  States  by  Mr.  E.  P. 
Goodrich.  Mr.  Jamieson's  Investigations  were 
made  with  grain  and  have  been  recently  de- 
scribed in  a  paper  read  before  the  Canadian  So- 
ciety of  Civil  Engineers.  Mr.  Goodrich's  in- 
vestigations were  made  with  earth  and  were 
described  in  a  paper  read  before  the  American 
Society  of  Civil  Engineers  on  Wednesday  of 
this  week.  As  both  these  papers  can  be  pro- 
cured from  the  secretaries  ot  the  respective  so- 
cieties, it  is  unnecessary  to  print  an  abstract  of 
them  in  this  journal.  It  might  be  pointed  out, 
however,  that  Mr.  Jamieson  comludes  from  his 
experiments  that  the  intensity  o(  both  the  verti- 
cal and  the  lateral  pressure  produced  l)y  grain 
is  entirely  dependent  on  four  factors;  1,  The  co- 
efllcient  of  friction  between  the  grain  and  the 
walls  of  the  bin;  2,  the  ratio  of  the  breadth  or 
diameter  of  the  bin  to  the  depth;  3,  the  ratio  of 
the  horizontal  area  of  the  column  of  grain  to 
the  area  of  the  walls  of  the  bin;  4,  the  angle  of 
repose  of  the  grain,  or,  what  is  the  same  thing, 
the  ratio  of  the  lateral  to  the  vertical  pressures. 
.Mr.  Goodrich  finds,  from  his  experiments,  that 
in  many  cases  the  resultant  of  the  lateral  pres- 
sures on  a  plane  should  be  applied  at  a  point 
four-tenths  of  its  height  above  the  bottom; 
angles  of  internal  friction  and  not  of  surface 
slope  should  be  used  In  all  formulas  which  in- 
volve the  sliding  of  earth  over  earth. 

The  most  valuable  feature  of  the  experiments 
of  Mr.  Goodrich  are  those  which  demonstrate 
beyond  question  that  investigations  of  this  na- 
ture, to  be  of  practical  value,  must  be  on  models 
of  large  size.  In  the  loading  of  earth,  a  cone  of 
cx>mpre8sed  material  forms  under  the  point 
where  the  load  is  applied  and  an  arch  action 
arises  which  exerts  a  seriously  disturbing  influ- 
ence in  experiments  on  a  small  scale.  His  ex- 
periments show  the  following  facts  of  practical 
value:  1,  With  some  moist  earths,  a  heavy  load 
will  induce  In  the  material  a  possible  develop- 
ment of  excessive  lateral  thrusts  under  subse- 
quent repetition  of  relatively  smaller  loads.  2. 
When  dealing  with  quicksand,  the  problem  is  to 
confine  the  water  which  it  contains  and  account 
need  be  taken  only  of  pure  hydrostatic  pres- 
sures.   8,  The  lateral  thrust  of  new  fills  against 


retaining  walls  decreases  with  time  and  repeat- 
ed aplications  of  the  load.  4,  Neither  saturated 
nor  loose  dry  materials  are  liable  to  exert  the 
greatest  lateral  thrust,  and,  with  slight  satura- 
tion and  rather  moist  condition  the  lateral 
thrust  is  liable  to  be  relatively  small.  5,  When 
dealing  with  clay,  the  problem  is  to  remove  the 
water  which  it  contains  and  guard  against  the 
creeping  of  the  material  under  excessive  loads. 
The  curves  which  show  the  results  ot  Mr. 
Goodrich's  investigations  will  be  found  in  his 
paper  and  a  discussion  of  them  in  this  place  is 
unnecesary.  Valuable  as  the  paper  is,  the  data 
are  far  too  few  to  furnish  a  wholly  satisfactory 
understanding  of  this  Itoportant  subject.  A 
great  deal  of  experimental  work  must  be  done 
with  different  materials  in  a  painstaking  and 
scientific  manner  before  the  engineer  is  in  pos- 
session of  sufficient  information  for  him  to  feel 
confident  that  the  pressures  which  he  assumes 
in  his  calculations  are  really  those  which  are 
the  greatest  that  can  occur.  Fortunately,  the 
main  value  of  Mr.  Goodrich's  paper  lies  in  the 
clear  description  he  gives  of  his  methods  of  ex- 
periment and  of  the  steps  In  the  work  which 
are  most  likely  to  cause  error.  His  assertion 
that  the  results  ot  different  experimenters  did 
not  vary  more  than  ten  per  cent,  from  all 
sources  of  error  inclusive,  is  most  gratifying. 
When  engineers  are  able  to  compute  the  maxi- 
mum lateral  pressure  on  a  retaining  wall  with- 
in ten  per  cent,  of  its  correct  amount,  they  will 
be  far  within  the  limits  necessary  for  practical 
purposes.  At  the  present  time  it  makes  no  dif- 
ference in  the  condition  ot  our  knowledge  ot 
this  subject  whether  the  lateral  thrust  in  dry 
materials,  differing  only  in  size  of  particle, 
varies  as  the  ordinates  to  a  lituus  or  any  other 
curve.  The  experimental  data  are  too  few  to 
make  it  worth  while  paying  much  attention  to 
such  a  refinement.  It  is  enough  to  know  that 
there  is  a  variation,  and  what  we  most  desire 
are  results  ot  a  great  many  more  experiments 
showing  more  completely  the  variations  in 
question  with  all  classes  ot  material  with  dif- 
ferent degrees  of  moisture  in  them.  Such  ex- 
periments are  not  particularly  difficult  to  carry 
on  and  it  might  be  well  for  the  heads  ot  en- 
gineering departments  in  our  technical  schools 
to  direct  the  attention  ot  members  of  their 
graduating  classes  to  them. 


Notes   and  Comments. 


Water  Purification  at  St.  Louis  has  recently 
been  very  difficult  on  account  ot  the  amount  of 
silt  in  the  raw  river  water,  which  reached  6,000 
parts  per  million.  The  water  is  clarified  by 
sedimentation,  and  recently  coagulation  has 
also  been  tried.  Sulphate  ot  iron  and  lime  have 
been  used.  At  first  there  was  trouble  in  the 
details  of  the  process,  but  more  recently  this 
has  been  overcome.  The  chemicals  are  now 
added  at  the  rate  ot  2  grains  ot  sulphate  of 
iron  and  6  grains  of  lime  to  the  gallon,  while 
at  East  St.  Louis  the  same  water  is  being  dosed 
with  10  grains  of  alum  and  II/2  grains  ot  lime, 
with  results  which  are  reported  to  be  less  satis- 
factory. 


The  Height  of  Buildings  in  Paris  is  gov- 
erned by  regulations  Issued  on  August  12,  1902. 
It  is  apparent  that  the  Inspectors  have  recently 
forgotten  them,  for  a  recent  number  of  the 
"Annales  des  Ponts  et  Chauss6es"  calls  official 
attention  to  them.  They  limit  the  height  of 
buildings  on  public  streets  in  accordance  with 
the  width  of  the  streets.  Where  this  width  is 
less  than  12  meters,  the  height  of  the  buildings 
from  the  sidewalk  to  the  middle  point  of  the 
top  of  the  facade  must  not  exceed  the  street 
width  by  more  than  6  meters.  On  streets  wider 
than  12  meters,  the  height  of  buildings  must 
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not  exceed  18  meters,  plus  one-fourth  of  the  ex- 
cess of  the  street  width  over  12  meters,  pro- 
vided that  in  no  ease  shall  the  height  exceed  20 
meters.  Manifestly,  the  sky-scraper  Is  not  de- 
sired in  the  French  capital. 


I 


A  Coal  Bunkeb  Fike  that  was  de.structive  to 
the  bin  is  i-eported  by  the  Boston  Manufactur- 
ers' Mutual  Fire  Insurance  Company.  The  bin 
consisted  of  a  poclcet  blasted  out  of  a  ledge  back 
of  the  boiler  house,  where  the  coal,  delivered 
from  an  overhead  trestle  90  feet  north  of  the 
boiler  house,  piled  up  25  feet  high  against  the 
brick  wall  of  the  building.  The  wall  was  re- 
inforced with  steel  I-beams,  built  into  it  6  feet 
apart,  and  the  tops  of  the  beams  were  anchored 
to  the  ledge  at  the  rear  by  IVi-inch  iron  rods. 
The  most  serious  part  of  the  fire  was  in  the 
deepest  part  of  the  pile,  close  to  the  wall,  and 
finally  the  anchor  rods  gave  way.  This  al- 
lowed the  wall  to  bulge  Inward  several  Inches 
in  places,  and  a  section  86  feet  long,  averaging 
36  feet  high,  will  have  to  be  rebuilt. 


The  Fikst  Main-Line  Electric  Trains  on  a 
steam  railway  were  put  In  regular  service  on 
March  29,  between  the  Central  Station  and  Ben- 
ton, on  the  North  Eastern  Railway,  and  this 
company  has  thus  won  In  Its  race  with  the  Lan- 
cashire &  Yorkshire  Railway  for  this  honor. 
The  North  Eastern  Railway  buys  Its  current 
from  the  Newcastle-on-Tyne  Electric  Supply 
Company.  The  original  voltage  is  6,000  volts, 
which  Is  reduced  at  substations  to  600  volts  for 
the  third-rail  conductors.  The  section  of  road 
to  be  operated  electrically  Is  37  miles  long,  with 
double  and  quadruple  tracks,  and  when  every- 
tnlng  Is  working  smoothly  It  is  expected  that 
the  run  from  Newcastle  to  Tynemouth  will  be 
reduced  from  35  to  23  minutes  for  local  trains, 
and  to  15  minutes  for  express  service.  Three- 
ear  trains  are  now  in  use  on  the  Central  Sta- 
tion-Benton  section,  a  distance  of  four  miles, 
and  the  running  time  is  eleven  minutes,  in- 
cluding several  stops. 

The  Flood-Damaged  Lands  in  the  Kaw  River 
valley  have  been  investigated  by  the  U.  S.  De- 
partment of  Agriculture  and  it  is  interesting  to 
)earn  that  forestry  is  recommenaed  as  the  rem- 
edy for  the  damages  done  last  year.  About 
5,000  acres  of  plowland  were  covered  so  deeply 
with  sand  as  to  be  worthless  for  agriculture  for 
years  to  come,  and  these.  It  is  suggested,  should 
be  planted  with  cottonwood  saplings,  about  1,- 
200  to  the  acre.  In  twenty  years  the  trees  may 
be  cut  for  saw  logs.  The  land  from  which  the 
fertile  soil  has  been  partly  eroded  may  be  plant- 
ed with  black  walnut  and  hardly  catalpa.  1,300  to 
1,800  seedlings  to  the  acre.  These  trees  will 
not  be  successful  if  there  Is  more  than  two  feet 
of  sand  over  the  soil.  Much  of  the  land  which 
had  several  feet  of  surface  soil  eroded  and  was 
then  covered  with  silt  can  be  built  up  by  plant- 
ing it  with  willows  and  cottonwoods.  In  places 
where  the  flood  left  vertical  banks,  the  Depart- 
ment's advice  is  to  slope  the  banks  and  plant 
them  In  willows,  tying  the  poles  two  feet  apart 
with  woven  fence  wire,  which  will  hold  them 
in  place  even  if  there  is  considerable  sliding  of 
the  banks.  Work  to  reclaim  these  lands  should 
begin  at  once,  if  the  former  fertility  is  to  be  re- 
stored. The  immediate  returns  from  the  work 
will  be  small,  but  after  half  a  dozen  years  some 
Income  should  be  obtained.  The  cottonwood  Is 
the  best  fnsl  tree  In  the  Middle  West,  and  cat- 
alpa plantations  In  Kansas  yield  six  per  cent. 
Interest  on  land  and  labor,  and  about  $10  a  year 
profit  per  acre. 


Seismographs  to  the  Measurement  of  the  Vibra- 
tion of  Railway  Carriages."  It  Is  with  only  a 
moderate  degree  of  surprise  that  the  public  will 
learn  of  the  value  of  instruments  designed  to 
measure  earthquakes,  for  determining  the  vi- 
brations of  railway  cars.  Most  of  us  have  held 
the  opinion  that  the  jolts  and  shakes  felt  In 
railway  traveling  were  perhaps  somewhat  men- 
tal, as  well  as  physical,  and  the  fact  that  we 
expected  to  be  shaken  about  may  have  pro- 
duced those  sensations  to  a  certain  extent.  Now 
this  Japanese  scientist  tells  us  that  the  sensa- 
tions are  very  real,  after  all,  and  that  the  in- 
strument that  detects  the  tremor  of  earthquakes 
Is  also  useful  in  measuring  those  untrammeled 
leaps  of  the  dining  car,  which  guide  the  fork 
of  the  unwary  traveler  Into  his  eye  and  deposit 
his  coffee  equally  over  his  chin  and  necktie. 
With  the  aiu  of  his  earthquake  instruments, 
Mr.  Omori  has  examined  the  vibrations  in  dif- 
ferent classes  of  rolling  stock  on  several  lines  of 
railway  In  different  physical  conditions.  His 
results  are  given  in  great  detail,  with  several 
plates  and  many  tables,  and  probably  form  the 
first  scientific  investigation  on  a  large  scale  of 
a  subject  which  is  bf  Immediate  importance  to 
car  builders  and  tra,flBe  oflScials  the  world  over. 
1  he'  pamphlet  can  doubtless  be  obtained  from 
the  Committee,  which  has  its  offices  in  Tokyo. 


The  Specific  Heat  of  Steam  when  superheat- 
ed has  never  been  accurately  determined,  and 
for  this  reason  it  Is  gratifying  to  learn  from 
"Engineering"  that  some  careful  investigations 
to  determine  it  are  being  made  at  the  National 
Physical  Laboratory.  Teddington.  with  the 
financial  assistance  of  the  Manchester  Steam 
Users'  Association.  The  determinations  made  by 
Grindley  and  by  Griesmann  were  some  two  per 
cent,  apart,  while  Regnault's  experiments  were 
conducted  on  a  very  small  scale.  The  present 
investigation  is  In  charge  of  Dr.  Harker  and 
Mr.  Jakeman.  Steam  is  generated  In  a  gas- 
heated  boiler  and  passed  through  a  large  drum 
and  separator  into  a  horizontal  superheater 
pipe,  which  contains  about  thirty  feet  of  very 
thin  nickel-steel  tape.  An  electric  current  at 
100  volts  can  be  sent  through  this  resistance 
tape,  and  the  steam  heated  thereby;  the  tem- 
perature generally  used  is  about  165  degrees 
Centigrade,  although  as  high  as  300  degrees  has 
been  reached.  Electric  thermometers  have  been 
inserted  at  the  ends  of  the  superheater,  which 
is  lagged  with  mica  and  asbestos,  and,  It  might 
be  added,  experiments  on  laggings  will  form 
part  of  the  investigation.  The  steam  finally 
passes  into  a  condenser  through  a  stuffing  box, 
the  apparatus  being  designed  for  a  capacity  of 
eighty  pounds  of  steam  per  hour.  The  import- 
ance of  such  experiments  at  this  famous  re- 
search laboratory  Is  very  great,  and  It  Is 
worthy  of  note  that  a  private  company  Is  sup- 
plying part  of  the  funds,  just  as  In  the  United 
States  the  most  Important  investigation  of 
superheated  steam  yet  undertaken  In  this  coun- 
try is  being  carried  on  at  the  expense  of  a  pri- 
vate corporation.  Such  expensive  experimental 
work  emphasizes  what  this  journal  has  often 
asserted  of  late,  that  many  of  the  most  Impor- 
tant engineering  data  are  obtained  by  engineers 
in  the  employ  of  great  manufacturing  com- 
panies, and  the  time  has  gone  by  when  the  In- 
dependent engineer  can  afford  to  belittle  the 
scientinc  work  of  this  nature. 


The  Japanese  Imperial  Earthquake  Investi- 
gation Committee  has  recently  published  a 
highly  interesting  pamphlet  by  one  of  its  mem- 
bers,  Mr.   F.   Omori,   entitled   "Application   of 


The  Durability  of  Paint  on  the  steel  fram- 
ing of  buildings  is  a  subject  which  ought  to  re- 
ceive the  careful  attention  of  the  engineers  and 
architects  of  Baltimore.  It  is  probable  that  not 
for  many  years  to  come  will  it  be  possible  to 
see  the  results  of  so  many  and  diversified  tests 
of  the  preservation  of  steel  by  paint  as  the 
stripping  of  the   framing    of    the    Baltimore 


buildings  affords.  These  buildings  were  put  up 
at  different  dates  and  painted  In  the  regular 
trade  manner  of  their  period,  without  any  ex- 
pectation that  a  great  conflagration  would 
uncover  their  steel  skeletons  and  permit  a  care- 
ful examination  of  their  condition  to  be  made. 
A  great  deal  has  been  said  about  the  lessons  of 
this  fire  respecting  steel,  concrete,  terra-cotta 
and  building  stones,  but  the  very  Important  in- 
formation to  be  learned  concerning  the  protec- 
tion of  the  steel  surfaces  by  paint  seems  to  be 
overlooked.  This  Is  all  the  more  surprising  be- 
cause the  feature  of  high  building  construction 
which  now  arouses  most  discussion  is  the  char- 
acter and  durability  of  the  various  methods  of 
painting  the  skeletons  of  such  buildings.  In 
the  case  of  at  least  one  building  In  Baltimore 
the  results  are  highly  gratifying.  This  is  the 
Union  Trust  Building,  built  in  1897-98,  which 
was  exposed  to  most  severe  heat,  as  previously 
explained  in  The  Engineering  Record.  The 
steelwork  was  designed  by  Messrs.  Purdy  & 
Henderson,  and  was  painted  once  In  the  shop 
and  twice  after  erection  with  what  Is  known  In 
the  trade  as  "No.  30  Superior  Graphite"  paint, 
which  Is  regularly  employed  by  these  engi- 
neers in  their  work  of  this  nature.  The  steel 
Is  being  stripped  of  Its  protective  terra-cotta 
and  other  coverings  and  about  a  third  of  It  Is 
now  exposed.  Although  these  surfaces  which 
are  now  open  to  examination  were  subjected  to 
great  heat,  the  paint  remains  glossy  and  elastic. 
A  few  rivet  heads  show  rust,  but  they  are  al- 
ways likely  to  do  so  on  account  of  the  scale 
which  adheres  to  them  after  being  driven,  and 
their  condition  is  unimportant.  Practically 
speaking  the  paint  remains  as  serviceable  to- 
day as  when  applied  six  or  seven  years  ago. 


The  Summer  School  for  Artisans  at  the 
University  of  Wisconsin,  one  of  the  most  in- 
teresting educational  novelties  Introduced  by 
the  late  Professor  J.  B.  Johnson,  will  begin  its 
fourth  annual  session  about  June  27.  Profes- 
sor Johnson  was  one  of  the  first  instructors  in 
engineering  schools  to  appreciate  the  full  sig- 
nificance of  the  rapid  growth  of  correspondence 
schools.  Instead  of  ridiculing  them,  he  com- 
mended their  good  features  and  suggested 
methods  of  improving  their  early  defects.  The 
artisans'  summer  school  arose  from  his  investi- 
gation of  correspondence  instruction  and  was 
designed  to  supplement  it  to  some  extent  by 
opening  to  those  having  suflicient  theoretical 
knowledge  all  the  laboratories  of  a  great  engi- 
neering college  and  giving  to  workingmen  for 
a  few  months  the  advantages  of  study  and  ex- 
periment under  the  direct  supervision  of  the 
faculty.  The  directors  of  correspondence 
schools  are  generally  in  sympathy  with  this 
summer  school,  and  a  large  number  of  the 
students  have  had  correspondence  Instruction. 
Last  year  the  students  came  from  twelve  States 
and  included  machinists,  electricians,  station- 
ary engineers,  ere3ting  engineers,  carpenters 
and  central  station  engineers.  Five  courses  are 
offered,  in  steam  and  gas  engines,  applied  elec- 
tricity, drafting  and  machine  design,  engineer- 
ins  materials,  and  shop  work.  The  require- 
ments for  admission  do  not  extend  beyond  a 
working  knowledge  of  English  and  arithmetic, 
but  the  policy  is  to  allow  a  large  amount  of  in- 
dividual work  so  that  the  student  may  take  ad- 
vantage of  all  the  preparation  he  has  obtained. 
The  school  Is  conducted  at  the  expense  of  the 
State  of  Wisconsin,  and  It  Is  estimated  that  the 
entire  outlay  for  attendance  during  the  six 
weeks'  term.  Including  reasonable  living  ex- 
penses and  all  school  fees,  need  not  exceed 
fifty  dollars.  So  far  as  The  Engineering  Rec- 
ord can  learn,  the  school  Is  filling  a  hitherto  va- 
cant field  in  a  quiet  and  efficient  manner,  and 
has  justified  the  Ideas  of  Us  lamented  founder. 
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The   Atlanta    Water    &    Electric    Power 
Company's  Plant  at  Morgan  Falls. 

An  extensive  hydroelectric  power  plant 
near  Atlanta.  Ga.,  which  has  been  under  con- 
strucUon  for  a  little  less  than  two  years,  is  now 
nearlng  completion.  The  plant  comprises  a 
large  masonry  dam,  a  fireproof  power  house 
equipped  with  horizontal  turbines  and  large  al- 
ternating-current generators,  and  a  high-volt- 
age transmission  line.  The  dam  and  power 
bou8«  are  situated  on  the  Chattahoochee  River 
about  16  miles  due  north  of  the  center  of  the 
city,  where  a  favorable  site  was  found. 

This  water-power  development  is  designed  to 
produce  electricity  for  use  in  the  city  of  At- 
lanta. For  a  number  of  years  the  availability 
and  value  of  this  power  has  been  apparent,  and 
the  sole  ownership  of  these  water-power  rights 
are  now  the  property  of  the  Atlanta  Water  & 
Electric  Power  Company.  The  final  investiga- 
tion and  report  on  the  features  of  the  project 
were  made  in  March,  1902.  An  examination  of 
the  proposed  site  of  the  dam  at  once  showed 
the  feasibility  of  erecting  a  dam  of  stable  char- 
acter. The  land  rises  abruptly  on  each  side  of 
the  river,  forming  solid  walls  of  rock,  the  river  t, 
being  shallow  and  showing  solid  ledge  rock 
bottom.  There  are,  also,  ample  quarries  close 
by  for  securing  stone  for  masonry.  Drawings 
and  photographs  which  are  reproduced  here- 
with show  the  principal  features  of  the  plant 
and  the  methods  and  progress  of  construction, 
as  well  as  the  natural  character  of  the  site. 

Atlanta  is  the  fourth  city  in  size  south  of  the 
Ohio  and  Potomac  rivers,  the  first  three  cities 
being  New  Orleans.  Louisville  and  Memphis. 
The  population  of  the  city  of  Atlanta,  within 
a  radius  of  2%  miles,  is  about  120,000.  The 
growth  and  industrial  development  of  this  city 
within  the  past  few  years  has  been  exception- 
ally large.  An  accompanying  general  map 
shows  the  relation  of  the  dam  site  to  the  city 
and  the  location  of  the  transmission  line.  A 
contract  has  been  made  with  the  Georgia  Rail- 
way &  Electric  Company  for  the  entire  avail- 
able power  that  can  be  developed  from  the  river 
at  this  point,  thus  assuring  a  paying  market  for 
the  output  of  the  plant  from  Its  initial  opera 
tion. 

At  a  point  on  the  Chattahoochee  River  locally 
known  as  Bull  Sluice,  and  now  more  generally 
known  as  Morgan  Falls,  about  16  miles  from 
Atlanta,  the  company  has  erected  a  masonry 
dam  about  900  feet  long  and  50  feet  high,  and 
constructed  a  power  house  containing  a  hydrau- 
lic and  electric  plant.  From  this  point  it  is 
constructing  a  high-tension  pole  transmission 
line  to  the  city  limits  of  Atlanta  joining  an  un- 
derground transmission  line  of  the  Georgia 
Railroad  ft  Electric  Company,  which  line  ex- 
tends from  the  city  limi^  to  the  sub-station  of 
the  latter  company  on  Thurmond  Street  in  the 
city.  A  large  portion  of  the  overhead  transmis- 
sion line  is  located  upon  a  private  right-of-way 
belonging  to  the  power  company. 

Dam. — The  construction  of  the  dam-  has  been 
executed  by  Messrs.  Smith  ft  Hardaway,  sub- 
contractors for  the  S.  Morgan  Smith  Company. 
York,  Pa.,  general  contractors,  supervised  by 
Mr.  William  H.  Cushman,  engineer  for  the  S. 
Morgan  Smith  Company,  and  under  the  general 
direction  of  Westlnghouse,  Church,  Kerr  ft 
Company,  New  York,  engineers.  Messrs.  John 
Bogart,  New  York;  William  De  la  Barre,  St. 
Paul,  Minn.,  and  George  B.  Francis,  New  York. 
have  acted  as  consulting  engineers  on  various 
features  of  the  design  and  Installation. 

The  dam  is  founded  on  ledge  rock  for  its  en- 
tire length  and  width  and  abuts  against  ledge 
rock  at  its  ends  for  its  full  height.  The  rock 
is  a  very  hard  gneiss  and  the  formation  Is  un- 
usually fortunate  for  dam  construction.     The 


stratification  and  natural  cleavage  is  such  as  to 
form  a  saw-tooth  surface  on  which  to  place  the 
masonry  of  the  dam,  giving  a  positive  guaran- 
tee against  slipping  in  time  of  abnormal  pres- 
sure. One  of  the  phatographs  looking  westerly 
shows  the  site  of  the  dam  before  construction 
had  commenced;  the  east  bank  is  of  similar 
character,  as  is  shown  Incidentally  in  a  number 
of  the  views  taken  during  the  construction  of 
the  work. 

The  dam  is  divided  into  two  main  portions: 
one,  a  rollway  portion,  extending  from  the  abut- 
ment on  the  west  side  of  the  river  for  a  length 
of  700  feet;  the  other,  the  bulkhead  portion,  ex- 
tending from  the  east  abutment,  a  length  of  200 
feet  and  joining  the  rollway  portion.  The  dam 
is  built  on  a  straight  line  from  abutment  to 
abutment  and  at  right  angles  to  the  channel  of 
the  river  at  its  site.  The  rollway  portion  is  of 
uniform  section  with  a  nearly  vertical  upstream 
face  and  an  ogee  downstream  face.  This  sec- 
tion has  a  total  width  of  64  feet  at  the  base  in- 
cluding the  toe  of  the  dam;  is  43  feet  through 
at  the  base  of  the  main  prism,  eliminating  the 
curved  toe,  and  15  feet  through  on  a  line  8 
feet  down  from  the  top,  that  Is,  on  a  line  at  the  ■ 
base  of  the  curved  crest. 


the  adjacent  portions  of  the  bulkhead  with 
21/j-lnch  steel  dowels.  The  gap  in  the  rollway  is 
now  nearly  closed. 

The  downstream  toe  abuts  against  the  ledge 
rock  for  a  minimum  vertical  height  of  5  feet, 
and  in  some  places  more.  The  upstream  face  o£ 
this  rollway  section  is  built  of  rubble  masonry 
laid  in  Portland  cement  mortar.  The  down- 
stream, or  ogee,  face  is  of  Portland  cement  con- 
crete troweled  to  a  smooth  surface  nearly 
granolithic  in  its  character.  The  body,  or 
hearting,  of  the  dam  is  of  cyclopean  masonry, 
constructed  of  blocks  of  ledge  rock  laid  in  Port- 
land cement  concrete  of  broken  stone,  no  two 
pieces  of  rock  touching  each  other,  and  all  laid 
in  a  perfectly  solid  monolithic  manner.  The 
entire  ledge  at  the  base  was  cleared  of  all  earth 
and  gravel  and  after  all  loose  rock  was  removed, 
was  washed  entirely  clean  before  the  dam  con- 
struction  was  started. 

The  method  of  constructing  the  rollway  part 
of  the  dam,  the  forms  for  the  concrete  facing 
on  the  downstream  side,  the  character  of  the 
cyclopean  masonry  and  the  profile  boards  for 
the  crest,  as  well  as  the  shape  and  finish  of  a 
completed  portion,  are  clearly  shown  in  a  num- 
ber  of   the   accompanying  views.     In   building 


Atlanta  Power  Plant:    The   Dam  Site   at  Morgan  Falls,   Looking  West. 


The  cross-section  of  the  rollway  is  shown  by 
one  of  the  accompanying  drawings.  Its  crest  is 
48  feet  above  the  level  ol  low  water  in  the  tail- 
race,  being  at  elevation  858.  The  profile  may  be 
described  as  follows:  Below  elevation  856  the  up- 
stream face  is  built  to  a  batter  of  0.20.  Above 
this  there  Is  a  bevel  3%  feet  long  horizontally 
ending  at  elevation  858;  beyond  the  bevel  the 
crest  is  a  circular  arc  of  72  degrees  5  minutes 
45  seconds  having  a  radius  of  9.87  feet,  which 
extends  down  to  elevation  852.37,  from  which 
level  to  elevation  827.17  the  downstream  face 
is  built  to  a  batter  of  0.475;  below  the  last- 
named  elevation  the  toe  of  the  dam  is  curved  lo 
a  radius  of  30  feet,  the  arc  being  54  degrees  85 
minutes  and  30  seconds  tangent  to  the  batter 
and  to  the  horizontal.  During  construction  a 
portion  of  the  rollway  at  the  river  channel  was 
kept  low  in  order  to  pass  the  waters  of  fresh- 
ets and  eight  temporary  waterway  openings  17 
feet  wide,  below  elevation  825,  which  is  33  feet 
below  the  top  of  the  rollway,  were  left  through 
the  bulkhead.  These  openings  will  be  filled 
with  masonry  dowelled  to  the  ledge  rock  and  to 


the  upper  part  of  the  rollway  the  cyclopean 
masonry  was  brought  to  conform  roughly  to  the 
cross-section  of  the  crest  and  then  the  exact 
shape  was  worked  out  in  the  concrete.  One  of 
the  pictures  also  shows  the  west  abutment  of 
the  dam  and  the  character  of  the  ledge  rock 
into  which  it  .is  bonded. 

The  proportions  of  the  concrete  for  the  heart- 
ing are  1  part  Lehigh  Portland  cement,  2i^  parts 
sand  and  5  parts  crushed  stone. ,  The  ingredi- 
ents were  mixed  in  cubical  concrete  mixers, 
made  by  the  Thomas  Carlin's  Sons  Company,  oi; 
Allegheny,  Pa.,  on  the  east  side  of  the  river, 
and  transported  in  large  buckets  to  the  point 
of  deposit  by  overhead  cableways,  three  of 
which,  made  by  the  Trenton  Iron  Company  and 
(he  Lidgerwood  Manufacturing  Company, 
span  the  entire  river.  The  proportions 
of  the  concrete  for  the  outer  face  of  the  dam,  1 
foot  or  more  in  thickness  are  1  part  Portland 
cement,  2  parts  sand  and  4  parts  broken  stone. 
The  mortar  for  the  outer  portion  of  the  smooth 
downstream  face  was  mixed  in  the  proportions 
of  1  part  Portland  cement  and  2  parts  sand,  and 
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this  was  put  on  in  connection  with  the  building 
up  of  the  underlying  concrete. 

The  concrete  mixer  Installation,  the  derricks, 
and  the  railways  for  conveying  the  concrete  and 
materials  are  well  shown  in  several  of  the  pho- 
tographs and  the  convenient  proximity  of  the 
quarries  supplying  the  stone  is  indicated.  The 
cement  storehouses  and  the  camp  for  the  work- 
men are  also  shown.  There  is  some  variety  in 
the  cableways.  They  are  fitted  principally  with 
the  Miller  fall  rope  carrier  and  operated  mostly 
with   Lidgerwood  hoisting  engines. 

The  ledge  rock  placed  in  the  hearting,  and 
used  for  the  upstream  face,  was  taken  from 
quarries  on  each  side  of  the  river  immediately 
above  the  dam,  and  transported  to  the  point 
of  deposit  upon  temporary  railways  built  tor 
the  purpose.  The  sand  used  for  the  mortar  was 
nearly  all  taken  from  the  bed  of  the  river  by 
a  dredger,  at  a  point  about  2,000  feet  below  the 
site  of  the  dam  and  was  of  excellent  quality. 

The  bulkhead  portion  of  the  dam,  through 
which  are  the  penstocks  and  waste  pipes  and 


of  solid  ledge  rock.  The  draught  tubes  are  10 
feet  in  diameter  for  the  large  wheels,  3  teet  In 
diameter  for  the  small  wheels  and  are  hung 
from  the  masonry  above. 

The  power-house  building  is  196  feet  long,  40 
teet  wide  and  28  feet  9  inches  from  floor  to  un- 
der side  of  trusses,  all  inside  dimensions,  lias 
brick  walls,  steel  and  concrete  roof,  and  is 
fireproof  throughout. 

Many  features  of  the  bulkhead  for  the  dam 
and  of  the  power  house  are  shown  in  the  cross- 
section  and  a  number  of  the  views.  The  power- 
house floor  is  29  feet  below  the  top  of  the  roll- 
way. 

Work  on  the  dam  was  started  in  September, 
1902.  The  river  was  turned  through  the  tem- 
porary openings  under  the  bulkhead  in  Novem- 
ber, 1903.  At  this  time,  April,  1904,  the  clos- 
ure section  in  the  channel  of  the  river  Is  nearly 
completed.  Stops  are  to  be  placed  on  the  up- 
stream face  of  the  bulkhead  to  close  the  tem- 
porary waterway  openings,  and  these  openings 
will  then  be  permanently  filled  with  masonry 


engineer  and  with  private  telephone  commuul- 
cation  with  the  Atlanta  sub-station.  The  inside 
finish  of  the  building  Is  attractive,  the  switch- 
board gallery  being  faced  with  white  enameled 
brick,  fitted  with  neat  iron  stairways  and  rail- 
ings, and  all  walls  and  machinery  being  painted 
in  a  finished  manner. 

There  are  seven  main  turbines,  each  direct- 
coupled  to  a  1,500-kiIowatt  Westinghouse  gene- 
rator operating  at  I&IV2  revolutions  per  min- 
ute. Five  units  are  sufficient  to  develop  the 
average  available  power,  leaving  two  units  for 
surplus  power  and  as  a  relay,  permitting  re- 
pairs on  one  or  more  units  without  in  any  way 
interfering  with  the  operation  of  the  plant. 
Each  main  turbine  is  built  up  with  two  wheels 
operating  on  one  shaft,  each  pair  developing 
about  2,400  horse-power  under  a  working  head 
of  48  feet,  with  an  efficiency  of  not  less  than 
80  per  cent.  The  regulating  gates  are  of  the 
cylinder  pattern,  operated  by  a  system  of  gear- 
ing and  hydraulic  control  through  an  ElUcott 
speed  governor. 


Atlanta  Power  Plant:   General  View  of  Dam  during  Construction,  Showing  Construction  Plant,  Quarry  and  Railroads;  Looking  East. 


temporary  waterway  openings,  is  raised  10  feet 
higher  than  the  rollway  portion,  and  is  but- 
tressed on  the  downstream  side  by  the  piers, 
which  support  the  power  house.  These  piers 
are  5  feet  thick  and  e.xtend  the  entire  width  of 
the  building.  Between  these  piers  are  the  tail- 
races.  The  masonry  of  the  bulkhead  is  of  the 
same  class  as  the  rollway  portion,  though,  ow- 
ing to  the  many  openings,  a  very  much  larger 
percentage  is  of  concrete.  On  the  upstream 
side  of  the  bulkhead  are  located  the  "trash  racks 
and  gates. 

The  penstocks  for  the  main  wheels,  seven  in 
number,  ar-s  12  feet  in  diameter  and  are  made 
of  steel  plates  5-16  inch  thick.  The  penstocks 
for  the  two  exciter  wheels  are  3  feet  in  diam- 
eter, and  the  steel  Is  3-16  inch  thick.  Near  the 
center  of  the  bulkhead  is  a  waste  pipe  6  feet 
in  diameter,  and  at  the  end  of  the  bulkhead, 
near  the  rollway  section,  are  two  more  waste 
pipes  6  feet  in  diameter.  The  tailrace  below 
the  blukhead  and  power  bouse  is  excavated  out 


in  such  a  manner  as  to  thoroughly  incorporate 
the  closure  masonry  with  the  main  bulkhead 
masonry. 

Power  House  and  Hydraulic  Equipment. — 
The  S.  Morgan  Smith  Company  has  furnished 
and  installed  all  hydraulic  equipment  and  has 
constructed  the  power  house  and  its  accessories 
in  acordance  with  designs  and  plans  approved 
by  Westinghouse,  Church,  Kerr  &  Company. 

The  power-house  building  is  ^  substantial 
structure  of  attractive  architectural  appearance, 
rising  above  the  tailrace  openings.  Construc- 
tion that  is  fireproof  is  an  important  feature. 
No  fire  insurance  will  be  required,  thus  saving 
this  operating  expense.  The  walls  are  of  brick, 
laid  in  Portland  cement  mortar.  The  roof  is  of 
Portland  cement  and  cinder  concrete  rein- 
forced with  steel  and  supported  upon  steel 
trusses.  The  floor  is  of  concrete  with  a  neat 
finish  of  Portland  cement  granolithic.  The 
building  is  equipped  with  closets  and  toilet  con- 
veniences, also  with  an  office  for  the  operating 


There  are  two  smaller  turbines  each  direct- 
coupled  to  a  150-kiIowatt  direct-current  West- 
inghouse generator  operating  at  450  revolutions 
per  minute  for  exciting  the  fields  of  the  main 
generators  and  for  lighting  the  premises.  Either 
exciter  Is  of  sufficient  capacity  to  operate  the 
entire  plant,  the  other  exciter  serving  as  a 
spare  unit. 

The  turbines  were  built  and  erected  by  the 
S.  Morgan  Smith  Company.  The  head  gate  in 
front  of  each  supply  pipe  is  hand  operated  by  a 
worm-geared  gate  hoist.  Trash  racks  are 
placed  In  front  of  each  gate.  Floating  caissons 
are  provided  for  shutting  off  the  water  In  front 
of  any  rack,  thereby  enabling  repairs  to  be 
made  to  the  head  gates  and  trash  racks.  The 
bottoms  of  the  trash  racks  are  at  elevation  840 
and  the  bottoms  of  the  inlet  ends  of  the  pen- 
stocks are  at  elevation  836.5,  as  shown  in  the 
cross-section  through  the  power  house.  An  air 
vent  extends  from  the  top  of  each  penstock  to 
the  top  of  the  bulkhead  masonry  and  is  covered 
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witk  m  cap.  as  is  alao  indicated  in  the  drawing. 

On  the  downatreun  side  of  the  power  house 
proTtatOB  is  made  whereby  stop  loss  can  be 
readily  placed  in  position  for  shuttinx  the  water 
out  of  the  wheelpits  for  the  purpose  of  inspec- 
tion or  repairs  of  the  draft  tubes  and  founda- 
tions. Special  care  has  been  taken  to  provide 
■aflcieat  means  for  effecting  Quiclc  inspection 
aad  repair  of  all  working  parts  of  the  plant. 
Orwkead  Whiting  Foundry  Equipment  Com- 
pUT's  traTeling  cranes  of  ample  capacity  to 
haadia  the  baaTlest  piece  of  machinery  are  pro- 
Tidad  to  tadlitate  the  making  of  repairs  quickly 
and  with  a  minimum  operating  force  of  men. 
One  2&-ton  overhead  crane  is  placed  inside  the 
bvllding.  traveling  the  entire  length  of  the 
D.  and  equipped  also  with  an  auxiliary  high- 
1-ton  hoist  for  handling  small  parts 
qnickly.  An  overhead  traveling  crane  of  3  tons 
capacity  is  provided  outside  the  power-house 
balMiag  for  handling  the  parts  of  the  water 
wkaals  through  large  manhole  openings  in  the 
wheel  cases.  This  crane  travels  with  one  track 
resting  on  the  upstream  side  of  the  power-house 
ballding  and  the  other  track  resting  upon  the 
battraaaea  of  the  bulkhead. 

Mlaetrteoi  B^uifwient. — The  design  and  con- 
atmction  of  the  electrical  equipment,  transmls- 
itoa  line  and  underground  cable  system  has 
beea    carried    out    by    Westinghouse,    Church, 


The  generating  and  switchboard  equipment 
has  been  furnished  by  the  Westinghouse  Elec- 
tric ft  Manufacturing  Company,  Pittsburg,  Pa. 
The  generators  are  of  the  revolving  field  type 
with  laminated  field  poles  dove-tailed  into  the 
rim  of  a  cast-iron  spider,  according  to  standard 
Westinghouse  practice.  Oil-insulated  water- 
cooled  transformers  are  used,  the  capacity  at 
the  power  house  being  divided  into  seven  units, 
each  1,500  kilowatts.  Six  units  are  suitlctent  for 
the  entire  output  of  the  plant,  leaving  a  spare 
transformer  as  a  relay.  The  transformer  equip- 
ment at  the  sub-station  is  a  duplicate  of  that  at 


Manufacturing  Company's  type  E,  together  with 
all  2,200-volt  bus  bars  and  connections  are  lo- 
cated in  a  fireproof  compartment  beneath  the 
switchboard  gallery.  These  2,200-volt  circuit 
breakers  are  operated  by  distant  hand  control, 
from  the  switchboard  panels  above. 

The  22,000-volt  oil  circuit  breakers  of  the 
Westinghouse  Electric  &  Machine  Company's 
type  C,  on  the  high-voltage  side  of  the  step-up 
transformers,  are  located  in  a  tower  above  the 
generator  room  at  the  land  end  of  the  building. 
These  22,000-volt  circuit  breakers  are  electri- 
cally operated,   distant   control,   the   operating 
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.Kerr  h  Company,  and  in  all  respects  the  con- 
struction is  of  a  character  which  promises  dura- 
bility and  satisfactory  service  in  operation. 
The  generating  and  transmission  equipment  is 
for  transmitting  power  at  22,000  volts 
for  about  16  miles  to  the  sub-station  of 
the  Georgia  Railway  ft  Electric  Company  lo- 
cated in  the  city  of  Atlanta.  The  three-phase 
•ystem  la  naed.  both  for  generation  and  trans- 
mlaalon,  at  2,000  alternations  per  minute.  Cur- 
rent is  generated  at  2,200  volU,  raised  to  22,000 
volts  through  step-up  transformers  and  reduced 
to  6.600  volts  through  lowering  transformers  lo- 
cated at  the  Atlanta  substation,  where  the  cur- 
rent Is  ntllized  by  the  Georgia  Railway  ft  Elec- 
tric Company,  at  6,600  TOlts  pressure,  three- 
phase. 


the  generating  station,  as  to  number  and  size 
of  units. 

The  main  station  switchboard  panels  are  of 
marble  supported  on  steel  framework,  and  the 
instruments  and  switches  mounted  on  the  board 
are  of  the  latest  design.  Oil  circuit  breakers 
are  used  for  the  2,200-volt  generator  and  trans- 
former circuits,  as  well  as  for  the  22,000-volt 
feeder  circuits.  The  circuit  breaker  construc- 
tion is  acording  to  the  latest  and  best  standard 
practice,  including  fireproof  barriers  between 
all  high-voltage  conductors.  The  removal  of 
all  high-voltage  connections,  bus  bars  and 
switches  away  from  the  immediate  vicinity  of 
the  operating  panels  and  the  operating  attend- 
ant Is  a  prominent  feature.  The  2,200-volt  oil 
circuit  breakers  of  the  Westinghouse  Electric  & 


mechanism  being  direct-current  solenoids, 
which  form  a  part  of  the  oil  switch  mechanism, 
and  the  controlling  switches  are  placed  on  the 
panels  of  the  main  operating  switchboard.  All 
2,200-volt  cables  are  carried  in  vitrified  tile  con- 
duits buried  in  the  concrete  floor,  and  the  22,- 
000-volt  cables  are  isolated  with  fireproof  bar- 
riers. The  design  and  construction  of  switch- 
board and  oil  circuit  breaker  equipment  for  the 
sub-station  Is  substantially  the  same  as  for  the 
main  power  station. 

TranBtmission  Line. — Two  independent  dupli- 
cate transmission  lines  are  provided,  there  be- 
ing two  separate  pole  lines.  Either  line  is  of 
sufficient  capacity  to  transmit  the  entire  output 
of  the  plant,  the  other  acting  as  a  relay  in  case 
of  possible  accident.  Ordinarily  both  lines  would 
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be  in  service,  this  obtaining  a  minimum  loss  of 
power  in  transmission.  Each  line  is  composed 
of  three  No.  00  Brown  &  Sharpe  gauge  hard 
drawn  copper  conductors,  forming  an  equilat- 
eral triangle  36  inches  on  a  side.  To  minimize 
inductive  effects  each  line  is  transposed. 

A  prominent  feature  of  the  line  construction, 
both  from  a  mechanical  and  electrical  stand- 
point, is  the  unusual  factor  of  safety  obtained. 
Careful  investigation  was  made  before  construc- 
tion to  determine  the  class  of  wood  best  fitted 
for  the  local  conditions,  and  white  chestnut 
grown  on  the  highlands  of  Tennessee  and  North 
Carolina,  noted  for  its  mechanical  strength  and 
durability,  was  selected  for  this  work.  No  pole 
is  used  smaller  than  25  inches  in  circumference 


necessary  on  such  gradual  curves  as  occur, 
double  crossarm  construction  is  used,  utilizing 
two  crossarms  the  same  as  those  mentioned 
above,  thus  obtaining  a  set  of  two  insulators 
and  two  pins  to  share  the  strain  and  provide  a 
relay  in  case  of  failure  of  either  insulator.  Ex- 
tra heavy  crossarm  braces  and  fittings  are  pro- 
vided, using  steel  braces,  and  all  bolts  in  pro- 
portion, to  secure  a  life  in  fittings  that  will 
equal  or  exceed  the  life  of  the  rest  of  the  pole 
equipment. 

The  high-tension  insulators  have  received 
special  attention,  with  the  result  that  the  fac- 
tor of  safety  obtained  is  unusually  large,  thus 
assuring  the  most  satisfactory  line  service. 
Brown  porcelain  triple-petticoat  insulators  are 


power  house  to  the  city  limits  of  Atlanta,  from 
which  latter  point  the  line  is  carried  under- 
ground for  a  little  over  a  mile  to  the  sub-sta- 
tion. There  is  a  terminal  house  of  fireproof 
construction  of  brick,  concrete  and  steel,  lo- 
cated at  the  terminus  of  the  overhead  line. 

Telephone  Service. — A  private  telephone  line 
is  provided  between  the  Morgan  Falls  power 
house  and  the  Atlanta  sub-station,  using  hard 
drawn  copper  wire,  metallic  return,  with  bridg- 
ing instruments.  This  telephone  line  is  car- 
ried on  extra  heavy  crossarms,  selected  North 
Carolina  yellow  pine,  painted  two  coats.  Lo- 
cust pins  are  used  with  heavy  glass  insu- 
lators. The  braces  are  of  steel  extra  heavy  con- 
struction.   The  telephone  wires  are  frequently 
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at  the  top  on  a  30-foot  pole,  with  120-foot  spans, 
and  particular  attention  has  been  given  to  ex- 
tra large  butt  measurements.  This  timber  is 
all  winter-cut  from  green  live  stock,  and  each 
pole  has  been  carefully  selected  and  branded  by 
the  company's  inspector  before  shipment.  The 
polep  are  tarred  for  2  feet  above  and  below  the 
ground  line  as  an  extra  precaution  against 
ground  rot,  and  all  gains  and  pole  tops  are  pro- 
tected with  a  coating  of  white  lead. 

The  crossarms,  which  carry  two  No.  00  wires 
each,  are  of  unusually  heavy  construction  for 
this  weight  of  line,  of  carefully  selected  clear 
heart,  long  leaf  yellow  pine,  thoroughly  dried 
and  painted  two  coats  of  preservative  com- 
pound. Sharp  curves  in  the  pole  line  are  care- 
fully avoided,   as  far  as  possible.     Whenever 


used,  and  every  insulator  is  tested  by  the  manu- 
facturer at  80,000  volts,  and  designed  to  with- 
stand a  47,000-volt  "rain"  test  without  punctur- 
ing or  flashing  over  with  salt  water  sprayed 
over  the  insulator  far  in  excess  of  rainstorm 
conditions  in  actual  service.  The  factor  of 
safety  in  mechanical  strains  is  such  that  the  in- 
sulator will  withstand  without  damage  a  strain 
in  the  direction  of  the  pull  of  the  wire  of  3,000 
pounds  and  an  axial  pull  that  will  strip  the 
thread  of  the  pin,  which  conditions  also  are  far 
in  excess  of  actual  service  condition.  For  in- 
sulator pins  selected  locust  wood  is  used,  the 
pins  being  of  extra  heavy  design  and  especially 
treated  with  preservative  compound  to  secure 
long  life. 
This  overhead  line  conveys  current  from  the 


transposed  to  secure  a  quiet  line.  This  private 
telephone  line,  by  the  use  of  a  portable  instru- 
ment, places  a  patrolman  in  constant  communi- 
cation with  headquarters. 

Lightning  Protection. — The  lightning  arrester 
equipment  was  furnished  by  the  Westinghouse 
Electric  &  Manufacturing  Company,  in  accord- 
ance with  its  latest  designs.  Low  equivalent 
arresters  with  series  choke  coils  for  the  pro- 
tection of  the  power-house  equipment  and  over- 
head line  are  placed  in  the  high-tension  tower 
at  the  power-house  building.  The  conductor 
for  dissipating  lightning  discharges  to  earth  is 
a  No.  00  copper  cable  attached  to  a  heavy  cop- 
per  plate  burled  in  charcoal  in  wet  earth.  A 
similar  protective  equipment  is  provided  at  the 
end  of  the  overhead  line,  a  part  of  the  terminal 


So8 


THE    ENGINEERING    RECORD. 


Vol.  49,  No.  17. 


betas  namrrti  ior  this  purpose.  Utns  as- 
•nriBS  tb«  best  obtainable  protection  for  tbe 
uadersraand  cable. 

Vmterfrommd  M^mifwient. — The  underground 
nbia  Ib  No.  000  Brown  4  Sbarpe  gauge  three 
cable,  paper  insulated,  and  qtedally 
under  exacting  speciflcatlons  to  with- 
tbe  high-voltage  service.  As  a  further 
pWfttoB  against  interruption  to  the  delivery 
0t  power  a  dnpUcmte  cable  is  provided  as  a  re- 
lay. Ordinarily  both  cables  would  be  in  ser- 
rlc*.  thus  obtaining  a  minimum  amount  of 
transmission  losses.  This  cable  is  encased  in 
an  extra  heavy  lead  sheath,  with  provisions  in 
the  installation  to  minimixe  elTeots  of  eleo- 
traiysia. 

TIm  eoadalt  ayatem  of  Tltrifled  tile  ducts,  SVJ 
>  aquare  bore,  is  built  up  of  four  lines  of 
dncts.  thus  aSording  two  extra  ducts 
for  poaaible  future  extensions  to  the  system. 
The  dncts  are  laid  on  a  bed  of  Portland  cement 
concrete  4  inches  thick,  and  enclosed  top  and 
sides  with  3  inches  of  concrete,  with  the  top  of 
the  ducts  not  less  than  3  feet  below  the  surface 
of  tha  street. 

Tke  standard  manholes  are  each  8  feet  long, 
4  teat  vide  and  6  feet  deep,  spaced  not  more 
tbSB  400  feet  apart,  built  of  Portland  cement 
coacrete.  The  concrete  for  the  side  walls  was 
molded  in  blocks  before  being  brought  on  to 
the  ground,  and  laid  in  a  Portland  cement  mor- 
tsr.  forming  a  »-inch  thickness  of  wall.  Corner 
manholes  are  6x6x6  feet,  inside  dimensions.  All 
manholes  have  ample  drainage  to  sewer,  tbe 
drainage  conditions  being  very  favorable. 

The  entire  installation  herein  described  is 
now  approaching  completion  and  it  is  expected 
that  delivery  of  current  can  be  made  to  the 
Georgia  Railway  A  Electric  Company  on  or 
about  September  1.  1904.  The  plant  will  be 
made  complete  in  every  detail  and  will  be  of  the 
most  modem  and  efficient  type  both  in  its 
hydranlic  and  electrical  features. 


The    Steam    Turbine    as    an    Exhaust- 
Steam  Utilizer. 


In  The  Engineering  Record  of  November  9. 
1901,  there  was  described  a  so-called  regenera- 
tive accumulator  Invented  by  Prof.  A.  Rateaii. 
of  the  School  of  Mines,  Paris.  As  outlined  in 
that  account,  this  device  is  a  sort  of  heat  star- 
s' battery  to  which  exhaust  steam  from  a 
reciprocating  engine  is  conducted  in  the  inter- 
mittent puffs  characteristic  of  the  discharge  ot 
tnA  steam  motors  and  from  which  a  steady 
•r  continuous  supply  of  steam  at  low  pressure 
may  be  taken  for  utilization  in  a  low-pressure 
steam  turbine.  Such  a  turbine  for  low-pressure 
working  has  already  been  brought  out  by  Prof. 
Rataao.  although  no  extended  description  of  it 
h««  appeared  In  these  columns,  and  a  number 
of  iBstallatlOBS  have  been  made  where  tbe  com- 
bination of  accumulator  and  turbine,  as  pro- 
posed In  the  article  mentioned,  have  been  in 
actual  oiteration.  One  of  these  is  located  at 
the  mines  at  Bmay,  and  the  following  in- 
fomatlon  concerning  it  Is  largely  taken  from 
a  recent  Issue  of  "Ue  0«nle  Civil."  A  similar 
em^oyment  of  tbe  turbine  is  Intimated  in  the 
silsllart  comment  last  week  of  the  proposed 
Canard  turbine  ships. 

Tbe  scheme,  in  brief.  Is  to  carry  the  expan- 
ilOB  of  tbe  steam  to  a  greater  aegree  than  i< 
orMaartly  found  practicable  in  a  reciprocating 
engine.  In  the  case  of  the  Bruay  installation 
the  exhaust  from  the  primary  engine  takes 
place  at  about  atmospheric  pressure,  and  the 
im.  under  tbe  regulation  of  the  ac- 
r,  is  passed  through  the  turbine  and 
tben  to  a  condenser  outfit  which  provides  for 
ersatlng  the  desired  range  of  pressure  for  the 
working  of  the  turbine.     The  primary  engine 


in  this  case  Is  employed  for  hauling,  with  the 
intermittent  service  to  which  hoisting  engines 
are  subject,  and  develops  about  176  horse-power, 
corresponding  to  an  hourly  expenditure  of 
about  17,600  pounds  of  steam.  Assuming  a  loss 
of  20  per  cent,  through  condensation  in  the 
cylinders  and  in  the  pipe  lines,  the  engine  re- 
jects about  14,000  pounds  of  steam  per  hour. 
The  application  of  the  Rateau  system,  it  is 
stated,  allows  for  the  expansion  of  this  steaoi 
from  12.8  to  2.13  pounds  per  square  inch  and 
develops  in  the  secondary  machine  or  turbine 
about  300  electrical  horse-power,  the  turbine 
being  directly  connected  to  two  continuous-cur- 
rent dynamos.  It  Is  said  that  the  power  of  the 
secondary  unit  can  be  raised  to  450  horse-power 
'when  the  hoisting  machine  is  operating  at  full 
load.  Ordinarily  the  engine  delivers  steam  at 
the  commencement  of  work  during  15  or  20 
seconds  and  then  finishes  the  work  without 
further  acceptance  of  steam,  and  the  duration 
of  the  various  periods  is  about  one  minute. 

The  regenerative  accumiilator  at  the  Bruay 
mines  comprises  a  group  of  four  vertical  cyl- 
inders  of   boiler   plate,   all    in   communication 


variations  are  regulated  by  a  careful  calcula- 
tion of  the  weights  of  materials  in  the  accumu- 
lator and  by  regulation  ot  an  escapement  or 
relief  valve.  At  Bruay  the  total  weight  of  cast- 
iron  contained  in  the  four  cylinders  is  48  tons. 
Each  ot  the  cylinders  is  16  feet  high,  exclu- 
sive of  the  heads,  and  has  an  inside  diameter 
of  3.75  feet.  There  are  thirty-five  of  the  cast- 
iron  dishes,  each  42^4  inches  in  diameter  and 
about  4  inches  in  maximum  height.  They  are 
of  an  annular  form,  ot  which  the  inside  diam- 
eter is  15.75  inches,  this  hole  in  the  successive 
dishes  forming  the  central  cylindrical  channel 
through  the  accumulator  from  top  to  bottom. 
The  walls  and  bottom  of  the  dishes  are  1  inch 
in  thickness,  and  besides  the  inside  and  outside 
annular  walls  for  holding  the  water  there  are 
radial  ribs  which  add  to  the  mass  of  cast-iron 
making  up  each  dish.  The  depth  ot  water  to 
the  tops  of  the  side  wall  of  the  dishes  is  2% 
inches,  but  a  few  ot  the  ribs  are  extended  0.2 
Inch  above  these  and  act  as  the  support  of  the 
dish  next  above.  In  other  words,  the  whole 
mass  of  dishes  Is  carried  by  the  lowest  or 
bottom  plate,  which  in  turn  is  fixed  to  brackets 
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with  one  another.  It  will  be  remembered  from 
the  early  description,  which  was  illustrated, 
that  the  tank  is  fairly  well  filled  with  shallow 
dishes  or  plates  of  cast-iron  designed  to  hold 
the  condensation  of  the  exhaust  steam.  When 
the  exhaust  arrives  in  quantity  from  the  pri- 
mary engine  it  is  distributed  to  and  around 
the  plates  through  a  central  channel.  A  part 
of  tbe  steam  can  pass  directly  to  the  outlet  for 
utilization  immediately  in  the  turbine,  while 
the  excess  condenses  upon  the  materials  form- 
ing the  accumulator;  that  is,  the  cast-iron 
plates  and  the  water  contained  in  them.  The 
pressure  rises  and  with  It  the  temperature; 
when  the  exhaust  of  the  primary  engine  de- 
creases in  amount  or  ceases,  the  constant  de- 
mand of  the  turbine  goes  toward  lowering  the 
pressure  and  an  evaporation  of  the  water  takes 
place.  It  is  this  property  of  the  apparatus 
which  gives  It  the  characteristic  of  what  has 
been  called  a  heat  storage  battery.  It  is  said 
that  in  practice  the  variations  of  temperature 
of  the  steam  range  from  5.4  to  10.8  degrees, 
corresponding  to  fluctuations  in  pressure  of 
2.13   to  3.65   pounds   per  SQuare   inch.     These 


on  the  Inside  of  the  cylinder,  and  there  Is  a 
space  of  0.2  inch  between  one  plate  and  the 
one  next  above  it.  The  tour  cylinders  are 
grouped  closely  together  in  a  shallow  pit  just 
outside  ot  the  power  house. 

There  are  a  number  of  accessories  which  are 
desirable  for  the  be'st  operation  ot  the  appar- 
atus. From  the  top  of  one  of  the  accumulators 
is  carried  an  exhaust  pipe  to  the  atmosphere, 
and  in  this  is  fitted  a  back-pressure  or  relief 
valve  to  allow  automatically  for  the  escape  or 
steam  when  the  turbine  is  operating  at  light 
loads  or  is  stopped  altogether.  At  the  turbine 
there  is  an  expander  which  operates  wlien  the 
primary  machine  is  not  supplying  suflJcient 
steam  for  the  operation  of  the  turbine.  This 
admits  live  steam  at  low  pressure  automatical- 
ly, so  as  to  avoid  interruption  of  the  dynamo 
operation.  Finally,  each  accumulator  is  pro- 
vided with  an  automatic  valve  for  draining 
such  surplus  condensation  as  gradually  accumu- 
lates. 

A  number  of  tests  have  been  conducted  of 
the  low-pressure  group  at  the  Bruay  mines. 
The  installation  was  first  operated  with  three 
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(yliuders  to  the  aciumulalor  in  place  of  the 
four  which  there  now  are.  While  preliminary 
calculations  established  that  the  heat  store 
should  contain  60  tons  of  cast-iron,  only  36  tons 
were  put  in  the  three  on  the  score  of  economy. 
Pressure-time  diagrams  were  made  to  record 
the  variations  of  pressure  within  the  three 
cylinders  of  the  accumulatoi-,  the  pressure  being 
measured  by  a  registering  manometer.  The 
range  of  pressure  between  the  beginning  and 
end  of  the  cycle  of  operation  of  the  primary 
machine  amounted  to  5.7  pounds  per  square 
inch.  To  diminish  this  pressure  range  the 
fourth  cylinder  was  put  into  service  in  August, 
1903.  and  the  oscillations  have  been  reduced  to 
2.13  to  3.55  pounds  pressure.  While  the  load  on 
the  steam  turbine  is  subject  to  frequent  varia- 
tions, corresponding  changes  of  speed  have  not 
exceeded  1  per  cent,  above  or  below  the  normal 
speed,  which  is  1,600  revolutions  per  minute. 

To  show  the  operation  of  the  turbine  under 
the  given  ranges  of  pressure  the  accompanying 
table   of   tests   is   reproduced.     The   first   seven 


are  cited  as  those  to  be  expected  in  practice, 
are  given  in  an  accompanying  table.  The  first 
line  gives  the  pressures  on  the  discharge  side 
of  the  turbine;  that  is,  the  absolute  pressure 
of  the  condenser,  and  the  remaining  three  the 
steam  consumption  in  pounds  per  horse-power 
hour  under  three  different  conditions  of  the 
pressure  of  the  steam  delivered  to  the  turbine. 
I'he  first  column  corresponds  to  the  employ- 
ment of  a  surface  condenser  giving  a  vacuum 
of  27.5  inches  of  mercury,  the  second  column 
to  that  of  a  condenser,  furnishing  a  vacuum 
of  26  inches,  and  the  third  to  that  of  a  con- 
denser giving  24.6  inches  of  vacuum.  The  third 
line  of  the  table  corresponds  to  the  normal 
case  where  the  turbine  utilizes  steam  at  at- 
mospheric pressure.  The  figures  also  indicate 
that  with  the  steam  delivered  at  atmospheric 
pressure  an  electrical  horse-power  is  produced 
with  an  expenditure  of  26.4  to  36.3  pounds  of 
steam  per  hour. 

The  turbines,   it  is  stated,  will  normally  de- 
velop 65  to  70  per  cent,  of  the  theoretical  power 


and  that  having  the  accumulator-turbine  outfit 
the  following  analysis  was  presented.  Let  it 
be  assumed  that  the  average  consumption  of  the 
primary  machine  exhausting  to  air  is  N  pounds 
per  horse-power  per  hour.  The  application 
of  condensing  corresponds  to  an  economy  in 
consumption  of  15  to  20  per  cent,  so  that  under 
these  conditions  there  are  for  each  horse-power 
developed  an  equivalent  of  0.2N  pounds  of 
steam  that  can  be  disposed  of.  If  it  is  assumed 
that  this  amount  of  steam  is  used  in  a  high- 
class  engine-dynamo  unit  consuming  16.5 
pounds  per  electrical  horse-power  the  additional 
power  obtained  through  operating  the  plant 
condensing  is  equivalent  to  0.2N  -1- 16.5  =  N  -^ 
S2.5  electrical  horse-power.  With  the  turbine 
the  exhaust  steam  at  atmospheric  pressure  will 
produce,  it  is  assumed,  an  electrical  horse- 
power at  an  expenditure  of  about  30.8  pounds 
of  dry  steam.  The  weight  N  coming  from  the 
primary  engine  will  give  about  0.8N  pounds  of 
dry  steam,  assuming  the  moisture  forming  in 
the  engine  and  pipe  to  amount  to  20  per  cent. 
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lines  give  the  results  of  tests  made  in  April, 
1902,  independently  of  the  accumulator.  Their 
object  was  simply  to  determine  the  performance 
of  the  turbogenerator  set.  The  remaining 
seven  lines  cover  the  tests  made  at  the  mines 
in  January  of  last  year,  under  the  conditions 
of  regular  operation.  These  trials  were  con- 
ducted at  lower  power  than  the  normal  of  the 
turbine  and  with  lower  vacuums.  The  turbine, 
it  may  be  stated,  consists  of  a  number  of  light 
steel  wheels  carrying  small  blades  on  their 
periphery  and  turning  between  circular  dia- 
phragms. The  diaphragms  alternate  with  the 
wheels  and  are  fitted  with  guide  blades.  These 
are  fixed  to  the  inside  of  the  turbine  piston. 
The  steam  passes  riucf'-'^rively  through  wheels 
and  guide  diaphragms  from  one  end  to  the 
other  and  on  leaving  the  turbine  is  conducted 
to  the  condenser. 

One  of  the  interesting  points  is  a  statement 
of  the  influence  of  the  vacuum  in  the  condenser 
on  the  steam  consumption.     The  figures,  which 


corresponding  to  the  expansion  of  the  steam 
from  the  pressure  of  the  atmosphere  to  that  of 
llie  condenser,  while  piston  machines  give  un- 
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(ler  these  conditions  but  35  to  40  per  cent,  ot 
this  power.  To  show  by  figures  the  relative 
performance  of  the  ordinary  condensing  plant 


This  weight  of  dry  steam  will  then  be  capable 
of  furnishing  useful  work  of  0.8N  ~  30.8  =.-.  N  -^ 
38.5  electrical  horsepower.  This  calculation  is 
taken  to  indicate  that  the  latter  case,  shows  a 
utilization  of  more  than  double  that  of  the 
former. 

Another  form  of  accumulator  seems  also  to 
have  been  developed  and  is  now  in  process  ot 
installation  at  another  group  of  mines.  This 
consists  in  passing  the  steam  from  the  engine 
through  a  body  of  water  before  it  can  reach 
the  outlet  leading  to  the  turbine.  It  is 
built  in  a  horizontal  form  and  the  in- 
coming steam  is  distributed  through  a 
number  of  elliptic-shape  submerged  pipes 
extending  from  one  end  of  the  cylinder  to  the 
other.  The  axes  of  the  ellipses  of  their  cross- 
section  are  7  and  16.5  inches.  The  steam  es- 
capes from  these  pipes  through  a  large  number 
of  small  orifices  spaced  along  one  of  the  walls 
of  each  pipe  toward  the  bottom.  The  flow  ot 
steam   creates  an  ebullition  of  the  liquid,  and 
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Ui  acUT«  circulatioa  o(  the  water  is  tbereby 
eraktcd.  which  has  for  its  object  the  bringiDg 
at  tb*  whole  maae  of  the  water  into  play  as 
a  BWUnm  for  storing  heat.  It  is  said  that  tests 
kgr  Prof.  Rateau  have  shown  that  all  the  water 
(OBtained  iu  the  accumulator  participates  in 
the  resenenition.  llie  dimensions  of  this  type 
of  accumulator  are  relatively  small.  One  con- 
taining 330  cubic  feet  of  water  suffices  with 
durations  of  I  to  2  minutes  on  the  part  of  the 
piiaary  engine  for  the  regeneration  of  9,90U 
pounds  of  steam  per  hour.  In  the  installation 
for  which  this  accumulator  was  built  a  turbine 
of  >M  horae-power  driving  an  air  compressor  is 
■ippltod.  The  compreMor  unit  is  to  have  a  ca- 
pacity of  2,100  cubic  feet  of  air  per  minute  at 
a  pressure  of  S5  pounds  per  square  inch. 


Progress  in  Construction  of  Jerome  Park 
Reservoir,  New  York  City. 

Nearly  nine  years  ago  the  Aqueduct  Commls- 
•ioners  of  New  York  city  began  the  construc- 
tion of  a  large  distribution  and  storage  reser- 
voir in  the  northerly  part  of  the  borough  of  the 
Bronx,  in  order  to  supplement  the  existing  dis- 
tributing reaenrolrs  In  Central  Park.  This  new 
rrroir,  named  the  Jerome  Park  Reservoir,  for 


iraots  from  the  spti-irtcations  and  a  immbtr  ot 
the  contract  drawings  were  reproduced  in  llie 
Issues  of  this  journal  of  July  13  and  27,  August 
'10  and  November  9,  189o,  but  no  comprehensive 
description  of  the  reservoii'.  its  structures  and 
its  connections  have  ever  been  printed. 

Jerome  Park  reservoir  will  be  one  ot  the  larg- 
est artificial  distributing  reservoirs  in  the 
world,  and  its  construction  involves  very  large 
quantities  of  excavation  and  masonry.  The  ex- 
treme length  ot  the  reservoir  is  5,800  feet,  and 
ihe  greatest  width  2,G50  teet,  measured  at  the 
top  ot  the  embankment;  Its  capacity  will  be  be- 
tween 1,900.000.000  and  2.000,000.000  gallons,  and 
the  water  surface  will  have  an  area  ot  241  acres. 

The  average  depth  of  water  below  tull  reser- 
voir level,  which  is  to  be  elevation  131.5  above 
city  datum,  will  be  about  25.5  teet.  A  division 
wall  4,200  teet  long  separates  the  reservoir  into 
an  easterly  and  a  westerly  basin,  the  former 
having  an  area  at  tull  reservoir  level  ot  147 
acres  and  a  capacity  of  1,174,650,000  gallons,  and 
the  latter  an  .»rea  of  94  acres  and  a  capacity  ot 
770.600,000  gallons.  By  far  the  greater  part  of 
the  reservoir  is  in  excavation  for  the  whole  or 
part  of  its  depth,  only  about  1.5  acres  ot  the 
t\te  having  been  at  such  an  elevation  as  to 
require  no  digging  other  than   the   removal  of 


were  printed  in  The  Engineering  Record,  Novem- 
ber 9,  1895;  these  have  since  been  modified 
slightly.  Drawings  of  some  other  gatehouses 
were  also  reproduced  in  that  issue. 

The  division  wall  contains  the  aqueduct  con- 
nections from  the  old  and  new  Croton  aqueducts 
to  the  main  gate  chamber,  situated  near  the 
middle  ot  the  reservoir,  the  inlet  conduits  from 
this  gate  chamber  to  each  basin  and  a  con- 
tinuation of  the  old  aqueduct  towards  the  city 
proper.  The  principal  total  quantities  involved 
iu  the  construction  of  the  reservoir  are  esti- 
mated to  be  approximately  as  follows:  Earth 
excavation,  4,060,000  cubic  yards;  rock  excava- 
tion, 3,000,000  cubic  yards;  rubble  masonry, 
used  principally  in  the  core  walls  ot  the  em- 
bankments, the  division  wall  between  the  two 
basins  and  in  the  foundations  of  the  gatehouses 
and  other  structures,  297,000  cubic  yards;  Port- 
land cement  concrete,  to  be  used  for  paving  the 
216  acres  ot  the  bottoms  of  the  two  basins,  for 
paving  the  slopes  of  the  embankments  and  tor 
portions  of  the  aqueducts  and  other  structures. 
225,000  cubic  yards;  cut  granite  masonry,  in  the 
copings  ot  the  walls  and  in  the  gate  chambers 
and  other  structures,  not  including  the  super- 
structures, 6,500  cubic  yards;  cast-iron  pipes  for 
connections  to  the  distribution  system  and  tor 
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the  reaaoD  that  a  portion  of  its  site  was  for- 
merly occupied  by  a  driving  park  of  that  name, 
has  become  widely  known  because  of  its  im- 
portance and  because  of  the  investigations  and 
reports  ronreming  some  features  of  its  design 
and  construction  which  have  been  made  by 
eminent  engineers  and  other  parties.  These 
reports  have  been  reviewed  in  this  Journal  In 
the  laauea  of  July  6  and  November  30,  1901, 
January  II  and  18,  1902.  and  In  other  numbers, 
bat  it  Is  not  tne  purpose  of  this  article  to  take 
up  any  of  the  questions  which  have  t>een  raised 
at  various  times,  the  prewnt  intention  being  to 
deacrlbe  the  work  that  is  under  way. 

It  was  exj>e<-ted  to  have  the  reservoir  ready 
for  service  In  1902.  but  various  Ofcurrences 
have  delayed  Its  progretw.  The  causes  of  some 
of  these  delays  have  been  indicated  in  the  arti- 
cles and  editorials  referred  to;  the  change  from 
ten  hours  to  eight  hours  as  the  legal  length  of 
a  working  day  on  public  works  In  New  York 
Stat*  and  the  coal  miners'  strike  of  1902  were 
prominent  among  the  other  'auses  of  delays. 
It  is  now  hoped  to  have  the  westerly  of  the  two 
butm  Into  which  the  reservoir  Is  divided  fln- 
iahed  by  the  end  of  this  year,  and  the  easterly 
htm\B  by  the  end  of  nest  y«ar.     Extensive  ox- 


Kott  top  soil.  The  maximum  cut  was  65  feet 
deep,  and  the  average  cut  approximately  18.5 
feet.  The  perimeter  of  the  reservoir  is  made 
up  of  5,000  feet  of  retaining  or  breast  wall  and 
9,900  feet  of  embankment  with  a  rubble 
masonry  core  wall  and  concrete  slope  paving, 
making  the  tbtal  length  around  reservoir  about 
2.8  miles. 

There  are  seven  gatehouses  connected  with 
the  reservoir.  Gatehouse  No.  1  is  situated  nearly 
a  mile  north  of  the  north  end  of  the  reservoir, 
at  the  point  where  connection  is  to  be  made  to 
the  new  Croton  aqueduct.  From  this  gatehouse 
a  short  aqueduct  will  lead  to  the  reservoir.  Gate- 
house No.  5  Is  situated  near  the  center  of  the 
reservoir,  and  is  the  principal  gatehouse  or 
central  controlling  station  at  which  the  flow  of 
the  water  from  and  into  the  aqueducts  and 
reservoir  can  be  directed  in  a  variety  of  ways. 
The  other  gatehouses  are  located  at  various 
points  around  the  reservoir,  and  control  the 
flow  of  water  into  the  pipes  which  will  supply 
the  various  sections  ot  the  city  as  well  as,  in 
one  or  two  Instances,  additional  connections 
with  the  aqueduct.  These  structures  may  be 
described  In  more  detail  in  another  article. 
The  'preliminary  drawings  for  Gatehouse  No.  5 


drains,  from  48-inch  to  6-iuch,  requiring  3,870 
tons  of  pipe  and  special  castings.  The  con- 
tractors' bid  on  the  basis  ot  the  preliminary 
quantities  was  $5,473,060;  the  total  cost  of  the 
reservoir,  it  is  now  estimated,  will  be  nearly 
$7,000,000. 

The  methods  ot  excavating  and  disposing  ot 
the  earth  and  rock  and  the  contractors'  plants 
for  this  work,  for  crushing  stone  and  tor  build- 
ing walls,  were  described  and  illustrated  in  The 
Engineering  Record  December  4,  1897.  and 
February  17,  1900.  Measured  by  the  payments 
to  the  contractors  for  work  done  and  materials 
furnished,  about  60  per  cent,  of  the  undertaking 
had  been  completed  at  the  close  of  active  work 
last  season.  During  the  year  1903.  in  spite  of 
delays  and  interruptions  of  various  sorts,  about 
$500,000  worth  of  work  was  accomplished. 
Operations  were  resumed  February  29  this  sea- 
son, and  there  are  now  about  900  men  at  work. 
This  force  is  being  increased  as  men  can  be 
hired  and  put  to  work  advai\tageously.  The 
maximum  force  employed  in  any  previous  sea- 
son was  aliout  1,200  men.  and  it  is  expected  that 
even  a  larger  number  may  be  employed  this 
season.  Very  few  horses  are  found  on  the  work, 
as   the   materials   are   handled    chiefly    In    cars 
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drawn  by  locomotives  on  standard-gauge  tracks, 
although  some  3-foot-gauge  tracks  are  also  used 
lor  distributing  supplies  and  for  similar  pur- 
poses. The  contractors'  railroad  equipment 
now  Includes  eight  standard-gauge  and  three 
iiarrow-gauge  locomotives,  one  hundred  flat  cars, 
three  Lidgerwood  rapid  unloaders,  a  number  of 
narrow-gauge  dump  cars  and  thirty  Goodwin 
side-dump  steel  material  cars.  Two  Marion 
steam  shovels  with  2-cubic-yard  dippers  are  at 
work  on  the  excavations;  fifty-five  IngersoU- 
Sergeant  steam  drills  are  in  use  on  the  remain- 
ing rock  cuts,  and  forty  large  mast  and  boom- 
guyed  derricks,  placed  in  various  parts  of  the 
basins,  are  handling  rock,  earth  and  masonry. 
About  a  year  ago  the  large  air-compressor  plant 
described  in  a  previous  issue  was  removed  to 
the  tunnel  for  the  rapid  transit  subway  now 
being  driven  from  the  Battery,  Manhattan,  to 
Brooklyn.  Consequently  all  the  drills  and  hoist- 
ing engines  are  now  operated  by  steam,  and  in 
the  present  condition  of  the  work  this  is  be- 
lieved to  be  quite  as  economical  as  to  use  com- 
pressed air. 

At  the  beginning  of  this  season,  the  following 
approximate  quantities  of  the  principal  items  of 
excavation  and  masonry  remained  to  be  ac- 
complished:     1.7<"l.00(i   cubic   yards   of   excava- 


ot  stone  from  the  quarries  and  excavations  have 
been  sent  to  the  crushing  plant,  situated  near 
the  middle  of  the  easterly  side  of  Ihe  reservoir, 
and  broken  for  concrete  material.  This  broken 
stone  is  stored  in  a  large  pile  near  the  crusher 
bouse,  which  now  contains,  roughly,  150,000 
cubic  yards,  or  about  three-quarters  of  the  quan- 
tity needed.  Formerly  only  1-inch  and  2-inch 
stone  was  stored  for  use  as  concrete  aggegate; 
now  the  run-of-the-crusher  is  sent  to  the  pile, 
only  the  screenings  or  "dust"  passing  a  yi-inch 
mesh  being  separated  out.  These  screenings  are 
used  as  sand  in  mortar  and  concrete,  and  a  pile 
of  about  20,000  cubic  yards  has  been  accumu- 
lated beside  the  stone  pile.  Giant  Portland 
cement  is  used  exclusively  for  all  the  work. 

A  superficial  glance  at  a  large  heap  of  the 
screenings  gives  one  the  impression  that  the 
very  fine  dust  predominates  in  quantity,  but 
that  this  is  not  actually  so  is  made  apparent  by 
the  results  of  a  careful  mechanical  analysis 
made  with  accurate  sand-analysis  screens.  The 
tabulation  of  such  an  analysis  is  given  below. 
An  examination  under  a  microscope  shows  that 
the  small  particles  have  the  same  sharp,  jagged 
shapes  as  the  larger  fragments  of  broken  stone, 
and  under  a  lens  of  high  power  this  is  seen  to 
be   true   also   of   even    the   finest   dust.      Mortar 


laid  to  transport  the  materials  in  cars  to  the 
mixers  and  to  carry  the  concrete  away  to  the 
places  where  it  is  to  be  deposited.  The  capacity 
of  the  four  mixing  plants  Is  expected  to  be  about 
800  cubic  yards  per  day. 

For  5,000  feet,  where  an  embankment  with 
core  wall  was  shown  on  the  original  plans,  a  rub- 
ble retaining  wall  with  one  face  exposed  to  the 
water  has  been  substituted.  This  modification 
has  effected  a  saving  of  several  thousand  dol- 
lars and  a  gain  of  about  26,000,000  gallons  in  the 
capacity  of  the  reservoir,  which  is  valued  at 
about  one-halt  cent  per  gallon,  figured  on  the 
basis  of  the  cost  of  the  reservoir.  These  walls 
are  3  feet  thick  at  the  top  and  have  batters  of  3 
inches  per  foot  on  the  front,  or  water  face,  and 
2  Inches  per  foot  on  the  back,  to  a  thickness  of 
15.5  feet,  where  the  height  is  sufficient,  below 
which  the  thickness  is  uniform.  The  retaining 
walls  are  founded  on  sound  rock  throughout 
their  length,  which  is  prepared  by  removing  all 
loose  and  soft  material  and  disintegrated  rock, 
cleaning  thoroughly  with  water  jets  and  brooms, 
and  plugging  with  cement  the  few  open  seams 
which  occur. 

The  backing  of  these  walls  Is  made  of  selected 
earth  from  which  stones  larger  than  3  inches 
are  thrown  out.     Usually  the  material  has  been 
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tion.  of  which  1,000,000  cubic  yards  or  more  are  made  of  this  material  and  used  in  the  masonry  dumped  from  narrow-gauge  cars  along  the  edge 

expected  to  be  earth,  the  balance  rock;   200,000  is  satisfactory  in  all  respects,  as  far  as  observed.  of  the  trench  back  of  the  wall  and  washed  in 

cubic  yards  of  concrete  and  50,000  cubic  yards  Large  piles  of  rock  fragments  suitable  for  crush-  with  streams  of  water  from  hose.    After  the  flU- 

of  rubble,  and  there  are  about  3,000  tons  of  cast-  ing  have  also  been  accumulated  in   the  north-  ing   and    puddling   of   the   lowest    part   of    the 

iron   pipes  to   be   laid.     Of  the  excavated   ma-  westerly  part  of  the  west  basin,  near  one  of  the  trench,  steps  or  terraces  about  12  to  18  feet  long 

terials  now  being  taken  out,  500,000  to  800,000  embankments  which  are  to  be  paved  with  con-  are  formed  of  the  earth  filling,  rising  along  the 

cubic  yards  are  being  placed  along  the  embank-  crete.                                                    _  back  of  the   wall.     Small   earth   rams  8   to   10 

ment  of  the  old  Croton  aqueduct,  in  Van  Cort-  Mechanical  Analysis  ot  Scnnnlnss.  inches  high  are  then  formed  across  the  trench 

landt  Park,  which  adjoins  the  reservoir  ground  '""sri'inch'ml^h  slevp                        ''*' 4^'  ^^  ^^^  '^^^^  °^  '^^'^^  ^*'^P'  ^"'^  "^^  shallow  basins 

on  the  north,  in  order  to  build  the  embankment  .27     ;'            '"      '•.'!.'.'!.".."..'.      14  thus  made  are  filled  with  water,  part  of  which 

for  a  park  drive;  some  of  the  spoil  is  being  used  fl;     .. ,           ..         '.'..'.'.'.['.'.'.'.      t'l  percolates  from  the  upper  basins  to  the  lower 

to  grade  streets  and  for  filling  in  the  botanical                  ^.^^      10  sieve                    -tl  ^°'^'    ^^^^   sinks    directly    downwards    into   the 

gardens  in  the  Bronx  Park,  east  of  the  reservoir.  No!     15     "'.'.'.'.'.'.'.'.'.','.■.'.■.'.'.'.'.'.'..'.      lis  earth.    By  this  method  the  filling  is  thoroughly- 
All    the   stone    required   for   the   rubble   and  nJJ.'     30     "    '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.    117  puddled  and  washed  into  all  the  irregularities 

ashlar  masonry  in  the  walls  and  chambers  has                  ^°-    i[J     ",    ?[|  of  the  rough  rubble  back  of  the  wall. 

been  obtained  from  the  excavations  in  the  reser-  No.  74  "  '..'...'.'..'.'.'.'.'.  •2-2-1  The  old  Croton  aqueduct  traverses  the  reser- 
voir, which  have  yielded  gneiss  of  good  quality  so.  mo     "    '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'..'.      ii'z  voir  from  north  to  south   following  a  straight 

in  good-sized  blocks.     Much  of  this  stone,  when              ispUw  ^00          ««  course  and   being   in   an   embankment   for   the 

in    place    in    the    structures,    resembles,    when             Total '.  ...l.ooo  greater  part  of  the   distance:    the  new  Croton 

viewed  from  a  little  distance,  a  light-colored  Four  concrete-mixing  plants  are  being  in-  aqueduct,  which  also  crosses  the  reservoir  site, 
limestone  and  presents  a  satisfactory  and  pleas-  stalled  at  convenient  points  for  the  delivery  of  is  a  tunnel  at  an  average  depth  of  115  feet  be- 
ing appearance  for  the  purposes  to  which  it  has  concrete.  One  of  these  plants  will  probably  con-  low  the  natural  surface  of  the  ground.  Although 
been  applied.  For  copings  and  other  cut-stone  tain  two,  and  each  of  the  other  one  2>{.-cubic-  the  designs  contemplated  preserving  the  con- 
work  on  the  walls  and  in  the  gate  chambers  yard  concrete  mixers  made  by  the  Thomas  Car-  tinuity  of  the  old  aqueduct  through  the  reser- 
gray  granite  from  Maine  quarries  has  been  lin's  Sons  Company,  of  Allegheny,  Pa.,  each  voir  so  that  it  could  convey  water  directly  to 
used.  Some  of  the  gneiss,  however,  is  horn-  driven  by  a  small  engine  built  by  the  Erie  Pump  the  city,  no  part  of  the  portion  of  thU  aque'luct 
blfndic  and  almost  black.     Irregular  fragments  &  Engine  Company,  of  Erie,  Pa.    Tracks  will  be  within   the    reservoir   could   be   utilized:    to   ac- 
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tampUth  the  pnrpoa*  a  twrresponding  aqueduct 
is  iacorporated  in  the  division  wall,  as  pre- 
vlovaly  mentioned.  There  are  several  reasons 
(or  this:  The  old  aqueduct  was  not  conven- 
iently located  for  incorporation  in  the  new  work 
Bor  was  It  of  suitable  construction;  It  was  ad- 
Tlikbie  to  maintain  the  aqueduct  (or  as  long  a 
tlm«  M  poaiible  in  such  condition  that  it  could 
ffakklj  be  put  into  service  in  case  of  emer- 
gtmcr:  furthermore,  in  many  places  this  portion 
of  the  old  aqueduct  is  cracked,  and  portions  of 
it  are  on  foundation  embankment.  It  was  neces- 
sary to  found  the  division  wall  on  rtK-k  through- 
o«it  its  length,  and  the  most  economical  location 
does  not  follow  the  Une  of  the  old  aqueduct,  so. 
that  the  new  structure  has  been  built  for  al- 
most its  entire  length  without  interfering  with 
the  old  aqueduct.  For  convenience  of  construc- 
tion operations,  however,  the  contractors  were 
permitted  to  cut  through  the  old  aqueduct  em- 
hankment  a  gap  wide  enough  to  lay  a  construc- 
tion railway.  A  wooden  flume  was  provided  at 
this  placa  to  connect  the  two  portions.  The  line 
of  the  division  wall  crosses- the  old  aqueduct. 
and  at  this  place  and  two  others  there  are  gaps 


ried  in  the  division  wall  to  the  main  gate  cham- 
ber. One  of  the  open  shafts  of  the  new  aque- 
duct tunnel,  known  as  shaft  No.  21,  is  situated 
Jn  the  center  of  the  reservoir,  about  227  feet 
west  of  the  main  gate  chamber.  A  second  con- 
nection with  the  new  aqueduct  has  been  made 
at  this  shaft,  as  indicated  by  the  accompanying 
photographs. 

The  first  Illustration  is  a  general  view  of  the 
westerly  basin  looiving  north  from  the  southerly 
end,  taken  about  the  middle  of  March,  this 
spring.  At  the  right  is  the  division  wall  and  at 
the  left  a  portion  of  the  retaining  or  breast  wall 
ready  to  receive  the  earth  backing.  As  indi- 
<-ated,  a  large  proportion  of  the  bottom  of  this 
liasin  has  been  brought  nearly  to  grade  and 
can  rapidly  be  made  ready  for  the  concrete  lin- 
ing. 

The  second  view,  looking  northward,  shows 
the  completed  substructure  on  Gatehouse  No.  5. 
the  principal  gatehouse,  with  the  base  course  of 
cut  granite  ready  for  the  superstructure.  It 
also  shows  portions  of  the  division  wall  and  of 
the  arched  causeway  leading  to  shaft  No.  21  of 
the  new  Croton  aqueduct.    Gatehouse  No.  2  Is 


end  of  the  reservoir  and  shows  the  construction 
of  the  division  wall  south  of  Gatehouse  No.  5, 
indicating  the  character  of  the  ashlar  facing 
above  elevation  121.5  and  the  rubble  masonry, 
used  throughout  the  length  of  the  wall.  In  the 
lower  part  of  the  wall  can  be  seen  the  two  12- 
foot  circular  outlet  conduits  leading  from  the 
central  gatehouse  nearly  to  the  southern  ex- 
tremity of  the  west  basin,  providing  mean.s  for 
discharging  water  into  the  reservoir  at  this  end 
Jor  purposes  of  circulation.  The  outlet  end  of 
the  east  conduit  appears  in  the  picture.  As  will 
be  perceived,  the  west  conduit  could  not  be  con- 
veniently ended  in  the  same  way  because  the 
new  conduit  for  the  old  Croton  aqueduct,  which 
it  supports,  continues  on  through  the  reservoir; 
its  outlet  is  directly  opposite  that  of  the  east 
conduit  and  is  shown  in  the  first  illustration, 
being  arranged  for  the  water  to  issue  at  right 
angles  to  the  wall.  The  picture  was  taken  in 
March,  1900,  and  the  background  gives  some 
idea  of  the  heavy  cutting  required  for  a  con- 
siderable portion  of  the  reservoir.  Provision 
has  also  been  made  for  letting  water  into  each 
basin  at  the  northern  extremity. 


Jerome  Park  Kcscnroir:  Mew  and  Old  Croton  Aqueducts  in  Division  Wall  North  of   Central  Gatehouse,  West  Basin  in  Background. 


where  the  wall  has  not  yet  been  built.  These 
thrse  gaps  amount  to  9W  linear  feet  and  will 
be  closed  this  season.  In  these  places  concrete 
will  be  used  instead  of  brick  and  stone,  except 
for  the  ashlar  faces  of  the  wall. 

Connection  with  the  new  aqueduct  will  be 
made  at  a  point  about  4.60«  feet  north  of  the 
northerly  botindary  of  the  reservoir,  whence  an 
aqueduct  of  the  same  crosa-section  as  the  new 
Croton  aqueduct  will  be  constructed  In  trench 
doae  beside  the  old  aqueduct  embankment,  the 
distance  between  center  lines  l»eiog  uniformly 
M  feet,  to  the  northerly  line  of  the  reservoir. 
Originally  It  was  Intended  to  build  this  aque- 
duct of  rubble  and  brick  maranry,  but  the  plans 
have  been  modlfled  to  use  concrete,  because  bet- 
ter results  can  be  obtained  and  time  saved. 
Marh  of  the  trenrb  for  this  section  of  aqueduct 
lias  l>e*n  excavated  and  the  work  of  finishing 
the  excavation  and  placing  the  concrete  is  now 
In  progress.  From  the  northerly  embankment  or 
tlie  reservoir  this  aqueduct  together  with  the 
sabstitate  for  the  old  Croton  aqueduct  is  car- 


seen  in  the  background,  and  at  the  extreme 
right  of  the  picture  is  the  embankment  of  the 
old  Croton  aqueduct.  Beneath  the  causeway 
arches  is  the  11-foot  circular  brick  conduit,  by 
means  of  which  water  may  be  let  into  the  new 
Croton  aqueduct;  this  conduit  Is  under  pressure 
when  in  use,  and  whenever  it  may  be  emptied 
while  the  reservoir  is  full  the  weight  of  the 
causeway  will  counteract  any  possible  buoyancy. 
The  by-pass  conduit,  carrying  the  old  Croton 
aqueduct  around  the  gatehouse  is  under  the 
platform  at  the  west  of  the  base  for  the  super- 
structure. 

The  third  photograph  shows  the  construction 
of  the  portion  of  the  division  wall  north  of 
Gatehouse  No.  5,  looking  south.  This  portion 
of  the  wall  contains.  In  the  left  or  easterly  side, 
the  part  of  the  connecting  conduit  from  the  new 
Croton  aqueduct  which  is  within  the  reservoir 
and  the  new  conduit  to  replace  tne  old  Croton 
aqueduct.  The  former  is  11.4/)  feet  wide  and 
13.53  feet  high,  and  the  latter  is  7.42x8.4(>  feet. 

The  fourth  view  was  taken  near  the  southerly 


The  fifth  illustration  hhows  the  construction 
of  the  aqueduct  leading  from  the  new  Croton 
aque<Iuct  at  Gatehouse  No.  1  to  the  reservoir. 
The  embankment  of  the  old  Croton  aqueduct  is 
at  the  right.  The  Aqueduct  Commissioners  are- 
preparing  an  extensive  and  interesting  exlill)it 
of  the  great  water-works  system  of  New  York 
to  be  shown  at  the  St.  Louis  Exposition. 
Through  the  courtesy  of  the  commissioners  and 
their  chief  engineer  some  of  the  photographs 
which  are  to  form  a  part  of  the  exhibit  have 
l)een  reproduced  with  this  article.  The  St. 
Louis  exhibit  will  include,  also,  a  large  wooden 
model  of  the  .substructure  of  Gatehouse  No.  fi. 

.Mr.  J.  Waldo  Smith  is  chief  engineer  for  the 
Aqueduct  Commissioners,  and  the  work  de- 
scribed Is  now  being  done  under  his  general 
supervision.  Mr.  Daniel  Ulrich  is  the  division 
engineer  in  immediate  (-barge  of  construction, 
and  the  designs  were  prepared  under  the  direc- 
tion of  Mr.  F.  S.  Cook,  in  charge  of  the  drafting 
department.  Messrs.  M(-Uonald  &  Onderdonk 
are  the  contractois. 
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General    Rules    for    Construction    Work, 
Illinois  Central  Railroad. 


The  Illinois  Central  Railroad  Company  has 
recently  prepared  some  general  rules  to  govern 
construction  on  its  system.  The  work  of  this 
nature  is  in  charge  of  Mr.  A.  S.  Baldwin,  en- 
gineer of  construction,  and  comes  under  the 
general  direction  of  Mr.  John  F.  Wallace,  gen- 
eral manager,  and  Mr.  W.  J.  Harahan,  assistant 
general  manager,  who  sign  the  rules  mentioned. 
These  are  particularly  interesting  because  the 
Illinois  Central  lines  are  kept  in  a  condition  of 
high  efficiency,  and  its  new  roads,  particularly 
in  the  South,  have  attracted  a  large  amount  of 
attention. 

In  this  work  of  construction  the  resident  en- 
gineer reports  to  and  receives  his  instructions 
from  an  assistant  engineer,  as  a  rule,  and  is 
responsible  for  the  work  of  the  instrumentmen, 
rodmen,  chainmen,  track  apprentices  and  axe- 
men assigned  to  him.  He  is  required  to  main- 
tain a  careful  supervision  over  the  work  of 
his  subordinates  and  keep  them  employed  con- 


other  work  of  that  character.  When  so  en- 
gaged the  work  must  be  inspected  by  one  of 
his  subordinates. 

The  first  duty  of  the  resident  engineer  on 
taking  charge  of  a  piece  of  work  is  to  check 
it  over  carefully  from  one  end  of  the  residency 
to  the  other,  both,  as  to  alignment  and  levels. 
When  the  line  of  check  levels  is  run,  perma- 
nent bench  marks  must  be  fixed  at  convenient 
points  at  least  every  half  mile  in  level  coun- 
try, every  one  thousand  feet  in  hilly  regions, 
and  in  the  vicinity  of  water  coui'ses  or  depres- 
sions where  bridge  structures  are  likely  to  be 
erected.  At  every  bench  the  elevation  must  be 
marked.  Where  possible,  tangents  must  be  run 
to  intersection  on  the  ground.  All  turning 
points  on  tangents  must  be  double-centered,  and 
they  must  be  checked  by  the  foresight  method. 
N(f  excuse  is  accepted  by  the  Illinois  Central 
Railroad  Company  for  irregularity  in  the  line 
of  tangents. 

The  beginning  and  ending  points  of  all  curves 
must  be  l03ated  by  measurement  from  the  point 
of  intersection  of  the  two  tangents  unless  it  is 


the  reading  in  the  note  book,  with  a  careful 
description  of  the  points. 

When  discrepancies  are  found  between  the 
old  and  new  surveys  for  alignment,  levels  or 
( haining,  an  immediate  correction  must  be 
made  and  a  memorandum  of  it  sent  to  the  as- 
sistant engineer,  with  a  statement  of  the 
changes  required.  If  an  adjoining  residency  is 
involved  the  engineer  of  it  is  also  notified. 

All  ground  on  which  both  excavations  and  em- 
bankments are  to  be  made  must  be  carefully 
cross-sectioned,  such  sections  being  taken  and 
the  slope  stakes  set  at  full  stations  and  at  as 
many  intermediate  points  as  may  be  necessary 
to  cover  fully  the  irregularities  of  the  surface. 
The  calculations  for  areas  in  cubic  yards  must 
be  checked  and  their  accuracy  verified  before 
entering  in  the  final  record  book.  From  time 
to  time  as  the  work  of  cross-sectioning  pro- 
ceeds, the  assistant  engineer  is  furnished  notes 
and  plats  of  cross-sections  showing  their  area 
and  cubical  contents  for  both  cuts  and  fills. 
Two  copies  of  the  complete  profile  of  the  line 
are  prepared  from  the  field  notes,  one  for  of- 
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stantly.  Cases  of  negligence,  incapacity  or  in- 
subordination are  required  to  be  reported 
promptly  to  the  assistant  engineer.  Whenever 
it  becomes  possible  for  the  engineering  force 
to  be  reduced  the  assistant  engineer  must  be 
notified  in  order  that  there  may  be  a  reassign- 
ment of  forces  without  loss  of  time. 

All  grading  and  trestle  work  which  is  not 
done  by  the  company's  forces,  as  well  as  all 
other  work  assigned  by  the  assistant  engineer, 
is  in  charge  of  the  resident  engineer  under 
these  regulations.  Instruments  are  furnished 
by  the  company  in  accordance  with  the  needs  of 
tke  work,  and  the  resident  engineer  is  required 
to  furnish  a  complete  list  of  them,  showing 
their  condition,  upon  taking  charge  of  the 
work;  on  his  removal  or  exchange  he  is  re- 
quired to  account  for  ail  of  them,  and  when  a 
transfer  is  made  the  list  must  be  signed  -by 
both  parties  concerned.  A  personal  inspection 
of  the  work  must  be  made  as  frequently  as  pos- 
sible by  the  engineering  corps;  the  resident  en- 
gineer inspecting  It  daily,  except  when  nec- 
essarily engaged  in  the  office  on  estimates  or 


impracticable  to  do  so.  When  this  cannot  be 
done  a  traverse  line  must  be  run  with  as  long 
a  chord  or  chords  as  possible,  connecting  the 
tangents,  and  the  P.  C.  and  P.  T.  located  there- 
from as  a  check  on  the  accuracy  of  the  original 
location.  All  curves  of  2  degrees  or  over  must 
be  connected  to  tangents  by  spiral  curves.  The 
junction  point  of  all  compound  curves  in  which 
the  radius  of  either  is  over  that  of  a  2-degree 
curve  and  all  reverse  curves  must  be  con- 
nected by  spiral  curves  also.  When  a  tangent 
between  two  curves  is  so  short  as  not  to  permit 
spirals  of  full  length,  the  spirals  must  be  ap- 
portioned to  the  curves  in  direct  proportion  to 
their  degrees  of  curvature. 

The  point  of  spiral,  point  of  circular  curve 
and  a  sufficient  number  of-  centers  on  both 
curves  and  tangents  to  enable  them  to  be  easily 
reproduced,  must  be  carefully  referenced.  The 
reference  points  must  be  made  as  durable  as 
possible  and  must  be  sufficiently  tar  from  the 
center  line  to  be  safe  from  disturbance  during 
construction.  The  magnetic  bearing  must  be 
read  on  reference  lines  and  a  record  made  of 


fice  use  and  one  for  the  assistant  engineer;  on 
this  profile  is  marked  the  quantity  of  each  cut 
or  fill.  Where  the  profile  is  for  a  second  track, 
it  is  prepared  from  the  cross-section  notes  un- 
der the  assumption  that  the  center  line  eleva- 
tion is  the  elevation  of  the  ground  at  the  outer 
slope  stake.  In  submitting  profiles  the  resident 
engineer  puts  in  the  grade  lines  in  pencil; 
these  are  merely  suggestions,  however,  and  are 
not  acted  upon  until  duly  authorized.  All 
grades  are  compensated  on  curves  at  the  rate 
of  0.04  foot  for  each  degree  of  curvature. 

The  correct  proportioning  of  waterways  to 
the  area  drained  and  the  size  of  streams  must 
be  carefully  investigated,  and  where  there  is 
reason  to  believe  that  the  opening  is  either 
insufficient  in  size  or  unnecessarily  large  the 
attention  of  the  assistant  engineer  must  be 
called  to  the  fact.  Where  waterways  are  in  the 
vicinity  of  an  established  roadbed  the  openings 
In  the  latter  must  be  carefully  examined  and 
the  division  officers  consulted  as  to  their  ef- 
ficiency. 

The  regulations  lay  special  stress  on  the  need 
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ot  drmlnag*  in  s«ii«ral.  £(ir(ac«  anil  iiKM-o(- 
w«r  ditches  must  be  carefully  laid  out  aud  neat- 
ly SniriMd.  great  care  being  taken  to  keep  the 
watar  away  from  tiie  foot  of  embankments  and 
tiM  aiopes  of  the  cuts.  The  roadbed  ditches 
■aat  be  finished  in  accordanre  with  the  com- 
paajr's  standard  plans  as  the  work  progresses. 
Head  walls  of  rulrerts  and  retaining  walls 
noat  be  laid  out  ao  as  to  make  a  neat  flt  with 
Um  aiopes  of  the  embankments.  All  standard 
ero— Mctions  and  plans  are  furnished  to  the 
resident  engineers  by  the  assisunt  engineers. 

The  Illinois  Central  Railroad  Company  has 
adopted  the  following  scales  for  its  standard 
drawings:  100  feet  to  the  inch  for  all  ordinary 
plats.  50  feet  to  the  inch  for  plats  requiring 
more  details  than  can  be  shown  on  the  100-foot 
■eala,  200  to  400  feet  to  the  Inch  for  pjats  which 
vonld  be  rendered  too  bulky  by  using  the 
larger  scales.  Smaller  scales  than  these  are 
«aM^lQ7«d  only  when  absolutely  necessary.  The 
ofeiact  of  these  drafting  rules  is  to  obtain  plats 
wUcb  can  be  scaled  with  a  foot  rule  with  the 
leaM  amount  of  calculation,'  and,  for  conveni- 
ence of  folding,  will  be  either  the  size  of  a  sheet 
of  letter  paper  or  multiples  of  that  size.  In 
attaching  them  to  letters  the  company  insists 
on  their  being  fastened  in  the  upper  left  hand 
ctmier  in  such  a  way  as  to  unfold  without  be- 
ing fastened. 

The  following  data  must  be  given  on  every 
plat  made  for  the  company:  The  points  of  the 
compaaa  must  be  indicated,  exactly  if  possible 
and  approximately  in  any  case,  the  fact  that 
the  location  is  approximate  being  so  stated.  The 
naaaaa  of  the  terminals  of  the  line  at  both  ends 
noat  be  shown.  The  title,  scale,  date  and  offloe 
where  the  drawing  is  made  must  be  indicated. 
On  all  plans  involving  tracks  the  names  and 
numbers  by  which  the  tracks  are  known  must 
be  given. 

Where  changes  are  proposed  the  company  re- 
quires the  present  arrangement  to  be  shown 
In  aolid  black  lines  on  tracings  and  solid  white 
lines  on  blueprints,  while  the  proposed  arrange- 
ment is  indicated  in  dotted  red  lines  on  tracings 
and  solid  red  lines  on  blueprints.  When  color 
ahading  is  employed  to  distinguish  between  dif- 
ferent owners  red  is  always  used  to  denote  the 
conpany's  property. 

Where  material  is  to  be  borrowed,  if  within 
toe  economical  reach  of  a  cutting,  the  cut  must 
be  taken  out  and  sloped  in  the  first  instance  of 
snSdent  width  to  furnish  all  that  is  needed. 
Irragnlar  and  unsightly  holes  on  the  company's 
right  of  way  are  strictly  prohibited.  Where 
there  is  excess  of  material  from  cuts  It  must 
be  wasted  evenly  and  In  such  shape  as  to  form 
a  grade  for  an  additional  track,  unless  consid- 
erable expense  will  be  incurred  in  so  doing. 
Under  the  latter  circumstance  the  advice  of  the 
ssslslmil  engineer  concerning  the  disposal  ot 
the  material  must  be  sought. 

Where  borrow  pits  are  made  they  must  be 
regular  In  shape  and  graded  so  as  to  drain  out 
all  water  that  comes  into  them.  They  must  be 
stakad  oat  to  the  width  and  depth  of  the  cutting 
required.  No  borrow  pit  that  will  form  a  pond 
moat  be  allowed,  without  express  permission 
from  the  assistant  engineer.  Where  possible 
borrow  pits  mnst  be  made  in  the  form  of  con- 
tinnons  ditches,  parallel  with  the  center  line. 
and  the  side  slope  must  be  the  same  as  In  cuts. 

A  berm  at  least  6  feet  In  width  and  10  feet 
if  itractlcable  is  to  be  left  between  the  top  ot 
the  slope  of  the  borrow  iiit  and  the  foot  of  the 
slope  of  the  flIL 

The  siirfa«as  of  old  embankments  or  natural 
slopes  in  side-hill  work  must  be  freed  from 
vegetable  matter  and  well  benched,  either  by 
iriowlng  Or  shoveling,  before  new  material  is 
deposited  on  them. 

Great  care  should  be  exercised  in  providing 


for  shrinkage,  both  horizontally  and  vertically, 
i'he  rate  of  shrinkage  varies  so  greatly  in  dif- 
ferent materials  that  experience  and  judgment 
are  necessary  in  providing  properly  for  it,  and 
on  this  account  the  regulations  require  the 
resident  engineer  to  consult  with  the  assistant 
engineer  before  determining  the  allowance  for 
large  embankments.  The  slopes  ot  cuts  must 
be  taken  out  close  to  the  proper  section  as  the 
work  progresses,  and  must  be  neatly  trimmed 
to  the  final  section  before  the  last  estimates 
are  made.  Embankments  must  have  an  even 
crown  with  the  surface  true  to  grade.  The 
edges  must  be  neatly  trimmed  to  a  line  parallel 
with  the  center  line  ind  the  side  slopes  must 
be  regular.  Loose  rock  must  not  be  allowed 
to  remain  on  the  slopes  of  cuts  or  near  enough 
to  the  slopes  to  be  in  danger  ot  rolling  into  the 
cut  if  undermined  by  water.  The  resident  "en- 
gineer is  particularly  directed  to  anticipate  the 
needs  of  the  contractors  in  setting  necessary 
center,  grade  and  slope  stakes. 

The  requirements  for  monthly  estimates  on 
this  road  read  as  follows:   ".\t  the  end  of  each 


Care  must  be  taken  by  the  resident  engineer  to 
keep  in  touch  with  the  assistant  engineer  at 
all  times  and  to  keep  him  fully  posted  regard- 
ing the  progress  ot  the  work.  The  regulations 
require  the  weekly  report  to  be  sent  to  the  as- 
sistant engineer  every  Saturday  evening. 
Where  a  contractor  is  employed  to  do  work  on 
torce  account  the  engineer  has  to  direct  the 
work  and  keep  an  accurate  record  of  the  time. 
When  the  bill  is  submitted,  the  record  of  the 
engineer's  check  must  accompany  it. 

The  rules  are  quite  explicit  with  respect  to 
the  attention  to  be  paid  by  the  resident  en- 
gineers to  property  abutting  on  the  right  of 
way.  Fences  and  cattle  guards  must  be  prop- 
erly maintained  during  the  progress  ot  the 
work  so  as  to  a^void  damage  to  stock  or  crops. 
Standard  boundary  posts  must  be  located  at  all 
important  property  corners.  It  the  standard 
posts  cannot  be  had  stout  stakes  about  4  inches 
square  and  long  enough  to  stand  2  feet  above 
ground  when  planted  must  be  used.  One  side 
ot  these  stakes  must  be  trimmed  and  the  letters 
"I.   C.    R.   R."   printed   on   it.     Particular   care 
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month  measurements  must  be  taken  and  com- 
putations made  ot  the  amount  ot  work  done 
at  the  end  of  the  month,  and  a  record  of  the 
same  sent  to  the  assistant  engineer  for  his  use 
in  making  up  the  monthly  estimate  ot  the  work 
done.  This  record  must  bear  the  pei-sonal  sig- 
natures of  the  resident  engineer,  instrument- 
man  and  rodman,  if  any;  it  not,  that  ot  the 
engineer  who  checks  the  calculations.  With 
this  must  be  sent  a  profile  showing  In  color 
the  progress  ot  the  work  during  the  month, 
the  standard  color  for  each  month  being  used. 
Under  no  circumstance  must  the  amount  of 
work  done  be  over-estimated." 

The  regulations  regarding  the  oversight  of 
the  contractor's  force  are  very  simple.  A  daily 
record  of  the  number  of  men  employed  on  the 
work  must  be  kept  so  as  to  show  both  their 
distribution  and  location.  A  weekly  report  of 
the  progress  of  the  work  by  sections  and  by 
miles  must  be  made.  This  gives  the  average 
force  employed  and  the  place  where  the  men 
are  located,  and  an  account  of  all  incidents  of 
Importance   connected  with    the    construction. 


must  be  taken  to  prevent  any  encroachment  on 
the  company's  property. 

One  of  the  most  important  methods  of  obtain- 
ing friendly  relations  between  a  railway  and 
the  owners  of  abutting  property  is  for  the  en- 
gineers engaged  on  construction  to  treat  every 
one  with  whom  they  come  in  contact  with  all 
possible  courtesy.  In  the  regulations  ot  the- 
Illinois  Central  Railroad  Company  this  idea  is 
particularly  emphasized,  as  the  following  quo- 
tation indicates:  "Endeavor  must  be  made  to 
maintain  a  friendly  relationship  with  people 
living  along  the  line  ot  the  work,  and  a  feeling 
of  friendliness  toward  the  company  must  be 
cultivated.  Where  sentiment  exists  adverse  to 
the  company  a  report  ot  the  same  must  be  made 
and  an  endeavor  made  to  correct  it."  In  the 
same  way  Instructions  are  very  definite  on  the- 
necessity  of  exercising  extreme  care  to  avoid 
the  breaking  of  telegraph  wires.  In  case  ot 
any  such  breakage  an  immediate  report  must 
be  made  to  the  assistant  engineer,  stating  the 
number  of  wires  broken,  the  cause  and  time  of 
the  breakage,   when   it  was  repaired,   and  the- 
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name  of  the  person  responsible  for  the  break- 
age. 

The  relation  between  the  engineering  depart- 
ment and  the  contractors  is  defined  explicitly 
by  the  company  s  rules.  No  information  must 
be  given  to  any  contractor,  sub-contractor  or 
any  other  person  by  the  resident  engineer  as 
to  probable  quantities  of  work  done  or  to  be 
done,  nor  may  he  allow  his  subordinates  to  give 
any.  Inquiries  for  such  information  must  be 
referred  to  the  assistant  engineer.  "Great  tact 
must  be  exercised  by  the  resident  engineer  in 
dealing  with  contractors.  The  fact  must  be 
borne  in  mind  that  not  only  is  it  the  duty  of 
the  resident  engineer  to  see  that  the  contractors 
perform  their  work  properly,  but  he  must  facil- 
itate their  work  and  render  them  every  assist- 
ance in  his  power.  Sub-contractors  are  but  the 
agents  of  contractors.  They  must  be  dealt  with 
as  such,  and  when  addressed  in  writing  It  must 
always  be  as  agents  of  the  principal  contract- 
ors.'" 

Notes  made  during  the  day  must  be  entered 
at  night  in  ink  in  the  final  record  book,  and 
all  notes  must  be  made  with  such  care  and 
system  that  in  case  of  a  reassignment  of  the 
force  there  will  be  no  trouble  on  the  part  of 
a  man  new  to  the  work  taking  them  up  and 
understanding   them.     Copies  must   be   kept  of 
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The  upper  end  of  the  sewer,  from  Coney 
Island  Avenue  to  Avenue  G  and  East  Fifty- 
third  street,  was  constructed  last  year,  ex- 
cepting a  gap  at  Flatbush  Avenue  and  Avenue 
G,  which  was  left  over  the  winter  to  avoid 
serious  interruption  of  street-car  service  dur- 
ing a  period  of  particularly  heavy  traffic  in 
the  fall,  when  large  crowds  are  carried  to  the 
race  tracks  in  the  extreme  southeasterly  part 
of  the  borough.  The  principal  portion  remain- 
ing to  be  built  is  2,200  feet  of  90-inch  circular 
brick  sewer  near  the  outlet,  on  which  work 
was  resumed  March   28. 

The  street  laterals  connecting  with  this 
trunk  sewer  are  15  and  18  inches  in  diameter. 
The  positions  of  the  Y-branches  placed  for 
future  sewers  are  located  from  the  manholes 
and  marked  on  tracings  by  the  sewer  in- 
spectors, from  which  they  are  platted  in  record 
books  filed  in  the  bureau  office  for  reference. 
Besides  these  there  are  sevei-al  connections 
with  large  .collecting  sewers.  At  the  intersec- 
tion of  Avenue  G  and  Flatbush  Avenue  a  48- 
Inch  brick  sewer  built  about  fifteen  years  ago 
is  to  be  connected;  this  sewer  drains  the  ter- 
ritory known  as  Flatbush  and   discharges  into 
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all  letters  relating  to  the  company's  business. 
The  final  record  and  estimate  book  must  con- 
tain alignment  and  level  notes  for  the  entire 
I'esidency;  original  and  final  cross-section  notes 
of  all  cuts,  fills  and  borrow  pits,  with  the  final 
calculations  of  areas  and  quantities;  descrip- 
tions and  memoranda  of  the  location  of  borrow 
pits,  descriptions  of  all  bench  marks  and  their 
elevations,  and  the  dates  of  completion  of  all 
important  work. 

The  final  profile  must  show  grade  lines  with 
the  gradient  given,  and  all  stations  at  changes,! 
with  their  elevations  indicated;  alignment 
notes  of  the  stations  at  the  beginning  and  end 
of  all  curves;-ihe  location  of  mile  posts  as  com- 
puted from  the  starting  point  of  the  line;  the 
width  of  right-of-way  land,  names  of  adjoining 
property  holders,  and  the  stations  at  which 
their  land  lines  intersect  the  center  line  of  the 
tracks;  the  stations  at  all  bridge  piers,  abut- 
ments and  culverts:  the  beginning  and  ending 
of  all  trestles;  the  location  of  towns  and  depots, 
water  tanks,  side  tracks  and  other  similar  in- 
formation of  importance. 


the  bay,  but  the  city  has  been  ordered  by  the 
courts  to  divert  this  sewage  to  another  out- 
let. In  excavating  the  trench  across  Flatbush 
Avenue  the  sheeting  used  for  the  trench  of  the 
old  48-inch  sewer  was  uncovered.  Although 
it  had  been  in  the  ground  for  about  fifteen 
years  this  lumber  was  sound,  even  to  the  top, 
which  was  within  3  feet  of  the  street  surface. 

At  this  point  the  new  sewer,  which  is  egg- 
shaped,  passed  underneath  the  old  sewer,  which 
is  circular,  so  close  to  the  bottom  of  the  latter 
that  there  was  room  for  only  one  complete  ring 
of  brickwork  in  the  new  arch.  As  much  of  the 
second  ring  was  built  as  feasible,  and  then  the 
intersection  was  inclosed  in  a  box.  l)y  placing 
cross-sheeting,  and  a  block  of  Portland  cement 
concrete  formed  around  the  two  sewers  from 
the  arch  of  the  new  sewer  to  the  springing  line 
of  the  old.  The  bottom  of  this  concrete  block, 
at  the  side  of  the  new  sewer,  is  14  inches  wide 
and  on  each  side  rests  on  undisturbed  ma- 
terial. 

In  Avenue  G  at  Nostrand  Avenue  the  60-inch 
sewer    intersects   a    .36-inch    hrlck    sewer   from 


the  opposite  direction  and  the  two  are  com- 
bined into  a  66-inch  sewer  in  Nostrand 
Avenue.  At  Avenue  F  this  66-inch  sewer  meets 
the  48-inch  sewer  from  the  opposite  direction 
and  also  the  42-inch  sewer  from  the  west  In 
Avenue  F;  the  three  are  united  into  the  84- 
inch  sewer,  which  continues  the  line  eastward. 
At  Utioa  Avenue  the  diameter  is  increased  to 
90  inches,  and  at  Avenue  H  provision  is  made 
for  connecting  a  30-inch  sewer  to  be  built  In 
that  avenue. 

The  Intersection  of  the  four  large  brick  sew- 
ers at  Avenue  F  and  Nostrand  Avenue  is  the 
most  important  junction  on  this  line  and  em- 
bodies the  principle  adopted,  excepting  where 
local  conditions  prevent,  in  the  construction  of 
all  intersections  of  large  sewers.  An  accom- 
panying sketch  plan  shows  in  a  general  way 
the  layout  at  this  point.  The  scheme  followed 
is  to  bring  the  sewers  together  so  that  their 
center  lines  will  be  tangent  on  the  plan  and  so 
that  there  will  be  no  break  in  the  grade  of 
the  inverts,  the  aim  being  to  direct  the  flow- 
ing sewage  as  nearly  as  practicable  along  the 
center  of  the  large  sewer.  As  indicated,  the 
42,  48  and  66-inch  sewers  are  egg-shaped  and 
the  84-inch  is  circular.  The  84-inch  was  made 
a  continuation  of  the  66-inch  by  means  of  a 
special  section  20  feet  long,  which  is  followed 
by  a  90-degree  curve  of  40  feet  radius  in  the  84- 
inch  sewer,  making  the  required  change  of  di- 
rection from  one  avenue  to  the  other.  The 
42-inch  and  48-inch  sewers  enter  on  the  con- 
vex side  of  this  curve.  The  transformation 
from  the  66-inch  egg-shape  to  the  84-inch  cir- 
cular was  built  by  laying  the  brickwork  to  lines 
stretched  between  the  ends  of  the  regular  por- 
tions of  the  sewer. 

Surplus  material  from  the  trenches,  when  of 
proper  quality,  is  used  for  embanking  over  and 
around  those  portions  of  the  sewer  which  are 
partially  above  the  existing  surface,  thus  form- 
ing a  portion  of  the  filling  required  to  bring  the 
low  places  in  the  proposed  streets  to  grade. 
An  embankment  at  least  3  feet  deep  above  the 
top  of  the  sewer  and,  for  the  84-inch  and  90-lnch 
sewer,  15  feet  wide  on  top,  with  1%  to  1  slopes 
is  required.  While  at  some  places  the  embank- 
ment has  been  made  somewhat  wider  than  the 
standard  width,  the  available  surplus  Is  not 
sufficient  to  build  all  the  embankment  required. 
The  deficiency  will  be  supplied  from  borrow 
pits  and  from  the  trench  for  the  Flatlands 
Avenue  sewer,  which  is  being  constructed  by 
the  same  contractor.  For  handling  this  mate- 
rial a  narrow-gauge  track  has  been  laid  along 
the  larger  part  of  the  sewer,  on  which  dump 
cars  have  been  run. 

The  larger  trenches  were  excavated  with  the 
aid  of  traveling  diggers,  or  excavating  ma- 
chines, described  last  week.  The  accompany-' 
ing  view  shows  one  of  these  machines  in  detail 
and  indicates  the  method  of  moving  It  around 
a  sharp  curve  in  the  line,  from  one  street  to 
another. 

A  good  bottom  to  support  the  sewer  has  been 
found  throughout  the  trench  as  far  as  ex- 
cavated, excepting  for  a  distance  of  300  feet 
in  the  marsh,  near  Albany  Avenue,  where  bents 
of  10-inch  round  piles  about  25  feet  long  were 
used.  There  are  four  piles  in  each  bent  spaced 
3  feet  7  inches  on  centers,  and  the  bents  are  5 
feet  apart.  The  piles  are  capped  with  10  x  10- 
inch  longitudinal  timbers,  on  which  6  x  8-lnch 
pieces  are  laid  transversely  close  together  to 
form  a  platform  for  the  sewer.  The  timber  used 
in  foundation  will  be  always  below  the  spring- 
water  level.  For  the  portion  of  the  trench 
not  yet  excavated  there  are  indications  that  an 
excellent  bottom  will  be  found  all  the  way  to 
the  silt  and  trap  basin,  as  well  as  for  the  basin. 

The  manholes  are  mostly  of  the  usual  type 
of  brick  construction  and  are  placed  at  each 
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connection  with  a  Uterfi  or  other  Intercepted 
•ewer  and  at  the  beKinnins  and  end  of  each 
Ctttre.  If  the  distance  between  two  of  the 
pointa  mentioned  Is  greater  than  about  400  feet, 
iatermedtate  manholes  are  placed  so  that  in  no 
caae  on  this  aewer  does  the  distance  from  one 
■aahoie  to  the  next  exceed  300  feet.  Expe- 
ri«ac«  with  the  older  sewers  of  the  borough 
haa  shown  that  It  is  dangerous,  as  well  as  un- 
ecowMBlcal  whenever  cleaning  is  necessary,  to 
hare  the  manholes  more  than  about  400  feet 
apart  00  lar(e  sewers.  Numerous  cases  are  on 
record  in  which  men  at  work  in  the  large  sew- 
ers have  jnst  escaped  with  their  lives  when  a 
•MMen  heary  shower  came  up.  Some  sewers, 
even  as  large  as  1*  feet  in  diameter,  have  been 
filled  so  that  they  were  flowing  full  withiu  15 
or  30  minutes  after  the  beginning  of  a  heavy 
rain,  owing  to  the  rapid  runoff  from  the  im- 
pervious street  pavements  and  roofs  covering 
practically  the  whole  tributary  watershed. 
This  is  especially  the  case  where  there  are 
large  areas  of  asphalt  pavement,  the  runoff 
from  which  practically  all  passes  into  the  sew- 
ers within  a  few  minutes  after  precipitation. 

Good  clean  sand  for  mortar  and  concrete  has 
been  obtained  from  the  trench  in  a  number  of 
placflSw  No  gravel  suitable  for  concrete  has 
been  gotten  from  the  excavations  and  broken 
stone  was  used  exclusively.  All  mixing  of  con- 
crete as  well  as  mortar  has  been  done  by  hand. 
Several  brands  of  American  and  imported  Port- 
land cements  have  been  used,  among  them 
Giant.  Atlas.  Adirondack,  Stettin-Glrstow.  Al- 
•en  and  Reliance.  The  bricks  used  are  all 
North  River  brick.  The  vitrified  pipes  were 
famished  In  3-foot  lengths  by  the  Contractors' 
Supply  Company,  of  New  York.  The  joints  in 
the  pipe  sewers  were  filled  with  mortar  made 
of  «4]ual  parts  of  Portland  cement  and  sand. 
Before  laying  the  pipes  at  any  time,  the  con- 
tractor was  required  to  have  60  feet  of  founda- 
tion concrete  in  the  trench  and  ready  to  re- 
ceive them.  A  few  exceptions  were  made  and 
shorter  stretches  allowed  to  be  laid  at  curves 
and  other  special  places. 

At  its  outlet  this  sewer  terminates  in  a 
temporary  purification,  silt  and  trap  basin  60 
feet  wide  and  Ku  feet  long.  The  discharge 
from  the  basin  will  flow  through  the  creek 
Into  Jamaica  Bay  at  a  point  near  its  entpance, 
and  thence  into  the  ocean  south  of  Long 
Island.  The  water  of  the  bay  Is  comparatively 
shallow  and  within  a  few  miles  of  the  sewer 
outlet  are  a  number  of  popular  beach  resorts: 
as  there  are  no  strong  favorable  currents  the 
discharge  of  crude  sewage  amid  these  sur- 
nmndlngs  would  create  a  nuisance.  Provision 
has  been  made,  therefore,  for  treating  the  dry- 
weather  flow  in  the  basin  before  discharging 
It  Into  the  creek. 

This  arrangement  for  treating  the  house  sew- 
age at  this  point  Is  a  temporary  expedient;  It  Is 
anticipated  that  In  the  near  future  the  house 
sewage  will  be  Intercepted  and  pumped  through 
a  30-inch  force  main  over  a  summit,  whence  it 
will  flow  by  gravity  through  72,  120.  126, 138,  48, 
132  and  187-inch  sewers,  forming  part  of  the 
sewer  system  of  that  section  of  the  borough, 
to  a  large  permanent  plant  for  treating  the 
sewage  chemically.  The  pumping  sUtion  Is  to 
be  built  Just  across  the  creek  from  the  silt 
baalB  and  Is  to  be  equipped  for  the  present 
with  pumps  of  a  capacity  of  about  10,000,000 
gallons  per  day.  The  permanent  chemical  plant 
is  In  the  portion  of  the  borough  known  as 
<!aat  New  York  and  Is  situated  near  the  shore, 
aboot  5%  miles  distant,  as  the  sewage  will 
flow,  from  the  pumping  station.  This  plant 
also  discharges  Into  Jamaica  Bay. 

Retamlng  to  the  silt  baain  now  under  con- 
struction aa  a  part  of  the  Avenue  O  sewer — It 
Is  located  on  the  sootherly  side  of  Paerdegat 


Basin  at  the  intersection  of  Paerdegat  and  Flat- 
lands  avenues  and  Is  to  be  also  the  letiuir.Ms 
of  a  120-inch  sewer  recently  put  under  con- 
strucUon  in  Flatlands  Avenue  to  serve  a  liirKc- 
dlstrlct  east  of  the  Avenue  O  sewer.  Flatlands 
Avenue  sewer  will  enter  the  silt  and  trap  basin 
on  Its  south  side,  at  right  angles  to  the  Avenue 
O  sewer.  Accompanying  drawings  indicate  the 
construction  of  the  basin.  It  is  divided  longi- 
tudinally into  two  equal  parts,  each  containing 
«•  receiving  chamber  about  59  feet  long  and  i'J 
feet  wide  and  an  outlet  chamber  19  feet  long 
and  29  feet  wide.  Exterior  and  division  whII.s 
alike  are  of  lOxlO-inch  splined  and  grooved 
yellow  pine  sheet  piling  and  the  roof,  or  cover- 
ing platform,  is  of  2-inch  splined  and  grooved 
flooring  on  3xl2-lnch  Joists  spaced  18  inches 
on  centers  and  supported  on  lOxlO-inoh  trans- 
verse beams  10  feet  apart.  The  floor  is  to  be 
of  Portland  cement  concrete  2  feet  thiclv  laid 
directly  on  the  sand  and  gravel  forming  the 
bottom  of  the  excavation. 

The  floor  surface  is  to  be  8  feet  below  mean 
high  water  and  the  top  of  the  roof  platform 
7%  feet  above  this  datum,  so  that  the  cham- 
bers will  have  a  height  Inside  of  about  14  feet. 
The  sheet  piles  are  about  28  feel  long,  and,  as 
the  first  step  in  the  construction  of  the  basin, 
all  of  them  were  driven  to  the  required  depth 


the  basin  to  a  sufficient  depth  to  obtain  a  sure 
and  constant  supply  of  at  least  3,000  gallons 
per  hour  of  fresh  water.  The  water  is  to  be 
drawn  from  the  well  and  delivered  into  the 
tank  by  a  force  pump  driven  by  a  Mietz  & 
Weiss  kerosene  engine  or  one  equal  thereto, 
according  to  the  specifications,  to  be  located  In 
the  small   frame  building  mentioned  above. 

Avenue  G  sewer  is  to  terminate  at  the  west 
wall  of  the  basin,  its  center  line  being  at  the 
longitudinal  division  wall.  In  its  last  15  feet 
the  shape  of  the  sewer  will  be  changed  from 
a  90-inch  circle  to  the  section  having  a  rec- 
tangular lower  part  and  an  arched  top  shown  in 
one  of  the  drawings.  The  end  of  the  sewer  will 
be  flinished  by  a  brick  i)ortal  wall  3  feet  3  inches 
thick,  15  feet  wide  and  1H4  feet  high,  and  its 
waterway  partially  closed  by  a  concrete  wall 
2  feet  thick  and  4  feet  high.  This  concrete 
wall  will  be  pierced  by  two  oi)enings  24  inches 
square,  each  controlled  by  a  Coffln  sluice  gate 
operated  by  a  hand  wheel  on  the  platform 
above.  By  means  of  these  gates  the  discharge 
of  the  dry-weather  flow  can  be  regulated  and 
the  sewage  directed  into  either  one  or  into  both 
of  the  receiving  chambers.  Storm  water,  of 
course,  can  be  passed  not  only  through  the 
gates,  but  also  over  the  concrete  wall.  The 
effluent  of  the  dry-weather  sewage,  after  chem- 
ical treatment  and  subsidence,  is  to  be  drawn 
from  either  receiving  chamber  Into  the  corre- 
sponding discharge  chamber  through  two  12- 
inch  siphons,  details  of  which  are  shown  here- 
witli.     Two  similar  siphons  in  the  easterly  end 
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Sevier  Iriforscction  at  Avenu*  F  and  Nostrand  Avenue. 

Typical  Intersection  of  Large  Sewers,  Brooklyn. 

of  about  10  feet  below  the  floor.  Afterwards 
the  enclosed  material  was  excavated  to  the 
required  depth  and  placed  around  the  walls, 
being  finished  with  slopes  of  I'A  to  1.  Besides 
the  sheet  piles  twenty-four  lOxlO-inch  bearing 
piles  were  driven  at  the  points  indicated  on 
the  plan  to  aid  In  supporting  the  roof  plat- 
form and  a  system  of  lOxlO-inch  Intermediate 
horizontal  bracing  5  feet  above  the  floor.  The 
tops  of  the  sheet  piles  forming  the  walls  are 
secured  in  alignment  by  lOxlO-Inch  waling 
pieces  inside  and  outside  with  1-inch  through 
bolts  spaced  about  5  feet  apart.  All  the  heavy 
timber  construction  is  thoroughly  fastened  to- 
gether by  large  drift  bolts. 

On  the  roof  platform  of  the  silt  basin,  over 
the  intersection  of  the  division  walls,  there  Is 
to  be  a  light  frame  superstructure  35  feet  long 
and  15  feet  wide  inside,  which  will  house  the 
chemical  measuring,  mixing  and  feeding  ap- 
paratus and  a  stock  of  the  chemicals.  Near 
this  building  there  will  stand  on  the  platform 
a  timber  trestle  tower  about  9  feet  high  sup- 
porting a  3,000-gallon  cypress  tank  7V&  feet  in 
diameter  and  9  feet  high  Inside,  to  contain  a 
supply  of  clean  water  to  be  used  for  mixing  the 
chemicals.  The  supply  of  water  Is  to  be  gotten 
from  a  well  to  be  driven  through  the  floor  of 
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S  i  p  K  o  n  , 

Details  of  Siphon  in   Purification  Basin. 

wall  will  pass  the  effluent  from  the  discharge 
chambers  to  the  creek  channel,  which  is  to  be 
excavated  to  a  depth  of  4  feet  below  mean  high 
water. 

The  top  of  the  transverse  division  wall  is 
about  9  feet  above  the  floor,  and  over  it  storm 
water  can  flow  in  large  volume  Into  the  dis- 
charge chambers,  and  from  them  through  two 
openings  3  feet  high  and  12  feet  wide  in  the 
easterly  end  wall  of  the  basin.  The  water  from 
each  of  these  large  openings  will  fall  upon  a 
heavy  wooden  apron  supported  on  lOxlO-lnch 
square  bearing  piles,  as  shown.  Each  siphon 
is  provided  with  a  counterweighted  foot  valve. 
Their  air  pipes  and  fittings  are  of  brass  and 
the  foot-valve  seats  of  composition  of  88  parts 
copper,  10  parts  tin  and  2  parts  zinc.  The 
valves  have  rubber  rings  1  inch  wide  let  into 
an  annular  groove  to  bear  against  these  seats. 

The  Avenue  G  trunk  sewer  was  designed  and 
is  being  constnicted  under  the  direction  of  Mr. 
Henry  R.  Asserson,  M.  Am.  Soc.  C.  E.,  chief  en- 
gineer of  sewers.  Borough  of  Brooklyn.  Mr. 
George  T.  Hammond  Is  the  division  engineer  In 
Immediate  charge.  Mr.  John  McNamee,  of 
Brooklyn,  Is  the  contractor.  The  total  cost 
of  the  work  covered  by  the  contract  is  estimated 
at  $315,000.     The  sewer  In  Flatlands  Avenue, 
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referred  to  above,  is  a  part  of  the  system,  and, 
although  a  separate  contract,  is  being  con- 
structed under  the  direction  of  the'  same  engi- 
neering force  in  connection  with  the  Avenue 
G  sewer.  Contractor  McNamee,  as  intimated 
earlier  in  the  article,  has  both  contracts.  The 
estimated  cost  of  the  Flatlands  Avenue  sewer 
is  1323,000,  making  the  total  estimated  cost  of 
these  main  trunk  sewers  in  this  system  $638,- 
000.  This  does  not  include  the  lateral  trunks 
and  the  lateral  sewers,  the  estimated  cost  of 
which  will  fully  double  the  figure  just  given. 
Several  miles  of  lateral  sewers,  not  included  in 
"the  contracts  mentioned,  have  already  been  com- 
pleted and  are  ready  to  be  connected  with  the 
main  trunks  as  soon  as  an  outlet  is  secured. 
The  time  allowed  the  contractor  for  completing 
the  work  on  each  of  the  contracts  for  Avenue 
G  and  Flatlands  Avenue  sewers  is  300  working 
days;  no  working  days  are  counted  between 
December  15  and  March  15  of  each  year. 


An   Indestructible   Viaduct. 


A  1,000-Foot-Span  Poweb  Transmission  line 
that    recalls    the    notable    4,427-foot    Carquinez 


About  twenty-five  years  ago  when  the  main 
line  of  the  Canadian  Pacific  Railway  was  under 
construction  a  remarkable  accident  occurred  on 
Section  B,  near  Rat  Portage,  where  a  trestle 
viaduct  was  accidently  dynamited  under  a  mov- 
ing train,  and  the  latter  escaped  without  injury. 
The  fact  appears  almost  incredible,  but  is  cir- 
cumstantially related  and  vouched  for  by  Mr. 
William  Robinson,  who  was  then  division  en- 
gineer in  charge  of  construction  and  directed 
the  repairs  to  the  injured  trestle. 

Nitro-glycerine  had  been  issued  to  the  con- 
tractor for  blasting,  and  was  charged  to  him 
at  $1  a  pound,  so  that  when  the  work  was  fin- 
ished and  a  60-pound  can  remained  intact  he 
wished  to  return  it  to  the  stores  and  receive 
credit.  Accordingly  he  borrowed  a  velocipede 
from  Mr.  Robinson  and  sent  it  back  by  a  powder 
monkey,  as  the  men  who  handled  the  explosives 
were  called,  who  strapped  the  can  to  the  hack 
of  the  velocipede  and  started  alone.  When  in 
the  middle  of. a  long,  high  viaduct  across  Moose 
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trestle  had  ueveloped  sufficient  truss  or  arch 
action  to  form  a  span  across  the  gap,  but  this 
is  the  more  wonderful  as  this  work  was  built 
of  round  timber  without  framing  and  was 
spiked  and  not  bolted  at  connections.  The 
trestle  was  three  stories,  or  about  45  feet  high, 
above  the  water  and  each  bent  had  two  plumb 
posts  and  two  hater  posts.  The  bents  were 
14  feet  apart  and  carried  four  lines  of  Sxl4-inch 
stringers  at  least  28  feet  long,  breaking  joints 
over  the  caps.  There  were  ledger  pieces  on  the 
batter  posts  at  every  story,  which  were  laid 
across  the  caps  and  sills  and  were  spiked  to 
them  and  to  the  batter  posts,  and  all  panels 
in  the  planes  of  the  batter  posts  were  X-braced 
longitudinally  by  round  timber  diagonals  5 
inches  in  minimum  diameter.  There  were  also 
diagonal  braces  through  the  centers  of  each 
one-story  section  of  the  viaduct  included  be- 
tween successive  tiers  of  horizontal  caps  and 
adjacent  transverse  bents,  which  thus  had  com- 
bined longitudinal,  transverse  and  vertical 
reach  in  each  brace.  All  the  timber  was  green, 
and  it  was  almost  impossible  to  draw  the  8x%- 
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Section  on  Line  A-A. 
Brooklyn  Sewers:  Purification,  Silt  and  Trap  Basin  at  the  Outlet  of  Avenue  G  and  Flatlands  Avenue  Trunk  Sewers. 
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Straits  crossing  described  in  The  Engineering 
Record  of  June  22,  1901,  has  been  stretched  be- 
tween two  steel  towers  for  carrying  250-voIt  di- 
rect current  to  the  Homestead  steel  works,  near 
Pittsburg.  It  consists  of  four  800,000-circular- 
mil  aluminum  cables  attached  to  the 
towers  through  strain  insulators.  The 
weight  of  each  cable  including  a  coating  of 
Vi  iAch  of  ice  was  calculated  as  1.125 
pounds  per  linear  foot,  and  the  stress 
of  the  wind,  acting  at  right  angles  to 
this,  at  40  pounds  per  square  inch  of  thexross- 
section  of  the  ice-covered  wire,  was  shown  to 
be  4.166  pounds,  giving  a  resultant  load  of  4.31 
pounds  per  foot.  With  a  winter  deflection  at 
the  center  of  the  catenary  of  28.4  feet,  the 
maximum  allowable  sag  being  35  feet,  the 
stress  in  each  cable  was  found  to  be  19,000 
pounds.  Further  details  are  given  in  a  recent 
article  in  the  "Electrical  World  and  Engineer." 


Lake  he  met  a  train  coming  at  high  speed 
around  a  curve  so  close  that  he  could  not  stop, 
it  and  had  no  time  to  turn  back  or  even  to 
remove  his  velocipede  from  the  track,  where 
he  left  it  and  took  refuge  on  the  end  of  a  trestle 
cap.  The  locomotive  knocked  the  velocipede  off 
the  trestle  and  it  fell  about  45  feet,  striking 
on  the  4-foot  ice  below,  where  the  nitro-glycer- 
ine exploded  and  completely  wrecked  the  lower 
story  of  three  bents  of  the  trestle.  The  train 
nevertheless  passed  over  unharmed  and  pro- 
ceeded without  stopping,  the  crew  being  un- 
conscious of  any  accident.  When  the  powder 
monkey,  who  was  almost  frightened  to  death, 
recovered  his  courage  he  got  back  on  the  track 
and  ran  for  help,  and  a  wrecking  crew  was 
sent  out  and  trafl5c  was  stopped  until  the  lower 
part  of  three  bents  had  been  replaced. 

Of  course,  the  only  explanation   is  that  the 
diagonal  bracing  in  the  upper  stories  of  the 


inch  wrought-iron  spikes  with  which  all  Inter- 
sections and  connections  of  the  timbers  were 
thoroughly  spiked.  It  would  seem  that  If  the 
present  liberal  use  of  high  explosives  in  inter- 
national warfare  is  to  be  continued  that  the 
builders  of  such  dynamite-proof  construction 
should  find  their  services  highly  appreciated  at 
a  point  several  thousand  miles  west  of  the  term- 
inus of  the  railroad  where  this  incident  oc- 
curred. 


Wooden  Water  Pipes  dug  up  in  the 
streets  of  London,  England,  about  four  years 
ago,  after  having  been  in  the  ground  for  about 
two  centuries,  were  in  an  excellent  state  of 
preservation.  They  were  mostly  elm  logs,  and 
none  of  the  pipes  exceeded  7  inches  bore.  In 
one  instance  two  lines  of  wooden  pipes  were 
connected  together  by  cast-iron  bends.  Some 
pipes  made  of  fir  and  some  of  oak  were  found. 
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Highway  Bridges  in  the  Croton  Valley. 

When  the  n«w  Croton  dam  (or  the  increased 
vater  rapplj-  of  Gr«ater  New  York  is  completed 
tke  water  impounded  will  submerse  a  portion 
of  the  valley  attoat  15  miles  long.  This  is  a  fer- 
tU«  a«ricultaral  district,  with  farm  houses,  resi- 
Aances  and  other  imildings  which  have  been  con- 
demned and  removed.  It  is  traversed  by  a  num- 
bar  at  public  highways  which  will  be  sub- 
In  some  cases  new  roads  are  being 
to  replace  them  above  the  flow 
\  these  and  other  roads  where  the 
water  will  rise  above  their  present  locations  the 
Aqueduct  Commission  is  building  a  number  of 
•teel  bridges,  part  of  which  are  under  contract 
aad  aome  of  them  fabricated  and  now  being 
ef<ected.  There  are  fifteen  principal  structures, 
lacludlng  twenty  spans  of  from  about  52  to  384 
feet.  All  of  them  are  made  with  two  trusses 
or  girders  spaced  approximately  22  feet  apart 
oa  centers  and  carrying  a  single  roadway  with- 
oot  sidewalks.  The  superstructures  are  built 
entirely  of  soft  steel,  except  the  pins,  eye-bars. 
roller  bearings  and  sliding  plates,  which  are  of 
HMdium  steel.    The  steel  is  specified  to  conform 


to  the  usual  requirements  of  high-grade  struc- 
tural steel  and  to  be  subject  to  mill  and  shop 
inspection,  and  it  is  provided  that  full  size  eye- 
bars  shall  be  annealed  and  when  broken  in  a 
testing  machine  shall  develop  an  ultimate 
strength  and  emstio  limit  of  54,000  pounds  and 
30,000  pounds  per  square  Inch  with  an  elonga- 
tion of  10  per  cent,  in  a  length  of  20  feet.  All 
floors  are  proportioned  for  live  loads  of  100 
pounds  per  square  foot  in  tension  for  their  own 
weight,  and  for  that  of  a  road  roller  with  a 
10-ton  rear  axle  and  a  5-ton  front  axle.  The 
specifications  and  details  conform  generally  to 
the  ordinary   standards  for   flrst-class  country 


highway    bridges   proportioned    to    cairy     live 
loads  of  2,000  pounds  per  linear  foot. 

When  the  designs  were  made  It  was  thought 
possible  thftt  the  reservoir  would  be  full  of 
water  when  the  bridges  were  erected,  and 
therefore  all  of  them  were  designed  so  that 
they  could  easily  be  erected  at  a  distance  from 
their  sites  and  floated  into  position,  an  expe- 
dient especially  important  for  the  Hunter's 
Brook  bridge,  which  is  about  150  feet  high 
above  the  ground  surface.  Unexpected  delays 
have  hindered  the  completion  of  the  new  Cro- 
ton dam  and  all  these  sites  are  yet  exposed  so 
that  the  bridges  will  be  erected  o'n  falsework. 
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The  most  important  structure  is  Pines 
Bridge,  which  is  a  cantilever  bridge.  The 
trusses  are  51  feet  7 '2  inches  deep  over  the 
main  piers,  19  feet  deep  at  the  hip  Joint  of  the 
anchor  arm  and  at  the  extremity  of  the  canti- 
lever arm.  They  are  divided  by  vertical  mem- 
bers into  16-foot  panels,  which  are  crossed  by 
the  zigzag  main  diagonals  which  are  alternate- 
ly tension  and  compression  members.  The  top 
chord  from  the  end  of  the  anchor  arm  to  with- 
in two  panels  of  the  main  vertical  post  is  com- 
posed of  a  pair  of  12- 
Inch  channels  latticed. 
It  is  peculiar  in  that 
the  last  panel  which 
corresponds  to  the  in- 
clined end  post  is 
curved  so  that  the  bot- 
tom flange  has  a  versed 
sine  of  about  10  inches. 
It  is  proportioned  for 
a  maximum  compres- 
sion of  341,400  pounds. 
The  remainder  of  the 
top  chord  is  composed 
of  4.  5  and  6-inch  eye- 
bars,  and  is  propor- 
tioned for  a  maximum 
stress  of  538.600  pounds. 
The  bottom  chord  is 
composed  throughout  ol 
a  pair  of  built  channels 
with  12-inch  webs  and 
3x3-inch  flange  angles, 
except  in  the  end  of  the 
cantilever  arm,  where 
12-inch  rolled  channels 
are  used.  It  is  propor- 
tioned for  a  maximum 
compression  of  426.600 
pounds  and  a  maxi- 
mum tension  of  321,400 
pounds. 

The  main  vertical  post 
has  a  rectangular  cross- 


diagonal  members  at  the  same  point  the  con- 
nections are  riveted.  The  top  lateral  system 
consists  of  transverse  struts  and  pin-connected 
diagonal  rods.  The  main  vertical  posts  are 
connected  by  a  liorizontal  strut  and  a  lattice 
girder  portal  at  their  middle  points,  and  the 
panel  above  is  sway-braced  by  diagonal  angles. 
The  upper  parts  of  the  other  principal  vertical 
posts  are  sway-braced  by  horizontal  struts  just 
above  the  clearance  of  the  roadway.  These 
have    sleeve-nut   diagonals    which   are    pin-con- 


Ccmpleted  End  Span  of  Hunter's  Brook  Bridge  and  Traveler  Erecting    Center  Span. 


inches.  The  top  flange  angles  are  continued 
across  the  top  chord  cover  plate  to  which  they 
are  field  riveted.  Where  main  tension  and  com- 
pression diagonals  intersect  the  connection  is 
made  with  gusset  plates  riveted  to  the  chord 
webs  and  bored  for  the  main  pins  of  tension 
members,  the  ends  of  the  compression  members 
being  cut  to  clear  the  pins  and  fleld-riveted. 
Where  all  of  the  members  are  in  compression 
the  pins  are  omitted  and  the  ends  of  the  diag- 
onals form  jaws  riveted  to  the  outsides  of  the 
connection  plates  while 
the  ends  of  the  verticals 
are  riveted  between 
them  on  the  insides  of 
the  plates. 

The  160-foot  suspend- 
ed span  is  a  riveted 
truss,  24  feet  deep  at  the 
center  and  18  Vi  feet 
deep  at  the  second  panel 
points  from  the  ends. 
The  top  chord  and  end 
post  are  of  the  regular 
trough  section  made 
with  10-inch  web  plates, 
22-inch  cover  plates  and 
:Jx3-inch  angles.  The 
bottom  chard  has  an  I- 
shape  cross-section  with 
pairs  of  4x3-inch  angles 
and  a  14-inch  solid  web 
plate.  The  diagonal 
members  are  single  and 
double  pairs  of  angles 
riveted  to  the  top  chord 
webs  and  at  the  lower 
end  to  jaw  plates  riv- 
eted across  the  flanges 
of  the  bottom  chord. 

The  top  lateral  sys- 
tem consists  of  I-shape- 
horizontal  struts  con- 
nected to  the  top  chords 
at   panel   points  and  of 


Highway  Bridges  in  the  Croton  Valley:  Falsework  for  Erection  of    Center  Span  of  Hunter's  Brook  Bridge 


section  composed  of  four  4x3>4-inch  angles 
latticed.  The  other  vertical  posts  have  I-shape 
cross-sections  made  of  two  pairs  of  angles  back 
to  back  latticed.  The  compression  diagonals 
are  made  with  pairs  of  rolled  or  built  channels 
with  latticed  flanges,  and  the  tension  diag- 
onals are  made  with  5  or  6-inch  eye-bars.  All 
of  the  main  truss  members  are  pin-connected  to 
the  connections  of  the  sub-verticals,  and  where 
the    verticals    alone   meet    the    chords   without 


nected  to  wing  plates  on  the  main  truss  pins. 
The  lower  lateral  diagonals  arc  pairs  of 
angles  riveted  to  the  lower  flanges  of  the  floor- 
beams.  The  entrance  portals  are  lattice-girders 
which  are  riveted  to  the  hip  joints  of  the  top 
chord  and  have  solid  web  kneebrace  brackets 
with  curved  flanges  connecting  them  to  the  end 
verticals.  The  girders  are  about  30  inches 
deep,  and  their  flanges  are  curved  so  as  to  give 
them   an   arch   effect   with   a   rise   of  about  10 


single  intersecting  diagonal  angles  in  each 
panel.  At  the  hip  joints  the  trusses  are 
braced  together  by  an  arched  lattice-girder 
portal  strut,  similar  to  that  at  the  ends 
of  the  anchor  arms,  except  that  it  has  no 
kneebraces.  The  bottom  lateral  diagonals  are 
single  angles  riveted  to  connection  plates  on 
the  lower  flanges  of  the  floorbeams.  The  con- 
nection plates  at  the  feet  of  the  inclined  end 
posts  are  riveted  to  the  insides  of  the  post  webs 
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and  to  the  oattides  of  tbe  lower  chord  flanges 
and  project  abore  the  Utter  sutRclently  to  re- 
reive  the  end  connections  o(  the  floorbeams 
and  tbe  rireted  connections  to  the  feet  of  the 
vartioU  maMbara,  which  suspend  the  span 
(nm  tbe  U9  chord  pins  of  the  cantilever  arms. 

TiM  lower  chords  of  the  cantilever  arm  and 
■uapended  span  are  entirely  disconnected,  and 
there  is  abundant  clearance  between  them. 
Tbe  lateral  streaaes  are  transmitted  from  one 
tr«as  to  the  other,  and  transverse  rigidity  is 
aeenred.  while  longitudinal  motion  is  permitted 
bjr  means  of  a  thick  horisontal  plate,  which  is 
rtvatad  to  the  end  of  the  bottom  flange  of  the 
c«nt«r  span  floorbeam  and  projects  across  the 
bonom  flance  of  the  cantilever  floorbeam.  where 
it  is  enclaaed  in  a  bent  cover-plate,  through 
which  it  slides  freely,  with  a  dose  fit  on  the 
The  top  chords  of  the  cantilever  and 
Bded  spans  are  really  discontinuous,  but 
a  connection  is  made  between  them  by  a  pin- 
oonnected  strut  reaching  from  the  end  of  the 
cantilever  arm  to  the  hip  Joint  of  the  suspended 
span.  There  are,  however,  no  diagonal  mem- 
bers in  this  panel,  and  the  lateral  stress  from 
the  top  chord  of  the  suspended  span  is  carried 
down  the  inclined  end  post  to  the  bottom  lateral 
system. 

The  shore  ends  of  each  anchor  arm  truss  are 
anchored  to  reaction  platforms,  built  in  the 
abutment  piers,  by  four  3xV4-inch  eye-bars.  19 
feet  long,  at  each  end  pin.  The  lower  ends  en- 
gage eaat-ateel  shoes  with  their  horizontal  base 
plates  bearing  on  tbe  lower  flanges  of  four  20- 
Incn  I-beams,  24  feet  long,  transverse  to  the 
bridge  axis.  The  upper  flanges  of  these  1- 
beams  bear  on  the  lower  flanges  of  fourteen  8- 
Inch  I-beams  about  10  feet  long,  which  extend 
entirely  through  tbe  pier  parallel  with  the 
bridge  axis.  These  beams  and  the  eye-bars  are 
all  sealed  in  a  solid  mass  of  concrete,  which 
Alls  the  masonry  cavities  in  which  they  are 
aeated.  The  upper  ends  of  the  eye-bars  engage 
tbe  lower  ends  of  two  2>4x2U-lnch  vertical 
rods,  about  5  feet  long,  with  upset  screws  on 
their  upper  ends.  These  rods  pass  through  the 
stiS  bottom  chord  and  the  foot  of  the  inclined 
end  post,  and  their  nuts  take  bearing  on  the 
horizontal  cap  plate  riveted  to  the  upper  edges 
of  the  connection  plates  at  the  end  of  the  lower 
chord.  These  plates  also  receive  the  end  of  the 
end  floorbeam  and  form  the  sides  of  a  stiff  box. 
tbe  lower  flanges  of  which  take  bearing  on  a 
caat-steel  bolster  anchor-bolted  to  the  masonry. 
Tbe  anchor  eye-bars  have  clearance  inside  the 
bolster.  The  upper  surface  of  the  bolster  is 
planed  to  receive  the  bed  plate  on  the  end  of 
the  lower  chord  and  has  guide  flanges  engaging 
its  edges  so  that  the  latter  can  slide  back  and 
forth  longitudinally  to  provide  for  temperature 
movements,  which  cause  the  screw  rods  to  rock 
slightly  on  the  pins  through  their  lower  ends. 

At  the  foot  of  the  main  vertical  post  the 
gusset  plates  which  connect  it  and  the  main 
diagonals  are  continued  below  the  lower  flange 
of  the  bottom  chord  and  are  stiffened  by  ver- 
tical angles  to  form  the  webs  of  a  pedestal, 
which  has  a  base  plate  seated  on  a  cast-steel 
bolster  anchor-bolted  to  the  masonry,  and 
camring  a  calculated  maximum  load  of  665,500 
pounds. 

The  floorbeams  are  30-inch  plate-girders,*  with 
ax3xH-inch  flange  angles,  without  cover  plates. 
Their  ends  are  fleld-riveted  through  vertical 
flange  angles  to  the  flanges  of  the  vertical  posts. 
They  carry  eight  lines  of  10-inch  I-beam  string- 
ers seated  across  their  top  flanges  and  two  lines 
of  10-lnch  channels,  one  at  each  end,  to  carry 
tbe  3-lnch  yellow  pine  transverse  floor  planks. 
Planks  10  inches  wide  are  bolted  to  the  webs  of 
the  channels,  to  act  as  spiking  pieces  for  the 
floor  planks.  Two  other  lines  of  3xl0-inch 
planks  are  laid  edgewise  between  the  second 


and  third  stringers  from  the  ends  of  the  floor- 
beams  to  make  spiking  pieces  for  intermediate 
points  on  the  floor  boards.  All  floor  joints  be- 
tween adjoining  spans  or  lietween  the  ends  o( 
the  spans  and  the  abutment  masonry  are  cov- 
ered with  15x'-..-lnch  corrugated  steel  plates  set 
in  flush,  with  the  top  of  the  floor  planking  and 
sliding  at  one  end.  to  allow  for  expansion  and 
contraction.  Although  Pines  bridge  is  designed 
for  service  as  a  cantilever,  it  is  proposed  to 
erect  it  entirely  on  falsework,  and  it  will  be 
assembled  in  the  usual  manner  on  timber  tres- 
tle bents.  The  trusses  will  be  wedged  up  for 
erection  camber,  and  no  special  provision  is 
necessary  for  adjustment  at  the  connections 
l)etween  the  cantilever  arms  and  the  suspended 
span. 

The  next  longest  trusses  are  those  of  the  396- 
foot  span  over  the  old  Croton  dam,  which  are 
divided  into  33-foot  panels  by  vertical  posts. 
Each  panel  has  a  single  main  tension  diagonal 
and  a  counter  diagonal,  the  former  being  made 
with  four  4%.  5,  6  and  7-inch  eye-bars,  and  the 
latter  with  two  2'j,  3  and  3'4-lnch  eye-bars. 
Each  diagonal  bar  is  made  In  two  pieces,  pin- 
connected,  at  their  intersection  in  the  center  of 
the  panel.  All  of  the  truss  connections  are  pin- 
connected.  The  top  chord  is  made  with  built 
channels,  having  27-inch  web  plates.  30-inch 
cover  plates  and  3';x3iv!-lnch  top  flange  angles 
and  5x3V6-ineh  oottom  flange  angles.  The  max- 
imum section  is  <)1.H7  square  inches,  and  they 
are  proportioned   for  a  maximum  compression 


pair  of  vertical  posts  is  sway-braced  by  single 
lV4-inch  pin-connected  diagonal  rods,  which,  at 
the  upper  ends,  engage  bent  wing  plates  on  the 
top  chord  pins  and  at  the  lower  ends  are  forked 
to  engage  the  web  plates  of  the  struts.  The 
portals  are  deep  lattice  girders  in  the  planes  of 
tne  end  post,  with  kneebraces  similar  to  those 
for  the  intermediate  struts.  The  bottom  lateral 
system  has  two  sets  of  diagonal  members.  The 
lower  one  consists  of  single  sleeve-nut  rods  pin- 
connected  to  wing  plates  on  the  ends  of  the 
lower  chord  pins.  The  upper  set,  which  is 
about  1^  inches  above  them,  consists  of  single 
angles  riveted  to  horizontal  connection  plates 
on  the  lower  flanges  of  the  intermediate  floor- 
beams. 

The  floor  system  is  special,  on  account  Of  the 
unusual  length  of  the  main  panels.  The  main 
floorbeams  are  36-inch  plate-girders,  with  the 
usual  riveted  web  connections  to  the  vertical 
posts.  Each  flange  Is  made  with  a  pair  of  6x 
4x%-inch  angles  without  cover  plates.  The 
floorbeams  carry  two  lines  of  main  stringers 
36  inches  deep,  which  are  18  feet  apart  and  are 
web-connected  to  the  floorbeams  in  the  usual 
manner.  Each  panel  of  these  stringers  sup- 
ports two  intermediate  floorbeams  H  feet  apart 
and  are  24  Inches  deep,  with  pairs  of  3x4x5/16- 
inch  flange  angles.  The  floorbeams  and  sub- 
floorbeams  support  eight  lines  of  8-inch  I-beam 
stringers  resting  on  their  top  flanges,  and  two 
lines  of  8-inch  channels,  which  carry  the  deck 
of  3-inch  transverse  floor  boards,  spiked  to  four 


Highway  Bridges  in  the  Croton  Valley:   Site  of  Old  Croton  Dam  Bridge. 


of  802,80(X  pounds.  The  bottom  chord  is  com- 
posed of  7-inch  eye-bars,  of  which  there  are  in 
the  center  panel  six  1  3/16-inch  pieces,  propor- 
tioned for  a  maximum  tension  of  786,300 
pounds.  The  vertical  posts  are  made  with 
pairs  of  built  channels  latticed,  except  the  end 
tension  members,  which  have  I-shaped  cross- 
sections  made  with  4x3-inch  angles.  The  pins 
through  the  intersecting  diagonals  in  the  cen- 
ter of  each  panel  receive  one  end  of  a  light  hor- 
izontal strut,  which  is  riveted  at  the  opposite 
end  to  the  middle  of  the  adjacent  vertical  post. 
The  top  lateral  system  consists  of  transverse 
struts,  with  I-shape  cross-sections,  made  with 
two  pairs  of  angles  latticed  and  attached  by 
horizontal  connection  plates  to  the  top  and  bot- 
tom chord-flanges.  The  diagonals  are  single 
round  sleeve-nut  rods  with  pin  connections.  A 
system  of  lower  transverse  struts  is  riveted  to 
the  vertical  posts,  so  as  to  give  a  clearance  of 
about  16  feet  auove  the  roadway.  These  struts 
have  I-8hape  cross-sections,  with  two  pairs  of 
angles  back  to  back  latticed,  and  their  ends  are 
knee-braced  by  pairs  of  curved  angles,  back  to 
back.    Between  the  top  and  bottom  struts  each 


3x8-inch  pine  planl<s,  laid  edgeways  on  top  of 
the  beams.  The  channels  support  the  outer 
edges  of  the  roadway  and  are  carried  between 
the  main  floorbeams  on  solid  web  cantilever 
brackets  riveted  to  the  outer  faces  of  the  string- 
ers in  the  planes  of  the  sub-floorbeams. 

The  Hunter's  Brook  Bridge  has  one  span  of 
310  feet  and  two  of  217  feet  which  correspond 
in  general  with  the  Croton  Dam  Bridge.  The 
main  span  trusses  are  50  feet  deep  at  the  center 
and  31  feet  at  the  hips.  The  side  span  trusses 
are  34  feet  deep  at  the  center  and  25  feet  at  the 
hips.  The  camber  of  the  bridge  is  continuous 
from  one  abutment  to  the  other,  the  side  spans 
having  a  grade  of  3.182  per  cent,  and  the  center 
span  having  both  ends  at  the  same  height  and 
the  bottom  chord  curved  to  a  radius  of  4,930 
feet,  which  gives  it  a  versed  sine  of  30  inches. 
The  trusses  are  22%  feet  apart  on  centers  and 
all  of  their  members  are  pin-connected.  The 
top  and  bottom  lateral  diagonals  are  all  made 
with  single  angles.  The  lower  transverse  struts 
are  made  with  pairs  of  channels  latticed  and 
the  sway-brace  rods  are  pin-connected  at  the 
upper  ends  between  pairs  of  vertical  web  plates 
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which  connect  the  top  chords,  vertisal  posts  and 
upper  lateral  struts.  At  the  lower  ends  they 
engage  pins  passing  through  the  webs  of  the 
transverse  struts. 

The  sub-verticals  in  the  middle  of  each  panel 
from  which  the  intermediate  tloorbeams  are 
suspended  are  made  with  pairs  of  angles  riveted 
together,  back  to  back,  to  form  a  T-shape  cross- 
section  pin-connected  to  the  main  diagonals  at 
their  intersection  and  to  the  bottom  chord  bars. 
The  lower  chord  pins  at  these  points  engage  1- 
inch  vertical  plates,  which  are  riveted  between 
the  end  flanges  of  the  floorbeams  and  the  lower 
ends  of  the  sub-verticals.  The  erection  of  this 
bridge  was  somewhat  difficult  and  expensive  on 
account  of  its  height  of  150  feet  above  the 
water,  which  at  this  point  has  a  considerable 
depth,  and  made  the  construction  of  the  false- 
work expensive.  The  erection  of  it  is  now 
nearly  completed,  and  the  falsework  which  was 
used  to  support  it  will  be  taken  down  and  used 
for  the  erection  of  other  bridges  in  this  series. 
All  of  the  piers  which  support  the  adjacent  ends 
of  the  center  and  side  spans  are  built  with  small 
towers   at   each   end,   which   rise   about   4    feet 


cambered  to  a  radius  of  3,675  feet.  The  portal 
strut  consists  simply  of  a  lattice-girder,  with 
curved  kneehraces  in  the  planes  of  the  end 
posts,  with  a  clearance  of  15  feet  above  the 
roadway.  The  top  lateral  struts  are  like  those 
in  Wood's  Bridge,  but  the  upper  ends  of  the 
sway-brace  rods  are  connected  to  wing  plates 
on  the  top  chord  pins. 

Most  of  the  shortest  span  bridges  are  simply 
through  Pratt  trusses,  the  largest  of  which  are 
two  153-foot  spans  at  Goldens  Bridge.  These 
have  pin-connected  trusses,  21  feet  9  inches 
apart,  and  27  feet  deep,  on  centers.  They  have 
1-shape  top  lateral  struts,  made  with  pairs  ot 
3x2'{!-inch  angles  latticed  and  field-riveted  to 
the  top  and  bottom  flanges  of  the  top  chords. 
There  are  no  sway  diagonals  or  lower  lateral 
struts,  but  the  top  struts  are  kneebraced  with 
pairs  of  3x3-inch  angles  riveted  together,  back 
to  back,  to  make  T-shape  cross-sections,  and 
having  their  ends  bent  tangent  to  the  struts 
and  to  the  vertical  posts.  The  portal  struts 
are  lattice-girders,  with  curved  kneebrace  an- 
gles. The  bottom  lateral  struts  are  single  an- 
gles  riveted   to  the  lower  flanges  of  the  floor- 


above  the  floor  level  to  serve  as  guard  rails  pro- 
tecting the  roadway. 

The  Kiseo  Bridge  has  a  clear  span  of  74  feet 
which  is  covered  by  two  spandrel-braced  arched 
trusses  with  horizontal  top  chords.  They  are 
divided  into  nine  equal  panels  of  which  two  at 
each  end  are  open  with  vertical  and  diagonal 
members  and  the  five  remaining  panels  in  the 
center  have  solid  webs.  The  bottom  flange  is 
composed  of  four  6x4-inch  angles  riveted  to- 
gether back  to  back  to  make  a  cruciform  cross- 
section.  The  top  flange  is  composed  of  two  GxO- 
inch  angles  making  a  T-shape  cross-section.  At 
the  ends  of  the  lower  chord  the  web  connection 
plates  project  and  have  flange  angles  riveted  to 
them  so  as  to  give  horizontal  bearings  and 
bearings  normal  to  the  lower  chord  tangent. 
The  lower  chord  is  curved  to  a  radius  of  128 
feet  and  has  a  rise  of  6  feet  1%  inches.  The 
truss  is  about  18  inches  deep  at  the  crown  and 
8  feet  at  the  skew-backs.  The  floorbeams  are 
15-inch  I-beams  about  21  feet  long,  which  are 
seated  across  the  top  chords  of  the  trusses  and 
cantilever  a  few  inches  beyond  them  wi^h  their 
ends  riveted  to  the  webs  of  fascia  girders  21 


Highway  Bridges  in  the  Croton  Valley:  Building  Pier  for  Hunter's  Brook  Bridge;    Pier  and  Abutment  for  Old  Croton    Dam    Bridge. 


above  the  roadwa}-  and  have  moulded  courses 
forming  ornamental  pillars  in  the  lines  of  the 
hand  rails.  These  towers  are  recessed  at  the 
bottom  to  receive  the  end  bearings  of  the 
trusses. 

Wood'.s  Bridge  has  a  span  ot  330  feet  and  re- 
sembles the  Hunter's  Brook  Bridge  in  nearly  all 
particulars.  The  trusses  are  22  feet  6  inches 
apart  on  centers  and  are  49  feet  deep  in  the  cen- 
ter and  29  feet  at  the  hips.  The  principal  dif- 
ferences are  in  the  portal  struts,  which  have, 
above  the  lattice  girder,  a  27-inch  plate  girder. 
The  web  of  the  latter  is  vertical  and  it  is  con- 
nected to  the  top  chord  and  end  post  by  bent 
plates.  Its  web  projects  below  the  bottom  flange 
angles  to  receive  bent  plates  connecting  it  with 
the  top  chord  of  the  lattice-girder,  which  lies  in 
the  plane  of  the  inclined  end  post.  The  top 
lateral  struts  have  rectangular  cross-sections 
made  with  four  3x2'»_.-inch  angles  latticed  ver- 
tically and  horizontally. 

The  210-foot  span  at  Purdy's  Station  is  also 
of  similar  construction  and  has  trusses  33  feet 
deep  at  the  center  and  23  feet  at  the  hips.  The 
panels  are  I.^j  feet  long  and  the  lower  chord  is 


beams.        The    floorbeams   and    floors    are    like 
those  already  described. 

Beaver  Dam  Brook  Bridge  has  half  through 
riveted  trusses  48  feet  long.  7'/^  feet  deep  over 
all  and  21  feet  3  Inches  apart  on  centers.  They 
are  divided  by  vertical  members  into  12%- 
loot  panels,  in  each  of  which  there  are  two 
diagonals  reaching  from  the  center  of  the  panel 
of  the  top  chord  to  the  ends  ot  the  panel  in  the 
liottom  chord.  All  members  are  made  with  pairu 
of  angles  riveted  together  back  to  back  to  make 
T-shape  cross-sections  with  connection  plates 
riveted  between  the  vertical  flanges.  The  floor- 
beams  are  24-inch  plate  girders  with  pairs  of 
5x3V:.-inch  flange  angles  and  are  seated  on 
horizontal  angle  clips  riveted  to  the  lower 
chords  and  are  field-riveted  to  the  vertical  posts 
through  their  end  web  stiffener  angles.  At  each 
panel  a  bracket  projects  from  the  end  of  the 
floorbeam  to  support  the  foot  of  a  transverse 
diagonal  brace  running  to  the  top  chord.  The 
ends  of  the  trusses  are  seated  on  flat  bed  plates, 
which  allow  one  end  to  move  with  temperature 
expansions.  Two  horizontal  lines  of  3x%-inch 
flat   bars  are  riveted  across  the  web  members 


inches  deep.  They  carry  seven  lines  of  6-inch 
I-beam  stringers,  two  lines  of  6-inch  channels 
and  four  lines  of  longitudinal  spiking  joists  on 
which  the  3-inch  transverse  floor  plank  are  laid 
as  described  for  the  long-span  bridges. 

The  Upper  Plum  Brook.  Cross  River  and  Mus- 
coot  Bridges  have  spans  of  104  feet  5  inches 
and  are  similar  to  the  Kisc'o  Bridge.  At  the 
old  Croton  dam  there  is  a  plate  girder-span  of 
124  feet  6  inches  at  one  end  of  the  truss  span 
already  described.  This  span  is  peculiar  in  that 
the  bottom  flange  is  curved  to  give  an  arch 
effect,  and  the  web-stiftener  angles  are  bent  in 
semi-circular  curves  from  one  panel  to  another. 

The  bridges  were  designed  under  the  direction 
of  the  Aqueduct  Commissioners;  Mr.  W.  R. 
Hill  was  then  chief  engineer  and  Mr.  F.  S.  Cook 
assistant  engineer  in  charge  of  the  drafting 
bureau.  Mr.  Al'oert  Lucius  was  retained  for 
special  work  on  the  superstructures  Messrs. 
Coleman,  Breuchaud  &  Coleman,  who  are  the 
builders  of  the  new  Croton  Dam  are  the  con- 
tractors for  and  have  built  the  substructures.- 
The  American  Bridge  Company  is  the  contractor' 
for  the  superstructures. 
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Past  11. — Caxtilokk  tYiMiR  Gikuebs  axd  Waix° 

OoLi'Mxa.  Dm'BLK  Pi_irE  and  Box  Oirdcks, 

Stbkl  Smuki3«tack.    Fi-vorou:   and 

Cobmcj:. 

Ob  the  sides  of  the  extension  of  the  Imperial 
Hotel  the  upper  stories  of  the  wall  columns 
are  made  special  to  support  the  floor  girders, 
which  rantllever  beyond  them  to  carry  the  stor- 
ies which  overhang  the  adjacent  roofs.  These 
colnnns  are  made  with  pairs  of  channels  with 
reinforced  webs  parallel  to  the  girders.  The 
column  channels  are  latticed  together,  and  at 
floor  level  are  connected  with  deep  tie  plates 
having  horisontal  angles  across  the  upper 
edges.  The  horizontal  flanges  of  these  angles 
are  supported  by  vertical  reinforcement  angles 
and  serve  as  fulcrums  for  the  floor  girders, 
which  project  through  the  centers  of  the  col- 
umns and  are  riveted  to  the  shelf  angles  and 
also  to  corresponding  horisontal  angles  engag- 
ing their  upper  flanges. 

Wall  column  31  Is  typical  of  the  columns  sup- 
porting the  cantilever  girders,  and  the  eleva- 
tion of  it  shows  the  standard  conuections  for 
the  regular  floorbeams  to  the  columns.  It  also 
shows  a  column  splice  made  with  horizontal 
shims  or  packing  plates,  which  give  an  adjust- 
ment for  the  seven  story  upper  part  of  the  col- 
umn. In  order  to  allow  the  cantilever  girders 
to  pass  through  the  columns  above  the  ninth 
floor  it  was  necessary  to  separate  the  webs  of 
the  column  channels,  and  that  was  accom- 
plished, as  shown  In  the  elevation  of  column 
T.  by  dividing  the  ninth-story  section  of  the 
column  into  two  pieces  and  making  the  8'/.i-foot 
upper  part  special.  Its  channels  were  offset 
beyond  those  of  the  lower  section  so  that  their 
flanges  were  almost  entirely  outside  the  others. 
and  were  connected  to  them  by  three  pairs  of 
flange  cover  plates.  A  horizontal  diaphragm 
composed  of  two  %-iDch  plates  was  also  insert- 
e«i  between  the  ends  of  the  eccentric  channels 
to  distribute  the  load  from  the  upper  to  the 
lower  ones,  and  the  projecting  edges  of  these 
plates  were  supported  by  bearings  on  the  fin- 
ished ends  of  pairs  of  vertical  reinforcement 
angles  riveted  together  back  to  back  to  make 
4xSinch  tees,  riveted  to  the  channel  webs  to 
distribute  the  load  over  a  length  of  nearly  3 
feet  of  the  channel  webs.  This  drawing  also 
indicates  the  careful  proportioning  of  the  con- 
nections to  the  computed  stresses  by  the  dif- 
ference in  the  supports  for  the  lower  beams, 
all  of  which  have  seats  on  the  horizontal  shelf 
angles.  These  shelf  angles  have  their  horizon- 
tal flanges  reinforced  by  bearings  on  the  ends 
of  vertical  angles,  which  are  made  single  or 
doable  according  to  the  loads  provided  for.  The 
design  of  the  column  Is  iiuch  as  to  Involve  the 
least  possible  amount  of  fleld  riveting,  and  the 
floorbeams  are  carried  wholly  by  the  shelf 
angles  without  any  web  connections.  In  the 
column  splices  the  cover  plates  are  fleld  riv- 
et«-d  to  both  column  sections  so  as  not  to  form 
Jaw  plates,  and  the  horizontal  diaphragms  are 
riveted  to  flange  angleii  im  thp  lower  column 
sertioDs  only. 

Up  to  the  third  tier  the  columns  are  arranged 
as  Indicated  In  the  foundation  plan,  and  the 
arrangement  of  beams  and  girders  corresponds 
sasentially  to  that  shown  In  the  third  tier,  ex- 
cept for  the  plate-girders  which  are  Introduced 
there  to  provide  for  the  openings  In  the  lower 
stories  and  the  offsets  in  the  column  lines.  In 
the  street  front  there  are  two  duplicate  heavy 
double-rantllever  girders.  12-13  and  14-l.i.  Bach 
of  them  is  supported  on  the  lower  sections  of  a 
pair  of  columns  about  lO'-^.  feet  apart  on  cen- 
ters, and  carries  the  upper  sections  of  the 
•ame   columns  about   ISVC'   feet  apart  on   cen- 


ters. Gaoh  girder  has  a  closed  box  section, 
made  with  solid  webs  and  flange  plates  and  ex- 
pends continuously  across  the  tops  of  the  sup- 
I>ortiug  columns.  On  the  opposite  side  of  the 
building  girder  li)-21  extends  across  the  full 
width  of  the  wing  between  the  light  courts  and 
carries  the  fifteen  upper  stories.  It  is  supported 
at  the  extremities  on  the  lower  sections  of  col- 
umns 19-21,  which  are  about  31  feet  apart  on 
centers,  and  carries  their  upper  stories  in  the 
same  vertical  lines  and  the  intermediate  col- 
umn 20.  It  consists  of  two  separate  single-web 
plate-girders,  connected  by  fleld-rlveted  flange 
tie  plates. 

Adjacent  to  this  girder  Is  girder  4B-48,  which 
is  supported  on  three-story  columns  and  carries 
the  upper  part  of  the  brick  wall  of  the  old  por- 
tion of  the  building.  This  girder  is  double, 
each  half  of  it  having  a  54x>{.-inch  web  and 
single  Gx6x%-inch  flange  angles.  The  flanges 
are  seated  on  the  extended  caps  of  the  coluiuns 
and  the  webs  are  connected  together  by  verti- 
cal transverse  diaphragm  plates,  put  in  position 
after  the  wall  had  been  removed.  This  girder 
is  of  interest  on  account  of  the  manner  in 
which  It  was  erected,  as  described  in  The  En- 


web.  The  upper  columns  cantilever  2  feet  i% 
inches  and  2  feet  3%  inches  from  the  centers 
of  the  lower  columns,  and  these  distances  are 
reversed  in  the  two  girders  so  as  to  make  them 
right  and  left-handed.  The  loads  carried  by 
the  upper  columns  are  respectively  375  tons  by 
column  2,  329  tons  by  column  3,  329  tons  by 
column  4,  and  308  tons  by  column  5.  Under 
the  upper  columns  the  webs  are  reinforced  to 
resist  the  heavy  shear  with  vertical  angles  in 
the  lines  of  the  column  flanges  and  with 
web  plates  between  the  angles.  Similar  rein- 
forcement is  provided  on  the  center  lines  of  the 
supporting  columns,  and  at  each  end  of  the 
girder  the  web  plates  are  doubled,  for  a  length 
of  nearly  11  feet.  These  plates  are  flllered  out 
from  the  webs,  leaving  closed  cavities  each  side 
of  the  column  reinforcement  plates.  All  of  the 
web  reinforcement  plates  and  stiftener  angles 
are  milled  to  bearing  on  their  upper  and  lower 
edges. 

Girder  19-21  is  made  with  two  separate 
halves,  each  of  them  weighing  about  17,500 
pounds.  At  each  end  the  web  is  reinforced  by 
a  single  narrow  plate,  and  three  pairs  of  angles 
on  each  side  to  take  up  the  shear  over  the  siip- 
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Imperial  Hotel   Extension:    Floorbeam   Plan. 


gineering  Record  of  January  16.  In  order  to 
make  it  carry  the  existing  wall  and  allow  for 
the  removal  of  the  latter  below  it,  slots  were 
cut  in  the  brickwork  to  receive  the  columns 
which  were  seated  on  their  grillages.  Then 
the  two  halves  of  the  girder  were  set  on  the 
column  caps  and  bolted  together  through  the 
wall,  enclosing  a  portion  of  the  latter  between 
them.  Afterwards  a  horizontal  strip  of  brick- 
work, 21  inches  high  and  about  33  feet  long, 
was  cut  through  the  wall  in  alternate  short  sec- 
tions just  above  the  top  flanges  of  the  girder. 
As  each  section  was  cut,  the  brickwork  was 
replaced  by  pairs  of  cut  stones  bearing  on  the 
girder,  and  the  wall  was  thus  transferred  to  the 
girders  and  columns,  and  the  portion  of  the 
wall  between  the  columns  and  underneath  the 
girder  was  removed,  leaving  the  girder  in  ser- 
vice under  the  upper  part  of  the  old  brickwork. 
Girders  2-3  and  4-5  were  necessary  to  adapt 
the  framework  to  the  architectural  require- 
ments in  the  front  of  the  building.  Each  of 
them  is  a  simple  massive  member  weighing 
about  714  tons  and  supporting  the  ends  of  the 
15-Inch    floorljcams   from   backets  on   Its  Inner 


porting  columns.  Near  the  center,  where  col- 
umn 20  imposes  a  load  of  254  tons,  the  webs  are 
similarly  reinforced  by  single  plates  and  two 
pairs  of  angles  on  each  side. 

The  upper  story  of  the  building  is  surmounted 
by  a  wide  cornice,  having  an  OMernang  of  nearly 
8  feet  on  one  side  and  about  «V-!  feet  on  the 
other  side.  This  consists  of  a  steel  framework 
supporting  a  copper  moulding  and  a  tile  root 
covered  with  copper.  The  framework  is  built 
chiefly  of  single  angles,  and  was  supported  en- 
tirely from  the  roof  beams.  The  front  columns 
extend  about  3  1-3  feet  above  the  roof  and  sup- 
port at  their  upper  ends  a  horizontal  10-inch 
channel,  to  which  are  connected  the  inner  ends 
of  the  top  chords  of  cantilever  brackets,  about 
4  feet  apart.  These  brackets  are  normal  to  the 
walls  of  the  building  and  have  their  lower 
chords  attached  to  the  upper  tier  of  wall  gird- 
era.  Their  lower  chords  are  made,  as  Indi- 
cated in  the  cross-sections,  to  conform  to  the 
required  outlines  of  the  finished  cornice.  Their 
top  chords  are  horizontal  and  carry  lines  of 
transverse  T-bars  about  2  feet  apart  to  support 
the  roof  blocks.     At  the  intersection  of  the  side 
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and  front  cornice  the  angle  is  carried  by  a 
Jjracket  nearly  9  feet  long,  located  in  the  diag- 
-onal,  from  the  corner  of  the  cornice  to  the  cor- 
ner column. 

The  smokestack  is  a  rectangular  steel  flue, 
540  feet  high.  It  is  built  in  courses  5  feet  high 
and  the  plates  are  spliced  together  with  single 
outside  5x%-inch  horizontal  cover  plates  with 
two    rows   of   rivets,   except   at   the   expansion 


of  six  solid-web  bracket  lugs,  two  of  them  pro- 
jecting from  each  long  side  and  one  from  the 
center  of  each  short  side.  Each  set  of  lugs 
supports  one  section  of  the  stack,  which  is  14 
feet  long.  At  the  lower  edge  each  section  has 
projecting  splice  plates,  which  engage  the  side 
plates  of  the  section  below  it,  out  are  not  riv- 
eted to  it,  thus  allowing  each  section  to  expand 
and  contract  independently. 
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end,  is  -connected  to  an  18-foot  length  of  the 
same  size  pipe.  The  total  length  of  the  flagpole 
is  about  70  feet.  The  base  is  seated  in  a  flanged 
casting,  bolted  to  the  flfteenth-story  floor  gird- 
ers, and  at  the  seventeenth  story  the  pole  passes 
through  a  steel  guide  ring.  Both  poles  are  ex- 
posed for  their  full  length  on  the  outer  wall  ot 
the  building  and  pass  through  the  main  cornice. 
There  Is  about  Mi-inch  clearance  between  the 
pipes  in  the  telescope  connections,  and  In  this 
space  they  are  accurately  centered  by  four  pairs 
of  %-inch  vertical  steel  wedges,  18  inches  long, 
which  are  secured  by  tap  screws  engaging  both 
pipes.  The  annular  space  between  the  8  and 
10-tnch  pipes  at  the  joint  which  is  not  filled  by 
the  wedges  is  run  full  of  lead  and  calked. 

The  joint  between  the  two  sections  of 
10-inch  pipe  is  made  with  three  horizontal  cast- 
iron  diaphragms,  or  separators,  which  are  pro- 
vided with  octagonal  vertical  flanges  on  one 
side  only.  These  flanges  are  about  3%  inches 
wide  and  have  a  maximum  clearance  of  about 
%-inch  from  the  inner  surface  of  the  pipe.  A 
3%x%-inch  flat  bar  is  planed  convex  on  one 
side  to  match  the  interior  of  the  pipe  and  is 
carefully  fitted  to  each  face  of  the  diaphragm 
so  that  with  the  diaphragms  they  build  up  a 
hollow  core,  3  feet  long,  which  projects  18 
inches  into  each  pipe.  The  ends  of  the  pipe 
are  finished  and  abut  over  the  center  dia- 
phragm. They  are  connected  to  the  diaphragms 
and  to  the  side  strips  by  tap  bolts  drilled  in 
position. 

Messrs.  Warren  &  Wetmore  were  the  archi- 
tects for  the  building;    Mr.  F.  A.   Burrtett  was 
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Wall    Column  7. 
WHh upp*r  part  i*idtned to rtcein  Canliletvr  Beam'. 
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Special  Upper  Story  Columns  Acting  as  Fulcnims  for  the  Cantilever  1-Beam  Girders  Supporting  Overhanging  Wall  and  Floor, 
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Joints,  ■where  the  plates  are  6  inches  wide  and 
have  only  one  row  of  rivets,  which  are  driven 
through  the  upper  edge  of  the  cover  plate.  The 
plates  are  5-16-lnch  thick  up  to  and  Including 
the  eleventh  tier.  Above  that  they  are  only  %, 
Inch  thick.  The  smokestack  is  concentric  with 
one  panel  ot  the  floor  and  is  supported  from 
the  beams  and  girders  at  each  story  by  means 


The  building  is  provided  with  two  duplicate 
steel  flagpoles,  extending  to  a  tot&t  height  of  42 
feet  above  the  top  of  the  cornice.  The  upper 
section  of  the  pole  consists  of  a  6-lnch,  19-pound 
pipe,  17  feet  long,  telescoped  at  the  lower  end 
18  Inches  Into  an  8-inch,  28-pound  pipe,  19% 
feet  long.  This  again  telescopes  into  a  10-inch, 
41-pound  pipe,  18  feet  long,  which,  at  the  lower 


the  consulting  engineer,  and  the  general  con- 
tract was  awarded  to  Messrs.  M.  Reld  ft  Com- 
pany. Messrs.  Clark  &  Company  were  the  con- 
tractors for  the  foundations.  The  J.  B.  &  J.  M. 
Cornell  Company  was  the  contractor  for  the 
1,700  tons  of  structural  iron  and  steel,"  and  Mr. 
H.  A.  Forsyth  was  in  charge  of  the  detailing 
and  designing. 


>*4 

Replacing  a   Lattic.  Girder  Bridge  with 
Plate  Girders. 

Tb«  liagtt  track  bridge  of  the  Rutland  Kail-' 
raad  •erow  the  Little  Otter  Creek.  Ferrisburg. 
Vt..  ortslaaUy  had  a  single  wooden  through 
H<nr«  tmw  qpan  147  feet  long,  which  has  re- 
c«aUr  been  replaced  by  a  114-foot  deck  plate- 
girder  span  and   two   15-foot   8-inrh   approach 


End 
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chords  of  the  Howe  trusses  with  Uielr  feet  about 
even  with  the  lower  chords.  Two  four-part 
tackles  rigged  with  1%-lnch  manllla  lines  were 
suspended  from  each  cap  of  the  gallows  frames 
about  6  feet  each  side  of  the  center,  were  at- 
tached to  the  ends  of  a  girder  and  lifted  It 
i-Iear  of  the  cars,  which  were  then  run  oft  the 
bridge. 

All  the  lead  lines  were  run  to  one  four-spool 
hoisting  engine  seated 
on  the  abutment  and 
were  snubbed  on  two 
2-j*3'12xl2-inch  vertical  posts 
'"'■''^  sunk  six  feet  deep 
in  the  ground.  The 
posts  were  inclined 
backwards  about  1:6 
and  were  set  in  a  trench 
with  their  feel  bearing 
against  a  12xl2-inch 
horizontal  timber  about 
12  feet  long.  The 
trench  was  back-filled 
and  rammed  nearly  to 
the      surface      of      the 
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they  were  lifted  a  few  inches  by  the  tackles  and 
the  floor  under  their  ends  was  cut  out  also, 
and  they  were  lowered  to  bearing  ou  the  tops  of 
the  steel  towers,  the  sway  bracing  and  laterals 
assembled  and  bolted  up  and  the  ties  laid  and 
rails  spiked  on  as  fast  as  possible  so  that  trams 
were  able  to  cross  again  in  about  four  hours 
after  the  removal  of  the  old  floor  was  com- 
menced. Afterwards  the  riveting  was  done  and 
the  short  approach  spans  were  put  in  at  leisure. 
Horizontal  transverse  beams  were  bolted 
across  the  gallows  frames  just  above  the  top 
chords  of  the  old  trusses  and  the  clamps  be- 
tween them  and  the  posts  were  removed  and 
they  were  pinched  along  to  the  abutments  and 
guyed  there  and  the  cross  pieces  removed,  after 
which  they  were  used  to  lift  out  the  old  trusses. 
Two  tackles  were  suspended  from  each  gallows 
frame  cap  at  the  center  and  over  the  old  truss, 
and  after  the  nuts  on  the  vertical  rods  of  the 
truss  were  removed,  the  top  chord  was  lifted  up 
about  2  feet  to  clear  the  web  members.  Then 
hand  lines  were  thrown  over  it  and  attached  to 
the  centers  of  the  web  members  and  they  were 
lifted  clear  of  the  bottom  chord  and  swung  in 
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Imperial  Hotel  Extension:   Details  of  Smoke  Stack,  Steel  Flagpole  and  Cornice  Framing. 


spans  supported  by  the  old  abutments  and  by 
two  intermediate  steel  towers  on  new  masonry 
piers.  The  50-tOD  main  girders  were  delivered 
on  three  cars  each,  which  were  run  across  the 
creek  on  the  old  span.  Two  gallows  frames 
with  vertical  and  horizontal  clearances  of  about 
40  and  20  feet  respectively  were  set  up  about 
SO  feet  each  side  of  the  center  of  the  old  span 
and  aupported  from  It  As  the  trusses  were 
only  about  18  feet  apart  over  all  1-foot  fillers 
were  bolted  to  the  insldea  of  the  gallows  potts 
and  they  were  clamped  to  the  top  and  l>ottom 


ground;  another  horizontal  timber  was  set  in 
it  on  the  opposite  side  to  give  bearing  for  the 
upper  reaction,  and  the  fill  completed. 

One  tackle  at  each  end  of  the  girder  was 
made  fast  and  the  other  was  slacked  off  so  as 
to  fleet  the  girder  over  close  to  the  old  truss, 
where  It  was  lowered  to  rest  on  the  floorbeams 
clear  of  the  track.  The  other  girder  was  then 
brought  in  and  unloaded  in  the  same  manner, 
and  set  nearly  over  Its  final  seats.  At  the  next 
snfliclent  Interval  between  trains,  the  old  floor 
between  the  new  girders  was  cut  out  and  then 


and  loaded  on  hand  cars.  The  top  chord,  entire 
was  fleeted  In  by  the  tackles,  loaded  on  cars 
and  run  off  the  bridge,  and  then  the  bottom 
chord  was  lifted  out  and  disposed  of  in  the  same 
manner  and  the  operations  were  repeated  for 
the  other  truss.  Both  girders  were  seated  on 
their  towers  witiiin  three  hours  after  fourteen 
men  commenced  to  unload  them  from  the  cars. 
The  work  was  done  by  the  American  Bridge 
Company,  contractor,  under  direction  of  Mr.  C. 
.J.  Parker,  chief  engineer  of  the  railroad  com- 
pany. 
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A  Suggested  Improvement  of  the  Water 
Front  of  New  York. 


Along  the  New  York  frontage  on  the  North 
River  toward  the  middle  of  Manhattan  Island 
the  municipality  has  gone  to  considerable  ex- 
pense to  construct  a  boulevard  which  is  one  of 
the  most  fashionable  drives  of  the  city.  On  the 
other  side  of  Manhattan  Island  a  speedway  for 
last  driving  has  been  built  at  great  public  ex- 
pense. The  lower  end  of  the  island,  which  in 
one  district  has  the  most  densely  populated  sec- 
tion to  be  found  in  any  city  in  any  country,  has 
been  provided  with  a  few  little  parks,  a  few 
asphalt  streets  for  the  children  to  play  on,  and 
two  or  three  recreation  piers.  The  west  water 
.front  of  the  lower  portion  of  the  city,  known  as 
West  Street,  is  a  broad  thoroughfare  capable 
of  being  developed  into  a  street  far  more  useful 


A  number  of  readers  of  The  Engineering 
Record  have  requested  it  to  print  the  accom- 
panying sketch  for  the  treatment  of  West 
Street  by  means  of  an  elevated  boulevard  and 
observation  piers  in  connection  with  an  ele- 
vated railway  and  a  freight  subway.  This 
sketch  is  one  of  a  series  made  by  Mr.  Charles 
R.  Lamb,  as  chairman  of  the  Committee  on 
Thoroughfares  of  the  Municipal  Art  Society  of 
New  Yorlv.  These  suggestions  were  made  to 
point  out  possible  improvements  in  the  transit 
facilities  of  the  city  which  would  at  the  same 
time  add  to  its  beauty.  The  sketch  which  is 
reproduced  has  attracted  particular  comment 
because  there  is  nothing  in  its  suggestions 
which  will  cause  aiiy  injury  to  existing  fran- 
chises and  property,  were  it  carried  Into  exe- 
cution. It  would  be  a  benefit  to  nearly  every 
one,  although  a  costly  scheme  to  execute. 


seriously  hampered  in  consequence.  The  sub- 
way would  entirely  change  this  condition.  It 
will  be  noticed  that  the  boulevard  connects 
with  observation  piers  all  along  the  water 
front,  these  platforms  being  formed  on  the 
roofs  of  the  steamship  docks.  As  explained  in 
the  report  of  the  committee,  these  roof  plat- 
forms are  for  the  use  of  the  thousands  of  real- 
dents  of  the  district,  and  will  be  without  cost 
to  the  city,  as  their  construction  in  no  way  in- 
terferes with  the  rental  value  of  the  piers. 
When  it  is  considered  that  the  so-called  recre- 
ation piers  have  been  provided  only  at  a  great 
expense  for  construction  and  a  continuing  an- 
nual loss  of  rental,  the  value  of  Mr.  Lamb's 
suggestion  is  apparent. 

While    the    expense    of    any    such  structure 

will   be  very  great   and   the  adoption  of  such 

>  plans  will  meet  the  opposition  of  the  lessees 


A  Suggestion  for  the  Improvement  of  West  Street,  New  York. 


for  teaming  than  at  present,  better  adapted  for 
street  railway  purposes  and,  what  many  peo- 
ple consider  more  important,  a  place  of  suffi- 
ciently pleasing  appearance  to  impress  the 
people  who  first  reach  the  United  States  from 
the  steamship  docks  lying  along  this  water 
front.  -  A  very  strong  feeling  has  manifested 
itself  of  late  concerning  the  improvement  of 
West  Street.  The  proposition  to  allow  trolley 
cars  to  operate  on  the  street  aroused  an  op- 
position which  probably  surprised  even  those 
people  who  are  moderately  opposed  to  the  use 
of  the  overhead  trolley  in  any  large  city.  This 
opposition  was  so  vigorous  and  determined  that 
no  city  council  would  dare  to  consent  to  a 
trolley  system  in  the  face  of  public  protest 
against  it. 


The  idea  of  a  double  elevated  structure  which 
would  give  not  only  tracks  for  electric  cars  on 
a  level  with  the  first  floor  of  the  steamship 
piers,  but  at  the  same  time  an  open  boulevard 
for  automobiles  and  bicycles  with  a  footway 
for  pedestrians,  is  suggested  by  Mr.  Lamb  pri- 
marily because  of  its  distinct  advantage  to  all 
people  doing  business  in  lower  New  York  or 
desirous  of  going  south  on  the  island  to  any  of 
the  North  River  steamship  or  ferry  piers.  The 
street  entrance  to  the  docks  on  the  main  level 
is  not  interrupted  by  the  elevated  structure, 
while  the  freight  problem  is  solved  by  an  in- 
clined railway  spur  from  the  deck  of  each  dock 
to  a  subway  under  West  Street.  At  the  present 
time  the  operation  of  freight  cars  in  lower  New 
York  only  occurs  at  night  and  merchants  are 


of  some  of  the  docks,  the  sketch  is  neverthe- 
less full  of  interest  as  an  indication  of  a  pos- 
sible method  of  providing  a  summer  resting 
place  for  the  overcrowded  population  of  lower 
New  Y'ork,  an  admirable  driveway  for  reach- 
ing that  portion  of  the  city  where  wholesale 
business  is  conducted,  and  plenty  of  room  for 
street  cars  in  a  position  where  they  will  not  in- 
terfere with  the  heavy  teaming  along  the  water 
front. 


A  Steel  Toweb  85  feet  high  carrying  four 
reservoirs  superimposed  one  above  the  other 
serves  the  Rixdorf  gas  works  near  Berlin.  The 
uppermost  tank  is  cylindrical,  and  holds  5,300 
cubic  feet,  while  those  beneath  It  are  hemi- 
spherical, each  of  1,585  cubic  feet  capacity. 


5^ 

Sewage    Disposal    Works    and    Experi- 
ments at  Andover,  Mass. 


Tlw  town  of  Andover,  Maaa..  is  kMXted  on 
tbe  line  ot  tli«  western  dirlsion  of  the  Boston 
A  Maine  Railroad.  23  miles  from  Boston.  The 
town  is  principally  residential  in  character;  its 
population  la  ISM  was  S,14S,  and  had  increased 
la  IM*  to  C,813.  The  town  is  made  up  of  the 
main  village  and  several  small  settlements.  The 
natural  drainage  of  the  place  is  Into  the  Shaw- 
shrrn  River,  which  empties  into  the  Merrimack 
River  at  tha  boundary  line  between  the  city  o( 
Lawraaca  aad  the  town  of  North  Andover. 
Tka  aaia  vlUace  lies  mostly  on  high  land.  Tbe 
water  sopptjr  Is  drawn  from  Uagget's  Pond. 
aboat  tbres  miles  from  the  town,  and  the  water- 
works, which  were  bnilt  in  1889-90.  are  owned 
by  the  town. 

In  1894  the  sewer  commissioners  engaged 
McCiintock  A  Woodtall,  of  Boston,  to 
a  system  ot  sewerage.  The  engineers  in 
their  report  soggeated  two  methods  of  dispos- 
ing ot  the  sewage,  first,  to  treat  the  sewage  on 
laad  located  within  the  limiU  of  the  town,  and, 
aeeoad,  to  discharge  tbe  sewage  into  the  Mer- 
riaiack  River  near  the  mouth  of  the  Shawsheen 
River.  Tbe  first  method  was  finally  adopted 
by  the  town  and  construction  was  started  In 
1898.  the  works  being  largely  built  during  that 
year.  In  order  to  deliver  the  sewage  to  an 
which  was  suitable  for  filtration  works  it 
necessary  to  divide  the  town  Into  a  high- 
level  aad  two  low-level  districts.  ^,^ 

On  the  accompanying  map  of  the  town  show-  f^' 
ing  the  sewerage  system  these  three  districts 
are  indicated,  one  being  designated  as  the  grav- 
ity area  and  the  others  as  pumping  areas  A  and 
B.  The  main  pumping  area  includes,  besides 
the  territory  which  is  shown  on  the  map,  the 
village  of  Ballardvale,  located  on  the  line  of 
the  railroad  southwesterly  from  the  main  vill- 
age. Tbe  sewage  of  Frey  village,  located  on 
Main  Street,  northwesterly  from  pumping  sta- 
tion A,  win  also  have  to  be  pumped.  The  loca- 
tion of  the  two  pumping  stations  for  the  two 
low-level  districts  are  shown  on  the  map,  but 
not  the  location  of  the  disposal  works,  which 
are  situated  nearly  a  mile  north  of  tbe  north- 
erly limit  of  tbe  area  included  in  the  map. 

The  larger  pumping  station,  doBlgnated  as 
pumping  station  A,  Is  situated  on  tbe  bank  of 
the  Shawaheen  River,  at  the  north  end  of  the 
Tillage.  It  is  a  small  and  extremely  simple 
atmcture,  as  indicated  by  the  accompanying 
drawings,  which  show  its  arrangement  The 
building  is  of  brick,  about  12x15  feet  inside,  one 
■tory  and  basement,  with  hip  roof.  The  base- 
ment is  10  feet  deep  below  the  main  floor, 
which  is  of  wood  and  at  the  ground  level,  and 
serves  as  a  receiving  tank  and  pump  well.  It 
has  a  bottom  of  Portland  cement  concrete  I 
foot  thick,  graded  to  the  center,  where  a  length 
of  20-lnch  vitrified  sewer  pipe  is  sunk  into  the 
floor  concrete  with  the  top  of  its  bell  flush  with 
the  surface  of  the  floor,  as  shown.  The  bot- 
tem  of  this  pipe  is  filled  with  concrete,  leaving 
a  space  at  the  top  about  18  inches  deep  to  serve 
aa  a  sump  for  the  end  of  the  pump  suction 
pipe.  Tbe  Intercepting  sewer  discharges  into 
this  tank  through  an  inclined  screen  of  steel 
bars  turned  edgewise,  and  an'  overfiow  prevents 
the  depth  of  sewage  from  exceeding  4  feet.  At 
the  top  of  the  screen  there  is  a  wooden  plat- 
form Buqtended  from  the  main  fioor  and  4  feet 
below  It,  to  provide  access  to  the  screen  for 
eloaalac  it 

ne  pomp  is  a  4^x6xl0-lncb  Worthington 
water-motor  pump  with  5-Inch  suction  and  4- 
lacb  discharge.  The  discharge  pipe,  however. 
la  Increaaed  to  <  inchefl  near  the  point  where 
tbe  toTCB  main  leaves  tbe  building.  This  pump 
Is  set  with  Its  base  at  tbe  main  floor  level  on 
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a  2Wx5i«i-foot  block  of  concrete  supported  by 
two  12inch  I-beams  extending  through  the 
walls  of  the  building  so  that  their  ends  are  car- 
ried on  two  concrete  buttresses  with  rubble 
masonry  foundations  built  against  the  walls,  as 
shown.  The  water  for  the  motor  end  of  the 
pump  Is  drawn  from  a  water-works  main  un- 
der a  pressure  of  126  pounds  per  square  inch 
and  is  exhausted  into  a  small  well  In  one  cor- 
ner of  the  basement,  which  acts  also  as  the 
overflow  chamber.  A  pipe  extends  from  this 
chamber  to  Shawsheen  River.  The  pressure 
pipe  is  3  inches  in  diameter  and  the  exhaust  4 
inches.  The  force  main  is  about  1.800  feel  long 
and  the  lift  is  about  90  feet  The  capacity  of 
the  pump  is  about  75  gallons  per  minute.  The 
pump  is  automatic  and  starts  when  the  tank  is 
full,  but  stops  when  the  tank  is  empty.  The 
l)all  float  shown  on  the  drawing  opens  and 
closes  the  regulating  valve,  thus  starting  and 
stopping  the  pump.  The  sewage  from  the 
force  main  is  discharged  into  a  manhole  on 
the  gravity  pipe  line  to  the  disposal  works. 

The  second  pumping  station,  designated  as 
pumping  station  B,  is  very  similar  to  the  one 
just  described,  the  only  difference  being  that 
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urea.  This  inverted  siphon  is  a  12-inch  cast- 
iron  pipe  4,960  feet  long,  and  its  low  point  Is 
53.5  feet  below  the  surface  of  the  sewage  in 
the  settling  tank.  At  the  low  point  there  is  a 
gate  valve  and  pipe  which  allows  the  sewage 
to  be  discharged  from  tlie  siphon  on  to  a  Vj- 
acre  filter  bed,  the  effluent  from  which  flows 
into  a  brook  nearby.  At  the  high  end  of  the 
inverted  siphon  near  the  village  there  is  a 
12-inch  gate  valve  in  the  pipe  line,  and  just 
below  this  gate  a  6-inch  connection  controlled 
by  a  valve  was  made  with  the  water  system. 
By  closing  the  3  2-inch  gate  and  opening  the 
6-inch  the  siphon  can  be  flushed. 

At  the  disposal  works  the  sewage  first  enters 
the  settling  tank  through  the  upturned  end  of 
the  12-inch  siphon  pipe,  as  shown  in  one  of  the, 
drawings,  at  one  end  of  the  tank,  the  top  of 
the  pipe  being  about  2  feet  above  the  floor. 
After  passing  through  the  settling  tank  the 
sewage  flows  into  the  adjacent  dosing  tank,  and 
from  the  dosing  lank  is  discharged  by  means 
of  a  Miller  automatic  siphon  to  the  Alter  bed. 
Accompanying  drawings  show  the  arrangement 
and  principal  dimensions  of  the  settling  and 
siphon  tanks  which  together  form    one  struc- 
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Map  of  Andover,  Mass.,  Showing  Sewerage  System. 


in  this  instance  no  superstructure  was  built 
over  the  tank  and  pump.  The  tank  is  covered 
by  a  platform  roof  and  entrance  is  made  by  a 
manhole.  At  station  B  the  operating  water 
pressure  is  80  pounds  per  square  inch,  the  lift 
for  the  sewage  is  about  20  feet  and  the  force 
main  is  about  2,000  feet  long.  The  pumping 
station  at  B  was  built  l>ecause  sewers  were 
needed  in  pumping  area  B.  but  were  not  needed 
at  present  along  the  Shawsheen  River.  It  was 
thought  to  be  cheaper  to  pump  the  sewage  at 
B  rather  than  to  build  a  long  and  expensive  out- 
let sewer  to  pumping  station  A. 

The  disposal  works  comprise  a  settling  tank 
and  siphon  chamber,  twenty  filter  beds  for 
treating  the  tank  effluent  and  two  sludge  beds. 
the  effluent  from  the  fllters  t>eing  discharged 
Into  a  brook  entering  the  Shawsheen  River, 
which  is  only  about  600  feet  distant,  along  the 
brook  course.  The  settling  tank  is  located  on 
a  hillside  about  50  feet  above  the  lowest  filter 
bed.  the  beds  being  at  the  bottom  of  a  small 
valley  and  terraced. 

The  sewage  is  delivered  to  the  settling  tank 

through   an  inverted   siphon   which   crosses  a 

'  valley  between  tbe  village   and   the    disposal 


tare.  From  the  settling  tank  the  sewage  flows, 
as  shown  in  section  C-D.  under  a  baffle  wall 
into  a  small  chamber  in  one  corner  of  the  dos- 
ing tank,  and  spills  over  the  walls  of  this  cham- 
ber into  the  dosing  tank  or  siphon  chamber. 
The  dosing  tank  is  10x15  feet  inside,  and  the 
Miller  siphon  discharges  the  sewage  from  it 
into  a  small  gate  chamber  built  in  another  cor- 
ner of  the  dosing  tank.  From  the  gate  cham- 
ber the  sewage  is  discharged  to  the  filler  beds 
through  a  12-inch  pipe.  The  sludge  is  drawn 
from  the  small  chamber  first  mentioned  by 
opening  a  gate  on  the  end  of  a  12-inch  pipe 
loading  to  the  sludge  filter  beds.  By  opening 
two  other  gates  in  one  of  the  walls  of  this  small 
chamber,  thus  connecting  it  directly  with  the 
dosing  tank,  the  settling  tank  also  can  be  emp- 
tied through  the  Miller  siphon.  The  walls  of 
the  settling  tank  and  its  arched  roof  are  of 
brickwork  laid  in  Portland  cement  mortar;  the 
floor  is  of  Portland  cement  concrete.  There  are 
five  manholes  in  the  roof.  The  settling  tank 
is  wholly  underground,  but  there  is  a  small 
brick  superstructure  over  the  dosing  and  siphon 
chamber. 
The  filter  beds  are  long  and  narrow  and  ar- 
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ranged  to  fit  the  topography  of  the  site.  Each 
has  an  area  of  1/5  acre,  so  that  the  twenty 
beds  now  in  use  have  a  combined  area  of  4 
acres.  The  two  sludge  filter  beds  each  have  an 
area  of  1/10  acre.  The  town  owns  suflicient 
land  to  permit  the  construction  of  other  beds 
in  the  future  whenever  they  may  be  needed. 
The  material  of  which  the  filter  beds  are  made 
varies  from  quite  fine  sand  to  coarse  gravel. 
The  beds  are  underdrained  by  4,  8  and  10-inch 
vitrified  pipes  laid  from  4'/^  to  5  feet  below  the 
surface  and  extending,  usually,  lengthwise  of 
the  bed.  On  the  main  distributing  sewer  which 
passes  between  the  two  rows  in  which  the  beds 
are  arranged,  there  are  several  small  brick  dis- 
tributing chambers  containing  the  valves  which 
control  the  pipes  leading  to  the  individual  beds. 
Corn  is  raised  on  the  beds  in  the  summer. 

In  1898,  while  the  Andover  sewerage  system 
was  under  construction,  the  State  Board  of 
Health  of  Massachusetts  decided  to  take  ad- 
vantage of  the  favorable  opportunity  which  the 
conditions  seemed  to  afford  for  studying  the 


sand  filter  was  Increased  in  October  to  approxi- 
mately 110,000  gallons,  and'  in  November  to 
220,000  gallons. 

The  quantity  of  sewage  reaching  the  town 
filters  averaged  about  70,000  gallons  per  day 
during  the  year  1899,  and  was  a  very  strong 
sewage,  as  is  indicated  by  the  following  aver- 
ages for  the  last  six  months  of  the  year:  Tem- 
perature, 55  degrees  Fahrenheit;  free  am- 
monia, 9.75;  albuminoid  ammonia,  total,  1.29, 
in  solution  0.98,  in  suspension  0.31;  chlorine, 
15.62;  oxygen  consumed,  7.42;  bacteria  per 
cubic  centimeter,  3,772,000,  the  quantities  being 
stated  in  parts  per  100,000.  With  the  compar- 
atively small  volume  of  sewage  flowing  during 
the  period  mentioned,  the  sewage  was  practi- 
cally twenty-four  hours  in  reaching  the  filters 
and  was  stale  when  it  arrived  at  the  septic 
tank.  The  sewage,  in  the  condition  in  which 
it  reaches  the  disposal  plant  and  flows  upon 
the  town  filter  beds,  not  operated  at  a  high 
rate,  is  fairly  well  purified  by  these  beds.  When 
flowing  to  the  experimental  fllters,    however. 


average  amount  in  the  experiment  station  sew- 
age. The  amount  of  chlorine,  while  greater 
than  that  in  the  Lawrence  sewage,  was  not 
enough  to  impede  nitrification,  as  various  in- 
vestigations with  tannery  sewage,  etc.,  had 
shown. 

It  seemed  probable  that  the  anaerobic  action 
had  been  carried  so  far  before  the  sewage 
reached  the  filters  that  various  bodies  were 
generated  in  the  sewage  which  prevented  the 
development  of  the  nitrifying  bacteria  in  the  fll- 
ters. The  sewage  had  an  odor  more  nearly  re- 
sembling that  of  the  wastes  from  a  cesspool 
than  that  of  ordinary  fresh,  stale  or  septic  sew- 
age. It  is  certain  that,  if  the  anaerobic  process 
is  carried  too  far,  there  may  be  a  formation  of 
distinctly  poisonous  bodies,  which  might  pre- 
vent nitriflcation. 

During  the  year  1900  the  experiments  were 
continued,  the  small  intermittent  sand  fllter  be- 
ing kept  in  operation  at  rates  varying  from 
50,000  to  220,000  gallons  per  acre  daily,  and 
the  coke  contact  filter  at  rates  from  100,000  to 
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septic  process  of  sewage  treatment  on  a  some- 
what larger  scale  than  that  on  which  experi- 
ments had  previously  been  conducted  in  the  ex- 
periment station  at  Lawrence.  Consequently 
the  Board  constructed  a  septic  tank  of  about 
S.OOO  gallons  capacity  and  two  experimental 
filters  of  1/200  acre  area  each.  The  following 
description  of  this  experimental  plant  and  the 
work  done  with  it  have  been,  taken  from  the 
recent  reports  of  the  Board. 

One  of  the  fllters  was  filled  to  a  depth  of  5 
feet  with  fairly  coarse  sand  of  an  effective  size 
of  0.23  millimeter',  while  the  other  fllter  was 
fllled  to  a  depth  of  5%  feet  with  coke,  most  of 
which  would  pass  through  a  sieve  with  a  Vi- 
inch  mesh.  The  coke  contained  a  considerable 
proportion  of  large  pieces,  but  was  free  from 
coke  dust.  These  fllters  were  put  into  opera- 
tion the  Erst  week  in  July,  1899,  the  sand  fllter 
being  started  as  an  intermittent  fllter  at  the 
rate  of  40,000  gallons  per  acre  daily,  and  the 
coke  Alter  as  a  contact  fllter  at  the  rate  of 
860,000  gallons  per  acre  dally.    The  rate  of  the 


after  having  been  practically  twenty-four  hours 
in  the  settling  tank,  it  was  in  a  condition  very 
difficult  to  purify.  When  operating  the  experi- 
mental sand  filter  at  a  low  rate,  fairly  good  re- 
sults were  obtained  in  warm  weather,  although 
the  amount  of  free  ammonia  in  the  effluent  was 
larger  than  would  be  expected,  notwithstanding 
the  strength  of  the  applied  sewage.  When  the 
rate  of  operation  of  this  fllter  was  increased, 
nitrification  became  much  less  active  and  had 
practically  ceased  by  the  end  of  November. 

During  this  period  it  was  impossible  to  obtain 
any  nitrification  whatever  in  the  coke  contact 
filter,  although  this  filter  was  not  operated  at 
a  rate  greater  than  that  at  which  fllters  had 
been  operated  at  the  experiment  station  in  Law- 
rence with  strong  sewage,  with  satisfactory  re- 
sults. The  sewage  applied  to  these  fllters  did 
not  average  stronger  in  albuminoid  ammonia 
or  oxygen  consumed  from  permanganate  than 
had  the  sewage  at  the  experiment  station  for 
some  years,  but  the  amount  of  free  ammonia 
present  was  more  than  twice  as  great  as  the 


2,000,000  gallons.  There  was  considerable  nitri- 
fication within  the  sand  filter  during  a  portion 
of  the  year,  but  poorer  results  were  obtained 
than  would  have  been  expected  if  treating  a 
fresher  sewage,  containing  a  quantity  of  or- 
ganic matter  equal  to  that  in  the  sewage  from 
this  septic  tank. 

During  a  considerable  portion  of  the  winter, 
the  coke  fllter  was  operated  as  a  continuous 
filter,  a  stream  of  sewage  being  passed  through 
it  continuously  during  a  large  part  of  the  twen- 
ty-four hours,  at  the  rate  of  2,000,000  gallons 
per  acre  per  day,  this  stream  being  fairly  well 
distributed  over  the  surface  of  the  fllter,  and 
the  surface  not  intentionally  covered  with  sew- 
age during  any  portion  of  the  day.  During  this 
period  there  was  no  nitriflcation,  the  effluent 
did  not  contain  dissolved  oxygen  and  It  was 
very  ill  smelling.  Beginning  May  8  it  was  oper- 
ated for  a  few  days  as  contact  fllters  are  usu- 
ally operated  at  Lawrence,  the  outlet  being 
closed  and  the  fllter  filled  by  four  applications 
of  sewage  one  hour  apart,  allowed  to  stand  full 
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two  hovra  ami  th«n  drmined  alowly.  The  rate 
for  »  f«w  days  was  6W,mH>  ipUluDs.  but  without 
amj  bMUr  raaolts   than   previously    obtained. 

iMa  was  tbea  reduced  to  100.000  gallons. 
1  Um  titer  operated  aa  an  Intermittent  (liter, 
•ewaso  b^as  applied  very  slowly  during  a 
period  ot  one  hour,  this  method  being  rol  lowed 
lor  twelve  days,  at  the  end  or  which  the  rate 
was  IncriaaaJ  to  SOO.ovo  gallons,  and  two  weeks 
later  to  4M.000  gallons  per  acre  dally.     This 

In  wami  wenther.  but  even  at  these  low 
Biiriflcation  did  not  occur,  and  the  efflu- 
ent did  not  contain  dissolved  oxygen.  After 
Ansnst  :i  it  was  again  operated  as  a  contact 
Utnr  at  a  Soo.OOW-gallon  rate,  a  small  amount 
of  annd  bning  mixed  with  coke,  but  this  expedi- 
ent niao  failed  to  furnish  conditions  favorable 
to  nitriUcatioa.  A  second  coke  Alter  Was  put 
Into  operation  during  the  last  three  or  four 
months  of  the  year,  containing  coke  of  a  differ- 
ent character,  but  with  no  better  results.  The 
coke  In  this  smaller  filter  was  4  feet  deep. 

The  experimental  septic  tank  at  Andover 
was  operated  during  the  first  six  months  of 
1901  at  such  a  rate  that  the  sewage  was  about 
14  hoars  in  passing  through  it,  then  for  six 
weeks  It  was  17Vx  hours  in  passing  through, 
and  during  the  remainder  of  the  year  it  was  20 
hours.  At  the  end  of  the  year  the  liquid  in  the 
tank  had  a  hard  tenacious  scum  from  1  to  3 
Inches  thick  over  a  large  portion  of  the  sur- 
face, and  the  accumulated  sludge  on  the  bottom 
of  the  tank  occupied  about  11  per  cent  of  the 
tank's  enpndty.  All  three  of  the  experimental 
liters  recdred  a  large  part  of  the  year  the 
aewace  that  had  passed  through  the  septic  tank. 
The  sand  filter  was  operated  at  rates  varying 
from  S6,400  to  116.000  gallons  per  acre  daily,  and 
gave  an  effluent  containing  little  or  no  sediment 
or  turbidity;  good  nitrification  occurred,  al- 
though the  free  and  albuminoid  ammonia  in  the 
effluent  were  high.  The  large,  or  older,  contact 
Mtar  van  operated  at  rates  varying  from  380.000 
to  COO.OOO  gallons  per  acre  daily.  The  sewage 
passed  through  this  filter  practically  without 
change:  there  was  practically  no  nitrification 
within  the  filter,  and  the  effluent  contained  no 
dissolved  oxygen.  To  the  small  coke  filter  the 
effloent  of  the  large  coke  filter  was  applied  at 
rates  varying  from  352.000  to  522.000  gallons. 
From  the  beginning  of  the  operation  of  this 
filter  until  the  middle  of  0(tober.  1901.  the 
effluent  of  the  large  coke  filter  passed  through 
the  small  filter  practically  without  change, 
and  nitrification  did  not  occur  in  the  filters  to 
any  extent.  Beginning  on  this  latter  date,  how- 
evw,  the  large  coke  filter  received  Andover 
sewage  which  bad  not  passed  through  the  sep- 
tic tank.  and.  although  nitrification  did  not 
occur  In  the  large  filter,  yet  when  its  effluent 
was  nppUnd  to  the  small  filter  fairly  good  nitri- 
fl<-ation  ensued. 

Tiie  canae  of  the  non-nitrification  of  the  septic 
rewage.  when  applied  to  first  one  coke  contact 
filter  and  then  to  another,  was  undoubtedly  that 
the  gantn  were  of  such  a  nature  or  the  car- 
bonaeMNis  organic  matter  in  the  sewage  that 
bad  passed  through  the  septic  tank  was  in  such 
an  unstable  or  easily  oxidized  condition  that 
»vrn  the  oxygen  Introduced  by  double  contact 
filtration  was  not  suScieni  to  enable  nitrifica- 
tion to  occnr.  When,  however,  the  stale  An- 
dorer  sewage  was  applied  first  to  one  contact 
filter  and  then  to  another,  without  having  first 
passed  throagb  the  septic  tank,  nitrification  oc- 
curred In  the  secondary  filter. 

The  septic  tank  was  kept  in  operation  until 
July.  1902.  and.  while  fairly  socceasful  as  a 
sludge  destroyer,  the  exceedingly  strong  and 
very  oM  sewage  passed  through  it  was  ren- 
dered difflcnlt  to  purify  by  intermittent  or  con- 
tact filtration  without  preliminary  aeration. 
Daring  its  period  of  operation  It  removed  or  de- 


stroyed about  &S  per  ceut.  of  the  uitrogenoub 
organic  matter  of  the  entering  sewage,  as  shown 
by  albuminoid  ammonia  determinations,  the 
period  of  passage  averaging  about  fourteen 
hours. 

The  three  filters  were  operated  until  the  end 
of  June.  1902.  During  these  six  months  of  1902 
the  sand  filter  was  run  at  a  rate  ot  105.000  gal- 
Ions,  and  at  this  rate  a  very  poor  efiluent  was 
produced.  The  large  coke  filter  was  operated 
at  the  rate  of  3^0.000  gallons,  and,  although  some 
organic  matter  was  removed,  little  nltriflcaticu 
occurred  and  the  effluent  was  of  very  poor 
quality.  The  effluent  ot  this,  tiller  was  applied 
to  the  small  contact  filter  at  a  rate  of  352,000 
gallons,  and  a  considerable  Improvement  in  its 
quality  resulted,  nitrillcation  being  fairly  ac- 
tive during  the  period  of  operation. 

The  experiments  proved  conclusively  that,  with 
the  old  and  somewhat  stale  sewage  reaching  the 
Andover  disposal  works,  septic-tank  action  was 
not  favorable  to  subsequent  purification.  The 
descriptions  of  these  experiments  are  stated 
more  fully  In  the  reports  of  the  Board  for  the 
years  mentioned.  These  reports  contain  a  num- 
ber of  tables  giving  results  of  the  analyses  made 
regularly  in  connection  with  the  experimental 
work. 


Notes  on  the  Sewerage  System  of  Wor- 
cester, Massachusetts. 


The    chemical    precipitation    and    filtration 
plant    for   treating   the    sewage   of   Worcester, 


Cofferdam  for  Sewer  Inside  Millbrook  Conduit. 

Mass.,  has  made  that  city  widely  known  among 
engineers  and  others  interested  in  the  subject 
of  sewage  disposal.  But  Worcester's  sewerage 
system  has  other  points  of  interest,  a  number 
of  which  have  been  described  in  this  journal 
in  times  past.  The  following  notes  on  some  of 
the  construction  work  carried  on  during  the 
year  1903  and  on  the  maintenance  and  opera- 
tion of  the  disposal  plant  have  been  taken  prin- 
cipally from  the  recently  issued  annual  report 
of  the  superintendent  of  sewers,  Mr.  Harrison 
P.  Eddy. 

Millbrook  is  a  stream  flowing  through  the 
city  into  the  Blackstone  River.  From  time  to 
time  portions  of  the  channel  of  this  brook  were 
walled  and  arched  with  masonry,  and  for  years 
It  has  served  as  a  combined  sewer.  The  dry- 
weather  flow  of  water  In  the  brook  amounts  to 
about  5,000,000  gallons  per  twenty-four  hours 
and  there  is  a  very  rapid  increase  In  flow  as 
soon  as  there  is  any  appreciable  rainfall,  as  the 
street  and  roof  water  from  a  large  portion  of 
the  city  Is  drained  Into  this  brook.  The  pave- 
ment of  the  artificial  brook  channel  for  about 
4.250  feet,  from  Franklin  Street  to  Lincoln 
Square,  was  in  unsafe  condition  for  several 
years,  but  early  in  1903  an  apprspriation  of 
$25,000  was  made  for  the  repavlng  with  Port- 


land cement  concrete  of  such  a  length  of  the 
channel  as  could  be  accomplished  with  this 
sum.  Through  this  portion  of  the  city  Mill- 
brook runs  in  a  stone  arched  conduit  which  is 
about  20  feet  wide  and  8Vi  feet  high  from  the 
bottom  of  the  circular  invert  to  the  crown  of 
the  arch.  This  masonry  is  about  thirty  years 
old.  but  with  the  exception  of  one  short  section 
under  a  railroad,  the  arch  was  found  in  good 
condition;  the  defective  portion  has  been 
pointed  with  Portland  cement  mortar,  and  is 
now  considered  to  be  sate  tor  many  years  to 
come. 

The  original  paving  was  composed  of  moder- 
ate sized  quarry  stones  10  to  12  inches  thick, 
laid  dry.  As  large  a  number  of  these  stones 
as  possible  were  embedded  in  the  new  concrete 
paving  and  part  of  the  surplus  was  used  on 
other  work  being  done  by  the  sewer  depart- 
ment; the  remainder  was  sent  to  the  stone 
crusher  at  the  street  department  yard.  Under 
the  existing  conditions  special  methods  of 
handling  stock  and  caring  tor  the  water  were 
necessary.  These  methods  were  similar  to  those 
employed  in  the  construction  of  the  conduit  for 
sewage  which  was  built  inside  another  part  of 
the  Millbrook  masonry  cliannel,  in  1897  and 
1898,  and  described  in  The  Engineering  Record 
October  30,  1897.  Before  taking  out  the  old 
pavement,  a  continuous  cofferdam,  made  up  in 
16-foot  sections,  about  200  feet  long  and  4  feet 
high,  was  erected  and  securely  fastened  to  posts 
resting  on  the  pavement  and  tightly  wedged 
against  the  crown  of  the  arch.  These  coffer- 
dams were  set  a  little  to  one  side  of  the  cen- 
ter of  the  channel  so  that  one-half  ot  the  origi- 
nal paving  could  be  removed.  By  these  means 
the  water  was  easily  kept  away  Irom  the  con- 
crete which  formed  the  new  paving  until  it 
had  opportunity  to  harden. 

One  of  the  accompanying  illustrations  shows 
the  method  of  building  the  separating  sewer  in- 
side the  Millbrook  conduit  in  1897  and  1898,  and 
helps  to  make  plain  the  operations  ot  the  later 
work.  Another  illustration  shows  the  method 
ot  propelling  the  scows  carrying  materials  for 
the  paving  work  done  in  1903,  and  the  third 
view  shows  the  inside  ot  the  cofferdam  used  for 
placing  the  pavement. 

The  new  pavement  is  8  inches  thick  at  the 
renter  ot  the  invert  and  12  inches  thick  at  the 
sides.  It  is  composed  of  one  part  Dragon  Port- 
land cement,  214  parts  sand  and  4  parts  No.  2 
crushed  stone.  As  the  skewback  stones  under 
the  bottoms  ot  the  walls  extended  under  the 
arch,  thus  forming  a  part  of  the  pavement  of 
the  invert,  the  average  width  ot  the  new  pave- 
ment is  only  about  17  feet.  Light  was  furnislieil 
Inside  the  channel  by  incandescent  electric 
lights  on  a  500-volt  continuous-current  circuit. 
Materials  were  transported  inside  the  channel 
on  scows,  either  poled  or  pushed  by  laborers, 
holes  being  cut  in  the  arch  at  convenient  places 
for  receiving  the  supplies.  No  artificial  venti- 
lation was  necessary  in  this  case.  About  eight 
hours  were  required  tor  taking  down  the  string 
ot  cofferdams  and  erecting  them  again  in  an 
advanced  position.  Work  was  commenced  May 
27,  1903.  and  up  to  December  1  about  2,340  linear 
feet  of  the  channel  had  been  repaved  at  an  ac- 
tual cost  of  $9.48  per  linear  foot,  all  work  being 
done  by  the  employes  of  the  sewer  department 
and  the  minimum  price  ot  labor  being  |2.00  per 
eight-hour  day. 

The  district  of  the  city  situated  on  the  shore 
of  Lake  Quinsigamond  could  be  connected  to 
the  sewerage  system  only  by  means  of  pumping 
over  a  hill  intervening  between  this  district  and 
the  nearest  part  of  the  city  in  which  sewers  ex- 
isted. The  total  lift  required  is  about  180  feet. 
This  district  has  a  permanent  resident  popula- 
tion of  about  700.  which,  on  holidays  and  at 
other  times,  is  frequently  augmented  by  thou- 
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sands  of  visitors  to  the  lalie  resorts,  thus  caus- 
ing considerable  fluctuation  in  the  quantity  of 
sewage  to  be  dealt  with.  The  district  includes 
the  hillsides  sloping  to  the  lalie  and  so,  instead 
of  draining  ail  the  sewage  to  one  pumping  sta- 
tion in  the  lowest  part  of  the  area.'the  district 
was  divided  into  three  sections,  each  of  which 
could  be  drained  to  one  point,  the  lift  from  the 
highest  station  being  only  about  one-third  the 
total  and  that  from  the  middle  section  about 
two-thirds.  At  each  station  Shone  pneumatic 
ejectors  of  suitable  capacity  have  been  installed 
in  underground  concrete  chambers,  the  lowest 
station  having  a  1-50-gallon  ejector  with  room 
for  another  100-gallon  ejector,  and  each  of  the 
other  stations  having  one  100-galIon  ejector 
with  room  for  another  of  the  same  size.  Power 
is  furnished  by  two  15-horse-power  electric  mo- 
tors, made  by  the  General  Electric  Company, 
belted  to  two  10x8-inch  single  IngersoU-Sergeant 
Drill  Company's  air  compressors.  The  neces- 
sary current  for  the  motors  is  taken  from  the 
electric  light  wires,  and  the  motors  are  con- 
trolled by  automatic  pressure  regulators  actu- 
ated by  the  pressure  of  the  air  in  the  pipe  line.  • 
The  air  is  transmitted  through  a  wrought-iron 
pipe  having  diameters  of  5,  4  and  3  inches, 
leading  to  the  various  ejectors,  the  total  length 
of  the  line  being  about  3,600  feet. 


ing  the  sludge  from  the  septic  and  sedimenta- 
tion tanks.  All  sludge  has  been  pressed  in  a  G. 
H.  Bushnell  Press  Company's  filter  press  and 
the  resulting  cake  hauled  over  a  narrow-gauge 
trolley  road  to  a  dump,  as  in  previous  years. 
The  total  volume  of  sludge  pumped  from  the 
settling  basins  to  the  storage  tanks  was  25,- 
260,000  gallons.  It  was  allowed  to  remain  in 
the  storage  tanks  as  long  as  possible,  and  then 
the  clear  water  was  drawn  from  the  top  before 
pumping  the  sludge  to  the  presses.  The  clear 
water  drawn  off  amounted  to  733,000  gallons, 
or  2.9  per  cent,  of  the  sludge  pumped. 

New  filter  beds  have  been  prepared  from  year 
to  year  and  the  plant  now  includes  twenty-three 
beds  with  a  total  area  of  23.2  acres.  The  sand 
and  sludge  removed  from  the  surface  of  the  fil- 
ter beds  since  they  were  first  put  into  operation 
in  1899,  measured  in  the  filter,  has  averaged, 
during  the  five  years  the  filters  have  been  in 
operation,  3.2  cubic  yards  per  million  gallons 
of  sewage  and  effluent  filtered,  or  961  cubic 
yards  per  acre.  This  is  equivalent  to  about  7.15 
inches  in  depth  over  the  entire  area,  although 
the  general  elevation  of  the  surface  has  been 
lowered  but  about  3  inches. 

Commenting  on  these  figures,  Mr.  Eddy 
writes  in  his  report  as  follows:  "The  compara- 
tively   large    quantity    of    dirty    sand    removed 


the  rapid  passage  of  water  through  the  sand 
there  is  only  a  thin  film  of  it.  The  most  prac- 
tical way  of  removing  this  has  been  found  to  be 
by  scraping  with  the  back  of  an  iron  rake. 
This  method,  however,  makes  it  necessary  to 
remove  much  of  the  sand  in  proportion  to  the 
sludge.  On  this  account  the  surface  of  the  sand 
has  been  regularly  scratched  to  a  depth  of 
about  an  inch  with  a  horse  weeder.  Of  course 
this  mixes  the  organic  matter  with  the  sand, 
and  so  It  is  found  necessary  to  remove  a  layer 
of  substantial  thickness  at  Intervals  of  perhaps 
six  months.  These  scrapings  have  generally 
averaged  about  one-half  inch  in  thickness;  but 
there  has  also  been  a  gradual  Increase  In  the 
amount  of  organic  matter  below  the  layer  re- 
moved, and  this  fall  it  was  found  necessary  to 
give  the  beds  a  thorough  cleaning,  and  an  aver- 
age of  4.4  Inches  was  removed  from  the  surface 
of  the  beds. 

"That  the  iron  and  lime  which  have  been  car- 
ried on  to  the  filters  have  not  played  an  import- 
ant part  In  this  problem  is  not  yet  demonstrat- 
ed. Further  studies  are  in  progress  which,  it 
is  hoped,  will  throw  additional  light  upon  this 
question." 

The  cost  of  cleaning  the  beds  this  year  was 
3(5.8  cents  per  cubic  yard  of  material  removed, 
amounting   to   $236.08    per   acre.     The   cost   of 


Worcester  Sewerage:   Scows  Carrying  Materials  in  Millbrook  Conduit;    Inside   of    Cofferdam   for   Renewing  Pavement  of  Conduit. 


As  is  well  known,  Worcester's  sewage  is  treat- 
ed before  being  discharged  into  the  Blackstone 
River.  The  total  flow  of  sewage  received  at  the 
disposal  works  during  the  year  1903  amounted 
to  5,676,000,000  gallons,  of  which  5,251,000,000 
gallons  were  treated  by  chemical  precipitation, 
158,000,000  gallons  by  the  septic  process  and 
267,000,000  gallons  by  simple  sedimentation  be- 
fore being  filtered.  The  average  daily  flow  of 
sewage  was  15,550,000  gallons.  The  quantity  of 
water  supplied  by  the  w4ter  department  aver- 
aged 9,670,000  gallons  per  day.  The  cost  o£ 
maintaining  the  purification  works  for  the  year 
was  $53,891.17,  which  makes  a  net  cost  of  41 
cents  per  capita,  based  on  an  estimated  popu- 
lation of  132,000  people.  The  chemical  treat- 
ment; as  in  past  years,  has  consisted  of  the  ad- 
dition to  the  sewage  of  milk  of  lime.  In  this 
treatment  871  pounds  of  lime  have  been  used 
per  million  gallons  of  sewage  treated  during  the 
year,  and  this  does  not  include  the  lime  added 
to  the  sludge  directly  before  pressing.  The  net 
cost  of  chemical  treatment  has  been  $4.01  per 
million  gallons  treated.  To  this  should  be  add- 
ed the  cost  per  million  gallons  of  sewage  treated 
for  disposing  of  the  sludge.  $4.91,  making  a  to- 
tal cost  of  $8.92,  including  the  expense  of  press- 


from  these  filters  in  view  of  the  fact  that  com- 
paratively little  crude  sewage  has  been  run  on 
to  them  leads  to  the  serious  consideration  of 
the  advisability  of  giving  the  sewage  any  pre- 
liminary treatment.  It  is  a  well-known  fact 
that  crude  sewage  carries  a  considerable  quan- 
tity of  coarse  su.«pended  matter  and  that  this 
forms  a  sort  of  mat  over  the  surface  of  the  sand 
which,  after  it  accumulates  somewhat,  becomes 
almost  impervious  to  water.  In  the  effort  to 
raise  the  capacity  of  the  filters  It  is  very  com- 
monly advocated  that  the  sewage  be  treated  by 
sedimentation,  the  septic  process  or  chemical 
precipitation  and  thus  remove  all  but  the  most 
finely  divided  suspended  matter. 

"It  is  obvious  that  the  more  finely  divided  the 
material  is,  the  deeper  it  will  penetrate  the 
sand  of  the  filter  and  it  has  been  found  that  the 
portion  which  remains  on  the  surface  does  not 
interweave  into  a  fabric  as  does  the  coarse  ma- 
terial, but  remains  as  a  powder  after  drying. 
When  wet  it  appears  to  be  just  as  impervious 
to  water  as  the  coarse  mat. 

"To  remove  the  coarse  mat  it  is  only  neces- 
sary to  rake  or  fork  it  off  the  sana.  This  can- 
not be  done  with  the  fine  accumulation.  When 
this  first  becomes  sufficiently  thick  to  prevent 


operating  and  cleaning  the  filters  has  been 
$7,061.97,  making  the  cost  of  filtering  $13.85 
per  million  gallons.  The  quantity  of  sewage 
and  chemical  effluent  filtered  per  acre  per  day 
averaged  108,000  gallons.  It  should  be  stated 
that  the  cost  per  million  gallons  filtered  is  much 
more  and  the  quantity  filtered  greatly  less  than 
would  have  been  the  case  had  the  filters  been 
cleaned  in  the  spring  rather  than  the  fall. 

By  the  chemical  treatment  an  average  of 
51.69  per  cent,  organic  matter,  as  shown  by  the 
albuminoid  ammonia,  has  been  removed  from 
the  sewage.  Suspended  organic  matter  was  re- 
moved to  the  extent  of  91.58  per  cent.  By  the 
chemical  treatment  and  the  filtration  combined 
in  proportion  to  the  amount  treated  in  each 
way,  the  net  result  shows  a  removal  of  55.31 
per  cent.,  while  the  result  of  filtering  the  sew- 
age and  chemical  effluent  was  87.92  per  cent,  or- 
ganic matter  removed. 

Besides  the  usual  tables  relating  to  finances, 
materials,  cement  tests,  rainfall,  sewers  con- 
structed and  cost  of  maintaining  and  the  results 
obtained  from  the  disposal  works,  Mr.  Eddy  has 
added  to  his  report  for  the  past  year  a  "Sum- 
mary of  Purification  Statistics,"  consisting  of 
groups  of  brief  statements  under  the  headings: 
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ChMnlcaJ  Pr«cipiUUon.  Sludge  Pressing.  Inter- 
mittent FtltrsUon.  SedimenUtion.  and  Septic 
Task.  Mr.  Eddy's  idea  is  to  get  the  nuiny  en- 
Claaen  sad  saperintcndenu  in  charge  of  sewer- 
•••  warta  to  report  along  the  Unes  suggested, 
or  otftara  which  mar  be  adopted  as  a  standard 
fonn.  as  maajr  waterworks  superintendents 
have  for  years  been  using  the  standard  form  for 
Summary  of  Statistics  promulgated  by  the  New 
Kaglaad  Water  Works  AssodaUon.  This  sug- 
gestion has  been  taken  up  by  the  Sanitary  Sec- 
tion of  the  Boston  Society  of  Civil  Engineers, 
and  a  committee  has  been  appointed  to  draft  a 
set  of  standard  items  for  report  covering  both 
malBtaaance  of  sewers  and  disposal  plants.  Co- 
<Varatlon  in  the  manner  proposed  should  prove 
haaeflcial  to  all  concerned  in  this  department  of 
pvbUc  works.  Communications  of  inquiry  or 
— ggietlon  will,  doubtless,  be  welcomed  by  Mr. 
■My  or  by  Mr.  William  S.  Johnson,  secretary 
o(  the  Sanitary  Section  of  the  Boston  Society  of 
CiTll  Bagineers. 


The  Wood  Block  Roadways  for  the  Wil- 
liamsburg Bridge. 

In  paring  the  roadways  of  the  Williamsburg 
bridge  with  creoresinate  wood  blocks,  which 
was  dose  by  the  United  Slates  Wood  Preserv- 
ing Company,  of  29  Broadway,  New  York,  it 
found  that  the  provisions  of  the  specifica- 
calling  for  either  spreading  the  upper 
MvCue  of  the  steel  channels  with  hot  asphaltlc 
paTtng  cement  or  dipping  the  blocks  in  it  be- 
fore netting  them,'  were  both  impracticable, 
owing  to  the  fact  that  the  work  was  carried 
out  during  the  period  of  low  temperature  which 
prevailed  during  the  months  of  December,  1903, 
and  January.  1904.  The  paving  cement  hard- 
ened so  quickly  on  the  cold  steel  and  had  such 
an  Irr^ular  surface  that  it  was  impossible  to 
set  the  blocks  on  it  with  a  bearing  Arm  enough 
to  SQStain  the  traffic  w^lthout  splitting  them. 
This  floor  construction  was  described  in  this 
Joarnal  April  9.  It  was  found  that  the  original 
■teel  surface  of  the  channels  formed  a  smoother 
sor&ce  for  laying  the  blocks  than  could  be  se- 
cured by  paving  cement,  and  so  the  speciflca- 
tions  were  modlfled  by  tbe  omission  of  the  ce- 
meiiL 

It  was  originally  proposed  to  caulk  the'  joints 
between  the  rabbeted  blocks  with  alternate  lay 
era  of  gravel  and  hot  paving  cement.  Four- 
fifths  of  all  the  blocks  have  rabbeted  joints  the 
plain  blocks  only  being  used  on  the  level  sec- 
tions at  the  center  of  the  span.  Owing  to  the 
extremely  cold  weather  it  was  found  imprac- 
ticable to  pour  thin  streams  of  paving  cement 
from  a  can  to  fill  these  joints  and  after  several 
consultations  between  Commissioner  Lindenthal 
and  the  contractor  it  was  decided  to  fill  the  rab- 
beted joints  to  within  about  i^  inch  of  the  top 
with  hot  fine  gravel,  heated  on  the  structure. 
Immediately  thereafter  the  itaving  cement  was 
flooded  over  the  entire  surface  of  the  paving, 
being  poured  from  two-gallon  buckets  and  Im- 
mediately swept  into  the  joints  with  squeegees, 
which  are  a  form  of  rubber-edged  wooden  scrap- 
ers with  long  handles  similar  to  those  used  for 
roollBS  pnrposea  The  objection  to  using  the 
f— SBl.  in  this  way  was  the  fear  that  it  would 
Mt  penetrate  to  the  bottom  of  ihe  joints,  but 
owlas  to  the  fact  that  the  gravel  was  used  hot, 
th*  OMMnt  cooled  slowly  and  flowed  well. 
Sabaeqaent  teeU  showed  that  It  thoroughly 
penetrated  the  Joints  and  q>read  under  the 
Mocka  so  that  in  some  cases  it  leaked  through 
the  steel  under  floor  and  dripped  on  to  the 
■treM  below. 

After  the  work  waa  under  way  it  was  found 
that  It  could  be  carried  forward  on  each  20-foot 
roadway  at  the  rate  of  about  300  feet  per  day. 
Considering   the   cold    weather,   and    frequent 


snows,  as  well  as  tbe  impossibility  of  storing 
material  on  the  bridge,  and  the  necessity  of  de- 
livering most  of  the  material  to  the  roadway 
"by  derricks  the  rapidity  with  which  this  work 
was  executed  and  the  fact  that  it  was  completed 
within  the  contract  time,  is  worthy  of  note. 
The  south  roadway  was  completed  and  opened 
for  travel  on  December  12,  1903,  and  the  north 
roadway  was  finished  about  the  last  week  in 
January,  1904.  Work  on  tbe  south  roadway 
was  begun  in  the  latter  part  of  October  and  on 
the  north  roadway  about  the  middle  of  Decem- 
ber, as  soon  as  their  respective  steel  under- 
floors  were  ready. 

Mr.  Holton  D.  Robinson,  engineer  in  charge 
of  the  bridge  when  the  pavement  was  laid,  re- 
ports that  during  the  winter  there  was  little 
or  no  complaint  of  slipping  on  the  grooved  wood 
block.  Mr.  K.  C.  Martin,  now  assistant  engineer 
in  charge  of  the  bridge,  adds  that  sometimes  In 
heavy  fogs  and  at  the  beginning  of  rains  there 
is  trouble  from  slipping  until  the  surface  is 
washed,  when  the  trouble  disappears.  The 
grooved  wooden  blocks  were  treated  at  the  con- 
tractors' Perth  Amboy  Works  by  a  modiflcation 
of  the  well  known  creosotlng  process,  whereby 


An  Unusually  Heavy  Wrecking  Crane. 

A  100-ton  wrecking  crane  recently  built  for 
the  Denver  &  Rio  Grande  Railroad  by  the 
Bucyrus  Company,  South  Milwaukee,  Wis.,  is 
shown  in  •  the  accompanying  illustrations, 
which,  however,  afford  but  an  imperfect  idea 
of  the  massive  construction  of  this  car.  The 
body  is  a  system  of  crossed  girders  with  the 
turntable  so  arranged  that  the  cross  strains 
in  the  framing,  caused  by  a  heavy  side  load  on 
the  Jib,  are  taken  up  as  directly  as  possible  by 
these  girders.  This  design  of  body  is  new 
and  covered  by  patents.  The  body  Is  fitted 
with  quick-acting  Westinghouse  air  brakes  and 
M.  C.  B.  automatic  couplers,  and  is  only  21 
feet  long  with  a  wheel-base  of  17%  feet.  This 
short  length  for  such  great  capacity  enables 
the  crane  to  swing  an  exceptionally  bulky  load 
on  a  16-foot  radius.  Attention  Is  also  called  to 
the  special  arrangement  of  pendulum  bearing 
arms  at  the  ends  of  the  sills  and  the  jack  girder 
which  can  be  run  out  transversely  from  the  cen- 
ter of  each  side  so  as  to  afford  an  additional 
point  of  support  when  lifting  heavy  weights. 
The  arrangement  of  the  bearing  arms  and  jack 


A  Test  Load  for  a  Wrecking  Crane. 


melted  rosin  and  other  ingredients  are  incor- 
porated with  the  creosote  oil  with  the  i-urpose 
of  preserving  the  blocks  against  decay  and  ren- 
dering them  waterproof  and  very  much  harder 
and  therefore  more  durable.  As  an  example  of 
the  waterproof  qualities  thus  secured,  it  may  be 
said  that  the  specifications  for  the  city  of 
Brooklyn  under  which  five  streets  were  paved 
with  these  blocks  last  year,  called  for  an  absorp- 
tion by  them  of  not  more  than  3  per  cent  after  24 
hours  drying  followed  by  24  hours  immersion 
in  water.  Under  this  test,  conducted  by  the 
Department  of  Highways,  the  absorption  was 
only  0.98  of  one  per  cent,  in  24  hours  and  a  con- 
tinued test  for  three  days  did  not  at  the  end  of 
that  time  bring  up  the  absorption  to  the  3  per 
cent,  allowed  by  the  specifications. 


The  Cost  of  Power  at  the  works  of  the 
municipal  station  of  Chesterfield,  England,  is 
1.64  cents  per  kilowatt  hour.  The  power  equip- 
ment includes  600  kilowatts  in  four  direct- 
current  units  and  a  storage  battery  of  300  am- 
peres capacity  for  one  hour.  In  the  last  two 
ye&rs  208,316  kilowatt-hours  were  sold. 


girder  is  such  that  an  unusually  large  area 
can  be  covered  by  the  blocking  below  them  if  it 
is  considered  desirable. 

The  turntable  carries  a  56-inch  boiler  for  a 
working  pressure  of  125  pounds  per  square 
inch,  a  water  tank  holding  400  gallons  and  a 
hopper  with  a  capacity  of  2,500  pounds  of  coal. 
Power  is  furnished  by  an  engine  with  two  lOx 
12-inch  cylinders,  with  piston  valves  and  out- 
side crank  disks.  The  frame  of  the  engine  is 
cast  steel,  made  with  particular  care  and 
specially  annealed.  The  hoist  has  a  friction 
brake,  but  the  lowering  operations  can  also  be 
controlled  by  means  of  a  port  in  the  steam  pas- 
sage of  each  cylinder  near  the  valve  chest. 
With  the  steam  valve  closed  and  the  brake 
loose,  the  load  can  be  lowered  at  any  desired 
rate  by  opening  or  closing  this  port,  the  en- 
gine acting  as  a  power  compressor  during  the 
operation.  When  it  is  desired  to  lower  the  jib 
with  a  heavy  load,  it  is  only  necessary  to  throw 
in  the  jib-hoisting  clutch  and  the  hook  hoist- 
ing clutch  at  the  same  time.  All  brakes  may 
then  be  removed  and  the  load  will  hang  sus- 
pended, owing  to  the  arrangement  of  the  two 
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drums,  until  Its  position  is  moved  by  starting 
the  engine. 

The  turntable  is  swung  by  a  train  of  spur 
gearing  driven  through  two  friction  clutches, 
of  which  only  one  is  used  at  a  time.  When 
both  clutches  are  thrown  off,  a  friction  brake 
is  applied  automatically  so  as  to  hold  the 
turntable  in  place.  In  wrecliing  work,  heavy 
side  strains  are  sometimes  put  on  the  jib,  and 
in  case  such  a  strain  should  threaten  to  strip 
the  gears,  the  friction  brake  is  designed  to 
slip  and  allow  the  turntable  to  swing.  It 
should  be  added  that  there  is  no  worm  gearing 
on  the  crane.  The  operator's  station  is  at  the 
foot  of  tl\e  jib,  where  he  has  full  sight  of  the 
work  in  hand. 

The  construction  of  the  jib  and  the  means 
of  raising  and  lowering  It  are  fully  shown  in 
the  illustrations.  The  main  block  will  handle 
loads  of  100  tons  on  a  radius  of  17  feet.  The 
auxiliary  hoist  at  the  end  of  the  jib  has  a 
capacity  of  40  tons  on  a  30-foot  radius  while 
the  hook  is  rated  at  14  tons  and  is  arranged 
for  high-speed  lifting.    The  hooks  and  some  of 


Book  Notes. 


The  Association  of  Railway  Superintendents 
of  Bridges  and  Buildings  has  a  membership 
representing  over  141,000  miles  of  railway  In 
the  United  States  and  Canada,  and  was  the  first 
of  the  national  engineering  organizations  to 
organize  a  comprehensive  system  of  committee 
work.  Its  representative  membership  and 
strong  committees  make  Its  meetings  of  unusual 
Interest,  and  the  volumes  of  "Proceedings"  In 
which  the  reports  are  printed  are  indispensable 
to  anyone  who  desires  to  keep  fully  Informed 
concerning  railway  bridges  and  buildings.  The 
volume  for  the  meetings  held  last  October  is  a 
well-illustrated  book  of  420  pages,  which  Is  par- 
ticularly noteworthy  for  committee  reports  on 
falsework  for  bridge  erection  in  rapid  currents 
over  rocky  bottoms,  and  on  the  best  method  of 
making  annual  inspections  of  bridges  and  cul- 
verts. There  are  many  other  reports,  more- 
over, with  discussions  of  them,  which  are  nearly 
as  important.  The  volume  can  be  obtained 
from  the  secretary  of  the  association,  Mr.  Sam- 


Handling  a  Box  Car  Body  From  the  Peak  of  the  Jib. 


the  pinions  are  nickel-steel  and  it  should  be 
added  that  some  of  the  large  rack  gears  are 
cut  in  weldless  locomotive  tire  blanks.  The 
main  block  is  held  out  of  the  way  by  a  latch 
when  it  is  not  In  use. 

The  operation  of  the  crane  In  wrecking  ser- 
vice is  well  Illustrated  by  one  of  the  accom- 
panying views,  showing  it  handling  a  large  car 
body.  The  car  was  originally  standing  on  a 
track  parallel  with  the  wrecking  car  and  sepa- 
rated from  It  by  a  gondola  car.'  The  jib  was 
lowered  over  the  latter,  the  box  car  body  slung 
from  the  auxiliary  block  by  means  of  an  equal- 
izing le-"er,  and  the  jib  was  raised  and  swung 
as  shown  until  the  car  was  brought  around  to 
a  position  on  the  other  side  of  the  track.  The 
swinging  of  the  jib  is  accomplished  quickly,  as 
the  turntable  can  be  completely  revolved  in 
40  seconds  or  less. 

The  car  weighs  about  170,000  pounds. 


uel  F.  Patterson,  Boston  &  Maine  Railroad,  Con- 
cord, N.  H. 


The  Tunnel  of  the  Albespeyre,  258  square 
feet  in  area,  is  ventilated  by  a  19.7-foot  fan,  dis- 
charging 5,250  cubic  feet  per  minute. 


About  a  year  ago  two  Illinois  medical  jour- 
nals made  some  very  severe  criticisms  of  the 
results  of  the  operation  of  the  Chicago  drain- 
age canal.  They  asserted  that  the  works  were 
a  failure,  from  a  sanitary  standpoint,  and  that 
the  system  was  designed  in  ignorance  of  scien- 
tific sanitation.  In  order  to  show  how  un- 
founded are  such  comments.  Dr.  Arthur  R. 
Reynolds'  report  on  the  chemic  and  bacterio- 
loglc  examination  of  the  streams  between  Chi- 
cago and  St.  Louis,  before  and  after  the  open- 
ing of  the  canal,  has  been  published  by  the 
Trustees  of  the  Sanitary  District  of  Chicago. 
It  is  a  very  interesting  volume  of  360  pages, 
containing  a  great  number  of  tables  of  analyti- 
cal results,  showing  the  degree  of  pollution  and 
the  amount  of  self-puriflcatlon  at  various 
places  in  the  waterway  between  the  two  cities. 


long  time  Is  the  beautifully  printed  750-page 
catalogue  of  the  Niles-Bement-Pond  Company, 
136  and  138  Liberty  Street,  New  York.  This 
company  manufactures  such  a  great  variety  of 
tools  and  supplies  at  its  different  works  that  its 
catalogue  is  encyclopedic.  The  first  division 
relates  to  railroad  shop  equipment,  particularly 
driving-wheel,  car-wheel  and  axle  lathes.  The 
second  division  Is  devoted  to  lathes  in  general, 
ranging  in  size  from  the  delicate  Pratt  &  Whit- 
ney bench  type  to  the  great  tool  for  turning 
125-lnch  crank  shafts;  this  division  also  con- 
tains illustrated  descriptions  of  a  number  of 
special  types  of  lathes,  such  as  turret  machines 
and  automatic  screw  machines.  The  third  sec- 
tion is  given  up  to  planing  machines,  and  vari- 
ous methods  of  driving  them  by  magnetic 
clutches  and  motors  are  Illustrated.  The  large 
portable  rotary  planers  are  among  the  most  in- 
teresting machines  described  in  this  section  of 
the  book.  Slotting  and  milling  machines  re- 
ceive many  pages,  and  some  Interesting  full- 
page  illustrations  are  given  of  the  work  done 
on  Pratt  &  Whitney  thread  milling  machines. 
Among  the  most  useful  pages  in  the  catalogue 
are  those  devoted  to  boring  machines,  turning 
mills  and  tools  of  an  allied  character,  which  are 
now  made  in  a  great  variety  of  forms  and  sizes. 
After  these  pages  of  classified  tools,  there  Is  a 
large  section  for  miscellaneous  equipment  for 
machine  shops,  and  then  follows  a  division  re- 
lating to  the  machinery  for  boiler  shops,  includ- 
ing plate  planers,  bending  rolls,  punching  and 
shearing  machines,  hydraulic  presses,  steam 
and  hydraulic  riveters.  The  book  closes  with 
an  illustrated  description  of  the  full  line  of 
Bement  steam  hammers,  typical  installations 
of  Niles  traveling  cranes  and  the  small  tools 
made  by  the  Pratt  &  Whitney  Company.  The 
book  has  a  good  index,  metric,  as  well  as  Eng- 
lish dimensions  are  given  throughout,  and  the 
general  appearance  is  excellent.  The  Engineer- 
ing Record  is  requested  to  state  that  while  the 
catalogue  is  privately  printed  and  is  not  for 
general  distribution,  it  will  be  gladly  sent  to 
users  of  heavy  machine  tools. 


One  of  the  most  valuable  reference  books  to 
users  of  machine  tools  which  has  appeared  in  a 


Reminiscences  Of  General  Herman  Haui't. 
An  Autobiography.,  With  Notes  and  a  Personal 
Sketch  by  V.  A.  Fowler.  New  York,  John  R. 
Anderson  Co.,  60  Bible  House;  cloth,  lOxV 
inches,  372  pages,  illustrated,  $1.75. 

It  Is  an  unfortunate  fact  that  the  Information 
concerning  military  engineering  undertakings 
during  the  Civil  War  is  extremely  difficult  to 
obtain,  and  on  this  account  engineers  will  be 
glad  to  know  that  an  opportunity  now  exists  to 
secure  a  large  amount  of  data  on  the  subject. 
From  April,  1862,  until  September,  1863,  Gen- 
eral Haupt  was  at  the  head  of  the  United  States 
military  railroads,  and  his  "Reminiscences"  re- 
late to  the  construction  and  maintenance  oi; 
them.  The  book  is  mainly  a  collection  of  offi- 
cial reports  and  orders,  with  explanatory  text 
binding  the  whole  into  a  narrative  of  great  In- 
terest. The  illustrations  are  from  war-time 
photographs,  and  among  them  are  pictures  of 
the  famous  Potomac  Creek  and  Chattahoochee 
River  Bridges.  The  first  of  these  structures, 
about  400  feet  long,  having  tracks  80  feet  above 
the  water,  was  built  in  nine  days  by  ordinary 
troops.  The  second,  780  feet  long  and  more 
than  90  feet  high,  was  built  by  trained  engineer 
troops  in  only  four  and  a  half  days,  with  timber 
cut  nearby.  Both  structures  were  timber 
trestles. 

It  has  been  given  to  few  men  to  hold  so 
many  places  of  great  responsibility  as  General 
Haupt.  Like  many  graduates  of  his  time  from 
the  United  States  Military  Academy,  he  left  the 
army  after  a  few  years'  service,  to  take  part  in 
the  railway  construction  then  recently  begun. 
His  work  was  In  Pennsylvania,  and  while  en- 
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mtei  on  it.  he  built  a  borne  &t  Gettysburg, 
where,  about  eight  years  later,  he  became  pro- 
feaaor  of  mathematics  and  engineering  in  Penn- 
■Tivania  College.  In  1847  he  Joined  the  Penn-. 
■ylTanla  Railroad  as  division  engineer,  and 
rapidly  rose  to  be  principal  assistant  engineer. 
and  Anally  general  superintendent.  In  1S53  he 
mrigwed.  to  become  chief  engineer  of  the  South- 
em  Railroad  in  Mississippi,  but  returned  to  the 
PennsylraBia  Railroad  after  six  months  as  Its 
eld«f  anslnecr.  a  position  he  held  until  the  road 
w»  conpleteu  to  Pittsburg. 

In  ISSS  he  undertook  the  constniction  of  the 
Hooaac  Tunnel,  and  was  engaged  on  this  enter- 
prise when  he  was  commissioned  in  the  army, 
m»  before  mentioned.  After  the  battles  at 
Gettysburg,  his  local  knowledge  proved  partic- 
ularly useful,  for  on  the  second  day  after  the 
lighting* the  railroads  and  telegraph  lines  to 
Waahlngton  and  Baltimore,  which  General  Ix>e 
had  destroyed,  were  again  working,  although 
over  twenty  bridges  had  to  be  built  to  accom- 
plish this  feat. 

After  his  military  service.  General  Haupt 
condacted  a  general  engineering  practice  in 
Pennsylvania  for  some  time,  in  1874  he  be- 
came general  manager  of  the  Richmond  & 
Danville   Railroad,   and   In    1878,   as  chief  en- 


Tbe  general  draftsman  has  occasion  to  em- 
ploy such  tables  so  rarely  that  it  Is  question- 
able whether  the  time  spent  In  acquiring  facil- 
ity in  their  use  is  well  spent.  In  large  offices, 
where  roof  work  is  in  hand  all  the  time,  the 
lase  is  different,  and  it  would  probably  be  a 
good  Investment  for  the  manager  of  such  of- 
fices to  purchase  a  few  of  these  books  for  a 
thorough  test.  If  they  prove  satisfactory  and 
time-saving,  which  can  only  be  settled  by  a 
test  under  the  working  conditions  of  each  of- 
fice, their  introduction  should  mean  an  in- 
creased amount  of  work  from  each  man  able  to 
use  them  readily,  for  the  data  they  give  is  not 
arranged  so  handily  in  any  other  book  with 
which  The  Engineering  Record  is  familiar. 


Tractor  Trains  for  Industrial   Establish- 
ments. 


The  handling  of  packages  and  heavy  objects 
about  an  industrial  establishment  is  an  ex- 
pensive operation.  This  has  been  so  well  rec- 
ognized by  superintendents  and  managers  of 
such  works  that  for  many  years  various  forms 
of  overhead  tramways,  traveling  cranes  and  in- 
dustrial railways  have  been  put  in  service. 
All  of  these  devices  depend  for  their  sorvlce- 


are  believed  to  increase  the  adhesion  greatly 
over  any  other  form  of  construction.  These 
wheels  are  provided  with  a  powerful  brake. 
The  steering  is  done  by  a  hand  wheel  which 
will  enable  the  tractor  to  turn  in  a  circle  of  8 
feet  radius.  This  enables  the  car  to  be  man- 
oeuvred around  machine  tools  and  through 
winding  passages. 

The  tractor  weighs  complete  about  3,900 
pounds  and  Is  9}/i>  feet  long  and  nearly  4  feet 
wide.  The  draw-bar  is  1 .  foot  4  inches  above 
the  ground,  and  on  account  of  this  low  height 
It  has  been  found  desirable  to  design  a  special 
line  of  shop  cars  to  be  hauled  by  the  tractor,  al- 
though the  regular  type  can  be  used  if  desired. 
The  draw-bar  pull  is  about  600  pounds  and  a 
speed  of  6  miles  can  be  attained.  The  batteries 
are  charged  with  a  110-volt  current,  .36  amperes 
being  needed. 


Letters  to  the  Editor. 


Thk  Bhoke.n'  Valve  at  Boonton  Reservoir. 

Sir: — As  there  seems  to  be  some  confusion 
regarding  the  manufacturer  of  the  valve  which 
has  recently  been  found  out  of  order  at  Boon- 
ton,  we  would  request  that  you  insert  in  your 
columns    the    following   statement:    "Owing   to 


Loads   Hauled   by   a   Tractor   and    a  Horse  at  Warehouses  of   the  Bush  Company,  Brooklyn. 


gineer  of  Pennsylvania  Transportation  Com- 
pany, built  the  tidewater  pipe  line,  the  novel 
mathod  of  transporting  crude  petroleum  to  the 
aeaboard,  about  which  so  much  has  recently 
been  written  In  "McClure'g  Magazine."  In  1881 
Im  became  general  manager  of  the  Northern 
Padflc  Railroad,  a  position  he  held  for  three 
yean,  and  In  1884  he  was  elected  president  of 
tli«  Dakota  ft  Great  Southern  Railroad,  and  be- 
caaM  one  of  the  ten  proprietors  of  the  town- 
site  of  West  Superior. 


Tables  roa  Roor  FaAMixo.  By  G.  O.  Insklp. 
Pabliabed  for  the  author  by  W.  P.  Oumpert, 
4328  Lancaster  Avenae.  Philadelphia.  Flexible 
leather,  7x6  Inches,  448  pages. 

This  book  of  tables  Is  apparently  written  for 
■tmctnral  draftsmen  engaged  on  building  work. 
The  first  table  gives  the  number  of  thirty-sec- 
onds of  an  Inch  In  any  distance  up  to  T,0  feet 
and  the  number  of  sixteenths  up  to  100  feet. 
with  the  sqaares  of  these  numbers.  The  sec- 
ond table  gires  the  logarithms  of  feet.  Inches 
and  thirty-seconds  a p  to  60  feet,  and  the  third 
table  gives  the  logarithms  of  pitches  per  foot 
mn  from  I  to  18  Inches,  advancing  by  32dR. 
The  remaining  tables  present  no  features  of 
novelty. 


ability  on  some  form  of  track  and  are  there- 
fore not  flexible  systems  of  transportation.  In 
order  to  supply  this  hitherto  unfilled  field,  the 
Oibbs  Engineering  &  Manufacturing  Company, 
43  Exchange  Place,  New  York,  has  brought  out 
what  it  calls  tractors  for  handling  material  in 
and  around  large  shops  and  plants.  The  ac- 
companying illustrations  show  one  of  these 
tractors  in  use  at  the  wharves  of  the  Bush 
Company  in  Brooklyn,  and  the  system  of  haul- 
age tor  which   It  was  substituted. 

The  tractor  is  a  storage  battery  automobile 
built  for  traction  purposes.  While  the  cars 
which  It  hauls  may  be  run  on  tracks  if  de- 
sired, it  Is  believed  that  the  best  method  of 
haulage  with  these  tractors  is  to  run  them  di- 
rectly over  the  floors,  except  where  they  are 
too  rough.  The  purpose  of  the  tractor  makes  it 
desirable  to  have  as  great  adhesion  on  the 
wheels  as  possible  and  for  this  reason  the  stor- 
age batteries  are  not  designed  like  those  for 
automobiles,  In  which  great  lightness  of  weight 
is  essential.  The  motors  on  the  tractor  are  of 
the  General  Electric  Company  type,  with  a 
series-parallel  controller  with  which  no  resist- 
ance is  used. 

The  two  driving  wheels  are  separately  driven 
and  are  furnished  with  solid  rubber  tires  which 


the  many  inquiries  which  we  have  received 
concerning  the  accident  at  the  Boonton  dam 
we  wish  to  state  for  the  information  of  our 
friends  that  the  gate  valve  referred  to  was  not 
of  our  make,  our  installation  having  been  con- 
fined entirely  to  the  sluice  valves."  Such  fa- 
vor will  be  much  appreciated. 

Yours,  very  truly,  Coffin  Valve  Company. 

Boston,  April  15. 

[The  accident  at  the  Boonton  dam  was  de- 
scribed in  this  journal  last  week.  The  broken 
valve  was  repaired  and  the  body  of  the  unfortu- 
nate diver  recovered  on  Friday,  the  fifteenth.  | 


Prkskrvatiok  of  Steel  in  Concrete. 

Sir: — I  note  a  confirmation  of  the  well  estab- 
lished fact  that  steel  embedded  in  concrete  will 
not  rust:  In  constructing  the  Subway  in  lower 
Broadway,  the  Degnon  Contracting  Company 
has  found  It  necessary  to  tear  up  the  sidewalk 
around  the  Bowling  Green  Park.  This  walk 
was  laid  in  1883  by  Matt.  Taylor.  There  are 
embedded  In  the  slab  a  number  of  steel  rods 
which  in  tearing  up  the  old  walk  have  been  ex- 
posed. These  rods  are  in  perfect  condition  to- 
day. 

Very  truly  yours,  Ernest  Zj.  Ransome. 

New  Yobk,  April  12. 


April  30,  1904. 
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The  Failure  of   a  Water    Tower   at 

Abilene. 


One  night  some  time  ago  a  steel  water  tower 
at  Abilene,  Texas,  collapsed  when  no  one  was 
present  to  observe  the  manner  in  which  the 
structure  failed.  At  the  time  of  the  collapse 
the  wind  was  blowing  at  a  rate  of  over  30 
miles  an  hour,  according  to  government 
records.  Although  the  actual  facts  concerning 
the  manner  of  the  failure  will  probably  never 
be  kncwn,  the  staicture  has  such  a  history 
and  is  of  such  a  character  that  it  is  worth 
while  referring  to  it  in  some  detail.  It  was 
designed  in  a  Texas  architect's  oflice  and  built 
by  the  Means  &  Fulton  Iron  Works,  of  Bir- 
mingham, Ala.  When  the  latter  had  checked 
over  the  design  in  the  usual  manner  of  good 
builders  of  structural  steel  work,  they  pro- 
tested against  following  it  but  were  ordered 
by  telegraph  to  build  both  the  tank  and  the 
tower   precisely   according   to   the   plan.     This 


plan,  it  might  be  stated,  was  a  pencil  draw- 
ing. The  preliminary  history  of  the  structure 
being  therefore  so  peculiar,  it  may  be  inter- 
esting to  state  a  few  facts  concerning  its  de- 
sign. The  tower  proper  is  70  feet  high.  In 
plan  it  was  square,  with  eight  columns.  The 
foundations  of  these  eight  columns  were  lo- 
cated at  the  corners  of  a  34-foot  square  and 
at  the  middle  points  of  each  side.  The  col- 
umns, each  consisting  of  a  12-inch  40-pound 
I-beam,  were  divided  into  five  panels,  the  panel 
points  being  connected  by  peculiar  systems  of 
horizontal  and  diagonal  cross-bracing.  At  the 
top  the  columns  were  connected  by  an  18-foot 
square  formed  of  15-inch  42-pound  I-beams. 
On  the  top  of  the  I-beams  was  a  most  extra- 
ordinary system  of  girders  to  support  the  tank, 
which  was  25  feet  in  diameter  and  20  feet 
high. 

For  a  number  of  years  The  Engineering 
Record  made  a  practice  of  printing  structural 
details  of  standpipes  and  water  towers  that 
failed.  Some  of  these  accidents  were  due  to 
.  other  causes  than  poor  structural  design,  but 
most  could  be  traced  to  the  fault  of  the  men 
who  prepared  the  plans  for  them.  As  exam- 
ples of  what  not  to  do,  these  faulty  towers  may 
have  been  of  interest.  But  although  for  many 
years  such  poor  construction  has  been  held  up 
to  criticism  in  The  Engineering  Record  and 
other  journals,  there  is  no  appreciable  de- 
crease in  the  casualties  among  such  works. 
If  the  readers  of  The  Engineering  Record  de- 
sire to  have  the  details  of  this  Abilene  tower 
printed,  space  will  be  afforded  to  them,  but 
through  the  courtesy  of  the  Means  &  Fulton 
Ii'on  Works,  it  is  possible  to  give  information 
much  more  valuable  than  the  drawings  them- 
selves. This  information  is  furnished  by  a 
report  on  the  design  of  this  tower  made  by 
Messrs.  Wilson  &  Alber  of  Birmingham,  who 
made  a  careful,  though  approximate,  analysis 
of  the  stresses  in  the  various  portions  of  the 
structure.  They  find  that  the  bottom  plate  of 
the  tank  was  subject  to  a  maximum  fiber  stress 
of  over  90,000  pounds.  In  view  of  the  fact 
that  the  plates  were  riveted  in  sucU  a  man- 
ner that  they  were  probably  weakened  about 
30  per  cent.,  it  is  not  surprising  that  the  tank 
itself  should  fail.  This  was  not  the  only  feat- 
ure of  the  structure  which  manifestly  invited 
disaster.  Two  of  the  15-inch  I-beams  connect- 
ing the  tops  of  the  columns  were  subject  to 
fiber  stresses  of  27,000  pounds.  Some  of  the 
columns  were  likewise  far  overstressed,  even 
without  any  wind  pressure.  The  wind-bracing 
was  of  little  value.  As  for  the  structure  as  a 
whole,  Messrs.  Wilson  &  Alber  report  that  if 
the  material  used  in  it  had  been  properly  em- 
ployed, the  tower  would  have  been  sufficiently 
strong. 

This  tower  has  a  history,  therefore,  which 
is  very  familiar  to  those  who  are  acquainted 
with  the  past  records  of  standpipes  and 
water  towers  in  this  country.  For  some  un- 
known reason,  any  one  having  a  passing  ac- 
quaintance with  the  contents  of  a  structural 
steel  roller's  handbook  has  been  rated  as  com- 
petent to  design  a  water  tower.  Most  of  the 
failures  in  this  country  can  be  traced  directly 
to  a  lack  of  knowledge  of  structural  steel 
design.  Unfortunately  the  publication  of  one 
bad  example  of  such  towers  after  another 
seems  to  have  had  no  effect  in  producing  bet- 
ter work.  With  the  gradual  increase  In  the 
public  appreciation  of  the  value  of  good  en- 
gineering, it  is  possible  that  the  conditions 
will  improve,  but  the  destruction  of  the  water 
tower  at  Abilene  indicates  that  the  education 
of  the  public  is  still  necessary.  In  this  case 
the  conditions  are  particularly  flagrant  because 
the  builders  of  the  tank  specifically  protested 


against  its  construction  as  planned.  The 
drawings  show  that  it  was  a  monstrosity.  A 
further  proof  of  the  fact  that  it  was  designed 
by  some  one  without  any  knowledge  of  such 
work  is  afforded  by  the  presence  in  the  Interior 
of  the  tank  of  completely  useless  vertical  6- 
inch  channels  spaced  6  feet  apart. 

The  design  and  construction  of  watertanks 
and  standpipes  should  be  placed  in  the  hands 
of  men  thoroughly  competent  to  work  out  steel 
work  in  an  economical  and  safe  manner.  The 
failure  of  such  a  structure  may  not  only  de- 
prive a  water  works  system  of  an  important 
portion  of  Its  plant,  but  also  cause  serious  lo- 
cal damage.  The  tower  proper  has  to  carry 
not  only  the  heavy  dead  weight  of  the  water 
tank  at  its  top,  but  must  also  resist  wind  pres-. 
sure,  which,  in  many  cases,  amounts  to  a  large 
figure.  It  naturally  would  be  supposed  that 
any  one  able  to  understand  an  engineer's  hand 
book  could  design  a  tank  to  place  on  top  of 
one  of  these  towers,  and  yet  the  Abilene  struc- 
ture shows  that  this  is  not  the  case.  Bottom 
plates  stressed  nearly  to  their  ultimate  re- 
istance  and  side  plates  reinforced  vertically 
with  entirely  useless  channel  bars  of  large 
size,  show  how  dangerous  it  is  to  entrust  the 
design  of  such  an  elementary  structure  as 
an  ordinary  tank  to  some  people.  As  before 
stated,  the  lesson  of  this  accident  will  be  ap- 
preciated probably  only  by  those  who  know 
enough  to  avoid  such  work  without  any  fail- 
ures to  warn  them.  This  is  really  the  most 
important  aspect  of  the  affair  and  one  which 
ought  to  have  some  remedy,  although  it  is 
difficult  to  see  what  effective  preventative  can 
be  put  on  the  statute  books. 


The   Work  of  the  New  Isthmian    Canal 
Commission. 


As  the  title  to  the  property  of  the  new 
Panama  Canal  Company  has  now  been  trans- 
ferred to  the  United  States,  and  as  the  Isth- 
mian Canal  Commission  has  organized  and  be- 
gun work  both  on  the  Isthmus  of  Panama  and 
at  Washington,  it  may  be  stated  that  the  con- 
struction of  the  Panama  Canal  has  actually 
been  begun.  No  statements  have  been  issued 
by  the  new  commission  touching  the  work  it 
has  undertaken,  but  various  statements  by  the 
public  press,  apparently  authenticated,  and 
such  information  as  can  be  gathered  from  par- 
ties who  have  recently  returned  from  the  Isth- 
mus, indicate  that  the  final  plans  for  the  con- 
struction of  this  ship  canal  are  now  being 
carefully  considered.  The  former  Isthmian 
Canal  Commission  left  behind  it  a  monumental 
work  remarkable  both  for  the  amount  of 
ground  which  it  covered  and  for  the  direct  and 
effective  treatment  given  to  the  great  problem 
before  it.  The  final  report  of  that  commis- 
sion, however,  shows  clearly  that  Its  members 
contemplated  much  further  study  upon  a  num- 
ber of  main  features  of  the  work  before  its 
ultimate  lines  could  be  definitely  settled.  Ob- 
viously, the  first  step  to  be  taken  by  the  pres- 
ent commission  is  the  completion  of  the  req- 
uisite examinations  and  final  studies  contem- 
plated by  its  predecessor. 

It  is  clearly  impossible  at  this  time  to  in- 
dicate closely  the  lines  of  investigation  to  be 
followed  to  close  the  great  questions  which 
were  advisedly  left  open  by  the  former  com- 
mission, but  a  careful  consideration  of  its  ad- 
mirable report,  together  with  such  Information 
as  can  be  obtained  at  the  present  time,  makes, 
clear  what  at  least  are  some  of  the  greater 
questions  to  be  first  undertaken  by  the  new 
commission.  The  recent  paper  by  Mr.  C.  13. 
Ward,  Mem.  Am.  Soc.  C.  E.,  on  the  possible 
Gatnn   dam,  five  or   six  miles  from  the  Colon 
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end  of  the  caaal.  gives  point  to  these  observa- 
Uoos  and  raises  much  engineering  interest  as 
to  what  mar  be  the  best  plan  to  be  followed  in  . 
the  boUding  of  the  Panama  Canal.  It  will  be 
remembered  that  the  old  commission  contem- 
plated a  dam  across  the  Chagres  river  at  the 
point  called  Bohio.  about  17  miles  from  Colon, 
to  form  the  summit  level  of  the  canal  at  an 
elevation  of  85  or  90  feet  above  sea  level.  This 
summit  level  would  extend  for  a  distance  of 
nearly  21  miles,  making  three  locks  necessary 
on  the  Pacific  side  of  the  isthmus  to  reach  the 
Padllc  Ocean.  Mr.  Ward  suggests  the  pos- 
sible feasibility  of  building  a  dam  across  the 
Chagres  river  at  Oatun.  10  or  11  miles  nearer 
Colon  than  Bohio.  Although  the  Bohio  sum- 
BiM  level  might  remain  unchanged  with  a' 
lower  level  between  Gatun  and  Bohio,  it  ap- 
(tears  practically  certain  that  if  the  Gatun  dam 
•hould  be  built  the  resulting  elevation 
of  lake  surface  should  render  unnecessary 
the  costly  construction  of  Bohio,  thus 
displacing  not  less  than  10  miles  of  re- 
stricted canal  navigation  by  the  same  amount 
of  open  lake  navigation.  In  this  latter  event 
the  site  of  the  summit  level  lock  on  the  Pacific 
aide  of  the  isthmus  would  remain  unchanged 
but  Its  maximum  lift  might  be  materially  re- 
duced. Although  there  appears  to  have  been 
no  borings  made  at  the  Gatun  dam  site  by 
either  of  the  French  companies  or  the  former 
Isthmian  Canal  Commission,  a  close  exam- 
ination of  such  maps  as  exist  seems  to  In- 
dicate that  the  construction  of  the  dam  at  that 
location  would  be  exceedingly  costly  in  conse- 
quence of  its  great  length  and  probable  depth 
to  bed  rock.  This  is  one  of  those  questions, 
however,  on  which  it  is  idle  for  engineers  to 
•peculate  and  which  can  be  treated  rationally 
ondy  after  adequate  examinations  have  dis- 
closed the  actual  conditions  to  be  encountered. 
It  is  fair  to  assume  that  the  new  commission 
will  complete  such  examinations  as  may  be 
necessary  to  settle  conclusively  whether  the 
construction  of  the  Gatun  dam  be  feasible  or 
not. 

Again,  there  are  great  problems  to  be  solved 
connected  with  the  control  and  handling  of  the 
Chagres  river  floods,  which  are  of  such  a  sud- 
den character  and  of  such  violence  that  many 
engineers  In  the  past  have  considered  them 
as  almost  if  not  quite  insuperable  obstacles  to 
the  successful  completion  and  maintenance  of 
the  Panama  Canal.  The  report  of  the  former 
commission  shows  conclusively  that  any  such 
fears  are  absolutely  groundless.  The  report 
further  shows  that  an  exceedingly  simple  and 
effective  method  of  safely  receiving  Into  and 
discharging  from  Lake  Bohio  those  flood  waters 
may  be  arranged  by  means  of  the  GIgante 
spillway,  even  without  the  construction  of  a 
great  controlling  dam  either  at  Alhajnela  or 
at  Gamboa.  the  latter  location  being  a  short 
distance  upstream  from  the  point  where  the 
canal  line  leaves  the  Chagres  river  on  its  way 
toward  Panama.  Although  this  latter  con- 
trolling construction  was  not  considered  Im- 
mediately necessary  by  the  Commission,  and 
possibly  not  at  all,  it  is  understood  that  some 
of  Its  members  at  least  entertained  the  opin- 
ion that  Its  effect  might  be  desirable  at  the 
outset  of  the  operation  of  the  canal  even  if 
not  actually  necessary.  The  old  French  com- 
pany seriously  considered  the  construction  of 
■ocb  a  dam  at  Oamboa  ather  than  at  Alha- 
jnela. Although  the  Gamboa  site  was  thus 
seriously  considered  in  connection  with  the  sea 
level  plan  only.  It  Is  Just  possible  that  the 
changed  conditions  now  existing,  taken  In  con- 
nection with  the  future  water  supply  of  the 
canal  and  other  questions  of  power  and  af- 
filiated   requirements   of   a   great   ship   canal. 


may  make  it  desirable  to  give  still  further 
consideration  to  the  creation  of  a  controlling 
lake  on  the  upper  Chagres.  either  at  Gamboa 
or  Alhajuela  or  at  some  other  point. 

There  are  other  problems  perhaps  of  less 
magnitude  than  those  Indicated  above  which 
appear  worthy  of  study  to  a  careful  reader  of 
the  report  of  the  old  commission.  The  construc- 
tion of  such  a  great  waterway  carries  with  It 
the  consideration  of  a  number  of  closely  affiliat- 
ed matters  which,  while  not  absolutely  impera- 
tive for  the  bare  construction  and  operation  of 
a  ship  canal,  are  of  great  importance  In  con- 
nection with  it.  especially  in  this  case  where 
the  water  supply  of  the  cities  at  its  two  ex- 
tremities and  of  the  towns  between  must  be 
constructed.  It  must  also  be  remembered 
that  the  strip  of  territory  through  which  the 
canal  passes  has  experienced  practically  no 
development  as  an  aggregation  of  communities 
since  those  communities  were  founded,  but 
which,  under  the  new  governmental  condi- 
tion, will  necessarily  be  developed  with  rap- 
idity hereafter.  The  construction  of  the  canal 
under  the  treaty  between  the  United  States 
and  the  Republic  of  Panama,  read  in  a  broad 
way,  means  far  more  than  the  digging  of  a 
great  navigation  ditoh.  A  great  waterway  is 
to  be  constructed,  and  so  constructed  as  to 
contribute  to  the  industrial  development  and 
civilization  of  the  country  through  which  It 
passes.  The  problems  before  the  new  Isth- 
mian Canal  Commission,  therefore,  are  broad 
ones,  and  their  treatment  should  be  charac- 
terized by  the  most  enlightened  policy  and 
one  which  will  reflect  credit  upon  the  part 
which  the  United  States  Government  Is  to 
play  In  the  matter.  The  tentative  plans  con- 
templated by  the  former  commission  were 
admirable  in  their  scope  and  were  worked  out 
sufliciently  to  serve  all  the  purposes  for  which 
the  commission  was  created,  but  the  new  com- 
mission must  go  further,  complete  all  the  ex- 
aminations plainly  contemplated  by  its  prede- 
cessor and  reach  the  broadest  and  best  solu- 
tion of  this  great  Interoceanic  problem,  even 
if  the  former  estimates  are  exceeded  in  cost 
by  a  few  millions  more  or  less. 


Typhoid  Fever  Epidemics. 

Every  sanitary  engineer  is  interested  in  the 
prevention  and  remedy  of  typhoid  fever  epi- 
demics. Formerly  such  visitations  were  looked 
upon  as  calling  for  the  aid  of  physicians  alone, 
but  the  growth  of  knowledge  concerning  this 
disease  has  proved  that  the  engineer  can  be  of 
great  assistance  not  only  In  preventing  the 
fever  but  also  In  checking  Its  spread.  One  of 
the  members  of  the  American  Society  of  Civil 
Engineers,  Dr.  George  A.  Soper.  has  already 
won  a  reputation  as  an  epidemic  breaker  which 
bids  fair  to  make  him  as  well  known  in  the 
community  as  the  famous  strike  breaker  who 
prevents  or  overcomes  troublesome  mutinies  of 
street  railway  employees.  In  the  last  few  years 
he  has  been  In  charge  of  a  number  of  such  epi- 
demics and  tne  Information  he  has  acquired  Is 
most  interesting.  At  a  recent  conference  of  the 
health  officers  of  the  State  of  New  York  he  made 
some  very  interesting  remarks  concerning  feat- 
ures of  this  unusual  specialty  he  has  adopted. 
The  breaking  of  epidemics  is,  of  course,  not  so 
important  as  their  prevention.  The  cause  of 
the  disease  can  generally  be  traced  to  the  pollu- 
tion of  water  through  the  careless  manner  in 
which  a  typhoid  fever  patient  has  been  cared 
for.  Sometimes,  as  at  Ithaca,  the  water  supply 
of  a  whole  city  is  affected  and  the  disease  causes 
terrible  loss  of  life  as  well  as  material  Injury 
through  sickness  and  loss  of  business.  In  other 
cases  a  milk  supply  becomes  Infected  and  users 


of  the  milk  are  stricken  with  the  disease.  The 
latter  case  is  not  so  serious  as  the  former  it  Its 
cause  is  detected  early  enough.  Theoretically, 
there  should  never  be  an  epidemic  in  American 
communities,  for  the  laws  provide  for  boards  of 
health  with  ample  powers  to  prevent  such  out- 
breaks. Unfortunately  a  board  of  health  i? 
rarely  an  efficient  organization  for  such  a  pur- 
pose, and  even  when  its  members  have  sufficient 
knowledge  to  act  intelligently  in  case  the 
typhoid  fever  sick  rate  rises  abnormally,  they 
often  lack  the  strength  of  character  as  a  body 
to  compel  the  aaoption  of  the  precautions  neces- 
sary at  the  time.  If  every  physician  were  to  re- 
port promptly  all  suspicious  cases,  and  Boards 
of  Health  were  to  treat  such  cases,  as  soon  as 
reported,  in  accordance  with  an  efficient  pro- 
gram, typhoid  fever  would  soon  lose  much  of  Its 
present  terror. 

The  statements  of  Dr.  Soper  are  mainly  inter- 
esting for  the  suggestions  they  give  concerning 
the  handling  of  an  epidemic  as  soon  as  it  is 
detected.  The  disease  is  frequently  hard  to 
diagnose  and  gains  a  foothold  before  Its  char- 
acter is  definitely  determined.  For  this  reason 
it  is  important  that  suspicious  cases  should  be 
watched  with  great  care.  Patients  so  ill  as  to 
be  confined  to  their  beds  do  not  cause  so  much 
trouble  as  those  who  suffer  from  a  mild  form 
of  the  disease,  who  are  able  to  go  about  and 
may  spread  the  fever  in  this  way.  As  soon  as* 
the  possibility  of  an  epidemic  is  detected.  Dr. 
Soper  advises  immediate  steps  to  Investigate  Its 
history  so  that  the  original  cause  may  be  dis- 
covered. In  this  way  it  may  be  possible  to  check 
the  outbreak  when  it  appears,  although  it  is  too 
often  the  case  that  many  cases  occur  and  a 
number  of  foci  of  disease  are  established  before 
a  careful  investigation  is  considered  necessary. 
Fortunately  local  authorities  are  often  able  to 
call  on  a  State  board  of  health  for  assistance 
when  such  an  epidemic  Is  threatened,  and  in 
this  way  they  secure  the  advise  of  an  expert  In 
the   handling  of   such  cases. 

When  the  authorities  of  a  town  have  secured 
such  expert  advice  and  made  a  careful  census 
of  all  the  cases,  particularly  those  of  a  mild 
form,  their  work  is  chiefly  along  the  line  of  a 
rigid  yet  tactful  enforcement  of  the  laws  which 
enable  them  to  safeguard  the  people.  They  are 
able  to  control  the  purity  of  the  food  supply,  to 
bring  about  the  proper  use  of  suitable  disin- 
fectants and  to  clean  up  the  city  generally.  It 
is  necessary  for  them  to  make  provision  for  the 
extraordinary  expenses  which  may  be  necessary 
to  stamp  out  the  fever,  and  in  doing  this  they 
will  often  have  to  exercise  much  care.  They 
will  have  to  arrange  quite  often  for  an  exten- 
sion of  their  privileges  outside  the  limits  of 
their  authority,'  in  order  to  compel  a  proper 
observance  of  sanitary  regulations  on  the  drain- 
age basin  of  a  reservoir  or  on  the  premises  of 
a  milk  dealer  furnishing  an  infected  supply. 
In  all  this  work  it  will  frequently  happen  that 
the  most  expeditious  and  economical  conduct  of 
affairs  will  be  possible  by  securing  the  complete 
co-operation  of  the  State  board  of  health.  Dr. 
Soper  states  that  from  his  experience  in  work 
of  this  nature  he  is  convinced  the  State  should 
always  send  a  representative  to  the  scene  of  an 
epidemic  to  insure  the  adoption  of  measures 
which  will  bring  it  under  control,  whether  this 
takes  three  days  or  three  months.  This  sug- 
gestion is  really  the  keynote  of  his  remarks, 
and  The  Engineering  Record  is  glad  to  learn 
that  he  has  so  publicly  advocated  a  step  of  this 
nature.  Means  of  communication  between 
towns  Is  now  so  good  in  all  parts  of  the  country 
that  an  epidemic  of  typhoid  fever  can  no  longer 
be  regarded  as  a  local  matter.  The  danger  of 
carrying  the  disease  from  one  town  to  another 
is  so  great  that  the  State  Is  fully  warranted  in 
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«xercising  a  supervision  over  the  work  of  the 
local  authorities.  The  prevalence  of  typhoid 
fever  in  an  American  city  is  largely  unneces- 
sary, and  the  engineer  and  sanitarian  should 
work  hand  in  hand  at  all  times  and  in  all  places 
to  insure  the  purity  of  the  water  supplies  of 
towns  and  cities  and  the  proper  treatment  of 
any  sporadic  cases  of  the  disease  which  may  be 
detected.  Epidemics  are  so  frequent  that  the 
importance  of  such  work  is  becoming  appreci- 
ated, slowly  but  surely. 


Electricity  in  Cotton  Mills. 

Among  tlie  cotton  mills  operated  electrically 
In  this  country,  the  Columbia  mills  at  Columbia, 
S.  C,  the  Pelzer  mills  at  Pelzer,  S.  C,  the  Pone- 
mah  mills  at  Taftville  and  others,  the  use  of 
electric  motors  seems  to  be  entirely  satisfac- 
tory. The  troubles  which  some  people  predicted 
have  never  occurred,  so  far  as  can  be  learned 
from  Inquiry.  Occasionally  some  slight  defect 
may  be  noticed  temporarily,  but  absolute  perfec- 
tion cannot  be  expected  in  anything  so  compli- 
cated as  the  system  of  power  generation,  distri- 
bution and  application  in  a  great  industrial  es- 
tablishment. While  this  dearth  of  unfavorable 
reports  has  been  gratifying  to  those  who  have 
Tioped  that  the  electric  drive  would  prove  an  ad- 
vantage over  systems  of  greater  age,  the  lack 
of  definite  information  concerning  what  were 
the  real  results  of  electric  operation  has  been 
almost  equally  disappointing.  It  has  been 
known  for  some  time  that  very  careful  watch 
was  being  kept  on  the  power  system  at  two  of 
the  largest  mills  in  the  South,  and  when  the 
New  England  Cotton  Manufacturers'  Associa- 
tion announced  recently  that  among  Its  papers 
for  the  convention  of  this  week  there  would  be 
one  by  Mr.  E.  W.  Thomas  of  Columbia,  It  was 
hoped  that  the  silence  would  be  broken.  These 
expectations  have  not  been  fulfilled,  because  his 
tests  at  the  two  mills  are  not  finished.  He 
promises  to  give  their  results  in  a  later  paper, 
and  for  the  present  supplies  only  general  state- 
ments concerning  some  of  the  advantages  of 
electric  operation  which  have  been  demon- 
strated by  the  plants  under  his  observation. 

One  of  these  advantages  Is  the  readiness  with 
which  one  department  of  such  a  mill  can  be  run 
Independently  of  the  others.  When  a  certain 
section,  such  as  the  opener  room,  picker  room 
or  cloth  room,  has  caught  up  with  its  work,  the 
overseer  has  only  to  throw  a  switch  to  stop  all 
the  machinery,  withdrawing  all  demand  for 
power  without  affecting  any  of  the  other  rooms. 
In  addition  to  the  switch  In  the  room,  the  motor 
Is  also  controlled  by  one  in  the  engine  room, 
and  It  is  possible  to  apply  on  the  switchboard  an 
automatic  registering  instrument  which  will 
show  the  fluctuations  in  power  supplied  to  each 
department.  This  is  an  important  advantage,  for 
records  have  been  obtained  showing  that  when 
the  starting  time  of  the  mill  was  6:30  in  the 
morning  the  full  amount  of  machinery  was  not 
In  operation  until  7  o'clock.  Other  records  indi- 
cate that  there  has  been  a  dropping  off  of  power 
from  1]  :30  to  noon,  showing  that  the  employees 
were  neglecting  their  work  preparatory  to  leav- 
ing for  the  noon  hour.  The  switchboard  may 
also  have  instruments  that  will  Indicate  when 
any  motor  is  being  run  with  an  excess  load. 

The  technical  Information  which  It  Is  possi- 
ble to  acquire  with  automatic  registering  instru- 
ments connected  with  the  electric  equipment  Is 
often  of  considerable  direct  value.  The  study 
of  the  variations  In  the  power  demand  and  their 
connection  with  differences  In  tempei-ature  and 
humidity  have  proved  very  interesting.  The  In- 
vestigation of  the  value  of  different  lubricating 
■oils  which  has  been  possible  is  also  worthy  of 
note.  Another  class  of  data  furnished  by  such 
records  is  useful  In  planning  additions,  namely. 


the  Information  concerning  the  amount  of  power 
actually  needed  to  operate  different  types  of  ma- 
chinery. With  such  data  and  complete  freedom 
from  the  restrictions  of  line  shafting,  the  de- 
sign of  an  addition  to  a  mill  loses  its  main  diffi- 
culties, even  when  the  existing  mills  are  badly 
situated  according  to  old  ideas  of  arrangement. 
The  above  statements  summarize  practically 
all  the  information  which  the  author  has  con- 
sidered it  desirable  to  print  at  the  present  time. 
He  will  doubtless  agree  that  it  really  amounts 
to  little  as  a  presentation  of  definite  data,  and 
as  such  is  disappointing  to  those  who  expected 
he  would  give  figures  showing  just  what  is  the 
efficiency  of  the  two  noted  mills  under  his  ob- 
servation. As  a  general  statement  of  what  can 
be  done  with  the  electric  drive,  as  compared 
with  the  old  system  of  extensive  and  expensive 
line  shafting,  it  is  of  considerable  value  and  in- 
creases the  anticipation  of  good  things  which 
will  be  afforded  by  the  results  of  his  tests. 


The   Renaissance  of  the   Dummy. 


One  of  the  most  interesting  features  of  steam 
railway  affairs  in  Great  Britain  and  on  the  Con- 
tinent at  the  present  time  is  the  endeavor  of  the 
managers  of  numerous  main  lines  as  well  as 
branches  tn  introduce  some  substitute  for  the 
present  system  of  suburbpn  traflic  by  locomo- 
tives. Mention  has  been  made  several  times  in 
these  columns  lately  of  the  adoption  of  com- 
plete third-rail  equipments  for  main  line  service 
on  two  English  railways.  For  some  unknown 
reason  this  logical  solution  of  the  problem  is 
avoided  by  many  companies  to  whom  electricity 
seems  an  abhorrent  thjng,  and  instead  dummy 
cars  are  being  introduced  on  several  lines. 
Something  like  twenty-five  years  ago  these  were 
regarded  as  the  salvation  of  local  traffic  on  rail- 
ways in  the  United  States  as  well  as  abroad. 
Many  readers  of  this  journal  will  doubtless  re- 
call the  uncomfortable,  wheezy  trips  made  by 
such  cars.  The  little  engine  In  the  front  was  a 
source  of  admiration  to  the  small  boys  along 
the  line  ancf  of  objurgation  by  the  engineer  who 
had  the  fearsome  task  of  making  It  run.  These 
dummy  cars  were  often  the  basis  of  most  as- 
tonishing projects.  The  Engineering  Record 
once  saw  a  local  railway  built  for  operation  by 
them  between  two  seashore  resorts.  The  track 
was  laid  and  the  rolling-stock  delivered.  The 
dummy  car  with  a  trailer  attached  was  filled 
with  directors  of  the  company  and  local  digni- 
taries. When  everybody  was  ready,  the  order 
to  start  was  given,  the  little  engine  gave  a  sncfrt, 
the  wheels  went  round  on  the  track,  but  the 
only  movement  was  the  shifting  of  some  of  the 
passengers  so  they  could  look  out  of  the  win- 
dows to  see  what  was  going  on.  The  trailing 
car  was  uncoupled  and  the  dummy  car  itself 
was  put  In  motion;  by  a  most  careful  watch  of 
the  steam  gauge  the  engineer  was  able  to  run 
the  car  over  the  track  above  as  fast  as  a  man 
could  walk,  irfore  powerful  dummy  cars  were, 
ordered,  but  they  also  proved  unsatisfactory  and 
light  locomotives  had  to  be  purchased  to  operate 
the  line.  This  was  the  history  of  several  of 
these  enterprises  that  came  to  the  notice  of  The 
Engineering  Record,  and  they  must  have  very 
generally  proved  unsuccessful  because  there  are 
very  few  such  lines  in  the  United  States  now. 

It  Is  on  account  of  the  unsuccessful  history 
of  such  cars,  even  when  built  by  reputable 
manufacturers  who  were  not  hampered  by  a  low 
price  limit,  that  the  Introduction  of  them  In 
England  seems  so  surprising.  For  some  time 
there  has  been  running  between  Fratton  and 
Southsea  in  England,  a  local  service  of  this  na- 
ture. It  has  proved  very  successful  in  compari- 
son with  the  less  frequent  but  longer  trains 
handled  by  steam  locomotives,  which  formerly 
provided  very  inadequate  for  the  traffic.     It  is 


possible  that  the  success  of  these  cars  has  in- 
duced the  management  of  the  Taff  Vale  Railway 
to  order  dummy  cars  for  its  line.  These  are  62 
feet  long  and  are  carried  on  two  four-wheel 
trucks.  The  wheels  of  one  truck  are  driven  by 
the  engine,  which,  with  Its  boiler,  is  installed 
over  it.  The  middle  of  the  car  has  room  for 
forty  third-class  passengers,  while  over  the  rear 
truck  there  Is  a  compartment  for  twelve  flrst- 
class  passengers.  There  Is  also  room  for  about 
one  ton  of  baggage.  Several  othei  '•ailways  in 
Great  Britain  have  Introduced  these  dummy 
cars,  some  steam  and  others  furnished  with 
petroleum  engines,  and  still  others  have  endeav- 
ored to  give  a  similar  service  by  placing  auto- 
mobile omnibuses  on  the  highways. 

This  use  of  automobiles  in  connection  with 
regular  railway  service  will  also  be  adopted  on 
some  of  the  Bavarian  lines.  The  Royal  D<?part- 
ment  of  Traffic  has  also  called  for  tenders  for 
two  types  of  motor  wagons  for  main  lines. 
One  of  them  is  to  be  used  for  postal  and  pas- 
senger service  and  the  other  for  the  delivery  of 
freight  and  express  matter.  This  project  is  par- 
ticularly interesting  because  it  is  practically  an 
extension  of  the  dummy  car  service  on  the 
regular  railways  in  the  Rhine  Pfalz  that  has 
been  operated  for  about  seven  years.  This  ser- 
vice has  been  so  satisfactory  that  -it  will  shortly 
be  extended  to  other  parts  of  the  Bavarian  State 
Railway.  It  Is  proposed  to  use  two  classes  of 
passenger  cars,  one  carrying  eighty  passengers 
with  some  baggage  and  able  to  draw  a  trailer, 
and  the  other  carrying  sixty  passengers  and 
capable  of  hauling  a  correspondingly  small 
trailer.  These  cars  are  for  the  main  lines;  for 
the  smaller  branch  and  local  lines  still  smaller 
cars  are  proposed.  Such  cars  have  been  oper- 
ated by  storage  batteries  In  the  past  and  it 
seems  probable  that  the  new  equipment  will  be 
of  this  character. 

The  introduction  of  such  cars  for  local  traffic 
on  lines  previously  operated  by  steam  Is  a  sub- 
ject that  will  repay  careful  watching.  Unques- 
tionably the  equipment  has  been  selected  in  the 
belief  that  it  would  afford  satisfactory  service 
as  economicaly  and  safely  as  a  regular  electric 
equipment.  It  is  not  proposed  to  use  this  class 
of  cars  as  a  substitute  for  regular  trains,  as  the 
intention  Is  to  run  the  cars  at  frequent  Intervals 
for  local  business.  The  success  of  interurban 
trolley  lines  has  demonstrated  that  a  large  local 
traffic  can  often  be  built  up  provided  cars  are 
run  often  enough  so  that  people  will  acquire  the 
habit  of  considering  a  trip  an  expeditious  affair. 
Where  It  is  necessary  to  wait  long  periods  for 
cars,  travel  Is  never  encouraged. 

These  facts  are  mentioned  because  they  Indi- 
cate a  feature  of  railway  operation  which  must 
inevitably  receive  attention  in  the  United  States. 
Sooner  or  later  a  large  amount  of  printed  mat- 
ter will  reach  this  country  concerning  these 
dummy  cars.  At  the  present  time  the  informa- 
tion concerning  such  equipment  is  a  quarter  of 
a  century  old  and  may  just  as  well  remain 
burled  under  the  dust  of  oblivion.  Until  for- 
eign railway  officials  are  ready  to  give  out  re- 
liable data  concerning  the  oneration  of  these 
cars.  The  Engineering  Record  believes  that 
American  railway  managers  who  are  finding  it 
difficult  to  handle  their  suburban  traffic,  will 
find  the  most  valuable  information  for  their 
purpose  in  the  columns  of  "Tlie  Street  Railway 
Journal,"  which  explains  nearly  every  week  how 
suburban  or  Interurban  electric  lines  are  car- 
ing for  the  passengers  who  have  deserted  the 
steam  roads  for  t'je  more  convenient  trolley 
car.  The  line  of  demarcation  between  the  sub- 
urban steam  road  and  the  interurban  electric 
road  Is  rapidly  becoming  obliterated,  and  the 
electric  railway  Is  to-day  furnishing  about  all 
the  important  novelties  and  advances  in  the 
way  of  handling  local  business. 
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THE  FENIMORE  SULPHITE   MILL. 

The  New  Plant  of  the  Union  Bag  &  Paper  Company,  neak  Sandy  Hiix,  N.  Y. 


Tbe  Union  Bag  &  Paper  Company  is  the 
owner  of  plants  at  Sandy  Hill  and  Ballston,  N. 
Y.,  Watertown,  Mass..  and  Kaukauna,  Wis., 
where  it  produces  various  grades  of  man  ilia 
and  wrapping  paper,  and  manufactures  paper 
bags  of  an  infinite  variety  of  forms  and  sizes. 
The  Sandy  Hill  mills  furnish  a  large  amount 
of  stock  pulp,  which  is  shipped  to  the  other 
mills  for  working  up  into  finished  product. 
The  new  sulphite  inill  which  is  to  be  de- 
scribed is  located  at  Fenlmore,  on  tbe  west 
bank  of  the  Hudson  River,  opposite  Sandy 
Hill.  A  short  distance  to  the  north  is  a  cut- 
ting-up  mill  and  a  ground  wood  mill  operated 
by  water  power  obtained  from  a  dam  crossing 
the  river  at  this  point.  .On  the  east  bank  of 
tbe  river  at  the  opposite  end  of  this  dam  is 
another  ground  wood  mill,  while  on  the  same 
side  of  tbe  river  and  about  three-quarters  of  a 
mile  nearer  the  town,  is  a  group  of  paper  mills 
where  the  finished  product  is  made.  These 
are  located  at  Baker's  Falls,  where  an  abrupt 
fall  of  over  fifty  feet  exists  in  the  river  bed. 
At  this  iK>int  the  natural  head  has  been  in- 
creased by  building  a  second  low  dam  on  the 
crest  of  the  Falls  giving  a  total  of  sixty  feet, 
which  is  utilized  in  a  new  hydraulic  power 
plant  generating  high-tension  electric  current 
for  transmission  to  the  various  factories  and 
mills  in  the  immediate  district.  Tbe  equip- 
ment will  ultimately  comprise  three  units  of 
1.200  horse-power  each,  but  only  2,400  horse- 
power is  available  at  the  present  time.  This 
hydraulic  plant  operates  the  entire  power 
equipment  of  the  new  sulphite  mill  at  Fenl- 
more, paper  machinery  In  the  group  of  mills 
at  Baker's  Falls  and  all  the  bag  machinery  of 
the  bac  factory. 

At  the  Fenlmore  mills  there  has  been  in- 
stAlled  for  increased  security  against  Interrup- 
tion of  service,  an  auxiliary  steam  plant  of 
1,000  kilowatts  capacity  which  receives  steam 
from  the  boiler  plant  serving  the  sulphite  mill, 
and  during  dangerous  periods  of  high  or  low 
water  this  plant  is  kept  continually  in  readi- 
ness for  immediate  operation.  The  plant  con- 
sists of  a  Single  1,000  kilowatt  direct-connected 
unit,  generating  current  at  660  volts,  which 
completely  relays  tbe  hydraulic  service  at  tbe 
Fenlmore  mills.  The  power  system  is  also  ar- 
ranged so  that  current  may  be  generated  at 


Fenlmore  and  transmitted  back  to  the  hy- 
draulic station  at  Baker's  Falls  in  cases  of  ex- 
treme emergencies. 

Preparing  Chips. — With  the  exception  of  the 
steam  supply  to  this  auxiliary  plant,  the  en- 
tire steam  service  of  the  Fenimore  mill  Is  util- 
ized In  connection  with  the  sulphite  process  of 
wood  pulp  making.  The  pulp  is  made  from 
spruce  from  the  Adirondack  region,  which  is 
floated  down  the  Hudson  River  in  the  log.  At 
the  cutting  up  mill  these  logs  are  reduced  to 
2-foot  lengths  and  transported  by  a  conveyor 
on  an  elevated  wooden  trestle  either  directly 
to  the  wood  room  or  to  a  storage  pile.  The 
delivery  of  2-foot  sticks  is  confined  to  those 
months  when  the  logs  may  be  driven  down  the 
river.  The  height  of  the  conveyor  trestle  is 
40  feet  and  it  is  2,500  feet  In  length,  furnish- 
ing a  large  storage  capacity  for  the  blocks  be- 
neath. In  the  winter  time  the  wood  In  storage 
is  elevated  to  the  trestle  conveyor  by  movable 
vertical  conveyors,  similar  to  those  used  in 
handling  barrels.  The  vertical  conveyor  is 
driven  by  an  electric  motor  which  is  connected 
by  flexible  wires  to  a  power  circuit  extending 
along  a  trestle.  The  trestle  conveyor  was  fur- 
nished by  Garland  &  Company,  Bay  City,  Mich. 

On  reaching  the  wood  room  the  blocks  are 
dumped  Into  a  water  tank  which  is  heated  in 
winter  to  remove  the  snow  and  ice.  The  blocks 
are  floated  through  the  tank,  much  of  the  dirt 
being  washed  oft,  and  are  then  carried  by  a 
conveyor  over  the  tank  to  the  barkers,  which 
are  fourteen  In  number  and  built  by  the  Sandy 
Hill  Iron  &  Brass  Works.  The  barked  blocks 
are  thrown  on  a  flat  chain  conveyor  and  de- 
livered into  a  second  tank,  from  which  they 
are  delivered  by  a  similar  conveying  apparatus 
to  two  Holyoke  chlppers  in  which  they  are  re- 
duced to  pieces  of  suitable  size  for  cooking. 
The  chips  drop  through  the  floor  and  are 
broken  up  by  a  Lombard  crusher,  one  being 
located  below  each  chipper.  The  entire  prod- 
uct falls  into  a  belt  conveyor  which  delivers 
the  material  to  an  inclined  conveyor  with  ma- 
ple flights,  delivering  the  chips  to  an  inclined 
Lombard  chip  screen. 

The  first  section  of  this  screen  permits  the 
sawdust  to  drop  into  a  worm  conveyor  carry- 
ing this  refuse  to  a  belt  In  the  basement.  Chips 
suitable  for  pulp  fall  through  the  lower  section 


of  the  screen  and  are  carried  by  a  series  of 
belt  conveyors  to  the  digester  building  and 
then  upward  to  the  chip  bins  to  which  they  are 
distributed  by  a  Robins  conveying  belt  with 
automatic  movable  tripper.  The  refuse  that  is 
refused  by  the  screens  drops  into  a  tank  in  the 
basement  and  the  chips  which  float  are  put 
through  a  Short  rechipper  and  sent  back  to  the 
screen.  The  knots  which  sink  in  the  tank  are 
delivered  to  the  refuse  belt.  All  refuse  from 
the  barkers,  splitters,  screens,  etc.,  is  carried 
by  belt  conveyors  to  the  power  house  where  It 
is  used  as  fuel  under  two  boilers. 

The  chips  stored  in  the  bins  of  the  digester 
building  are  dropped  through  openings  in  the 
tops  of  the  digesters,  the  connection  between 
the  bin  and  digester  being  made  by  a  galvan- 
ized iron  spout  mounted  on  a  trolley  so  as  to 
be  movable  from  one  digester  to  another. 

Acid  Making. — The  sulphur  Is  delivered  in 
box  cars  and  wheeled  to  a  gallery  in  the  stor- 
age building  from  which  it  is  dumped  to  the 
floor,  often  being  stored  to  a  depth  of  30  feet. 
It  is  wheeled  from  the  storage  pile  in  a  stand- 
ard iron  charging  car  to  the  burner  room  and 
shoveled  by  hand  into  ten  burners  built  by 
the  Portland  Company,  Portland,  Me.  The 
burning  gases  pass  through  the  wall  in  cast  iroir 
pipes  which  drop  into  and  connect  with  10-inch 
lead  pipes,  70  feet  long  and  covered  with 
water,  in  a  long  concrete  tank  built  out  of 
doors.  At  the  far  end  the  cool  gas  is  piped 
into  the  bottoms  of  wooden  tubes  containing 
limestone  located  in  the  tower  building.  Ar- 
rangements are  made  so  that  the  pipes  be- 
tween the  cooler  and  the  towers  may  be- 
sprayed  with  water  In  unusually  hot  weather. 
The  tower  building  contains  ten  wooden  tubes 
5%  feet  in  diameter  and  145  feet  high,  each  of 
which  is  fed  independently  from  a  single  burn- 
er. All  of  the  tubes  are  supplied  by  water  from 
two  tanks  on  the  roof. 

The  limestone  used  is  waste  marble  from 
Vermont.  It  is  dumped  directly  from  the  cars 
on  an  elevated  wood  trestle  and  is  loaded  from 
the  storage  pile  into  narrow  gauge  cars  and 
run  into  an  elevator  by  which  it  is  lifted  to 
low  trestles  on  each  floor  of  the  tower  build- 
ing where  it  is  dumped  to  the  charging  floors. 
The  sulphur  gas  enters  the  towers  at  the  bot- 
tom   and    passes    up    through    the    limestone 
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whidt  is  sprmyed  with  water.    The  limestone  is  tween  the  wood  room  and  the  sulphur  room,  fumes  no  steel  is  used  in  the  construction  of 

aloirty  dWoapoMd  and  the  sulphite  liquor  is  The  upward  curfent  through  the  tubes  is  as-  this  building,  which  is  built  of  heavy  Georgia 

eoUeetad  at  the  bottom,  whence  it  flows  to  a  sisted  and  regulated  by  a  bronze  e.xhaust  fan  pine  timber  with  brick  walls. 

ctora<e  tank  out  of  doors.  From  this  lank  it  is  .electrically    driven   and   located   in   the   attic.  Digester  Builuing. — This  building  has  room 

pumped  to  four  elerated  reclaiming  tanks  be-  Owing  to  its  liability  to  injury  from  the  acid  for  four  digesters;   three  are  installed  at  the 
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present  time.  They  were  made  by  the  Mani- 
towoc Steam  Boiler  "Works.  Each  is  15  feet  in 
diameter  and  50  feet  high,  built  of  lV&-inch 
steel  plates  with  triple-riveted  butt  straps  of 
114-inch  material.  The  digesters  were  tested 
when  completed  to  150  pounds  hydraulic  pres- 
sure and  made  tight  at  that  pressure.  They 
were  then  lined  with  lead  with  burned  joints 
which  were  carefully  tested  and  made  tight,  and 
inside  of  this  a  lining  of  acid  proof  bricks  was 


the  pulp  passes  through  copper  washers  where 
the  large  and  uncooked  knots  are  discarded,  to 
be  afterwards  ground  and  used  in  the  manufac- 
ture of  a  cheap  grade  of  wrapping  paper.  The 
remaining  pulp  flows  through  the  riffler  to  the 
far  end,  and  on  the  way  more  or  less  sand,  dirt 
and  foreign  substances  are  deposited,  these 
being  removed  weekly  and  thrown  away.  The 
product  is  pumped  to  the  story  above  where  it 
is  delivered  into  a  series  of  Baker  &  Shevlin 


View  in  Wood  Room,  Showing  Chippers  and  Chip  Screen. 


ing,  where  most  of  the  steam  Is  used.  The 
building  is  approximately  160  feet  in  length, 
60  feet  in  width,  and  on  the  north  side  where  the 
coal  bunkers  are  located,  is  50  feet  in  height 
above  the  boiler  room  floor.  The  south  half  ot 
the  building,  however,  is  but  30  feet  in  height, 
no  extra  head  room  being  required  there  for  the 
the  steam  piping,  which  is  suspended  a  short 
distance  above  the  boilers  from  the  steel  roof. 
There  are  four  batteries  of  boilers  arranged 
on  each  side  of  a  central  area  where  the  feed 
pumps,  stack  and  mechanical  draft  outfits  are 
located.  In  the  rear  of  the  boilers  the  smoke 
flues  and  economizer  chambers  extend  through- 
out the  length  of  the  batteries.  The  latter  are 
placed  next  to  the  building  wall  so  as  to  leave 
a  passage  about  7  feet  in  width  in  the  rear  of 
the  boilers.  In  front  of  the  boilers  a  16-foot 
passage  provides  ample  space  for  cleaning. 
Along  the  center  of  the  room  is  a  row  of  Z-bar 
columns  surmounted  by  36-inch  plate  girders, 
which  support  the  south  wall  of  the  coal  stor- 
age loft,  the  roof  and  half  of  the  weight  of  the 
coal  bunkers.  A  second  and  parallel  line  of 
columns,  with  20-inch  plate  girder  stringers  ad- 
jacent to  the  outer  wall,  but  entirely  independ- 
ent of  the  brickwork,  carries  the  remaining 
weight  of  the  bunkers.  The  bottom  of  the  coal 
bunkers  is  formed  by  a  series  of  six  pyramidal 
steel  hoppers,  one  to  each  boiler,' these  hoppers 
being  suspended  from  transverse  24-lnch  gird- 
ers carried  by  the  columns  above  mentioned. 
In  the  upper  part  of  the  coal  loft  is  a  runway 
supporting  the  discharge  leg  of  the  coal  con- 
veyor, which  is  of  the  scraper  type  and  ele- 
vates coal  to  .the  bins  from  a  hopper,  located 
between  the  tracks  of  the  coal  siding  parallel- 
ing the  west  wall  of  the  building.  When  the 
bins  are  filled,  the  coal  siding  itself,  part  of 
which  is  built  on  trestle,  is  utilized  for  coal 
storage,  from  which  the  coal  may  be  trans- 
ferred to  the  conveyor  system  by  a  secondary 


then  provided  to  withstand  the  mechanical  ac- 
tion and  also  to  some  extent  the  action  of  the 
acid  with  which  the  digesters  are  filled.  The 
lining  was  done  by  the  Non-Antem  Company, 
New  York,  and  the  lead  work  was  furnished 
by  the  Raymond  Lead  Company  of  Chicago. 

The  acid  storage  tanks  are  e'evated  so  that 
their  contents  flow  by  gravity  through  an  8-inch 
pipe  into  the  digesters,  which  can  thus  be 
quickly  and  easily  filled  after  they  are  charged 
with  chips. 

Pulp  Making. — After  the  wood  is  properly 
cooked,  as  determined  by  tests  made  from  time 
to  time,  the  contents  of  each  digester  are  blown 
under  pressure  into  a  corresponding  wooden 
blow  pit  or  tank,  furnished  by  the  Williams 
Manufacturing  Company  of  Kalamazoo.  Bach 
of  these  is  26  feet  in  diameter  and  30  feet  high. 
A  quantity  of  water,  equal  to  the  liquid  con- 
tents of  each  digester,  is  forced  under  pressure 
into  these  discharge  pipes  when  the  contents 
of  the  digesters  are  blown  out,  thus  condensing 
the  gaseous  fumes  and  avoiding  the  usual 
strong  odor  in  the  vicinity  of  sulphite  plants, 
while  at  the  same  time  preventing  the  escape  of 
pulp  which  would  be  carried  up  through  the 
vapor  pipe  if  this  arrangement  had  not  been 
provided.  The  bottoms  of  the  blow  pits  are  per- 
forated and  the  waste  liquid  from  the  washing 
Is  drained  oft  and  passed  through  an  18-inch 
sewer  pipe  into  the  river,  about  2,000  feet  down 
the  stream  from  the  mill. 

The  washed  pulp  is  pumped  to  a  small  stor- 
age tank,  marked  "pump-over"  tank  in  the 
drawings,  from  which  it  flows  to  the  rifller  in  the 
basement  of  the  adjoining  screen  building.  Most 
of  the  centrifugal  pumps  for  such  purposes  in 
this  mill  were  furnished  by  the  Morris  Manu- 
facturing Company.     At  the  delivery  point  all 


View  in  Screen  Room,  Showing  Rotary  Screens. 


rotary  screens.  The  pulp  that  passes  these 
screens  is  made  into  sheets  in  a  group  of  six 
Bagley  &  Sewall  wet  machines  and  is  then 
folded  for  shipment. 

The  refuse  from  the  rotary  screens  is  sub- 
jected to  two  other  screenings  which  produce 
an  inferior  grade  of  pulp. 

The  Power  Plant. — The  boiler  house  is  lo- 
cated a  short  distance  from  the  digester  build- 


conveyor    extending    underneath    the    storage 
trestle. 

In  the  extreme  northwest  corner  is  an  ash 
tower  rising  to  a  height  of  65  feet  and  contain- 
ing a  bucket  elevator  for  raising  ashes  from 
the  basement  to  such  a  height  that  they  may 
be  conveniently  discharged  into  an  empty  car 
awaiting  upon  the  coal  siding.  The  elevator 
is   driven   by   an   induction   motor,   located   In 
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th«  top  of  the  ksh  tower,  the  necessary  speed 
reduction  being  retained  through  belt  and 
vom  cearinc. 

A  TxT-foot  tunnel  extends  throughout  the 
iMigt^  of  ^^  building  underneath  the  boiler 
•oor.  and  immediately  in  front  of  the  boilers. 
This  tunnel  communicates  with  the  ash  ele- 
Tator  mentioned  above  and  through  it  ashes 
are  removed  from  the  ash  pits  underneath  the 
■tokttim.  This  work  will  ultimately  be  done  by 
a  eonT«yor,  but  is  now  accomplished  by  hand. 
No  ash  storage  capacity  is  provided  other  than 
that  already  furnished  by  the  ash  pits  and 
ash  tunnel.  The  latter  has  a  concrete  floor  and 
roof  and  ashes  may  readily  be  raked  out  of  the 
ash  pits  through  openings  in  the  wall  and 
•tored  until  such  times  as  It  is  found  conve- 
nient to  remove  them. 

The  toui  capacity  of  the  plant  is  2.400  horse" 
power  divided  between  four  batteries  of  two 
bolten  each.  Both  coal  and  wood  is  used  for 
■team  ftiel:  the  former  is  buckwheat  anthra- 
cite and  the  latter  is  in  the  form  of  shavings. 
b*rk.  knots  and  refuse  chips  from  the  wood 
mill  as  before  mentioned.  Three  batteries  of 
coal  boilers  have  been  installed,  each  consist- 
ing of  two  300  horse-power  Aultman  &  Taylor 
water  tube  boilers.  The  wood  burning  battery 
oooaiats  of  two  300  horse-power  boilers  of  iden- 
tical type.  These  wood  boilers  are  fired  by 
means  of  special  furnaces  of  "Dutch  oven"  con- 
■tnictlon.  and  in  order  not  to  encroach  on 
the  iwssage  in  front  of  the  boilers,  this  bat- 
tmj  has  been  set  back  about  ten  feet,  the 
width  of  the  ovens. 

Steam  Is  generated  at  150  pounds  pressure 
for  oae  In  the  auxiliary  steam  plant  and  is  re- 
duced In  pressure  for  the  digester  plant.  The 
safety  valves  on  each  boiler  are  provided  with 
discharge  pipes  leading  through  the  roof,  so 
that  the  boiler  room  will  not  be  filled  with 
■team  at  an  occasional  blowing  of  the  valves. 
The  tMiler  blow-otfs  are  piped  to  the  passage 
In  the  rear  of  the  iMllers  where  all  valves  are 
readily  accessible. 

The  feed  water  is  obtained  directly  from  the 
river,  hut  before  entering  the  boilers  is  first 
clarified  In  a  special  combination  filter-heater. 
The  mineral  constituents  of  the  Hudson  river 
water  cause  little  trouble  from  incrustation, 
hnt  a  large  amount  of  vegetable  matter  is 
oaoally  present  The  apparatus  consists  of  a 
vertical  boiler  shell  about  23  feet  in  length 
and  6  feet  in  diameter,  assembled  in  five  sec- 
tions with  flanged  heads  at  top  and  bottom. 
The  top  section  contains  a  filter  bed  of  cocoa 
Batting,  sponges,  etc.  The  three  sections  be- 
low constitute  a  tubular  heater  of  the  con- 
rentlonal  type,  and  at  the  bottom  Is  a  receiv- 
ing chamber.  The  feed  water  enters  at  the 
top  where  the  suspended  matter  is  removed 
by  the  filter  bed.  It  then  passes  through  the 
heater  tubes  and  from  the  bottom  chamber  di- 
rectly into  the  feed  pump  suction.  The  heater 
Mctlons  are  supplied  with  exhaust  steam  from 
feed  pnmpa,  fan  engines  and  stoker  engines, 
thtis  conserving  the  entire  amount  of  waste  heat 
from  auxiliaries.  The  filter  bed  Is  renewed  from 
time  to  time  through  suitable  manholes  provid- 
ed In  the  shell.  The  three  feed  pumps  are  of  the 
eompound  Wo'hington  outside  i>acked  plunger 
type,  cross-connected  through  both  steam  and 
water  piping  for  relay  service. 

The  three  batteries  of  coal  boilers  are 
•qnlpped  with  Roney  mechanical  stokers  ar- 
ranged for  burning  buckwheat  anthracite  coal. 
The  stokers  for  the  two  main  batteries  are 
operated  from  a  single  driving  shaft,  extend- 
ing tbrongbout  the  length  of  the  batteries 
and  driven  through  worm  gearing  by  a  small 
Weatlnghouae  standard  engine,  mounted  on  an 
Independent  brick  pier  at  the  end  of  the  bat- 


tery. The  ash  pits  are  concrete  lined  and 
slope  downward  to  openings  beneath  the 
stoker  fronts,  through  which  the  ashes  may  be 
raked  out  into  barrows  or  ash  cars  in  the  ash 
tunnel,  as  before  mentioned. 

The  wood  burning  battery  Is  fitted  with  two 
Dutch  ovens,  approximately  8  feet  in  depth 
and  of  the  same  width  as  .the  boiler  front,  10 
feel.  The  ovens  are  provided  with  horizontal 
grate  bars  of  close  design  and  ordinary  boiler 
fronts  with  fire  and  ash  pit  doors.  The  shav- 
ings are  received  through  a  shaving  conveyor 
from  the  wood  mill,  and  charged  into  the  fur- 
naces from  an  elevated  platform  through  20- 
inch  round  openings.  Each  furnace  has  two 
firing  holes  and  the  two  sides  are  fired  alter- 
natively to  reduce  as  much  as  possible  the 
quenching  of  the  fuel  bed  by  large  quantities 
of  wet  bark  and  shavings.  No  difficulty  is  ex- 
perienced in  maintaining  a  uniform  steam  pres- 
sure with  this  fuel,  and  it  is  found  that  the 
wood  burning  boilers  supply  a  considerable  por- 


mediately  In  the  rear,  and  discharge  them  into 
a  steel  stack,  mounted  directly  upon  the  top  of 
the  fan  hoisting,  which  is  strengthened  by 
structural  sections  for  this  purpose.  The  stack 
is  8  feet  'in  diameter  and  70  feet  in  height,  and 
is  constructed  of  Vi-inch  and  3-16-inch  steel,  with 
single  riveted  joints.  It  rests  on  and  is  bolted 
to  a  4x6-Inch  angle  flange  riveted  to  the  top 
of  the  fan  housing.  At  Its  lower  end  is  a  short 
uptake  which  changes  the  section  from  a  6x8- 
foot  discharge  opening  in  the  top  of  this  hous- 
ing to  the  circular  section  of  the  stack.  The 
stack  Is  braced  near  the  top  by  a  horizontal 
combined  strut  and  tie  anchored  in  the  wall 
of  the  adjacent  building. 

The  high-pressure  steam  piping  is  character- 
ized by  the  absence  of  expansion  joints,  sepa- 
rators, traps  and  returns.  The  entire  system 
is  pitched  back  to  the  boilers  at  sufficient  slope 
to  return  condensation  automatically  without 
the  employment  of  special  apparatus.  Long 
radius    sweep    bends   have    been    employed    to 
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tlon  of  the  total  steam  required  for  the  opera- 
tion of  the  mill. 

The  arrangement  of  flues,  economizer  settings 
and  mechanical  draft  outflts  is  clearly  shown  In 
the  accompanying  engraving,  and  provides  for 
the  operation  of  either  half  of  the  boiler  house 
equipment  by  either  fan  and  with  or  without  Its 
economizer.  There  are  two  Green  economizers 
installed,  with  provision  for  a  future  third. 
They  are  of  the  improved  circulating  type,  man' 
ufactured  by  the  Green  Fuel  Economizer  Com- 
pany, under  the  patents  of  Westinghouse, 
Church,  Kerr  &  Company. 

Draft  for  the  boiler  plant  is  mainly  furnished 
by  two  180-Inch  exhaust  fans  built  by  the  B.  F. 
Sturtevant  Company  from  the  special  designs 
of  Westinghouse,  Church.  Kerr  &  Company.  The 
fans  are  of  the  three-quarter-housed  type  and 
occupy  the  space  between  the  boilers  in  the  cen- 
ter of  the  boiler  house.  The  fans  exhaust  the 
burned  gases  from  the  collecting  chamber  Im- 


provlde  the  necessary  flexibility  for  expansion 
and  contraction.  The  piping  system  Is  suspend- 
ed by  adjustable  Iron  hangers  from  the  steel 
root  beams  of  the  boiler  house,  and  is  anchored 
at  the  center  and  two  Intermediate  points.  Wal- 
worth valves  were  employed  and  the  Walmanco 
pipe  joint  was  used. 

The  steam  mains  from  tne  two  halves  of  the 
boiler  room  converge  to  a  central  distributing 
point,  where  a  short  cast-iron  manifold  header 
is  located,  from  which  extend  the  various  sup- 
ply lines  to  the  digester  building,  the  auxiliary 
engine  plant  and  the  auxiliaries  in  the  boiler 
room.  Screw  and  yoke  valves  located  upoh 
either  side  of  the  manifold  header  and  also  in 
the  riser,  from  each  boiler  battery  provide  ade- 
quate means  for  proper  manipulations  of  the 
boiler  equipment  and  the  Isolation  of  a  defec- 
tive section  of  piping.  All  high-pressure  steam 
lines  are  protected  from  excessive  radiation  by 
magnesia  pipe  covering. 
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A  striking  though  comparatively  unimportant 
feature  of  this  plant  is  the  effect  produced  by 
the  judicious  use  of  aluminum  and  other 
paints.  The  coal  hoppers,  chutes  and  stolier 
fronts,  feed  water  heater,  fans,  stack  and  steel 
work,  are  finished  with  black  graphite  paint, 
while  the  boiler  fronts  and  drums,  stoker  en- 
gines, fan  engines  and  feed  pumps  are  finished 
In  aluminum.  The  building  walls  and  boiler  set- 
tings are  stained  with  a  subdued  color  to  a 
height  of  5  feet  from  the  floor,  and  the  re- 
mainder, including  the  roof  of  the  south  half,  is 
finished  in  white.  The  effect  of  this  simple  dec- 
oration in  addition  to  the  white  pipe  lagging  is 
extremely  effective  and  lends  an  appearance  of 
cleanliness  which  might  well  be  given  consid- 
eration in  more  pretentious  boiler  rooms.  The 
aluminum  paint  has  been  used  throughout  the 
works  at  Sandy  Hill  for  finishing  steam,  hy- 
draulic and  electrical  machinery  with  the  most 
satisfactory  results. 

The  general  water  supply  for  the  entire  prem- 
ises is  obtained  from  a  two-story  pump  house, 
32  X  40  feet  in  plan,  located  on  the  bank  of  the 
river.  The  first  floor  of  this  building  is  just 
above  high  water  level.     It  is  connected  with 


The  electric  power  for  the  operation  of  all 
of  the  mills  is  located  on  the  opposite  bank  of 
the  river  about  one-half  mile  distant.  The 
power-house  is  built  close  to  the  river  bank  in 
an  excavation  blasted  out  of  solid  rock.  Water 
is  taken  from  the  canal  heretofore  used  by  the 
company  at  its  mills  located  at  that  point.  Pine 
and  coarse  racks  are  used  to  prevent  obstruc- 
tions from  entering  the  turbines.  The  water 
passes  through  the  canal  above  through  wooden 
gates  to  steel  penstocks  8  feet  in  diameter  each 
connecting  with  a  pair  of  30-inch  McCormick 
turbines  built  by  the  S.  Morgan  Smith  Com- 
pany, of  York,  Pa.  Each  pair  of  wheels  dis- 
charges through  a  central  draft  tube  into  the 
river  below.  Lombard  water  wheel  governors 
are  attached  to  each  pair  of  wheels. 

Each  pair  of  turbines  is  connected  to  a  750- 
kilowatt  three-phase  6,600-volt  generator  with 
the  exciter  armature  mounted  on  the  end  of  the 
generator  shaft  and  overhanging  the  main  bear- 
ings. Two  generators  are  installed  at  the  pres- 
ent time,  but  all  other  work  has  been  done  for 
the  installation  of  a  third.  A  traveling  crane 
spans  the  generator  room  for  handling  the 
heavy  machinery.     The  transformers  and  other 


View  in  Wet  Machine  Room,  Where  Finished  Pulp  is  Produced. 


the  boiler  house  by  a  concrete  tunnel  through 
which  pass  all  pipes  leading  to  and  from  the 
pump  house.  These  pipes  are  suspended  from 
Iron  supports  attached  to  vertical  wooden  posts 
securely  anchored  in  the  concrete  wall  of  the 
tunnel.  The  water  supply  is  drawn  from  a  con- 
crete penstock  beneath  the  floor  communicating 
with  the  river  through  suitable  racks.  The 
water  is  elevated  by  two  12-inch  centrifugal 
pumps  to  a  reservoir  on  the  second  floor  con- 
taining three  rotary  screens  which  remove  the 
wood  chips  and  vegetable  matter  that  are 
not  of  sufficient  size  t<J  be  caught  by 
the  racks.  The  water  is  drawn  from  these 
tanks  by  power  pumps  which  discharge  into 
the-  distributing,  system.  The  pumping  equip- 
ment consists  of  three  Gould  10xl2-inch  triplex 
pumps  belted  to  an  elevated  countershaft  driven 
by  a  200  horse-power  induction  motor.  The  pump 
house  also  includes  one  1,500-gallon  Worthing- 
ton  underwriters  fire  pump  supplied  through 
a  5-inch  steam  line  from  the  boiler  house.  All 
pumps  connect  into  a  12-inch  water  main  with 
branches  supplying  all  buildings  and  a  5,000- 
gallon  water  tank  elevated  50  feet  on  a  steel 
tower  some  distance  from  the  buildings. 


devices  for  furnishing  the  working  current  at 
600  volts  are  located  in  a  sub-station  in  the 
sulphite  mill,  although  there  is  a  small  trans- 
former station  in  the  second  story  of  the  power- 
house where  current  is  transformed  for  use  in 
the  vicinity.  As  before  stated  the  hydraulic 
power  can  be  replaced  by  the  steam  plant  in 
the  sulphite  mill  at  times  of  low  water.  This 
plant  consists  of  a  cross-compound  Hamilton 
Corliss  engine  driving  a  1,200-kilowatt  genera- 
tor at  600  volts. 

The  motors  are  of  the  induction  type,  and 
that  they  may  be  interchangeable  to  some  ex- 
tent as  few  sizes  as  possible  are  used.  The  en- 
tire electrical  equipment  was  furnished  by  the 
General  Electric  Company,  and  installed  under 
supervision  of  Mr.  A.  R.  Bush,  of  Boston. 

The  buildings  are  of  brick  and  steel  con- 
struction with  concrete  floors  and  roof  rein- 
forced by  expanded  metal.  They  were  erected 
by  Grace  &  Hyde,  the  steelwork  being  supplied 
by  the  Penn  Bridge  Company.  The  plant  covers 
about  twelve  acres,  exclusive  of  saw  mill,  con- 
veyors and  wood  storage,  and  was  completed  in 
November,  1902.  The  buildings  and  the  entire 
equipment  were  designed  by  the  company's  en- 


gineering force.  Mr.  E.  G.  Barratt,  now  the 
vice-president  of  the  company,  was  at  the  time 
of  construction  in  entire  charge  of  the  work, 
and  was  assisted  by  Mr.  M.  O.  Kasson,  the  pres- 
ent general  superintendent  of  the  company,  and 
by  Mr.  R.  B.  Wolf,  superintendent  of  the  mill. 
Mr.  H.  A.  Moody  was  in  charge  of  all  instrument 
work  in  connection  with  the  construction  of  the 
buildings. 


Engineering  Problems  in  Tanneries. 

Tanning  is  a  most  interesting  industry  to 
the  engineer  and  chemist,  because  it  is  largely 
secret.  Each  company  keeps  its  methods  and 
its  mechanical  equipment  as  closely  guarded  as 
possible,  and  even  when  specialists  are  called  in 
for  advice,  it  not  infrequently  happens  that 
they  are  refuseu  admittance  to  some  parts  of 
the  works  they  are  visiting.  For  this  reason, 
special  interest  attaches  to  a  paper  read  a  few 
months  ago  before  the  Michigan  Engineering 
Society  by  Mr.  Byron  E.  Parks,  and  recently 
published  in  its  proceedings.  The  entire  paper 
is  too  long  to  reprint  in  this  place,  but  the  fol- 
lowing extracts  from  it  indicate  what  an  ad- 
vantage such  a  close  industry  as  tanning  will 
derive  from  the  services  of  an  engineer  and 
chemist  who  is  permitted  to  make  a  really  thor- 
ough search  for  opportunities  to  introduce  im- 
provements. 

Hemlock  bark  is  the  principal  tanning  me- 
dium used  by  all  tanners  of  heavy  leather 
throughout  the  Northern  States,  and  is  the 
largest  single  item  of  cost  in  the  operation  of  a 
sole  leather  tannery.  Investigations  made  a 
few  years  ago  indicate  that  bark  pitched  in  the 
leaches  as  "spent  tan"  still  contained  a  consid- 
erable strength  of  tannin;  in  fact,  analyses  of 
numerous  samples  showed  that  they  still  con- 
tained from  5  to  7  per  cent,  of  tannic  acid. 
Bark  taken  from  forests  in  the  mountain  dis- 
tricts of  the  Eastern  States  shows  when  air 
dried  an  average  of  8  to  10  per  cent,  of  its 
weight  in  tannin,  while  bark  taken  from  the 
forests  of  Michigan  and  Wisconsin  contained 
from  10  to  12  per  cent.,  and  some  samples 
analyzed  have  shown  as  high  as  15  per  cent,  of 
tannin.  A  comparison  of  the  values  shown  by 
the  analysis  of  the  "spent  tan"  and  of  the  bark 
in  its  original  state  as  taken  from  the  tree,  in-  _ 
dicates  that  about  half  the  strength  had  been 
wasted. 

Formerly  it  was  the  practice  to  leach  bark  at 
low  temperatures,  or  with  practically  cold 
water.  One  reason  for  this  was  the  want  of 
adequate  means  of  Heating  the  large  volume  of 
water  required  in  the  time  allowance,  and  the 
other  and  principal  reason  was  that  those  who 
had  tried  higher  temperatures  found  that  a  col- 
oring matter  called  "the  reds"  was  dissolved 
and  extracted  from  the  bark.  This  darkened 
the  tanning  liquor  and  gave  an  undesirable 
color  to  the  finished  leather.  When  the  chemist 
demonstrated  to  a  certainty  that  about  half  the 
bark  consumed  was  a  waste,  and  when  the 
growing  scarcity  led  to  increased  cost,  the  pro- 
gressive tanners  were  ready  to  consider  any 
feasible  means  of  reducing  their  bark  consump- 
tion. Here  the  cheimist  came  to  their  aid  and 
gave  them  a  system  of  bleaching  leather  after 
the  tanning  process  was  complete,  by  means  of 
which  the  desired  color  could  be  given  it,  what- 
ever its  color  may  have  been  when  taken  from 
the  vats. 

With  the  advent  of  the  bleaching  system 
came  the  engineer's  problem  to  provide  an  eflS- 
cient  means  of  heating  the  required  volume  of 
water  or  tan  liquor  to  a  temperature  approx- 
imating 212  degrees,  and  maintain  it  at  tnat 
temperature  during  the  process  of  leaching. 
The  earliest  form  of  heater  was  a  box  coil  built 
up  of  brass  tubing  surrounded  by  a  wooden  box 
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«•  ii«ftriy  water-tight  as  poaslble.  Staam 
cireulat«d  throush  the  tubes  of  the  coil, 
and  the  liquor  was  pumped  through  the  box  and 
thenc«  to  the  leaches.  A  large  number  of  these 
heaters  were  installed  during  the  few  years 
after  their  first  introduction.  They  were,  of 
course,  a  great  improrement  over  no  heater  at 
all.  but  in  every  case  that  came  under  Mr. 
Paries'  notice  they  were  put  in  without  proper 
eoaaideraUoa  of  the  capacity  required,  and 
ware  Invariably  too  small  for  the  service. 
Temperatures  of  140  degrees  to  160  degrees 
were  the  rule  instead  of  approximating  200  de- 
gree*. Samples  of  bark  after  being  leached  un- 
der these  temperatures  still  showed  by  chemical 
analysis  from  3  to  4  per  cent,  of  tannin,  in- 
dicating that  there  was  an  opportunity  for  a 
considerable  additional  saving. 

During  the  years  of  1893  to  1895  some  tan- 
ners tried  building  heaters  for  themselves  out 
of  standard  pipe,  using  a  6-inch  iron  pipe  with 
a  3-inch  brass  pipe  inside,  and  circulating  steam 
and  liquors  through  them  in  apposite  directions. 
This  type  of  heater  was  very  efficient  and  low 
In  first  cost.  but.  like  the  box  coil  heater,  was 
Inatalled  without  any  consideration  as  to  ca- 
pacity required  and  also  like  that  was  always 
loo  wauLll.  In  the  fall  of  1895  Mr.  Parks  was 
raqaested  by  a  tanning  company  to  furnish  it  a 
plan  of  arrangement  and  proportion  for  one  of 
these  pipe  heaters.  In  this  case  the  liquors 
were  pumped  over  at  the  rate  of  7.000  gallons 
per  hour,  and  the  initial  temperature  would  be 
about  62  degrees.  The  steam  available  for 
heating  liquors  was  the  exhaust  from  a  single- 
Talve  automatic  engine  developing  an  average 
of  60  to  70  indicated  horse-power.  In  using 
this  heater  the  intention  was  to  pump  the  liquor 
through  twice  in  order  to  raise  the  temperature 
to  about  200  degrees.  In  working  out  the  de- 
sign a  heater  was  decided  upon  having  400  lin- 
ear feet  of  3-inch  outside  diameter  seamless 
brmaa  tubing.  No.  12  gauge  Inside  of  a  6-lnch 
■taadard  lap-welded  iron  pipe.  The  effective 
heating  surface  of  the  3-inch  brass  pipe  meas- 
ured on  the  outside  was  314.2  square  feet  The 
C-inch  iron  pipe  through  which  the  steam  clr- 
ctUated  was  covered  with  a  good  grade  of 
molded  asbestos,  in  order  to  reduce  to  a  mini- 
mum the  heat  losses  by  radiation.  When  the 
liquor  was  pumped  through  this  heater  at  the 
rate  of  about  7,000  gallons  per  hour,  using  the 
exhaust  steam  only  for  heating,  the  pressure 
being  4  pounds  per  square  inch  above  atmos- 
pheric it  entered  at  62  degrees  and  discharged 
at  130  degrees  the  first  time  through.  The 
■team  was  entirely  condensed  and  discharged 
as  water  at  very  near  the  temperature  of  the 
entering  liquor.  The  liquor  at  about  130  de- 
gree* discharged  on  to  a  leach,  and  after  per- 
eolatlng  through  was  drawn  from  under  the 
talae  bottom  by  a  pump,  passed  through  the 
heater  and  discharged  on  the  leaches  the  second 
time  through  at  very  near  the  boiling  point 
This  heater  cost  complete  and  installed, 
K7(.92,  or  a  fraction  over  |1.69  per  linear  foot 
It  has  been  in  use  about  five  years  and  has 
bean  aatistactory  in  every  way. 

The  usual  practice  has  been  to  use  open  top 
leaches,  but  when  the  liquor  temperatures  were 
increaaed  clouds  of  vapor  arising  from  the  siir- 
fkee  Indicated  a  considerable  loss  through  this 
source.  The  leaches  were  then  covered  as 
tightly  as  possible  by  means  of  matched  lum- 
ber; an  appreciable  Improvement  or  reduction 
ot  beat  losses  was  at  once  app^ent.  In  their 
form  and  general  construction  the  leaches  used 
have  not  been  materially  changed  for  a  number 
of  years.  They  are  round  wooden  tanks  12  to 
IC  feet  diameter  built  of  staves  2  inches  thick 
from  8  to  14  feet  long.  Formerly  white  pine 
was  the  material  used,  but  as  this  grew  scarcer 
they  are  now  taking  up  and  using  Washington 


cedar  or  cypress;  cypress  is  preferable  as  being 
longer  lived.  Inside  of  the  leach,  12  or  16 
Inches  from  the  bottom,  there  is  built  a  false 
bottom  of  strips  1^4x2  inches,  set  edgewise 
about  V4  inch  apart.  The  purpose  of  this  false 
liottom  is  to  support  the  ground  bark  clear  of 
the  main  bottom,  and  to  provide  a  chamber 
from  whlsh  the  tan  liquor  can  be  drawn  off  af- 
ter it  has  percolated  through  the  bark.  In  the 
leach  house  these  tanks  are  arranged  in  one  or 
more  rows  according  to  the  number  in  use,  and 
have  pipes  running  over  the  top  which  dis- 
tribute the  water  or  liquor  to  each  leach  as  may 
be  desired,  and  also  another  pipe  running  under 
the  bottom  which  connects  to  each  leach  and 
through  which  the  liquor  is  drawn  oft.  To  ob- 
tain thorough  leaching  of  bark  it  is  desirable 
that  the  liquor  going  into  the  leach  after  the 
first  run  should  have  a  temperature  near  the 
boiling  point,  and  further  it  should  be  main- 
tained at  that  temperature,  or  actually  boil, 
while  in  the  leach. 

The  different  steps  in  heating  the  leach  liq- 
uors finally  led  up  to  the  coll  system  by  means 
of  which,  in  conjunction  with  the  pipe  heater, 


ther  troub'.e.  but  in  putting  the  ground  joint 
unions  together  a  second  time  there  was  some 
difficulty  in  getting  them  tight.  Although  the 
defects  mentioned  were  slight,  the  next  specifi- 
cation was  changed  to  copper  tubing  and  brass 
flanged  unions  with  rubber  gaskets.  The  copper 
coils  have  never  given  any  trouble  whatever,  al- 
though in  some  instances  where  repairing  of 
leaches  require  it,  they  have  been  taken  out 
and  put  back  again  a  number  of  times. 

With  these  steam  coils  it  is  possible  to  boil 
the  liquor  in  the  leach  in  a  very  short  time, 
and  in  the  arrangement  ot  the  leaches  circu- 
lating tubes  were  put  in  running  from  under 
the  false  bottom  to  the  top  of  the  leach.  When 
the  liquor  reaches  the  boiling  point  it  rises  in 
these  tubes  and  discharges  over  the  top  ot  the 
bark  and  thus  can  be  circulated  over  and  over 
in  the  leach  as  lone;  as  desired. 

Many  progressive  tanners  are  looking  care- 
fully after  their  leaching  since  they  have 
learned  what  an  important  bearing  it  has  upon 
the  economical  operation  of  the  plant,  and  care- 
fully designed  liquor  heating  systems  are  now 
becoming  the  rule  instead  of  the  exception.     It 
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very  nearly  perfect  leaching  is  now  possible. 
What  is  understood  as  the  "coil  system"  ot 
heating  liquors  is  the  introduction  ot  a  iiat 
spiral  coll  of  brass  or  copper  tubing  under  the 
false  bottom  of  each  leach  and  connecting  one 
end  of  the  coil  with  the  steam  supply  piping — 
either  exhaust  or  live  steam — from  boilers,  and 
the  other  end  with  the  return  piping  which 
carries  the  condensation  back  to  the  engine 
room,  where  it  is  then  pumped  into  the  boilers. 
The  first  ot  these  coils  which  Mr.  Parks  de- 
signed were  made  of  l>/4-inch  outside  diameter, 
seamless  drawn  brass  tubing  No.  16  gauge,  the 
diameter  of  the  outside  coll  being  14  feet  and 
the  pitch  of  the  pipe  11  inches;  it  contained  188 
linear  feet.  The  five  outer  turns  of  the  coll 
were  made  in  half  circles  only,  and  were  con- 
nected together  with  brass  ground  joint  unions 
brazed  on.  These  coils  were  in  every  way  satis- 
factory when  put  in,  but  after  they  had  been  in 
use  al)out  a  year  a  few  leaks  developed  on  ac- 
count of  cracks  Just  back  of  where  the  unions 
were  brazed  to  the  pipe.  These,  however,  were 
repaired,  and  since  then  there  has  been  no  fur- 


ls also  becoming  a  general  practice  among 
them  to  have  a  chemical  analysis  made  of  sam- 
ples ot  the  "spent  tan"  pitched  from  their 
leaches  at  least  once  a  week,  and  it  is  not  un- 
usual for  this  analysis  to  show  only  0.5  or  0.7 
ot  1  per  cent,  of  tannin  instead  of  as  in  former 
years,  5  to  7  per  cent. 

The  foundations  under  leaches  were  formerly 
simply  posts  set  in  the  ground.  These,  of 
coiirpe,  did  not  last,  and  they  were  seldom  suf- 
ficient in  number  to  properly  carry  the  loads. 
The  piping  used  tor  conveyTng  liquors  was 
wooden  pipe  an„  gave  considerable  trouble  on 
account  of  leaks  due  to  checks  in  the  pipe,  and 
•with  the  higher  temperatures  incident  to  the 
heating  ot  the  leach  liquors  it  became  still 
more  troublesome.  Tanners  finally  realized  that 
the  loss  of  liquors  from  this  source  extracted 
from  high-priced  barks  would  run  up  into  hun- 
dreds and  sometimes  thousands  of  dollars  per 
year.  During  the  past  few  years  Mr.  Parks  fur- 
nished plans  tor  a  number  of  installations  in 
which  concrete  foundations  were  put  in  tor 
leaches  and  a  complete  system  of  liquor  pipes 
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of  seamless  drawn  brass  tubing  was  Installed. 

After  leaching  there  is  the  refuse  or  "spent 
tan"  which  is  the  source  of  fuel  supply  and 
formerly  was  more  than  ample  for  all  require- 
ments, and,  in  fact,  large  quantities  were 
hauled  away  and  disposed  of  by  other  means. 
The  introduction  of  the  improved  methods  of 
leaching  by  neating  the  liquors  has  materially 
increased  the  demand  for  steam;  at  the  same 
time  the  extraction  of  a  larger  percentage  of 
tannin  from  the  bark  has  rendered  it  possible 
to  reduce  the  quantity  ground  per  given  out- 
put of  leather  so  that  there  is  no  longer  a  sur- 
plus of  "spent  tan"  for  fuel;  on  the  contrary,  it 
is  often  found  necessary  to  supplement  it  with 
other  fuel,  the  quantity  of  which  will  vary 
with  the  eflaciency  of  the  steam  plant  as  a  whole 
and  with  the  class  of  leather  manufactured. 
The  "spent  tan"  from  the  bark  required  in  a 
sole  leather  tannery  should  furnish  fuel  suffi- 
cient to  very  nearly,  if  not  quite,  supply  steam 
for  all  purposes  about  the  plant. 

The  type  of  furnace  used  for  "spent  tan"  is 
what  is  known  as  the  "Dutch  oven,"  extending 
out    from    the    front   of   the    boiler.     The    fuel 


vious  that  there  will  be  only  0.4  pounds  of  fuel 
matter,  the  other  0.6  pound  being  water.  The 
first  step  towards  the  consumption  of  this  fuel 
after  it  enters  the  furnace  is  the  evaporation  of 
the  contained  water.  The  heat  necessary  for 
this  purpose  must  come  from  the  combustion  of 
the  fuel  itself,  therefore  for  every  pound  of  wet 
tan  in  the  furnace  instead  of  there  being  0.4 
pound  of  fuel  matter  available  for  producing 
steam  in  the  boilers,  there  must  be  deducted  the 
heat  required  to  evaporate  the  0.6  pound  of 
water  with  which  it  is  saturated.  The  water 
in  the  fuel  must  be  raised  from  the  temperature 
at  which  it  is  fed  Into  the  furnace  to  212  de- 
grees, evaporated  from  and  at  that  temperature 
and  superheated  to  that  of  the  escaping  chim- 
ney gases.  The  number  of  heat  units  required 
to  do  this  will  vary  somewhat  with  the  tempera- 
ture of  the  tan  when  dumped  Into  the  furnace, 
and  also  with  the  temperature  of  the  gases  es- 
caping up  the  chimney.  It  will,  however,  ap 
proximate  950. 

In  1875  Theron  Skeel  made  a  series  of  care- 
fully conducted  experiments  in  burning  "spent 
tan,"  using  the  Dutch  oven  type  of  furnace  of 
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value  of  "spent  tan"  may  be  analyzed  as  fol- 
lows: One  cord  of  air-dried  bark  before  leach- 
ing will  weigh  2,300  pounds,  of  which  about 
18  per  cent.,  equal  to  414  pounds,  will  be  water; 
the  tannin  and  other  matter  soluble  in  water 
will  amount  to  about  11  per  cent,  of  its  weight, 
equal  to  about  253  pounds,  which,  under  present 
methods,  will  practically  be  extracted  by  the 
leaching  process;  deduct  this  with  the  weight 
of  moisture  from  the  original  weight  of  bark, 
and  there  is  left  of  fibrous  matter,  if  absolutely 
dry,  1,633  pounds  available  as  fuel.  It  is  ob- 
vious thPt  the  condition  of  absolute  dryness  is 
impossible  to  obtain  in  actual  practice,  but 
where  the  thermal  value  of  any  fuel  matter  Is 
known  the  net  value  carrying  any  known  per- 
centage of  moisture  is  easily  computed.  "Spent 
tan"  in  the  condition  as  usually  pitched  from 
the  leaches  contains  from  60  to  65  per  cent,  of 
water;  the  1,633  pounds  of  fibrous  matter, 
therefore,  represents  only  40  per  cent,  of  the 
gross  weight,  which,  with  the  60  per  cent,  of 
contained  water,  will  weigh  4,082  pounds.  For 
each   pound   of  tan   in   this  condition   it  is  ob- 


several  different  proportions,  and  demonstrated 
that  when  absolutely  dry  it  had  a  thermal  vaiue 
equal  to  about  9,000  heat  units,  or  about  65  per 
cent,  of  the  value  of  coal.  The  highest  effi- 
ciency obtained  from  the  fuel  by  Mr.  Skeel  wa9 
76.7  per  cent,  or  the  equivalent  in  evaporation 
of  7.14  pounds  of  water  from  and  at  212  de- 
grees per  pound  of  absolutely  dry  tan  con- 
sumed. This  is  a  high  efficiency,  and,  undoubt- 
edly, close  to  the  maximum  obtainable,  but  as 
it  was  obtained  under  actual  working  condi- 
tions it  is  not  impossible,  and  would  seem  to 
indicate  that  the  boiler  and  furnace  propor- 
tions were  very  nearly  right. 

The  number  of  heat  units  generated  by  the 
complete  combustion  of  0.4  pound  of  "spent 
tan"  will  be  40  per  cent,  of  9,000,  equal  to  3,600; 
from  this  3,600  must  be  deducted  the  950  heat 
units  required  to  expel  the  water  from  the 
tan,  leaving  2,600  heat  units  available  for 
evaporating  water  in  the  boilers;  this  quantity 
multiplied  by  the  efficiency  of  the  boilers  and 
furnaces  will  give  the  net  heat  units  which 
will  be  transmitted  to  the  water  in  the  boilers. 


If  the  efficiency  be  assumed  at  the  highest  ob- 
tained by  Mr.  Skeel  in  his  experiments,  76.7 
per  cent.,  it  gives  as  a  result  (neglecting  the 
fractions)  2,032  heat  units.  Provided  the 
boiler  feed  temperature  is  212  degrees,  thU 
number  of  heat  units  will  evaporate  2-(-pound8 
of  water  from  that  temperature  to  steam  at  80 
pounds  gauge  pressure;  or.  In  other  words,  it  Is 
possible  to  evaporate  2-)-pounds  of  water  In  the 
boilers  per  pound  of  "spent  tan"  saturated  with 
60  per  cent,  of  its  weight  of  water.  With  a 
lower  feed  temperature,  of  course,  the  quantity 
of  water  evaporated  in  the  boilers  would  be 
slightly  less,  or  with  drier  fuel  greater. 

Spent  tan  in  its  highly  saturated  state  is  es- 
sentially a  slow  burning  fuel,  therefore  the 
grate  areas  should  be  large  per  unit  of  fuel  con- 
sumed. The  quantity  that  can  be  efficiently 
burned  per  square  foot  of  grate  surface  per 
hour  will  vary  somewhat  with  the  percentage 
of  moisture  carried,  hence  the  grate  areas 
should  vary  slightly  within  certain  limits  of  the 
average  condition  of  the  tan.  It  is  apparently 
possible  to  burn  as  much  as  30  pounds  of  wet 
spent  tan  saturated  with  60  per  cent,  of  moist- 
ure per  square  foot  of  grate  surface  per  hour. 
To  do  this,  however,  fires  must  be  forced  by  a 
very  strong  draft,  and  this  means  a  large  vol- 
ume of  air  passing  through  the  furnace  and 
up  the  chimney  in  excess  of  the  requirements 
of  complete  combustion.  Besides  the  heat  car- 
ried off  by  this  excess  of  air  which  must  be 
raised  from  the  temperature  of  the  boiler  room 
to  that  of  escaping  chimney  gases,  and  the  high 
velocity  of  the  gases  incident  to  forced  firing, 
will-  carry  a  large  percentage  of  the  finer  par- 
ticles of  the  fuel  up  the  chimney  unconsumed. 
It  is  possible  in  this  way  where  forcing  of  the 
flres  is  carried  to  an  extreme  to  waste  a  largA 
percentage  of  the  fuel,  and  in  such  cases  it  will 
generally  be  found  that  the  grate  of  the  oven 
is  too  small  in  proportion  to  the  heating  surface 
of  the  boiler. 

Two  different  types  of  furnace  for  burning 
spent  tan  have  been  designed  by  Mr.  Parks. 
One  is  arranged  to  be  self-feeding  by  setting 
the  grates  at  an  angle  slightly  more  than  the 
natural  slope  of  the  tan,  and  placed  in  relation 
to  the  feed  pockets  so  as  to  give  a  thicknes  of 
fuel  over  the  surface  of  from  4  to  5  inches; 
then  the  tan  will  slowly  feed  down  the  grate 
by  gravity  as  it  is  burned  away  along  the  bot- 
tom. The  other  type  Is  known  as  the  Hoyt 
furnace,  in  which  a  plain  flat  grate  is  used,  and 
the  fuel  or  tan  is  fed  into  the  furnace  through 
round  openings  in  the  top  and  drops  in  coni- 
cal piles  on  the  surface  of  the  grate.  With  this 
type  of  furnace  the  fire  is  simply  a  surface  fire 
burning  on  the  outside  of  these  cones  with  lit- 
tle or  no  combustion  on  the  Inside.  The  ar- 
rangement of  these  openings  is  such  that  the 
cones  come  close  enough  together  to  com- 
pletely cover  the  grate  with  tan.  In  either  of 
these  furnaces  the  interior  surface  is  lined  with 
a  good  grade  of  fire  brick,  and  with  the  fire  In 
its  best  condition  the  interior  of  the  furnace 
is  maintained  at  a  very  high  temperature;  or, 
in  other  words,  the  brick  work  is  heated  to 
very  near  an  incandescent  heat,  surrounding 
the  tan  in  the  furnace  with  these  highly  heated 
surfaces  so  that  they  will  not  be  cooled  oft 
from  the  fresh  charges  of  fuel  below  the  tem- 
perature necessary  to  ignite  the  gases  given  off 
by  the  tan  after  it  is  dried.  The  proportions 
of  furnace  which  have  been  found  most  suc- 
cessful are  such  that  the  combustion  of  wet 
tan  per  square  foot  of  grate  per  hour  runs 
somewhere  from  10  to  12  pounds,  and  about 
1^  to  1%  pounds  of  wet  tan  per  square  foot 
of  heating  surface  per  hour.  The  ratio  of  grate 
to  heating  surface  should  be  from  1  to  10  to  1 
to  12  square  feet,  and  the  ratio  of  grate  to  cross 
section  of  tubes  from  20  to  26  to  1. 
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A  ease  Is  mentioned  by  Mr.  Parks  where  all 
of  the  spent  tan  arailable  was  consumed  and 
a  considerable  additional  fuel,  and  yet  it  was 
impossible  to  generate  steam  enough  to  run 
the  plant.  A  new  boiler  was  contemplated  be- 
caoas  it  was  thought  those  in  use  were  being 
ttuted  to  th«  limit  of  their  capacity.  Investiga- 
tiomM,  howerer,'  demonstrated  that  these  boilers 
w«f«  not  OTsporatlng  anywhere  near  the  quan- 
tity of  water  that  they  should  evaporate  un- 
der proper  conditions,  and  at  least  one  boiler 
could  hsTe  been  dropped  out  of  service.  It 
also  proved  that  the  quantity  of  water  evapo- 
rated per  unit  of  fuel  consumed  was  very  small, 
thus  showing  a  low  efficiency.  New  furnaces 
as  near  being  properly  proportioned  to  the 
boilers  as  the  available  space  would  permit 
were  built  after  which  there  was  no  further 
trouble  in  making  all  the  steam  needed ;  it  was 
even  possible  to  let  one  boiler  lie  idle  without 
taxing    the    others    beyond    their    economical 


The    Fraser    River    Bridge,    British 
Columbia. 


Part  1. — Qenerai.  Description,  Approaches  and 
Plate-Gibukb  Spans. 
The  bridge  across  the  Fraser  River,  at  New 
Westminster,  has  just  been  built  for  the  Lauds 
and  Works  Department  of  the  Province  of  Brit- 
ish Columbia,  Canada.  It  has  a  total  length  of 
about  2,000  feet  and  carries  a  highway,  and 
steam  and  electric  railways  across  the  river  at 
at  a  point  where  the  latter  is  nearly  2,200  feet 
wide,  and  has  a  maximum  depth  of  about  80  feet 
and  a  tidal  current  of  5  miles  an  hour.  The 
substructure  consists  of  four  concrete  piers 
sunk  with  timber  caissons  to  a  maximum  depth 
of  134  feet  below  low-water  level,  six  other  main 
piers  with  concrete  footings  in  timDer  caissons 
on  pile  foundations  and  several  smaller  piers 
with  concrete  footings  seated  on  shore  beyond 
the  water  line.    The  superstructure  consists  of 


end  and  13G  feet  apart  at  the  opposite  end,  thus 
involving  unusual  features  in  the  construction 
of  the  trusses,  bracing  and  floorbeams.  From 
the  shore  end  of  this  span  there  are  three  sep- 
arate plate-girder  approach  viaducts.  One  of 
them  on  the  axis  of  the  bridge  carries  the  high- 
way; the  others  are  curved  structures  carrying 
the  railroad  tracks  to  the  abutments.  This  ar- 
rangement, in  reality,  gives  a  larger  number  of 
linear  feet  of  bridge  than  was  indicated  by  the 
length  stated,  which  is  the  direct  measurement 
in  the  axis  of  the  bridge  and  does  not  include 
either  of  the  curved  viaducts.  The  via- 
ducts are  made  with  both  deck  and  half- 
through  plate-girders  with  spans  of  from  35  to 
96  feet.  The  grade  of  the  highway  deck  is 
maintained  nearly  level  from  the  west  end  of 
the  bridge  to  the  top  of  the  bank,  but  at  the 
east  end  it  diverges  from  the  parallel  approach 
and  electric  tracks  and  descends  to  the  surface 
of  the  ground  at  the  end  of  the  wooden  trestle 
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•team  capacity.  Following  this  change  the 
■pent  tan  bandied  was  sufficient  to  supply  all 
the  fuel  required. 


An-CoMPSEssiNO  Stations  have  been  erected 
In  St.  Urals  for  the  St.  Louis  Transit  Company, 
which  has  adopted  the  Westlnghouse  air  stor- 
age system  of  brakes  for  its  cars.  One  of 
**••«  sutlons  Is  housed  in  a  brick  building 
abont  25  feet  square,  containing  three  com- 
presaora  and  two  storage  tanks  designed  for 
325  pounds  pressure.  The  tanks  are  3  feet  in 
diameter  and  18  feet  long.  Water  from  the 
cylinder  jackets  of  the  compressors  is  dis- 
charged Into  a  well  from  which  It  Is  raised 
by  an  air  lift  to  a  small  Unk  above  the  level 
of  a  group  of  radiating  colls  on  the  walls. 
Through  these  it  Is  passed  for  use  over  again 
In  the  cylinder  jackets.  TesU  have  shown 
that  the  consumption  of  air  is  100  cubic  feet 
of  free  air  per  car  per  hour,  each  car  ached- ' 
uled  for  over  10  miles  to  the  hour. 


900  feet  of  pile-trestle  approach  at  Ihe  east  end 
of  the  bridge  and  1,980  feet  of  plate-girder  and 
trussed  spans,  measured  on  the  axis  of  the 
bridge.  There  is  one  380-foot  swing  span,  and 
there  are  five  159-foot,  one  380-foot  and  one 
226-foot  fixed  spans. 

The  bridge  has  two  decks.  One  of  them  is  at 
the  level  of  the  top  chords  of  the  159-foot  spans 
and  is  far  enough  below  the  top  chords  of  the 
other  spans  to  give  suitable  clearance  in  the 
overhead  lateral  system.  The  other  deck  is  car- 
ried at  the  level  of  the  lower  chords,  which  are 
in  the  same  plane  in  all  spans.  The  lower  deck 
carries  a  single  track  railway,  which  is  also 
used  by  an  electric  car  line.  At  the  west  end 
of  the  bridge  these  two  tracks  commence  to  di- 
verge at  the  river  end  of  the  225-foot  span, 
where  they  are  laid  on  12Vi!d3gree  curves, 
which  gives  a  distance  of  near  r  120  feet  be- 
tween them  at  the  shore  end  of  the  span.  To 
provide  for  this  arrangement,  thf  trusses  of  the 
span  are  placed  19  feet  apart  on  centers  at  one 


on  which  the  two  tracks  are  carried  side  by 
side  at  the  same  level. 

The  timber  trestle  bents  are  about  14  feet 
apart  and  have  longitudinal  struts  and  are  X- 
braced  in  alternate  panels  above  the  railroad 
tracks.  The  stringers  are  made  in  two-panel 
lengths,  breaking  joints.  The  timber  is  first 
quality  Douglas  fir  treated  with  two  coats  of 
carbolineum  and  having  all  joints,  ends  of  tim- 
bers and  bored  holes  saturated  with  hot  cre- 
osote oil  and  painted  with  hot  asphaltum.  At 
the  south  end  of  the  bridge  the  trestle  approach 
is  built  with  framed  timber  bents  14  feet  apart, 
having  eight  vertical  piles  in  each  bent.  At  the 
river  end  these  piles  are  55  feet  long,  but  they 
decrease  in  length  to  30  feet  at  the  shore  end. 

The  highway  piles  are  capped  with  a  10x12- 
inch  timber  22  feet  long,  one  end  of  which  rests 
on  the  end  of  the  cap  under  the  railroad  track. 
On  this  cap  are  seated  two  10xl2-inch  vertical 
posts  about  26  feet  long,  which  are  X-braced 
transversely  and  carry  a  12x1 2-inch  cap  20  feet 
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long.  On  the  cap  are  nine  lines  of  3xl2-lnch 
stringers  coverea  with  a  bottom  floor  of  2-inch 
diagonal  planks  and  a  top  floor  of  2%-inch 
transverse  planks  for  the  16-foot  roadway.  The 
sides  of  the  roadway  are  enclosed  by  heavy 
wooden  hand  rails  with  their  posts  kneebraced 
to  the  projecting  ends  of  the  caps.  The  pile 
bents  are  braced  longitudinally  by  two  double 
lines  of  6xl0-inch  horizontal  pieces  at  the  tops 
of  the  highway  piles  and  by  four  single  lines 


of  6xl0-inch  pieces  at  the  height  of  the  inter- 
mediate horizontal  braces. 

The  highway  approach  has  three  deck  plate- 
girder  spans  57  feet  6>A  inches  long  over  all  and 
54  inches  deep.  The  girders  are  spaced  10  feet 
apart  on  centers  and  have  12xl2-inch  wooden 
floorbeams  20  feet  long  dapped  over  their  top 
flanges  and  secured  to  them  by  hook  bolts. 
These  carry  nine  lines  of  3xl2-inch  stringers 
covered  with  a  diagonal  course  of  2-lnch  planks 
and  an  upper  transverse  course  of  2 1^ -inch 
planks.  The  roadway  is  16  feet  wide  in  the 
clear  and  is  protected  by  wooden  hand  rails 
kneebraced  to  the  cantilever  ends  of  the  floor- 
beams.  The  girders-  have  zigzag  top  lateral 
braces  and  are  supported  by  single  trestle  bents 
each  made  with  two  battered  posts.  The  posts 
are  bent  so  that  their  upper  ends  are  vertical 


and  are  fleld-riveted  to  the  end  web-stiffener 
angles  of  the  girders.  The  feet  of  the  posts  are 
anchor-bolted  to  masonry  piers  and  some  of 
them  are  enclosed  in  sectional  circular  cast-iron 
shells  which  are  filled  solid  with  concrete. 

From  the  river  end  of  the  approach  proper  to 
the  380-foot  span,  the  deck  is  carried  on  a  con- 
tinuation of  the  plate-girder  viaduct  supported 
by  the  special  floorbeams  of  the  225-foot  spread 
span.  These  floorbeams  are  about  45  feet  apart 
and  are  from  about  20%  to  about  135  V4  feet 
long  on  centers  of  trusses.  On  the  center  of 
each  floorbeam  there  is  seated  a  single  bent 
with  two  vertical  posts  about  24  feet  high  car- 
rying the  pair  of  roadway  girders.  On  the  first 
three  floorbeams  at  the  shore  end  the  bents  are 
made  with  pairs  of  vertical  posts  10  feet  apart 
on  centers  and  X-braced  In  two  vertical  panels 
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vith  p*ir«  of  ansl«a  latticed.  Each  column  has 
aa  I-«hap«d  croaa  eectlon  made  of  two  pairs 
of  4x3-lnch  angles  latticed  In  the  lonsitudlnal 
The  ends  of  the  slrders  are  welxnn- 
to  the  column  flancea  and  the  latter  are 
•wax-braced  with  the  usual  angle  frames  be- 
Iwewi  the  (irders.  On  the  remalDlng  three 
■ooriwams  of  this  span  the  columns  support- 
IBS  tka  hishway  girders  are  spaced  from  19  to 
SS  (set  apart  in  order  to  clear  the  railroad 
tiachs.  In  these  bents  thejr  are  made  of  pairs 
of  >-inch  channels  latticed  and  their  upper  ends 
are  web-connected  to  40-inch  transverse  plate- 
girders  with  angle-iron  kneebraces  at  both  ends. 
The  longitudinal  roadway  girders  are  supported 
from  the  transverse  girders  with  web-connev:- 
ttoaa  like  thoae  usually  found  between  stringers 
and  fioorbeama.  The  two  divergent  railroad 
tracks  have  pairs  of  skewed  longitudinal  gird- 
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that  the  girders  are  supported  entirely  by  three 
trestle  bents  and  the  intermediate  single  col- 
umn, seen  under  the  east  track,  is  there 
omitted.  Bent  B3  has  a  very  deep  double  can- 
tilever transverse  girder  with  two  web  plates, 
each  made  in  three  sections,  shop-spliced  and 
field-riveted  across  the  flanges  of  the  vertical 
posts  which  act  as  spacers  between  them  and 
extend  to  their  top  flanges.  The  ends  of  the 
through  girders,  G6  and  G7,  are  carried  on  the 
extremities  of  the  top  flange  of  the  transverse 
girder,  and  at  these  points  the  webs  are  con- 
nected by  vertical  diaphragm  plates  to  dis- 
tribute the  loads  and  form  seats  for  the  longi- 
tudinal girders.  The  ends  of  the  deck  span 
girders,  G8  and  G9,  are  web-connected  t6  the 
transverse  girder  at  points  adjacent  to  the  web 
splices,  where  the  webs  are  connected  and 
stiffened  by  vertical  diaphragms  shop-riveted  to 
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the  case  of  the  other  bents.  The  columns,  how- 
ever, have  heavy  double  web  brackets  shop- 
riveted  across  their  flanges  to  form  seats  for 
the  girder  which  is  fleld-rlveted  to  them  so  as 
to  secure  lateral  rigidity,  which  is  equivalent  to 
kneebraces.  The  through  span  girders  are  sup- 
ported on  the  tops  of  the  columns,  and  the 
deck  span  girders  are  web-connected  to  the 
transverse  girder  at  the  points  stiffened  by  the 
diaphragms.  There  is  no  material  difference, 
except  in  dimensions,  between  the  trestle 
bents  for  the  west  track  approach  and  those 
for  the  east  track  approach. 

The  longest  railroad  girders  are  those  ad- 
jacent to  the  225-foot  span.  Those  for  the  west 
track  are  both  71%  feet  long  over  all,  and  cor- 
respond in  most  respects  to  girders  G8  and  G9 
for  the  east  track,  which  are  respectively  91 
feet  8  3/16  inches  and  89  feet  11  1/32  inches  long 
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«n  directly  connected  to  the  Ooorbeams,  as  in- 
dicated in  the  general  diagram. 

Prom  the  shore  end  of  the  22&-foot  span  each 
carved  track  Is  carried  on  pairs  of  skewed  plate 
girders  supported  by  special  single-bent  trestles 
with  their  vertical  posts  connected  at  the  top 
by  heavy  transverse  girders.  At  the  abutments 
and  at  the  piers  of  the  225-foot  span  the  tracks 
are  carried  on  deck  spans,  but  in  the  middle  of 
each  approach  they  are  carried  on  through 
■IMUU  with  solid  trongh  floors  to  afford  the 
greatest  possible  clearance  underneath  for  the 
low-grade  roads,  which  they  cross.  The  ar- 
rangement of  the  trestles  and  girders  Is  sub- 
stantially alike  for  both  tracks,  and  is  Indicated 
by  the  diagram  for  the  east  track.  That  for  the 
west  track  corresponds  to  it  in  general,  except 


one  web  and  fleld-rlveted  to  the  other.  The  end 
and  top  flange  angles  of  the  transverse  girder 
have  cover  plates,  and  the  latter,  as  well  as  the 
lattice-bars  on  the  lower  flange,  are  fleld-rlveted 
to  allow  for  separate  shipment  and  fleld  as- 
sembling. 

Bent  B2  Is  similar  to  B3,  but  differs  In  dimen- 
sions and  proportions.  The  columns  are  2* 
feet  apart  on  centers  and  the  transverse  girder 
is  39  feet  long  over  all  and  57  Inches  deep,  each 
of  Its  webs  being  made  with  single  plates.  It 
has  no  web-connectlons  to  the  longitudinal  gird- 
ers, but  supports  them  all  on  reinforced  seats 
at  the  extremities  of  the  uper  flange.  Bent  Bl 
has  a  box-girder  shipped  complete.  Its  webs 
are  fleld-rlveted  to  the  flanges  of  the  columns, 
which  extend  through  it  to  the  top  flange,  as  In 


over  all.  They  are  made  with  two  angles  in  the 
lower  flange  and  with  four  In  the  upper  flange, 
■  and  have  their  details  and  materials  through- 
out corresponding  to  those  shown  in  the  end 
sections.  The  top  flange  has  a  uniform  section 
throughout,  which  is  composed  of  four  8x8x 
11/16-lnch  angles  without  cover  plates.  The 
bottom  chord  has  a  maximum  cross-section  of 
two  8x8xll/16-lnch  angles  and  three  16-lnch 
cover-plates  aggregating  1%  Inches  in  thick- 
ness. The  web  plates  are  made  in  sections  from 
about  7  to  14  feet  long  and  are  spliced  with 
double  cover  plates  and  four  rows  of  vertical 
rivets,  except  at  the  bottom  flange,  where  longer 
horizontal  splice  plates  are  used,  as  shown  in 
the  detail.  The  horizontal  flanges  of  the  upper 
and  lower  top  flange  angles  are  braced  by  vertl- 
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cal  angles  about  2  feet  apart,  which  are  riveted 
to  the  webs  and  have  both  ends  milled  to  bear- 
ing. 

At  the  shore  ends  both  girders  have  pairs  of 
bent  vertical  plates  shop-riveted  to  their  webs 
with  three  vertical  lines  of  rivets.  These  make 
oblique  flanges  which  are  field-riveted  to  the 
web  of  the  transverse  girder  in  bent  B3.  The 
river  end  of  girder  G8  is  field-riveted  through 
the  flanges  of  its  end  web  stiffener  angles  to  the 
flange  of  a  vertical  post  about  15%  feet  long 
which  project  6%  feet  below  the  lower  flange 
and  there  has  a  pin  connection  to  a  roller  shoe 
seated  on  the  pier  of  the  225-foot  span.  The 
river  end  of  girder  G9  is  several  feet  beyond 
the  pier  of  the  225-foot  span,  and  is  carried 
directly  by  the  long  end  floorbeam  of  that  span. 
In  order  to  engage  it,  the  girder  is  made  with 
a  drop  end  and  has  riveted  to  the  lower  flange 
a  cast-steel  shoe,  pin-connected  to  a  cast-steel 
pedestal  seated  on  a  roller  nest  in  a  pocket  of 
the  floorbeam.  Girders  G8  and  G9  are  con- 
nected together  by  zigzag  lateral  bracing  and 
by  panels  of  sway-brace  angles  about  8Vi  feet  . 


continuous  across  both  through  spans  and  the 
sections  are  beveled  to  fit  where  they  inter- 
sect on  account  of  the  different  angles  of  ad- 
jacent girders.  The  girders  are  kneebraced  by 
wide  gusset  plates  reaching  to  the  top  flanges 
and  riveted  to  the  floor  troughs  and  to  each 
vertical  web-stitfener  angle.  Each  trough  con- 
tains a  tie  supported  on  a  3x6-inch  packing  tim- 
ber laid  flat  on  the  bottom  plate.  The  space 
around  the  ties  is  filled  with  gravel  ballast 
saturated  with  asphalt. 

(To  be  continued.) 


Legislation  for  Schooliiouse  Ventil.\tion 
has  at  last  been  enacted  in  New  York  State 
after  some  years  of  effort  in  which  the  Ameri- 
can Society  of  Heating  and  Ventilating  En- 
gineers has  held  a  very  prominent  position. 
The  bill  is  in  part  as  follows:  "No  schoolhouse 
shall  hereaftei'  be  erected  in  any  city  of  the 
third  class  or  in  any  incorporated  village  or 
school  district  of  this  State,  and  no  addition  to 
a  school  building  in  any  such  place  shall  here- 
after be  erected,  the  cost  of  which  shall  exceed 


Car  at  Upper  Landing,  and  Rams  at  Top  of  Near  Track,  Weehawken  Inclined   Elevator. 


apart.  At  the  river  end  the  sway-brace 
frame  is  replaced  by  a  solid  transverse  dia- 
phragm made  with  a  90x%-inch  plate  and  pairs 
of  3%x3V2-inch  angles  on  all  sides.  This  dia 
phragm  has  a  sohd-web  kneebrace  at  one  end 
to  extend  its  connection  with  the  vertical  post 
to  which  It  is  field-riveted,  as  shown  in  the  ele- 
vation of  the  end  of  the  girder. 

The  west  track  girders  adjacent  to  the  225- 
foot  span  are  similar  to  G8  and  G9,  except  in 
their  dimensions,  and  in  the  fact  that  the  girder, 
which  is  seated  in  the  floorbeam  pocket,  being 
only  84  Inches  deep,  does  not  require  to  be 
made  with  a  drop  end.  The  through  span 
girders,  G3,  4,  5,  6  and  7,  are  of  ordinary  con- 
struction, made  with  rounded  upper  corners 
and  having  the  ends  of  the  web  plates  rein- 
forced, as  indicated  in  the  part  elevation.  These 
spans  have  neither  floorbeams  nor  stringers 
and  their  girders  are  connected  only  by  the 
solid  trough  floor  which  Is  shop-riveted  in  sec- 
tions about  4  feet  wide  and  is  field-riveted  to 
the  girders  through  short  vertical  angles  shop 
riveted  to  each  side  plate.     The  floor  is  made 


$500,  until  the  plans  and  specifications  for 
the  same  shall  have  been  submitted  to  the 
Commissioner  of  Education  and  his  approval 
indorsed  thereon.  .  .  Such  Commissioner  of 
Education  shall  not  approve  any  plans  for  the 
erection  of  any  school  building  or  addition 
thereto  unless  the  same  shall  provide  at  least 
15  square  feet  of  floor  space  and  200  cubic 
feet  of  air  space  for  each  pupil  to  be  accom- 
modated in  each  study  or  recitation  room 
therein,  and  no  such  plans  shall  be  approved 
by  him  unless  provision  is  made  therein  as- 
suring at  least  30  cubic  feet  of  pure  air  every 
minute  per  pupil,  and  the  facilities  for  exhaust- 
ing the  foul  or  vitiated  air  therein  shall  be 
positive  and  independent  of  atmospheric 
changes."  The  remainder  of  the  bill  referred  to 
provisions  for  fire  protection,  chiefly  as  to  the 
openings  on  stairways,  the  use  of  platforms 
on  stairs,  the  opening  of  main  doors  outward 
and  so  on.  The  passage  of  this  bill  will  prob- 
ably be  used  to  its  fullest  extent  as  a  wedge 
in  pushing  such  measures  through  other  State 
Legislatures. 


The    Inclined    Elevator    at    Weehawken, 
New  Jersey. 

An  electrically  operated  inclined  elevator, 
designed  primarily  to  lift  loaded  wagons  from 
the  shore  roads  along  the  Hudson  River  at  the 
foot  of  the  Palisades  to  the  heights  above,  near 
Weehawken,  N.  J.,  has  been  in  successful  opera- 
tion for  some  time.  Besides  the  Interest  which 
attaches  to  it  on  account  of  its  size,  being  de- 
signed to  haul  a  live  load  of  40,000  pounds  at 
200  feet  per  minute  or  30,000  pounds  at  300 
feet  on  an  incline  of  over  35  degrees  with  the 
horizontal,  the  chief  instructive  feature  of  the 
Installation  lies  in  the  combination  of  electrical 
and  hydraulic  machinery  that  has  been  fur- 
nished. There  are  two  cars,  one  of  which  de- 
scends as  the  other  rises,  and  each  is  fixed  to 
hoisting  cables  which  pass  over  two  large 
drums,  one  for  each  car.  The  drums  are  elec- 
trically driven  and  in  the  ordinary  operation 
this  method  of  hoisting  is  employed  for  bring- 
ing the  car  to  a  point  within  2%  feet  of  the  top 
landing.  For  the  rest  of  the  travel  hydraulic 
power  is  resorted  to  through  hydraulic  rams, 
which  take  hold  of  the  car  and  lift  it  to  the 
landing  level.  While  it  was  decided  that  elec- 
tric power  would  be  better  for  general  hoist- 
ing than  hydraulic  under  the  conditions  ob- 
taining, it  was  felt  that  better  control  of  the 
termination  of  travel  could  be  obtained  in  the 
manner  outlined  than  if  the  attempt  were  made 
to  regulate  accurately  the  absolute  travel  of 
the  electric  motors. 

The  tracks  are  of  12  feet  gauge  and  22  feet 
apart  on  centers,  and  the  rock  excavation  that 
had  to  be  made  in  the  hillside,  in  one  point  40 
feet  deep,  is  approximately  50  feet  wide.  In  or- 
der to  accommodate  each  car  at  the  bottom  of 
travel  the  excavation  has  taken  the  form  of  a 
pit  below  the  level  of  the  roadway  of  the  Hack- 
ensack  Turnpike,  and  this,  it  may  be  stated  In 
passing,  has  to  be  drained.  While  a  low  ma- 
sonry wall  has  been  built  across  the  incline  be- 
low the  track  level  to  divert  most  of  the  rain 
water,  the  pit  had  no  means  of  emptying  itself 
by  gravity.  On  this  account  a  small  submerged 
centrifugal  pump  is  employed,  connected  by 
means  of  a  vertical  shaft  to  a  3-horse-power 
motor  enclosed  In  a  shelter  for  the  gatekeeper 
at  the  Turnpike  level.  This,  of  course,  is  only 
operated  at  intervals.  The  rails,  which  weigh 
58  pounds  per  yard,  are  laid  on  concrete  string- 
ers built  upon  the  rock,  but  are  held  together 
every  3  feet  by  steel  ties.  These  are  6-inch 
channels,  flanges  pointing  downward,  anchored 
at  each  end  to  the  concrete  by  bolts  passing 
through  clamps  on  the  rail.  Where  carrier 
pulleys  between  rails  for  the  cables  are  fixed, 
the  ties  are  2  feet  apart  to  decrease  the  span  of 
the  stirrups  which  support  the  carrier  pulleys 
in  turn  carried  by  the  two  ties.  The  carrier  pul- 
leys are  spaced  ^0  feet  apart.  The  difference  in 
elevation  between  the  top  and  bottom  landings 
is  166.3  feet  and  the  angle  of  inclination  is  35 
degrees  45  minutes,  so  that  the  lengtb  of  the 
car  travel  is  284.6  feet. 

The  cars  are  identical  in  construction.  Each 
has  a  platform  40  feet  long  and  20  feet  wide  car- 
ried by  two  triangular  steel  truss  frames  over 
the  two  rails,  each  truss  supported  on  the  rail 
by  four  33-lnch  cast-iron  wheels.  The  bottom 
member  of  each  truss  consists  of  two  12-inch  27- 
pound  channels;  the  inclined  latticed  columns 
shown  in  the  view  of  the  car  have  each  two  6- 
inch  10-pound  channels;  the  verticals  are  pairs 
of  6-inch  8-pound  channels;  and  the  whole  is 
braced  in  the  manner  indicated,  largely  by 
3x2x5/16-lnch  angles.  The  members  parallel 
with  the  bottom  or  rail  channels  are  pairs  of  6- 
inch  8-pound  channels.  The  two  trusses  are 
connected  together  at  the  bottom  by  pairs  of 
9-Inch  13-pound  channels  latticed  together  ex- 
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cept  where  the  cables  are  hitched  to  the  car. 
Here  there  are  two  ^-inch  plates,  about  5  feet 
apart,  one  23  Vs  inches  wide  and  the  other  12 
laches.  At  the  top  the  trusses  are  connected  to 
g»ther  br  pairs  of  10-lnch  IS-pound  channels, 
which  carrr  the  floor  construction.  This  con- 
sists of  3x1 2-inch  yellow  pine  stringers  and  two 
layers  of  2-inch  yellow-pine  planking.  Along 
sack  side  Is  a  timber  guard  rail,  giving  a  clear 
floor  width  of  17  feet  10  inches.  Bach  guard 
rail  is  surmounted  by  a  latticed  ratling,  fencing 
in  each  side  of  the  car.  Bach  end  is  closed  by 
a  length  of  2>4-inch  wrought-iron  piping  which 
Is  hinged  at  one  end.  At  the  hinge  it  is  at- 
tached to  a  counterweight  suspended  under- 
neath the  car.  so  that  the  pipe  gate  can  readily 
be  swung  upward.  Whenever  horses  or  cattle 
are  carried,  folding  lattice  gates  divided  in  the 
middle  and  fixed  to  the  car  are  closed,  but  in 
the  ordinary  case  these  are  not  found  neces- 
sary. The  car  has  been  designed  to  allow  for 
running  street  railway  tracks  on  the  platform 
in  ease  it  is  decided  at  any  time  to  transport 
railway  cars  in  that  manner. 

To  each  car  is  attached  three  2-inch  hoisting 
cables,  two  going  to  a  winding  drum  in  the 
basement  of  the  station  building  at  the  head  ot 
the  incline,  one  drum  for  each  car,  and  the 
third  passing  in  series  over  two  separate 
drums,  this  cable  continuous  from  one  car  to 
the  other.  It  is  called  the  safety  cable,  in  dis- 
tinction from  the  two  others,  which  are  the 
hoisting  cables,  and  provides  that  the  two  cars, 
each  of  which  weighs  without  load  about  80,000 
pounds,  counterbalance  each  other,  leaving  the 
hoisting  cables  to  handle  the  live  loads.  The 
manner  in  which  the  safety  cable  is  passed 
from  one  track  line  to  the  other  will  be  re- 
ferred to  later.  All  three  cables  are  attached 
to  the  framework  of  the  car  at  the  bottom 
through  devices  fixed  to  three  long,  indepen- 
dent steel  screws,  each  3  inches  in  diameter. 
By  means  of  a  worm  gear,  which  moves  the 
screw  relatively  to  the  car  frame,  each  cable  is 
taken  up  by  hand,  that  Is,  brought  into  the 
raquisita  degree  of  tension,  the  worm  having  a 
bead  for  a  socket  wrench.  The  screw  is  locked 
In  place  by  bronze  nuts.  This  scheme  for  ad- 
justment, which  apparently  can  be  manipulated 
wliile  the  car  is  in  motion,  gives  a  satisfa'ctory 
method  of  keeping  the  cable  lengths  such  that 
when  on  e  car  is  at  the  top  landing,  the  other 
lies  at  the  bottom. 

The  machinery  for  operating  the  incline  is 
all  housed  in  the  basement  of  the  headhouse, 
which  is  64  feet  in  the  direction  of  the  railway 
and  45  feet  wide.  Besides  the  two  hoisting 
drums  and  the  two  main  electric  motors,  which 
are  grouped  toward  the  far  end  of  the  room, 
the  hydraulic  plant  for  the  landing  rams,  the 
■heaves  and  apparatus  forming  part  of  the 
safety  or  balancing  cable,  and  the  switchboard 
are  located  there.  The  rough  rock  of  the  ex- 
earation  has  been  concreted  to  form  a  cement 
floor,  the  walls  are  of  stone  masonry  and  the 
ceiling  is  of  steel  plate.  The  steel  work  forms 
part  of  a  buckle-plate  flooring  for  the  land- 
ing, being  covered  with  concrete  and  a  pave- 
m«tt  of  brick  with  the  usual  cushion  of  sand 
between  the  concrete  and  the  brickwork.  It 
may  be  stated  in  passing  that  the  thickness  of 
this  floor  construction  is  10  inches  from  the  top 
of  the  beams  spanning  the  room  to  the  brick 
pavement  surface.  The  masonry  walls  are  pro- 
Tided  with  a  number  of  windows. 

Each  hoisting  drum  is  Independently  con- 
■acted  through  a  triple  reduction  of  spur  gears 
to  a  ISS-horse-power  Westlnghouse  electric 
motor,  but  the  two  shafts  of  the  drums  are  con- 
nected together.  In  reg^ular  operation,  there- 
fore, both  motors  are  operated,  and  in  order  that 
the  cars  may  travel  simultaneously  in  opposite 
dlections,  one   pair  of  hoisting  cables  passes 


over  to  one  drum  and  the  second  passes  under 
to  the  other,  one  winding  as  the  other  unwinds. 
^ach  drum  is  12  feet  in  diameter  and  has  a 
face  about  ihi  ^eet  wide. 

The  rim  is  In  one  piece  and  is  attached  to 
two  large  circular  web  plates,  all  of  cast-Iron. 
The  latter  have  circular  holes  which  allow  for 
getting  within  the  drum.  To  one  side  or  flange 
of  the  drum  is  bolted  the  cast  gear  by  which  it 
is  driven.  Taking  the  speed  of  the  motor  at 
600  revolutions  per  minute  the  corresponding 
drum  speed  would  then  be  7 1/3  revolutions, 
corresponding  to  a  linear  velocity  of  the  cables 
of  275  feet  per  minute.  As  a  matter  of  fact  the 
car  is  hoisted  in  less  than  two  minutes  includ- 
ing the  acceleration  of  the  motor,  the  slowing 
down  of  and  stopping  of  the  motors  and  the  ap- 
plication of  the  hydraulic  rams.  The  motors  are 
of  the  compounding  type,  wound  for  550  volts, 
and  supplied  by  an  Independent  circuit  from  a 
neighboring  street  railway  plant.  They  are  de- 
signed for  50  per  cent,  overload,  so  that  200 
horse-power  is  obtainable  from  each  of  them,  or 
400  together. 

Each  motor  is  provided  with  a  magnetically 
operated  brake,  ot  the  regular  Otis  design  for 
elevator  work.  The  brake  wheel  is  mounted 
on  the  motor  shaft  and  is  30  inches  in  diameter 
and  the  brake  band  encloses  about  290  degrees 
of  its  periphery.  It  is  operated  in  conjunction 
with  a  solenoid  type  of  magnet  which  Is  wound 
with  two  colls,  one  shunted  across  the  armature 
terminals  and  the  other  in  series  with  the  arma- 


of  the  operator.  It  is  also  necessary,  however, 
that  the  cars  be  allowed  to  approach  near 
enough  to  the  top,  within  2',i;  feet,  so  that  the 
hydraulic  rams  can  catch  the  projections  under 
each  car  for  that  purpose. 

There  are  two  rams  for  each  car,  each  lying 
In  continuation  of  the  line  of  direction  of  the 
rail.  Each  has  a  cylinder  of  6%  inches  bore 
and  a  stroke  of  3  feet.  The  plunger,  which  is 
of  steel,  carries  a  hook,  formed  of  two  %-lnch 
steel  bars  as  shown  in  an  accompanying  draw- 
ing. During  the  first  6  inches  of  the  stroke  the 
hook  is  raised  into  position  for  reaching  the 
projection,  so  that  the  effective  stroke  Is  30 
inches,  or  the  2V1>  feet  within  which  the  car 
must  be  stopped.    The  rams  are  operated  with 


One  of  the  Hydraulic  Rams. 
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Brake  Apparatus  for  the   Safety  Cable,  Weehawken   Inclined  Elevator. 


ture.  A  spiral  spring  fixed  underneath  the  mag- 
net keeps  the  brake  on  except  when  current  is 
passing  through  the  armature  when  the  mag- 
net overcomes  the  power  of  the  spring.  As  the 
motor  slows  down  the  shunt  winding  serves  to 
keep  oft  the  brake  until  the  motor  has  fully 
stopped.  On  the  other  hand  if  the  brake  has 
not  yet  been  released,  this  winding  Is  of  Itself 
incapable  of  releasing  the  brake,  so  that  in 
the  event  ot  the  armature's  being  out  of  order 
an  accident  that  might  result  if  the  heavily 
loaded  car  should  be  above  the  bottom  landing 
is  avoided.  For  starting,  a  system  of  magnet 
control,  similar  to  that  employed  for  the  regu- 
lar Otis  electric  elevator  Is  In  use,  and  an  auto- 
matic limit  stop,  mounted  on  one  end  of  the 
drum  shaft,  has  been  provided,  so  that  the  Im- 
portant requirement  that  the  car  shall  not  be 
allowed  to  overrun  and  hit  the  upper  landing 
at  speed  is  not  entrusted  solely  to  the  vigilance 


oil  at  a  pressure  of  750  pounds  per  square  inch 
so  that  the  lifting  load  of  each  is  10  to  12  tons, 
while  the  maximum  load  on  the  car  Is  20  tons. 
Each  pair  of  rams  is  under  the  control  of  the 
operator,  who  is  stationed  In  a  pilot  house  at 
the  top  landing  between  tracks.  By  means  of  a 
hand  lever  the  ram  is  started  and  by  further 
movement  of  the  lever,  when  the  ram  begins 
effective  work,  the  motor  magnet  brake  is  re- 
leased, so  that  both  of  the  main  drums  may  be 
turned  to  allow  for  the  movement  of  the  cables 
and  the  completion  of  the  travel  of  the  cars. 
The  cylinder  of  the  ram  Is  fixed  between  two 
steel  channels,  as  indicated,  and  the  bottom  of 
the  hook  travels  on  a  finished  surface  on  the 
top  of  the  cylinder. 

The  hydraulic  plant  In  the  basement  Includes 
a  motor  driven  Worthington  triplex  pump  of 
the  horizontal  pattern  and  a  weighted  accumu- 
lator.   The  pump  has  plungers  2  Inches  in  dl- 
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ameter  and  4  inches  in  strolce  and  is  driven  by 
belt  from  a  7^4-horse-power  Otis  motor.  It  has 
a  capacity  to  work  against  a  pressure  of  1,500 
pounds  per  square  inch.  The  accumulator  has 
a  strolce  of  5  feet  and  is  7^^  inches  in  diameter. 
When  the  operator  shuts  off  the  valve  to  the 
ram,  a  counterweight  provided  for  each  of  them 


weights  are  normally  held  in  the  mid-posiiion, 
however,  by  means  of  a  hydraulic  ram  con- 
nected to  the  accumulator  system  described. 
The  pressure  is  released  from  the  cylinder  of 
this  ram  at  the  will  of  the  operator  whenever 
the  necessity  arises  of  locking  the  cars  in  posi- 
tion at  any  point  of  the  tracks.     Light  springs 
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Accumulator  and  Electrically  Driven  Hydraulic  Plant. 


the  first  figure  giving  the  charge  for  the  up 
trip,  the  second  the  charge  for  the  down  trip, 
and  the  third  for  an  excursion  or  round  trip: 
Double  truck  or  wagon,  25,  15  and  30  cents; 
single  truck  or  wagon,  15,  10  and  20  cents;  two- 
horse  coach,.  15,  10  and  20  cents;  each  pas- 
senger, 2  cents  extra;  push  cart,  10  and  5  cents; 
timber,  etc.,  over  30  feet  long,  40  cents;  boilers, 
machinery,  safes,  over  6  and  under  10  tons,  50 
cents;  for  weights  over  10  tons,  special  rates; 
horses  or  cattle,  5  cents;  wheelman,  5  cents; 
passengers,  5  cents.  The  head  bouse  is  of 
brick  open  at  each  end  with  gates  at  the  street 
entrance.  The  pilot  house  stands  at  the  edge 
of  the  landing  and  in  the  center  of  the  head 
house  between  the  two  through  roadways,  and 
the  operator  commands  an  unobstructed  view 
of  the  incline.  Through  this  cabin  the  stairway 
leading  to  the  basement  is  reached,  and  In  it, 
as  stated,  are  the  controller  for  the  motors  and 
the  hydraulic  valves.  The  bottom  landing  has 
telephone  communication  with  the  pilot  house, 
but  signals  for  starting  are  made  by  electrical 
bells.  Besiaes  the  operator,  a  man  is  stationed 
at  both  top  and  bottom  landings,  and  the  one  at 
the  upper  platform  collects  the  tickets.  These 
are  sold  in  bulk,  ten  trips,  for  example,  at  10 
per  cent,  discount. 

The  incline  was  originally  built  for  the 
New  Jersey  Elevating  and  Transportation  Com- 
pany, which  was  organized  through  the  efforts 
of  Mr.  A.  S.  Niven,  but  is  now  the  property  of 
the  Public  Service  Corporation  of  New  Jersey. 
The  general  design  was  the  work  of  Mr.  Thomas 
H.  McCann,  M.  Am.  Soc.  C.  E.,  engineer  for  the 
original  owners.  The  machinery  was  designed 
by  the  Otis  Elevator  Company  while  Mr. 
Thomas  E.  Brown,  now  consulting  engineer  of 
the  company,  was  its  chief  engineer.  Mr. 
Charles  L.  Duenkel  was  resident  engineer  and 
Mr.  J.  D.  Ihlder,  as  chief  electrical  engineer  of 
the    company,    designed    the    electrical    equip- 
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ram  back  to  its  original  position, 
le  oil  to  an  open  discharge  tank  sup- 
(ove  the  floor  line  of  the  basement, 
accumulator.  When  the  rams  are  put 
Into  onfjration  the  weighted  accumulator 
plunger/  falls.  The  descent  of  the  plunger 
throws  /  in  two  contacts,  the  first  of  which 
starts  fhe  motor-driven  triplex  pump,  while  the 
seconcV,  a  moment  later,  brings  it  to  a  speed  of 
about/ 100  revolutions  per  minute.  When  the 
pump/  has  succeeded  finally  in  lifting  the  ac- 
cumWiator  plunger  to  its  normal  position,  which 
it  does  in  a  short  time  after  the  car  has  been 
broilght  to  rest,  the  contacts  are  broken  and  the 
moyor  and  pump  are  cut  out.  They  are  thus 
onVy  in  action  a  few  minutes  every  time  the 
ra/ns  are  used. 

The  remaining  feature  of  the  plant  relates  to 
t]^.e  balancing  cable  and  safety  brake,  a  drawing 
f  the  apparatus  being  included  among  the  ac- 
lompanying  illustrations.  At  the  top  of  each 
:rack  there  are  three  10-foot  idlers  and  the  two 
outer  cables  pass  over  these  to  the  hoisting 
drum.  The  center  cable,  however,  passes  down- 
ward from  the  idler  and  then  across  the  base- 
ment, wrapping  around  each  of  &.  pair  of  XO-foot 
drums  about  two  and  one-half  times  and  then 
upward  and  over  the  central  10-foot  idler  at 
the  head  of  the  other  track  and  thence  to  the 
other  car.  To  each  of  the  two  10-foot  drums  is 
attached  a  brake  wheel  and  these  are  shown  in 
the  engraving  mentioned.  The  dimension  and 
arrangement  of  the  brake  bands  is  shown.  The 
fiber  blocks  are  6%x%x4  inches  in  size.  The 
bands  are  brought  into  contact  against  the 
wheels  by  means  of  the  weights  on  the  lever 
and  the  lever  arms  being  3  to  1  and  two  bands 
depending  from  the  lever,  for  the  load  of  2,000 
pounds  on  the  end  of  the  lever  a  pull  of  3,000 
pounds    can    be    exerted    on    each    band.      The 


Main  Motors  Triple-Geared  to  Drums  at  Sear,  Weehawken  Inclined  Elevator. 


serve  to  hold  the  band  from  the  wheels  so  that 
it  does  not  touch  at  any  point  when  not  re- 
quired. The  ram  is  3%  inches  in  diameter  and 
has  a  stroke  of  3  inches,  and  its  use  prevents  a 
too  sudden  application  of  the  brake. 

The   railway   is  open   on   week  days  from   6 
A.   M.  to  7  P.  M.     The  charges  are  as  follows, 


ment.  The  Sandford  &  Stillman  Company,  of 
Jersey  City,  was  the  general  contractor.  The 
cost  of  the  incline  complete,  including  real  es- 
tate, was  about  $170,000,  and  of  this  the  ma- 
chinery and  cars  cost  $32,000.  Mr.  H.  McMa- 
hon  is  the  operating  engineer  in  charge  of  the 
railway. 
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The  Construction  of  the  Times  Building, 
New  York  City. 

PaKT  I. — GCXULO.  DCSCitimoN,  BXCiVATIO.V   AKO 
FVjirNDATIONS. 

The  Times  Building,  between  Broadway  and 
Serenth  Avenue  and  between  Forty-second  and 
Forty-third  Streets.  New  Yorfc.  occupies,  al>ove 
tiie  street  level,  a  trapeioldal  area  about  137 
feet  8  inches,  and  143  feet  long  on  the  building 
Unea  on  the  long  sides,  and  alwut  58  feet  4 
inchea.  and  20  feet  long  on  the  short  sides.  It 
has  sixteen  full  stories  and  Ave  tower  stories 
above  the  street,  and  three  stories  below  the 
street,  giving  It  toUl  heights  of  about  430  feet 
from  the  bases  of  the  columns  to  the  highest 
point  of  the  structure,  3S0  feet  from  the  curb 
to  the  highest  point,  331  feet  from  the  curb  to 
the  cornice  of  the  tower,  and  225  feet  from  the 
curb  to  the  top  of  the  main  roof.  It  is  of  heavy 
■teelcage  fireproof  construction,  with  thick 
brick  walls,  faced  with  granite  up  to  the  fourth 
story,  and  with  floors  and  partitions  of  hollow 
tile  construction.  There  are  twenty-flve  main 
columns  w^ith  rectangular  closed  cross-sections 
built  up  of  plates  and  channels. 

The  building  Is  intended  to  be  occupied,  in 
the  tower  and  basements,  by  the  publishing  and 
editorial  rooms,  composing  rooms  and  printing 
praaaes  of  the  New  York  Daily  "Times,"  and  to 
hare  rented  offices  in  the  other  stories.  Work 
was  commenced  on  It  in  January,  1903,  and  it 
was  expected  that  It  would  be  ready  for  occupa- 
tion in  May,  1904,  but  it  will  be  completed  some- 
what later.  The  construction  of  the  building 
is  especially  interesting  on  account  of  its  pro- 
portions: the  great  weight  of  some  of  Its  mem- 
bers; the  accuracy  with  which  the  steelwork 
was  fabricated  and  erected;  the  difficulties  at- 
tending the  work  in  a  very  restricted  site  in  a 
congested  district  with  double  lines  of  street 
cars  running  on  three  faces  of  the  building  and 
no  adjacent  storage  space;  and  also  because  of 
the  great  depth  of  the  excavation  and  the  fact 
that  a  portion  of  the  tracks  of  the  Rapid  Transit 
subway  pass  through  the  lower  part  of  the 
building. 

This  building  resembles  in  some  respects  two 
recent  tall  steel  buildings  In  New  York  City, 
although  it  differs  from  them  in  essential  feat- 
ures, which  afford  opportunity  for  special  com- 
parison. The  plan  of  the  building  is  trapezoidal 
with  one  side  so  short  that  it  is  not  unlike  that 
of  the  famous  Flat  Iron  Building,  which  was 
erected  about  two  years  ago  by  the  same  con- 
tractors at  a  point  about  a  mile  farther  south 
on  Broadway,  and  was  described  in  The  En- 
gineering Record  of  March  29,  1902.  Like  the 
latter  building,  it  has  its  foundations  on  the 
solid  rock,  and  corresponds  to  it  ip  some  gen- 
eral features  of  the  bracing.  Unlike  it,  how- 
ever, a  very  deep  excavation  was  made  and  the 
columns  were  carried  far  below  the  level  of  the 
street  It  is  also  comparable  with  the  Hotel 
Belmont,  which  is  aI>out  one-half  mile  distant 
on  Forty-second  Street,  and  was  described  in 
The  Engineering  Record  of  February  7,  1903. 
The  latter  building,  which  is  still  incompleted, 
is  also  a  steel-cage  structure  with  tall  riveted 
columns,  which  extend  to  the  bottom  of  a  very 
deep  excavation  In  the  solid  rock,  and  in  both 
tmlldings  provision  is  made  for  the  intersection 
of  the  lower  part  of  the  framework  by  curved 
tracks  of  the  Rapid  Transit  subway,  where  it 
deflects  from  Forty-second  Street  to  the  north 
and  south  lines. 

While  the  extreme  horizontal  dimensions  of 
the  saperstmcture  are  only  about  143  feet  by 
58  feet  4  Inches,  the  location  and  the  intersec- 
tion of  four  streets  gives  building  vault  priv- 
ileges on  the  three  longest  faces,  where  the  ex- 
cavation has  been  carried  down  under  the  side- 
walk to  the  curb  line,  making  a  pit  with  the 


sides  parallel  to  the  main  walls  of  the  build- 
ing and  having  lengths  of  about  178  feet  on  the 
east,  108  feet  on  the  south,  168  feet  on  the  west 
and  60  feet  on  the  north.  The  site  was  previous- 
ly occupied  by  several  small  buildings  at  the 
north  end  and  by  the  Pabst  Building  at  the 
south  end,  the  latter  being  a  comparatively  new 
steel-cage  structure,  the  demolition  of  which  af- 
forded some  interesting  facts  concerning  the 
condition  of  the  steel  framework,  and  was  de- 
scribed in  The  Engineering  Record  of  January 
31  and  April  18,  1903. 

As  the  site  of  these  buildings  was  a  small  ir- 
regular block  with  long  crossings  on  the  north 
side  and  heavy  traffic  on  the  south  side,  the 
sidewalks  were  not  much  frequented,  and  it  was 
deemed  admissible  to  close  them  entirely  so 
that  the  entire  area  between  curb  lines  was  de- 
voted to  the  construction  operations  without 
obstruction  from  sidewalk  bridges,  which  are 
often  provided  for  work  of  this  character.  All 
of  the  ground  being  either  private  property  01 
within  the  curb  lines  was  practically  free  from 


was  awarded  to  the  contractors  for  this  sec- 
tion of  the  subway,  and  they  continued  opera- 
tions from  the  bench  already  formed  by  the  sub- 
way trench.  The  sides  of  the  excavation  were 
enclosed  by  a  protecting  fence  and  a  fixed  cable- 
way  with  a  span  of  about  300  feet  was  installed 
to  handle  the  spoil.  It  had  timber  towers  about 
30  feet  high,  one  of  them  being  located  near  the 
south  curb  line  at  Broadway  and  Forty-second 
faireet  and  the  other  at  Forty-third  Street,  where 
there  was  a  Lambert  engine  to  operate  the  trol- 
ley and  hoist.  There  were  also  provided  three 
stlft-leg  derricks  with  40-foot  booms  at  different 
points  on  the  long  sides  of  the  excavation.  One 
of  them  had  timber  sills  framed  together,  was 
mounted  on  doubje-flange  wheels  rolling  on 
track  rails  and  was  moved  from  place  to  place 
as  the  work  demanded.  The  others  were  sta- 
tionary, and  all  of  them  remained  at  street 
level,  and,  with  the  cableway,  handled  all  of  the 
excavated  material  and  part  of  the  supplies 
which  were  later  used  in  the  building  work. 
Each   derrick   was  operated   by  a   doub'e-drum 


Excavation;   Shoring  under  Street  Railway;   Filling  behind  East  Retaining  Wall. 


pipes,  conduits  or  similar  obstructions,  so  that 
there  was  practically  no  hindrance  to  the  ex- 
cavation within  the  curb  lines.  After  the  re- 
moval of  the  old  buildings,  a  small  amount  of 
surface  earth  was  encountered  and  the  remaind- 
er of  the  excavation  was  in  solid  rock  of  the 
gneiss  formation,  familiar  In  this  part  of  the 
city,  and  corresponding  very  closely  with  that 
encountered  in  the  excavation  for  the  Hotel 
Belmont. 

Before  work  was  commenced  for  the  Times' 
Building,  an  open  trench  had  been  excavated 
north  from  Forty-second  Street  for  the  four- 
track  standard  subway  structure  of  the  Rapid 
Transit  Railway.  The  portion  of  this  excava- 
tion, which  was  Included  within  the  limits  of 
the  Times'  Building,  was  about  33  feet  wide  and 
60  feet  long  on  the  curved  west  side,  where  it 
intersects  the  Times'  Building,  the  east  side 
being  under  Seventh  Avenue,  entirely  beyond 
the  east  wall  of  the  building.  The  contract  for 
making  the  excavations  for  the  Times'  Building 


Lldgerwood  hoisting  engine  with  swinging 
gear. 

The  surface  of  the  ro3k  was  irregular,  but 
nearly  horizontal  and  reached  almost  to  the 
street  level.  The  rock  itself  was  in  some  places 
soft  and  rotten  and  in  others  hard,  and  had 
many  cracks  and  fissures  filled  with  wet  greasy 
matenial.  The  strata  were  inclined  downwards 
from  the  east  to  the  west  at  a  slope  of  about 
three  vertical  to  one  horizontal,  which  caused 
nearly  all  of  the  east  side  of  the  excavation  to 
slide  into  tne  pit  as  fast  as  the  rock  was  re- 
moved, thus  carrying  that  wall  back  to  the  nat- 
ural slope  and  widening  the  excavation  beyond 
the  desired  limits.  The  rock  was  excavated 
west  and  south  from  the  subway  trench  over 
the  whole  area  of  the  building  and  then  the 
remainder  was  taken  out  in  two  more  deep 
benches  working  from  the  broad  south  and 
northwards  towards  the  point  of  the  triangle. 

The  north,  south  and  west  walls  were  easily 
maintained    approximately    vertical,    and    the 
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lower  part  of  the  east  wall  was  vertical  to  a 
height  of  5  to  10  feet  above  the  bottom  of  the  ex- 
cavation. Some  attempt  was  made  to  shore  up 
the  loose  rock  on  the  east  side,  but  generally  it 
slipped  down  into  the  pit  as  soon  as  the  sup- 
porting rock  was  blasted  out.  At  the  southeast 
corner  where  the  south  wall  of  the  pit  helped 
to  retrain  it,  a  portion  of  the  east  wall  was 
held  up  by  shoring,  but  nearly  all  of  the  re- 
mainder of  the  east  side  slipped  into  the  excava- 
tion, and  in  one  place  did  some  damage  by  un- 
dermining and  breaking  a  20-inch  water  main 
which  flooded  the  pit  to  a  depth  of  about  26  feet. 
This  was  shut  off  and  capped  on  both  sides  of 
the  excavation,  so  that  it  was  dead  while  the 
remainder  of  the  work  was  in  progress.  The 
rock  was  excavated  to  a  level  bottom  about  55 
feet  below  the  surface  of  the  street.  It  was 
drilled  by  twelve  or  fourteen  Rand  and  Inger- 
soll-Sergeant  machines,  which  were  operated 
both  by  steam  and  by  compressed  air.  Blasting 
was  done  with  small  charges  of  dynamite,  and 


of  the  rock  was  taken  to  the  contractors  plant 
on  Forty-second  Street  and  crushed  for  concrete 
to  use  in  the  subway.  Some  of  it  was  used  for 
building  masonry  piers  on  top  of  the  subway 
roof  to  support  the  street-car  tracks  and  for 
back-fllling  around,  them.  Some  was  used  by 
the  contractors  for  a  railroad  embankment  on 
the  Hudson  River  and  much  of  the  sound  hard 
rock  was  left  in  the  pit  for  use  in  the  concrete 
and  back-filling  there. 

During  the  excavation  considerable  water  was 
encountered  and  was  all  drained  to  the  sewer 
by  a  Worthington  pump  with  a  3-inch  discharge. 
The  derricks,  pump,  cableway  engine  and  drills 
were  generally  operated  by  compressed  air  from 
the  contractors  plant  at  the  foot  of  east  Forty- 
second  Street,  which  furnished  air  at  100  pounds 
pressure  and  delivered  it  to  the  subway  ma- 
chinery along  this  section.  The  working  pres- 
sure at  the  Times'  Building  was  usually  about 
70  pounds.  A  150-horse-power  steam  boiler  was 
also  installed  and  was  kept  in  service  so  as  to 


Times  Building:   Subway-Construction  at  Right,  Retaining  Walls  and  Waterproofing  in  Progress. 


such  care  was  taken  to  protect  life  and  property 
by  covering  it  with  timbers  and -rope  mats  be- 
fore the  charges  were  fired  that  no  accidents 
resulted. 

About  25,000  cubic  yards  of  rock  were  exca- 
vated. The  rock  fragments  were  removed  in 
one-yard  and  one  and  one-  half-  yard  steel  buck- 
ets and  one-yard  steel  and  wooden  scale  boxes, 
which  were  handled  by  the  derricks  and  cable- 
way,  and  were  dumped  on  four  timber  plat- 
forms elevated  above  street  level,  so  that  wag- 
ons could  drive  under  them.  These  platforms 
had  a  nominal  capacity  of  2  or  3  cubic  yards 
of  material,  but  were  not  used  for  storage. 
They  served  more  as  chutes  or  hoppers  without 
controlling  gates.  The  wagons,  about  twenty  of 
which  were  employed,  were  driven  under  them 
and  received  the  rock  directly  as  it  was  dumped 
from  the  buckets  and  scale  boxes.  If  the  con- 
tents of  the  buckets  were  not  sufficient  to  fully 
load  the  wagon,  enough  material  could  be  added 
from  the  platform  to  complete  the  load.    Some 


be  certain  to  afford  an  auxiliary  power  If  the 
connections  were  broken  or  any  other  inter- 
ruption occurred  to  the  air  pressure.  Most  o£ 
the  work,  however,  was  done  by  the  compressed 
air.  The  excavation  was  made  with  an  average 
force  of  about  eighty  men  working  two  ten- 
hour  shifts  daily. 

After  the  excavation  was  completed,  the  slop- 
ing face  of  the  east  side  of  the  pit  was  cleared 
and  roughly  stepped,  and  the  construction  of 
the  vault  walls  and  cellar  floor  was  commenced. 
The  vault  walls  were  of  self-supporting  mas- 
sive brickwork  2  feet  8  inches  thick  at  the  base 
and  about  55  feet  high  up  to  the  sidewalk  level. 
They  are  seated  on  concrete  footings  and  carry 
the  ends  of  three  tiers  of  I-beams  for  the  vault 
floors.  These  beams  are  seated  in  the  brick- 
work and  have  pairs  of  very  wide  flange  vertical 
angles  riveted  to  their  webs  at  the  outer  ends, 
so  that  the  projecting  flanges  virtually  form 
transverse  diaphragms,  which  afford  a  wide 
vertical   bearing  in   the   brickwork.     This  en- 


ables these  beams  to  act  as  struts  and  trans- 
mit possible  external  pressures  to  the  main 
steel  framework,  to  which  their  Inner  ends  are 
connected. 

On  the  east  side  of  the  building  the  lower  part 
of  the  wall  is  reinforced  by  vertical  24-inch  I- 
beams  3%  feet  apart  on  centers  and  30  feet 
long.  These  are  built  into  the  brickwork  with 
their  inner  flanges  flush  with  the  inner  face 
of  the  wall.  Their  lower  ends  are  seated  on  the 
rock  bottom,  which  was  here  excavated  5  feet 
below  the  cellar  floor  for  the  full  width  of  the 
sidewalk  vault.  Concrete  was  fllled  around 
the  bases  of  t-^ese  beams  and  the  foot  of  the 
wall  and  carried  up  to  the  cellar  level,  making 
a  horizontal  mass  5  feet  deep  and  about  20  feet 
wide,  which  provides  reaction  for  the  feet  of  the 
vertical  beams  and  securely  holds  the  lower 
part  of  the  wall.  The  brick  work  between  the 
beams,  although  laid  straight,  is  calculated  to 
act  like  vertical  arches  and  oppose  a  very  firm 
resistance  to  the  heaviest  pressure  which  it 
may  sustain  as  a  retaining  wall.  The  thrust  at 
the  upper  ends  of  the  beams  is  provided  for  by 
a  thick  floor  of  solid  concrete  with  heavy  hori- 
zontal beams  connected  with  the  interior  col- 
umns at  that  level.  The  bottom  of  the  exca- 
vation was  leveled  up  with  about  1  to  2 
feet  of  1:2:5  concrete.  In  it  were  laid  6-inch 
perforated  tile  drain  pipes  with  open  joints 
covered  with  broken  stone  and  intended  to  col- 
lect the  ground  water  and  deliver  it  to  sumps. 

On  the  center  line  of  the  retaining  walls  ribs 
about  12  inches  wide  and  6  inches  high  were 
made  in  the  top  of  the  floor  concrete  or  footing, 
so  as  to  key  the  latter  to  the  wall  and  prevent 
any  danger  of  the  wall  from  slipping  trans- 
versely on  the  waterprooflng,  which  it  was 
feared  might  act  as  a  lubricant.  The  upper 
surface  of  the  floor  concrete  is  covered  with  five 
thicknesses  of  felt  and  an  upper  layer  of  bur- 
lap, all  lapped  and  laid  In  hot  asphalt.  This 
extends  over  the  footings  of  the  vault  walls  and 
is  flashed  up  on  their  outer  faces,  where  it  con- 
tinues to  the  top  of  the  wall.  The  horizontal 
surface  of  the  waterproofing  is  covered  with 
6  inches  of  concrete  finished  with  1-inch  of 
cement  mortar  to  make  a  smooth  cellar  floor. 
Before  the  vault  walls  were  built,  perforated  6- 
inch  tile  drain  pipes  were  laid  around  their 
feet  on  the  outside  of  the  building  and  covered 
with  loose  stone  to  receive  all  water  which 
might  collect  there  and  carry  it  away,  so  as  to 
prevent  any  possibility  of  external  hydrostatic 
pressure  which  might  exert  a  tremendous  force 
at  this  depth  and  would  require  very  massive 
and  costly  construction  to  properly  brace 
against  it  if  it  were  permitted  to  develop.  The 
drain  pipes  are  connected  at  two  points  with 
cast-iron  pipes,  which  pass  through  the  walls 
and  deliver  into  the  sumps  that  receive  the  sub- 
floor  drainage  and  are  automatically  emptied  by 
electric  pumps.  These  pumps  now  discharge 
about  4,000  gallons  daily  and  the  water  is  ap- 
parently of  such  good  quality  that  an  analysis 
will  be  made  of  it,  and  it  may  be  found  possible 
to  make  use  of  it  instead  of  discharging  it  to 
the  sewer  as  is  at  present  done. 

Above  the  drain  pipes  the  space  between  the 
outer  face  of  me  vault  walls  and  the  irregular 
or  stepped  sloping  face  of  the  excavation  was 
back-fllled  with  a  solid  mass  of  rubble  masonry 
laid  up  in  cement  mortar.  The  inner  vertical 
sides  of  this  masonry  were  faced  with  4  inches 
of  brickwork,  which  afforded  a  smooth  surface 
on  which  the  waterproofing  was  carried  up  as 
the  work  advanced.  The  back-fllling  was  built 
simultaneously  with  the  inside  brick  walls,  and 
the  top  of  it  was  kept  a  few  inches  higher  than  ■ 
that  of  the  brickwork  to  facilitate  the  applica- 
tion of  the  waterprooflng. 

The  bricklayers  worked  on  ordinary  timber 
scaffolds   carried   up   along  the   Interior   faces 
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of  the  w&lls.  »8  shown  in  the  accompanying  il- 
lustration. Bricks  and  mortar  were  delivered 
to  them  from  the  street  level  by  means  of  ordi- 
nary hod  elevators  in  wooden  towers,  which 
alao  served  to  deliver  the  broken  rock  from 
ttM  bottom  of  the  pit  for  use  in  back-flUing. 
Aboot  500  cubic  yards  of  concrete  was  rciiulred 
in  the  substructure  of  the  building.  A  portion 
was  mixed  by  gravity  mixers,  but  most  of  it  was 
mixed  by  hand  at  street  level  and  was  delivered 
to  the  bottom  of  the  pit  through  a  wooden 
chute  at  the  north  end.  All  concrete  was  made 
with  Atlas  or  Vulcanite  cement,  which  was  also 
used  for  the  1 : 3  mortar  for  the  rubble  masonry. 
The  sand  and  cement  for  the  mortar  was  mixed 
dry  and  supplied  in  bags  by  the  cement  com- 
pany, which  delivered  it  several  times  a  day. 
This  did  not  materially  reduce  the  work  at  the 
site,  as  it  had  to  be  tempered  when  used,  but 
was  a  provision  required  by  the  architect. 

All  the  main  columns  have  extended-web  cast- 
steel  bases  seated  on  two  12-inch  courses  of 
granite.  These  courses  are'  made  with  single 
stones  from  6  to  about  S  feet  square,  and  with 
the  horizontal  surfaces  carefully  dressed.  The 
lower  stone  is  bedded  with  cement  mortar  on 
the  leveled  surface  of  the  hard  solid  rock  from 
8  to  7  feet  below  the  level  of  the  finished  cellar 
floor.  The  tops  of  the  upper  courses  were  very 
carefully  dressed  and  leveled  and  on  them  the 
heavy  baae  castings  were  seated  on  pairs  of 
wooden  wedges  which  elevated  them  not  more 
than  1  inch  above  the  surface  of  the  stone.  The 
castings  had  accurately  planed  upper  and  lower 
surfaces  and  were  adjusted  to  alignment  and 
height  by  repeated  observations  with  transit 
and  level.  References  were  made  to  an  estab- 
lished bench  mark,  and  the  height  of  each  cor- 
ner of  casting  was  very  accurately  measured 
and  adjusted  if  necessary  by  the  wedges  to 
absolute  uniformity,  so  that  the  top  of  the  base 
should  be  perfectly  horizontal  and  insure  verti- 
cality  in  the  columns,  which  were  so  tall  that 
any  deviation  from  a  plumb  line  would  be  a 
very  serious  matter.  Wooden  wedges  were 
used  because  if  any  were  accidentally  left  un- 
der the  columns  no  injury  could  result  while 
If  steel  wedges  were  left  there  the  loads  might 
be  concentrated  on  them  and  crack  the  stones 
or  the  castings. 

After  the  bases  were  thus  set,  clay  dams  were 
built  around  their  lower  flanges  and  the  space 
between  them  and  the  granite  footings  was 
filled  with  neat  cement  grout  After  this  had 
set,  the  wedges  were  removed  and  the  cavities 
left  by  them  were  filled  with  1 : 1  cement  mortar. 
The  column  footing  stones  in  many  instances 
were  carried  below  the  general  level  of  the  ex- 
cavation, and  the  small  pits  in  which  they  were 
■et  were  filled  with  concrete  which  was  carried 
up  to  the  level  of  the  upper  course  of  pier 
■tones.  Here,  before  the  column  base  was  set, 
waterproofing  was  carried  over  the  tops  of 
the  pier  stones  so  that  it  could  be  con- 
nected with  the  waterproofing  under  the  cel- 
lar floor  and  be  made  continuous  over  the 
whole  area  of  the  building.  It  was  feared  that 
If  the  felt  and  asphalt  waterproofing  which  was 
used  elsewhere  was  Inserted  between  the  col- 
umns and  their  footings,  that  the  great  weight 
of  the  former  would  practically  cut  it  in  two 
and  Invite  breakages  around  the  edges  of  the 
casting.  Toerefore  sheets  of  20-ounce  copper 
were  substituted  for  the  felt  at  these  points  and 
were  made  of  such  size  as  to  entirely  cover  the 
tops  of  the  stone  footings.  They  were  laid  di- 
rectly on  the  dressed  granite,  and  their  edges 
overlapped  on  all  sides  about  8  inches  on  the 
flrst  three  courses  of  the  feet,  whl;^b  was  lalO  be- 
tween the  columns.  The  column  bases  were  set 
on  top  of  the  copper  and  grouted  as  above  de- 
scribed. Later  the  waterproofing  was  laid  over 
the  remainder  of  the  excavation  and  the  con- 


crete floor  was  laid  on  it,  enclosing  the  column 
bases  and  the  base  plates  of  the  riveted  columns. 
■  Mr.  Cyrus  L.  W.  Eidlitz  is  the  architect  and 
the  George  A.  Fuller  Company  is  the  general 
contractor  for  the  building.  The  steel  was  fur- 
nished by  the  Carnegie  Steel  Company,  and 
the  excavation  was  made  by  the  Degnon  Con- 
tracting Company,  Mr.  H.  C.  Sanford,  chief 
engineer,  Mr.  E.  A.  Herrick,  superintendent, 
and  Mr.  W.  C.  Brlggs,  resident  engineer  in 
charge.  Mr.  L.  R.  Barras  and  Mr.  George 
Moyer  were  the  superintendents  successively 
In  charge  of  all  the  construction  and  erection. 
(To  be  continued.) 


Floating  Boom  at  the  Elgle   &   Phenix 
Mills,  Columbus,   Ga. 

Across  the  intakes  to  the  water  wheels  of  the 
Eagle  &  Phenix  Mills,  at  Columbus,  Ga.,  there 
is  an  interesting  type  of  floating  boom.  The 
water-power  development  for  this  industrial 
establishment  has  been  successively  enlarged  to 
provide  power  for  additional  mills  erected  from 
time  to  time.  There  ar«)  as  a  result  a  number 
of  independent  plants,  but  the  intakes  to  them 
are  now  arranged  for  the  greater  part  side  by 
side  at  the  end  of  a  long  dam  extending  across 
the  Chattahoocnee  River.  This  river  is  one  sub- 
ject to  frequent  and  considerable  changes  in 
level  and  also  carries  a  considerable  amount  of 
debris.    A  boom  to  divert  logs  and  floating  trees 
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Floating  Boom  and  Supporting  Crib. 

and  the  like  from  the  intakes  was  quite  neces- 
sary and  the  form  shown  in  the  accompanying 
engravings  has  been  in  use. 

The  boom  is  of  timber  construction,  as  shown, 
made  buoyant  by  the  use  of  kegs  placed  within 
it  at  intervals.  The  main  timbers  are  7x9 
inches  in  section,  the  horizontal  planking  hold- 
ing the  kegs  is  2i^xl6  inches  in  size,  and  the 
whole  is  surrounded  by  2-inch  planking.  The 
boom  is  submerged  very  nearly  to  the  top,  so 
as  to  prevent  logs,  for  example,  from  diving 
underneath  it,  and  the  downstream  sheathing 
of  the  timber  extends  some  6  inches  above  the 
general  top  to  act  as  a  shield  or  barrier  for 
catching  drift  and  trash  which  may  be  thrown 
or  hauled  upon  the  top  of  the  boom.  The  top 
of  the  planking  of  the  boom  serves  also  as  a 
walk  by  which  the  man  in  charge  may  get 
from  one  end  of  the  boom  to  the  other  and  lift 
up  the  collected  debris  upon  it.  From  time  to 
time  this  is  cleaned  up  and  carried  to  the  end 
of  the  boom  at  the  dam,  where  it  can  be  carried 
oft  by  the  current  of  the  river. 

The  boom  has  a  total  length  of  300  feet  and 
is  supported  in  its  position  by  three  cribs  filled 
with  loose  rock  ftnd  spaced  72  feet  apart  on 
centers,  against  which  it  slides  up  and  down 
with  the  changes  of  river  level.  It  is  further 
fixed  by  two  %-lnch  steel  cables  which  are  fas- 
tened at  intervals  to  the  top  flooring  of  the 
boom,  as  show  in  the  cross-section  drawing. 
At  the   shore   end    these   cables   are   anchored 


to  the  top  of  the  wall  and  drop  to  the  boom,  in 
the  manner  indicated  in  the  photograph,  and  at 
the  outer  or  dam  end  they  rise  vertically  to  a 
pier  at  that  point,  where  they  are  counterbal- 
anced or  "held  in  tension  by  means  of  weights. 
This  arrangement  provides  for  keeping  the 
cables  taut  with  the  periodic  rise  and  fall  of  the 
boom.  The  general  construction  of  the  rock- 
filled  cribs  is  also  shown,  together  with  the 
vertical  posts  against  which  the  boom  presses. 
They  are  about  11x14  feet  in  plan.  The  boom 
extends  outward  from  the  shore  wall  at  an 
angle  which  is  greater  than  that  which  would 
bring  it  in  a  straight  line  to  the  near  end  of  the 
dam.  At  a  point  about  210  feet  from  the  wall 
it  has  a  flexible  bend,  in  a  horizontal  plane,  the 
flexibility  being  furnished  through  the  twoi 
steel  cables  fastened  to  the  top,  and  the  re- 
maining 90  feet  lie  in  a  straight  line  to  the  pier 
at  he  end  of  the  dam.  The  use  of  the  flexible 
bend  gives  the  boom  a  capacity  to  adjust  itself 
in  position  with  respect  to  the  shore  and  dam 
and  crib  supports,  where  a  more  rigid  arrange- 
ment would  be  unsatisfactory  in  a  river  that  be- 
comes as  torrential  as  does  the  Chattahoochee. 


The  Louisville  Filters. 


As  considerable  interest  has  recently  been 
shown  in  the  probable  date  of  the  completion  of 
the  water  purification  system  at  Louisville,  Ky., 
it  is  of  interest  to  note  that  President  Charles 
R.  Long  of  the  Louisville  Water  Company  has 
recently  reported  on  the  subject  to  the  Board 
of  Aldermen.  He  fixes  the  date  for  the  com- 
pletion of  the  works  at  June,  1905,  and  explains 
the  reason  for  the  remoteness  of  the  time  when 
the  city  will  receive  filtered  water  as  follows: 

On  May  25,  1903,  this  company  placed  an  or- 
der with  the  Holly  Manufacturing  Company  for 
two  24,000,000-gallon  triple-expansion  pumps, 
six  boilers  and  a  crane,  to  be  ready  for  opera- 
tion in  March  and  June,  1905.  This  work  "re- 
quires a  longer  period  of  time  for  completion 
than  any  other  work  yet  to  be  done  to  complete 
the  entire  filter  system,  and  hence  the  data  to 
base  the  commencement  of  supplying  the  city 
and  citizens  with  flltered  water  rest  with  the 
progress  to  be  made  by  the  Holly  Manufacturing 
Company,  and  it  is  reasonably  expected  that 
said  company  wMl  perform  the  conditions  of  the 
contract,  and  flltered  water  will  be  supplied  the 
city  In  the  summer  or  fall  of  1905,  and  the 
work  finally  accepted  by  the  company  in  the 
summer  or  fall  of  1906.  The  work  of  construct- 
ing the  pumping  engines,  batteries  of  boilers, 
etc.,  by  the  Holly  Manufacturing  Company  is 
progressing  satisfactorily  at  their  plant  in  Buf- 
falo, N.  Y." 

The  foundations  for  the  pumping  station  were 
delayed  by  cold  weather,  but  It  is  expected  that 
they  will  be  completed  early  this  spring.  The 
coagulant  building  and  the  filters,  except  in 
some  minor  details  and  connections,  and  the 
clear-water  basins  and  filter-house  buildings, 
have  been  finished.  The  pumping  station 
building  and  the  standpipe  have  not  yet  been 
placed  under  contract. 

On  February  \i  Mr.  Charles  Hermany,  chief 
engineer  and  superintendent  of  the  company, 
took  frequent  samples  of  the  effluent  from  the 
company's  experimental  filter,  which  was  work- 
ing with  the  muddiest  raw  water  ever  expe- 
rienced in  the  company's  history.  His  report 
on  the  results  is  as  follows: 

"The  experimental  filter  has  been  constructed 
and  is  being  operated  to  conform  to  these  two 
cardinal  requirements;  that  is  to  say.  It  has  a 
sand  area  of  3.3  square  feet,  through  which  the 
water  is  filtered  uniformly  at  the  rate  of  7.5  gal- 
lons per  minute,  which  is  equivalent  to  a  rate 
of  l'»2, 320,000  gallons  per  twenty-four  hours  per 
acre  of  sand  surface.    This  rate  of  flow  is  con- 
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tinued  until  the  available  head  on  the  filter  (12 
feet)  has  been  exhausted,  when  more  head  is 
required.  Altering  is  suspended,  and  the  sand 
layer  is  washed.  The  filtering  might  be  con- 
tinued for  longer  periods  between  sand  wash- 
ings with  satisfactory  quality  of  effluent  and 
considerable  reduction  in  volume  of  wash  water 
and  weight  of  alum,  but  the  volume  of  effluent 
would  fall  in  rate  per  acre  per  twenty-four 
hours,  therefore  not  meeting  the  second  car- 
dinal requirement;  in  brief,  the  filter  has  been 
operated  longer  than  within  the  limits  that 
meet  the  two  cardinal  requirements  jointly. 

"The  filter,  when  being  operated  as  above 
stated,  nearly  invariably  gives  a  brilliant  efflu- 
ent; and  when  the  effluent  is  not  brilliant  it  is 
in  no  way  objectionable  in  appearance  or  taste. 
As  to  the  extent  or  degree  of  bacteria  removal, 
I  am  not  able  to  make  any  statement,  except  to 
say  that  I  think  it  will  be  found  that  when  the 
Ohio  river  water  has  been  coagulated  with  the 
use  of  alum,  L.tered  and  clarified,  it  will  be 
found  bacterially  to  be  satisfactory. 

"The  filters  in  process  of  construction  for  the 
Crescent  Hill  station  are  three  in  number,  the 
sand  area  of  each  being  one-tenth  of  an  acre, 
and  the  rate  of  filtration  by  them,  based  upon 
the  yield  from  the  experimental  filter,  would 
be,  for  each,  14,232,000  gallons  per  twenty-four 
hours.     Assuming  that  the  filters  would  have 


Notes  on  the  Water  Supply  of  London, 
England. 

In  1902  an  act  of  Parliament  provided  for 
the  apointment  of  a  Metropolitan  Water  Board 
to  take  over  and  operate  the  works  supplying 
Greater  London  with  water.  Hitherto  London 
has  been  supplied  by  private  water  companies, 
eight  in  all,  most  of  which  have  been  in  exist- 
ence for  over  a  century  and  one  of  them  for 
over  three  centuries.  Since  the  comparatively 
recent  appointment  of  the  Board,  negotiations 
have  been  in  progress  for  the  acquirement  of 
the  ownership  of  the  various  works  by  the 
Board.  Final  awards  in  the  cases  of  seven  com- 
panies have  been  made  by  the  Court  of  Arbitra- 
tion, and  this  has  been  made  the  occasion  for 
an  interesting  contribution  by  Mr.  Richard 
Price-Williams,  M.  Inst.  C.  E.,  in  a  recent  issue 
of  "Engineering."  Some  impressive  facts  as  to 
the  size,  rapid  growth  and  the  consumption  of 
water  of  the  English  metropolis  may  be  drawn 
from  this  artick. 

At  the  beginning  of  the  nineteenth  century 
the  population  supplied  by  the  eight  London 
water  companies  numbered  a  little  less  than 
1,000,000,  a  number  of  which  the  metropolis  has 
added  to  itself  in  each  of  the  last  three  decades, 
the  addition  during  the  last  decade  exceeding  a 
million.    The  Metropolitan  area  now  supplied 


Floating  Boom  at  Columbus,  Ga.,  Showing  Cribs  and  Cables. 


to  be  out  of  service  four  hours  (one-sixth  of 
the  time)  in  each  twenty-four  hours  for  wash- 
ing, the  yield  would  be  five-sixths  of  this  14,- 
232,000  gallons  for  each  filter;  that  is,  11,860,000 
gallons,  which  multiplied  by  three  will  give  a 
yield  of  35,580,000  gallons  per  twenty-four  hours 
at  such  times  as  the  water  in  the  river  is  of  the 
worst  quality,  such  as  we  are  having  now  and 
have  had  for  a  week  past. 

"I  claim,  therefore,  that  it  is  physically  a 
logical  conclusion,  and  in  business  a  safe  propo- 
sition to  say  that  the  filters  in  progress,  which 
are  being  constructed  upon  the  same  principle 
that  the  experimental  filter  has  been  con- 
structed, will  give  the  same  results  in  their 
practical  operation  as  regards  quality  of  the 
filtered  water  and  the  estimated  greater  vol- 
ume." 


The  Pavemk.nts  of  hie  Citv  of  London  con- 
sist principally  of  compressed  asphalt,  creosot- 
ed  deal  blocks  and  Australian  jarrah  wood 
blocks.  In  January,  1903,  a  standing  commit- 
tee of  the'  borough  councils,  known  as  the 
Metropolitan  Paving  Committee,  was  appointed 
to  collect  and  distribute  information  relating 
to  paving  materials  and  methods,  life,  wear, 
cost,  maintenance  and  suitability,  not  only  for 
the  city  proper,  but  also  for  the  various  metro- 
politan  boroughs. 


by  the  companies'  works  comprises  535,734 
acres,  or  about  837  square  miles,  the  population 
on  which,  according  to  the  last  census,  in  ,1901, 
amounted  to  6,750,000,  in  round  numbers,  a 
population  largely  in  excess  of  that  of  either 
Scotland  or  Ireland,  all  located  within  16  miles 
from  Charing  Cross.  At  a  constant  rate  of  in- 
crease of  18.18  per  cent,  per  decade,  an  excep- 
tionally low  rate,  which  applied  to  the  decade  of 
1891,  the  population  of  the  Metropolitan  area  in 
1941  would  reach  the  stupendous  total  of  13,- 
000,000.  The  Royal  Commission  on  the  water 
supply  of  the  Metropolis,  of  which  Lord  Balfour 
was  chairman,  estimated  that  the  population 
would  be  12,000,000  in  1941. 

On  this  increase  of  population,  Mr.  Price-Wil- 
liams makes  the  following  comment:  As  re- 
gards the  estimated  future  population  of  12,- 
000,000  in  1941,  based  on  the  late  Registrar- 
Cwieral's  prognosticated  constant  rate  of  in- 
crease, its  constancy  has  already  been  discredit- 
ed by  the  Census  returns  for  1901,  which  show 
a  continued  but  much-reduced  decrement  in  the 
rate  of  increase;  it,  however,  strikingly  makes 
manifest  what  few  people  fully  realize — that 
during  the  last  Census  decade,  with  its  still- 
continuing  decrease  in  the  rate  of  increase  of 
population,  London  has  in  that  short  space  of 
time  added  to  itself  the  largest  number  of  in- 
habitants on  record,  over  a  million  having  been 


added  within  the  area  supplied  by  the  London 
water  companies.  There  Is  everything  to  Indi- 
cate that  even  with  a  slight  continued  decre- 
ment in  the  rate  of  increase,  the  Water  Commis- 
sion's estimate  of  a  future  population  of  12,- 
000,000,  with  its  water  supply  requirements  of 
420,000,000  imperial  gallons  a  day  (the  limit  of 
the  present  available  sources  of  supply),  will  be 
reached  long  before  the  year  1941. 

The  main  sources  of  water  supply  are  the 
Thames  and  Lea,  a  limited  quantity  being  ob- 
tained from  springs  and  deep  wells  in  the  chalk. 
The  present  average  supply  from  all  sources  ex- 
ceeds 200,000,000  gallons  a  day,  or  about  76,- 
413,000,000  gallons  annually;  the  supply  has 
nearly  doubled  during  the  last  31  years,  the 
average  annual  rate  of  increase  during  that 
period  being  just  2%  per  cent. — a  rate  which,  if 
maintained,  would  again  double  the  quantity  In 
31.29  years.  By  the  end  of  this  31-year  period, 
the  present  available  sources  of  supply  would 
be  drawn  upon  for  the  full  quantity  which  they 
are  safely  capable  of  furnishing,  namely  420,- 
000,000  gallons  per  day,  divided  as  follows: 
Prom  the  River  Lea,  52,500,000  gallons;  from 
wells  in  the  Lea  Valley,  40,000,000;  from  wells 
in  Kent,  27,500,000,  and  from  the  Thames,  300,- 
000,000  gallons  per  day.  For  a  future  addi- 
tional supply  London  looks  to  the  mountain  re- 
gions in  North  Wales,  with  their  exceptionally 
high  rainfall  of  over  100  inches  annually. 

Discussing  the  capital  and  repair  expendi- 
tures of  the  companies,  Mr.  Price-Williams 
states  that  tne  capital  cost  of  the  London  water- 
works and  plant  in  the  aggregate  has,  during 
the  last  thirty-two  years,  averaged  260.771.  per 
million  imperial  gallons  of  annual  supply,  and 
the  average  annual  expenditure  on  repairs  and 
renewals  has,  during  that  time,  averaged  4.351. 
per  million  imperial  gallons.  It  follows  that 
with  such  annual  expenditure,  the  capital  cost 
of  the  whole  of  the  works  in  terms  of  per 
million  gallons  would  be  recouped  and  renewed 
in  about  sixty  years.  The  capital  in  terms  of 
per  million  gallons  has  slightly  ilicreased  of 
late  years  with  the  rapid  growth  of  the  water 
traffic;  but  the  annual  cost  of  repairs  and  re- 
newals has  kept  pace  with  it,  and  the  average 
serviceable  lite  period  of  the  operative  works 
has  remainea  almost  the  same.  But  with  the 
increased  cost  of  repairs  and  renewals,  the- 
operative  works  have  not  only  been  maintained 
in  a  state  of  efficiency,  but  have  been  replaced, 
when  their  serviceable  life  periods  have  been 
reached,  by  others  of  a  more  durable  and  power- 
ful type. 

That  water  purveying  in  London  has  been  a 
profitable  business  is  made  evident  by  the  fig- 
ures relating  to  income  and  expenditures.  The 
average  water  supply  charges  throughout  the 
entire  Metropolis  for  domestic  and  other  pur- 
poses are  by  no  means  excessive,  and  amounted 
in  1902  to  only  8.076d.  per  1,000  gallons,  while 
the  average  cost  to  the  companies  amounted  to 
3.770d.,  leaving  a  balance  of  4.306d.,  equivalent 
to  just  60  per  cent,  net  profit  to  the  water  com- 
panies, which  largely  contributed  to  make  up 
the  10  per  cent,  dividends  which  many  of  the 
companies  have  been  paying  on  their  ordinary 
stock  for  many  years.  The  secret,  in  fact,  of 
their  great  financial  success  has  been  the  excep- 
tionally low  but  fully  adequate  cost  of  the  water 
companies'  working  expenses,  which,  taken  in 
the  aggregate,  have  never  yet  during  the  last 
thirty-two  years  exceeded  48  per  cent  of  their 
receipts.  The  expenditure  in,  the  case  of  the 
Chelsea  and  Kent  Companies  have,  during  that 
period,  only  averaged  about  35  per  cent.  The 
smallness  of  this  full  and  sufficient  working 
expenditure  strikingly  contrasts  with  the  pres- 
ent 61  per  cent,  average  railway  working  ex- 
penditure in  England,  whereas  in  former  years 
50  per  cent,  used  to  be  regarded  as  a  maximum. 
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Extensions     of     Brooklyn     Sewerage 

System;  Ninety-Second  Street 

Trunk  Sewer. — I. 


Tbe  Ninety-second  Street  sewer  is  one  of 
the  Important  new  trunk  sewers '  now  under 
eonstruoUon  in  the  Borough  of  Brooklyn,  New 
York  City,  which  were  mentioned  in  the  ar- 
ticle on  the  extensions  of  the  Brooklyn  sewer- 
mge  system  printed  April  16.  it  will  drain  a 
territory  of  about  1.904  acres  area  in  the  ex- 
treme southwesterly  pan  of  the  borough,  in- 
cluding the  Bay  Ridge  and  Fort  Hamilton  dis- 
tricts, and  will  discbarge  storm  water  and 
booae  sewage  into  the  part  of  New  York  Bay 
kBOwa  as  the  Narrows,  between  Long  and 
Staten  islands.  This  sewer  is  almost  wholly  in 
tunnel,  with  16-inch  brick  lining.  10.  10  Vj  and 
11-feet  in  internal  diameter,  and  has  a  total 
length  of  6,342  feet,  extending  under  Ninety- 
second  Street  from  EHeventh  Arenue  to  the 
bulkhead  line  at  the  water  front,  piercing  a  low 
ridge  with  a  summit  elevation,  on  the  line  of 
Ninety-second  Street,  of  about  83  feet  above 
datum,  which  is  mean  high  water  in  the  bay. 


the  invert  at  the  outfall  is  — 1.  thus  giving  a 
tour  drop  of  4  feet  in  6.108  feet,  which  makes 
fhe  grade  which  is  uniform,  .00065488. 

The  maximum  depth  of  the  finished  tunnel 
invert  is  about  85  feet,  and  the  minimum 
depth,  at  the  upper  end,  is  about  38  feet  below 
the  present  surface  of  the  ground.  This  ne- 
cessitated very  deep  manhole;,  and  conse- 
quently they  are  spaced  farther  apart  than  is 
the  usual  practice  in  Brooklyn,  as  explained 
in  the  preceding  article.  The  maximum  dis- 
tance between  two  consecutive  manholes  is 
900  feet,  this  stretch  spanning  the  crest  of 
the  ridge;  the  maximum  depth  is  about  83  feet. 
There  are  eleven  manholes  altogether  into  the 
tunnel,  four  of  which  are  shafts  for  construc- 
tion purposes.  Besides  these  there  are  to  be 
three  manholes  In  the  outlet. 

In  plan  the  sewer  is  not  straight,  since  it  fol- 
lows the  street,  which  has  one  bend  and  two 
offsets  in  the  part  under  consideration. 
The  tunnel  passes  the  bend,  which  is  a  deflec- 
tion of  about  30  degrees,  at  a  point  630  feet 
from  the  outlet  and  of  the  sewer,  by  a  curve 
of  100  feet  radius.  At  Third  Avenue,  about 
2,600  feet  from  the  outlet,  the  parts  of  Ninety- 


several  novel  points  and  a  number  of  advan- 
tages, among  which  may  be  mentioned  the  re- 
covery of  most  of  the  timber  used  in  driving 
the  tunnel  so  that  it  may  be  used  over  and 
over  again;  the  conforming  of  the  inside  of  the 
excavation  very  closely  to  the  shape  and  the 
size  of  the  outside  of  the  brickwork  of  the 
sewer;  freer  space  for  the  brick  masons  to 
work  in;  the  reduction  of  all  timbers,  excepting 
the  wall  plates,  to  sizes  which  can  be  handled 
by  one  or  two  men.  and  greater  safety  and  ra- 
pidity of  construction  than  can  be  realized 
with  the  ordinary  methods  of  soft-ground  tun- 
neling. These  advantages  result  in  considera- 
ble economy.  Some  of  the  features  of  the 
method  are  indicated  by  the  accompanying 
photographs  and  are  described  in  some  detail 
below. 

The  ground  through  which  the  tunnel  is  be- 
ing driven  is  a  modified  drift,  the  material 
varying  from  a  fine  running  sand  to  coarse 
gravel  and  clay.  Boulders  have  been  found  in 
a  number  of  places,  usually  about  14  to  %  cubic 
yard  in  volume  or  less  with  a  few  larger  ones, 
the  maximum  being  about  3  cubic  yards.  These 
boulders  are  of  hard  trap  rock  and  have  caused 


Brooklyn  Sewers:  Head  House  at  Shaft  Number  Two;  Method  of  Sinking  and  Timbering  Shaft  Number  Three. 


At  the  bay  front  tbe  shore  rises  abruptly  as 
a  bluff  to  a  height  of  nearly  50  feet  above  mean 
Ugh  water,  and  beyond  tbe  face  of  this  bluff 
for  a  distance  of  about  240  feet  out  into  the 
water,  to  a  point  where  the  depth  of  water  is 
about  15  feet  below  mean  high  tide,  the  sewer 
is  to  be  supported  on  piles  driven  into  the  hard 
gravelly  bottom.  This  portion  of  the  sewer  Is 
to  be  of  special  construction,  of  brick  and  rein- 
forced concrete.  The  strong  prevailing  cur- 
renta  iNUMing  the  outlet  will  carry  the  sewage 
rapidly  into  the  lower  bay,  and  the  dilution  will 
be  ao  great  that  treatment  will  be  unnecessary. 

At  the  inland  end  of  the  portion  of  this 
trunk  sewer  now  under  construction,  a  brick 
bulkhead  is  to  be  built,  which  can  be  removed 
whenever  It  becomes  desirable  for  the  purpose 
of  extending  the  sewer.  Two  more  sections 
of  this  sewer  extending  farther  Inland  have 
been  contracted  for,  but  active  construction  has 
not  yet  begun  on  either  section.  The  total  cost 
of  all  three  contracts  will  be  somewhat  over 
$1,021,800.  At  the  Inland  end  of  the  portion 
ander  construction  the  street  surface  is  about 
39  feet  above  mean  high  water  and  the  invert 
of  the  sewer  Is  Just  af  datum.    The  elevation  of 


second  Street  on  opposite  sides  of  the  avenue 
are  offset  about  100  feet  and  have  a  difference 
of  direction  of  about  17  degrees.  This  change 
of  direction  is  overcome  by  a  reverse  curve 
having  radii  of  100  feet.  At  Seventh  Avenue, 
about  5,900  feet  from  the  outlet,  there  Is  a  sim- 
ilar deflection,  but  much  less  in  degree,  the 
offset  l>elng  only  50  feet  and  the  change  of  di- 
rection about  Syi  degrees.  Here  the  tunnel  has 
a  second  reverse  curve  with  radii  of  100  feet. 
The  two  simple  curves  of  the  first  reversed 
curve  are  separated  by  a  tangent  65  feet  long, 
and  at  the  second  place  there  Is  a  tangent  60 
feet  long  between  the  two  curves.  At  each 
end  of  the  reverse  curves  there  is  a  manhole. 
These  curves  have  been  successfully  con- 
structed and  present  a  neat  appearance  Inside. 
The  contract  for  this  first  section  of  the 
sewer  was  awarded  to  James  Malloy  &  Com- 
pany, of  Brooklyn,  late  In  1902,  but  active  con- 
struction was  not  begun  until  March  16,  1903; 
at  the  present  date  about  three-fourths  of  the 
portion  of  the  sewer  under  this  contract  have 
been  completed.  The  contractors'  method  of 
tunneling,  which  was  devised  by  Mr.  J.  F. 
Cogan,  one  of  the  members  of  the  firm,  has 


considerable  annoyance  in  some  places.  In 
many  places  there  has  been  sufficient  clay  in 
the  drift  to  make  it  a  stiff  material  almost  like 
hardpan,  requiring  picking.  Most  of  the  mate- 
rial, however,  has  been  easily  shoveled  and 
has  usually  required  close  boarding  at  the 
breasts  of  the  headings. 

The  principal  difficulty  has  been  caused  by 
water,  as  much  as  500,000  gallons  per  day  on 
an  average  having  been  pumped  at  times  from 
the  open  portion  of  the  tunnel  between  shaft 
No.  2  and  the  bluff.  In  other  places,  however, 
one  or  two  Edson  diaphragm  pumps  have  been 
found  sufficient.  For  handling  the  larger  quan- 
tities of  water  Cameron  steam  pumps  and 
sinking  pumps  have  been  used  exclusively.  In 
some  places  it  has  been  necessary  to  use  two 
8-inch  pumps.  One  interesting  pump  installa- 
tion was  found  in  the  tunnel  about  800  feet 
from  Shaft  No.  2,  being  supplied  with  steam 
from  a  boiler  at  the  head  of  the  shaft.  The 
steam,  at  80  pounds  pressure  at  the  boiler,  is 
conducted  through  a  1%-lnch  bare  wrought- 
iron  pipe  to  within  a  few  feet  of  the  pump, 
where  the  pipe  is  reduced  to  %  inch  for  con- 
nection to  the  pump,  the  steam  end  of  which 
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Is  very  small.  The  duty  of  this  pump  Is  very 
light,  the  purpose  being  to  draw  the  water  from 
the  sump  in  the  heading  and  discharge  It  at  a 
convenient  point  into  the  drain  in  the  finished 
portion  of  the  sewer  leading  to  the  sump  at 
the  foot  of  the  shaft.  The  suction  of  this  pump 
Is  5  inches  in  diameter,  and  when  seen  by  a 
representative  of  this  paper  was  about  100  feet 
long.  The  lilt  was  only  about  4  feet  and  the 
discharge  pipe  into  the  drain  was  not  more 
than  4  or  5  feet  long.  The  exhaust  steam  was 
turned  into  the  discharge  pipe  and  so  thor- 
oughly condensed  by  the  very  cold  water  that 
no  vapor  was  noticeable  anywhere  about  the 
pump.  The  exhaust  steam  of  all  the  other 
pumps  used  underground  is  turned  into  the 
suction  pipe  close  to  the  pump.  Mr.  Cogan  has 
used  this  method  for  four  or  five  years  with  ex- 
cellent succes,  and  it  has  the  decided  advan- 
tage of  keeping  the  air  of  the  tunnel  free  of 
vapor. 

In  the  system  of  tunneling  used  all  the 
timber,  excepting  the  poling  boards  or  lagging 
above  the  springing  line  and  the  cradle  below 
the  springing  line,  the  wall  plates  and  the  short 
props  or  posts  supporting  the  wall  plates,  is 
removed  as  the  brickwork  is  built  and  is  avail- 
able for  further  use.     The  heading  which   in- 


The  vertical  leg  of  the  cap  fits  into  a  slot  cut 
into  the  top  of  each  post,  and  four  lugs  riveted 
to  the  vertical  leg  bear  against  the  inside  faces 
of  the  posts,  thus  holding  them  apart  at  the  top. 
Poling  boards  are  inserted  over  the  top  of  the 
cap  and  driven  forward  as  the  work  advances. 
Side  boards  are  placed  against  the  backs  of  the 
posts,  if  necessary,  and  usually  one  or  two  such 
boards  are  used  as  a  matter  of  precaution,  even 
in  stiff  earth. 

Following  the  adit  in  the  center  of  the  head- 
ing, the  material  at  each  side  is  removed  and 
the  lagging  carried  down  to  the  proper  level  for 
placing  the  wall  plates,  the  lower  boards  being 
carried  out  from  the  circle  of  the  sewer  so 
that  the  wall  plates  may  be  placed  inside  of 
them.  The  wall  plates  are  placed  with  their 
tops  1  foot  below  the  springing  line,  and  are  set 
very  accurately  to  grade  and  so  that  their  inner 
faces  will  be  just  outside  the  brickwork.  The 
wall  plates  are  8xl0-inch  timbers  16  to  25  feet 
long,  depending  upon  the  nature  of  the  ground, 
and,  in  order  to  place  them,  a  trench  is  dug 
at  each  side  of  the  bench.  In  firm  ground  the 
plates  have  sometimes  been  placed  directly 
upon  a  ledge  cut  in  the  earth,  using  only  such 
wedging  and  blocking  as  may  be  necessary  to 
bring  the  plate  exactly  to  grade  and  give  it  a 


the  lower  ends  of  the  inclined  pieces  resting  on 
the  wall  plates.  The  brickwork  is  built  around 
these  ends,  and,  when  the  arch  has  been  com- 
pleted, the  timbers  are  removed  and  the  holes 
thus  caused  in  the  brickwork  are  filled.  These 
holes,  it  will  be  perceived,  come  very  near  the 
springing  line  and  consequently  do  not  mate- 
rially weaken  the  structure.  By  toothing  the 
work  at  these  places  the  holes  are  so  neatly  and 
solidly  filled  as  not  to  be  readily  noticeable. 

As  soon  as  a  frame  of  segment  timbers  is 
placed,,  small  timbers  cut  to  fit  approximately 
the  inside  of  the  lagging  are  placed  in  position 
directly  over  the  segment  timbers,  carefully 
plumbed  and  thoroughly  braced  from  the  seg- 
ment timbers  by  radial  braces,  which  are 
wedged  so  as  to  take  all  the  pressure  of  the 
surrounding  earth,  thus  permitting  the  tem- 
porary posts  and  the  steel  caps  to  be  removed. 
These  secondary  braces  and  timbers,  as  they 
may  be  called,  set  on  the  segment  timbers,  are 
removed  piece  by  piece  as  the  brickwork  is  car- 
ried up.  Some  apprehension  was  felt  at  first 
that  these  secondary  braces  might  slip  longi- 
tudinally under  the  roof  load,  but  no  such  move- 
ment has  been  detected.  At  the  middle  of  the 
horizontal  segment  timber  the  upright  braces 
on  top  of  it  are  far  enough  apart  to  leave  abund- 
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eludes  very  nearly  the  upper  half  of  the  sewer 
Is  taken  out  first  and  then  the  bench  is  exca- 
vated and  the  bottom  prepared  for  the  brick- 
work in  lengths  of  16  to  25  feet,  according  to 
the  nature  of  the  ground.  The  miners  first 
drive  an  adit  in  the  center  of  the  top  of  the 
heading  and  set  pairs  of  6x8-inch  posts  Tj/^  feet 
long  4  feet  apart  in  the  clear  on  6xl2-inch  sills 
placed  transversely  to  the  tunnel  axis,  the 
pairs  of  posts  being  spaced  about  i%  feet  on 
centers  longitudinally.  The  tops  of  these  posts 
are  beveled,  as  indicated  in  one  of  the  pictures, 
and  on  top  of  each  pair  is  placed  a  ring  of 
angle  irons  to  serve  as  a  cap. 

These  caps  are  made  up  of  two  3'/ix3-inch 
angles  placed  back  to  back  to  form  a  T-shaped 
section.  Each  cap  is  made  in  three  pieces,  the 
middle  or  crown  piece  being  8  feet  long  and  the 
two  side  pieces  each  6  feet.  The  pieces  are 
connected  by  fish  plates  of  angle  irons,  with 
four  bolts  at  each  joint.  The  caps  are  curved 
so  that  the  radius  of  their  top  flanges  is  slightly 
greater  than  that  of  the  outside  of  the  sewer 
brickwork,  the  radius  in  the  11-foot  portion  of 
the  tunnel  being  14  feet,  while  that  of  the  out- 
side of  the  sewer  is  nominally  13  feet  8  inches. 


firm  bearing  throughout  its  length.  Usually, 
however,  short  posts  or  props  of  round  timber 
have  been  placed  under  the  plate  by  digging 
small  pockets,  these  props  being  set  under  the 
frames  of  permanent  timbers.  These  props, 
however,  are  not  placed  until  after  the  frames 
of  timbers  resting  on  the  plate  have  been  set. 

As  soon  as  possible  after  the  wall  plates  are 
set,  the  frames  of  segment  timbers,  as  they  are 
called,  are  set  upon  them  close  to  the  temporary 
bents  of  posts  and  angle-iron  caps  just  men- 
tioned. The  frames  of  segment  timbers  each 
consist  of  three  pieces  of  lOxlO-inch  spruce,  a 
horizontal  or  cap  piece  and  two  inclined  pieces, 
the  abutting  ends  being  beveled  to  make  the 
miter  joint.  The  lower  ends  of  the  inclined 
pieces  are  cut  to  a  uniform  bevel  and  are  set 
on  wedge  blocks  on  the  wall  plates.  All  the 
segment  timbers  are  cut  to  exact  size  in  the 
contractors'  shop  and  any  inequalities  due  to 
slight  inaccuracies  in  placing  the  plates  or  do- 
ing other  parts  of  the  work  are  made  up  by 
driving  small  wedges  between  the  wedge  block 
and  the  wall  plates.  These  frames  are  placed 
4%  feet  apart  on  centers  and  are  designed  to 
come  inside  the  finished   brickwork,  excepting 


ant  room  for  the  brick  masons  to  work  in  when, 
keying  the  arch. 

The  weight  of  the  roof  having  been  taken  on 
to  the  segment  timbers  and  beihg  transferred 
through  them  to  the  wall  plates,  the  bench  can 
be  removed  without  interfering  with  any  of  the 
permanent  timbers.  Just  before  excavating 
the  portion  of  the  bench  remaining  between 
the  side  trenches,  at  any  given  point,  the  props 
mentioned  above  are  placed  under  the  wall 
plate,  one  beneath  each  end  of  each  frame  of 
segment  timbers.  Of  course,  both  the  tem- 
porary and  the  permanent  timber  bents  are 
braced  longitudinally  by  stretcher  timbers.  A 
small  amount  of  settlement  is  unavoidable,  but 
even  in  the  softest  ground  this  has  not  exceed- 
ed 6  inches  and  very  frequently  has  not  been 
over  2  inches  altogether.  Proper  allowance  for 
this  settlement  is  made  when  placing  the  ver- 
tical posts  and  steel  caps. 

The  bench  excavation  is  completed,  the  bot- 
tom formed  to  fit  the  outside  of  the  sewer  and 
the  2-inch  spruce  cradling  placed  in  lengths  of 
16  to  25  feet,  according  to  the  nature  of  the 
materials.  The  first  step  in  preparing  such  a 
section  of  bottom  is  the  digging  of  a  sump  hole 
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to  vhich  the  water  ib«t  be  drained  so  as  to 
keep  the  material  as  sound  as  possible.  The 
brick  maaooa  bnild  the  Invert  as  soon  as  the 
cradle  has  been  placed.  The  arch  is  built  sub- 
■eQuently  and  is  usually  kept  within  20  feet  or 
so  of  the  end  of  the  inrert.  Since  the  weight 
ot  the  roof  is  carried  by  the  segment  timbers 
to  the  wall  plate,  the  centers  for  the  brick  arch 
can  be  conTcnlently  set  as  there  are  fewer  Um- 
bers to  interfere  than  in  the  ordinary  systems 
of  tunneling.  The  centers  are  made  of  two 
piece*  of  2xl(.viiich  -spruce,  spiked  together  and 
cut  to  the  proper  radius.  These  centers  are 
supported  on  light  frames  of  2-inch  stuff  set 
OB  the  lower  part  of  the  sewer  and  braced  in 
position,  the  centers  being  held  by  nailing  them 
to  the  segment  timbers.  The  weight  of  the 
new  brickwork  is  transmitted  t6  the  segment 
timbers  by  blocking  placed  between  the  timbers 
and  the  lagging,  so  that  little  or  none  of  this 
load  goes  to  the  frames  under  the  ends  of  the 
centers.  The  centers  are  thus  about  4^  feet 
apart,  and  in  order  to  secure  a  true  surface  for 
the  brickwork,  2x4-inch  lagging  is  used.  The 
brickwork  is  all  laid  in  Portland  cement  mor- 
tar, for  which  Stettin-Glrstow  Portland  cement 
has  been  used  mostly.  Alpha,  Atlas  and  Giant 
cements,  however,  have  also  been  used  to  some 
extent 

The  plans  and  specifications  provided  for 
using  concrete  to  fill  the  spaces  outside  of  the 
required  four  rings  of  brickwork,  but  with  the 
method  of  tunneling  used,  the  excavation  has 
been  kept  so  close  to  the  required  size  that  the 
contractor  has  found  it  more  convenient  and 
economical  to  build  the  brickwork  directly 
against  the  lagging  or  poling  boards.  That  the 
method  of  construction  is  proving  successful 
•eems  evident  from  the  fact  that  no  cracks  have 
been  detected  In  the  brickwork  thus  far  con- 
structed. F\irthermore  there  have  been  no  ac- 
cidents chargeable  to  the  method ;  two  men  have 
been  killed  at  the  shaft,  one  by  being  struck  by 
a  plank  thrown  down  from  above  and  the  other 
by  being  hit  by  the  descending  cage. 

An  incidental  advantage  of  this  type  of  tun- 
nel construction  is  that  is  simplifies  the  work 
of  giving  line  and  grade.  The  center  line  is 
marked  by  the  engineers  by  driving  nails  in  the 
poling  boards.  These  are  tested  from  time  to 
time.  Grade  is  marked  on  each  of  the  vertical 
posts  of  the  temporary  timber  sets.  The  steel 
angle  caps  being  bent  accurately  to  form  and 
having  the  point  in  the  center  line  plainly 
marked  on  them,  can  thus  be  set  exactly  to  po- 
sition, and  they  determine  the  form  and  loca- 
tion of  the  sewer.  To  set  the  wall  plates  ac- 
cnrately,  two  carefully  prepared  measuring 
■ticks  and  a  plumb-bob  line  are  used,  the  three 
forming  the  sides  of  a  right-angle  triangle,  the 
apex  of  which  is  at  the  center  line  of  the 
crown  of  the  sewer  and  the  other  acute 
angle  at  the  upper  Inner  corner  of  the  wall 
plate.  The  measuring  sticks  having  once  been 
carefully  prepared  and  checked  by  the  engi- 
neers, no  measurements  are  left  to  be  made  by 
the  foreman  or  miners.  In  order  to  determine 
the  location  of  any  important  part  of  the  work. 
Of  coarse,  as  the  work  progresses  up  to  the 
laying  of  the  brick,  the  line  and  grade  are  care- 
fully checked  from  time  to  time  by  the  en- 
gineer's party.  So  far  the  line  has  been  car- 
ried through  very  successfully,  the  meeting 
between  the  headings  from  shafts  Nos.  2  and  3 
being  exact,  and  the  line  carried  from  shaft 
No.  1  to  the  face  of  the  bluff  also  checked  out 
with  no  appreciable  error. 

The  shafts  have  been  made  of  liberal  dimen- 
sions and  have  been  closely  sheeted  and 
strongly  timbered,  the  only  unusual  feature  be- 
ing that  the  main  timbering  for  the  shafts  is 
supported  on  segment  timbers,  and  carried  to 


the  wall  plates  Just  as  the  roof  load  is  supported 
in  the  tunnel.  The  wall  plates  being  securely 
held  by  the  invert  masonry  of  the  tunnel,  this 
method  furnishes  a  very  stable  support.  The 
cages  are  operated  by  Lidgerwood  hoisting  en- 
gines. At  the  bottoms  of  the  shafts  and  at  the 
bottoms  of  the  other  manholes  the  masonry  is 
carried  to  a  greater  depth  and  the  invert  is 
made  with  granite  paving  blocks.  Adequate 
support  is  thus  provided  for  the  tall  shaft  of 
the  manhole  with  its  heavy  load  of  masonry, 
and  the  paving  blocks  will  afford  better  resist- 
ance to  the  abrasion  which  will  be  caused  by 
the  falling  sewage  discharged  by  connections 
to  be  made  into  the  upper  part  of  the  manhole. 
At  the  manholes  other  than  those  used  as 
shafts,  the  special  construction  at  the  bottom 
is  put  in  as  the  tunnel  progresses.  This  has 
required  one  or  two  spiecial  features  in  tho 
method  of  timbering  at  these  points.  At  the 
bottom  of  each  manhole  two  or  three  frames 
of  larger  segment  timbers  are  used  and  the  roof 
is  carried  out  flat,  so  as  to  provide  for  building 
up  the  walls  of  the  manhole,  by  using  two  long 
crown  bars  of  round  timber  placed  parallel  to 
the  tunnel  axis  and  firmly  supported  at  each 
end  on  the  top  of  the  sewer  arch  on  either  side 
of   the   manhole.    Over  these  bars   horizontal 
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into  cars  at  the  surface  on  a  narrow-gauge  track 
running  alongside.  This  method,  however,  is 
used  only  for  the  work  at  and  near  the  shaft; 
cars  will  be  used  below  as  the  headings  re- 
cede from  the  shaft.  In  the  headings  as  soon 
as  the  brick  Invert  is  completed,  excavated  ma- 
terial is  placed  upon  it  to  a  depth  of  between 
2  and  3  feet  and  graded  to  receive  a  track. 

The  tunnel  is  well  lighted  by  incandescent 
lamps,  the  current  for  which  in  all  of  the  head- 
ings is  furnished  from  one  Edison  dynamo 
driven  by  a  Donegan  &  Swift  horizontal  en- 
gine at  the  central  power  plant,  now  located 
at  shaft  No.  2.  The  electric  light  wires  are 
carried  to  the  other  shafts  on  short  uprights 
and  cross-arms  fastened  to  the  tops  of  the  poles 
of  the  street  telegraph  line. 

About  fifteen  men  are  employed  in  each  shift 
in  each  heading  on  the  excavating  and  timber- 
ing. The  total  force  on  the  work  numbers 
about  150,  including  the  men  at  the  wharf,  the 
men  at  the  odd  jobs  and  the  brick  masons.  The 
brick  masons  work  in  two  eight-hour  shifts  and 
the  other  laborers  in  the  headings  and  at  the 
shafts  in  two  ten-hour  shifts.  In  addition  to 
their  regular  wages  the  men  are  paid  a  bonus  for 
each  foot  of  completed  sewer  built  each  month 
in  each  heading  in  excess  of  90  feet.  The  best 
month's  record  was  made  during  March,  when 
the  two  shifts  in  one  heading  completed  151  feet. 
On  the  average,  with  operations  in  full  progress 
in  three  headings,  400  feet  of  sewer  are  finished 
each  month. 
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Plan  of  a  Pier  of  the  Cuivre  River  Bridge  Showing  Steel  Sheet  Piling    and  Cutwater. 


poling  boards  are  driven  at  right  angles  to  the 
axis  of  the  tunnel.  At  a  convenient  time  a 
small  shaft  can  be  sunk  from  the  surface  of  the 
street  and  the  walls  of  the  manhole  built  up 
from  the  foundation  masonry  previously  placed. 
The  large  amount  of  sand  and  gravel  re- 
moved from  the  tunnel  is  being  used  for  filling 
low  places  and  swamp  holes  in  lots  along  and 
near  Ninety-second  Street,  principally.  At  the 
heading  the  material  Is  shoveled  into  steel 
dump  cars  of  Either  the  Arthur  Koppel  or  the 
Stuebner  Iron  Works  make  and  hauled  to  the 
foot  of  the  shaft  by  a  horse  or  mule.  The  cars 
have  been  hoisted  on  cages  at  most  of  the 
shafts  to  an  elevated  trestle  and  then  pushed 
by  hand  out  to  an  elevated  dumping  board 
which  discharges  into  the  carts.  Coarse 
screens  of  steel  bars  were  placed  in  the  bot- 
tom of  one  or  two  of  the  dumping  boards  so 
that  when  material  containing  good  sand  was 
found  it  could  be  passed  over  the  screen,  thus 
separating  the  sand  from  the  larger  stones.  In 
this  way  most  of  the  sand  required  for  the  mor- 
tar has  been  obtained  from  the  excavated  ma- 
terials. It  has  been  screened  a  second  time 
by  hand.  At  one  shaft  material  is  being  hoisted 
in    one-cubic-yard    steel    buckets   and    dumped 


One  of  the  accompanying  illustrations  shows 
the  cage,  car,  pump  and  the  method  of  timber- 
ing at  the  foot  of  shaft  No.  2,  where  the  diam- 
eter of  the  sewer  changes  from  11  feet  to  10 
feet  6  inches.  Another  photograph,  as  already 
mentioned,  shows  the  first  operations  in  exca- 
vating and  timbering  in  the  top  of  a  drift  from 
shaft  No.  2.  A  portion  of  the  head-house  and 
the  elevated  track  and  boards  for  dumping  ma- 
terials at  shaft  No.  2  is  shown  by  a  third  illus- 
tration, and  a  fourth  picture  shows  the  method 
of  removing  the  materials  from  shaft  No.  3  be- 
fore the  installation  of  the  head-house.  This 
sewer,  in  common  with  all  the  extensions  of  the 
Brooklyn  sewerage  system  now  in  progress  of 
construction,  was  designed  and  is  being  built 
under  the  direction  of  Mr.  Henry  R.  Asserson, 
M.  Am.  Soc.  C.  B.,  chief  engineer  of  sewers, 
borough  of  Brooklyn.  The  work  was  begun  un- 
der Mr.  William  T.  Bruorton  as  division  engi- 
neer, but  after  his  death  late  in  December.  1903, 
Mr.  George  W.  Cadmus,  his  principal  assistant, 
became  division  engineer.  Messrs.  James  Mal- 
loy  &  Company,  of  Brooklyn,  are  the  contract- 
ors and  Mr.  J.  F.  Cogan,  of  the  firm.  Is  in  imme- 
diate charge  of  the  work. 

(To  be  continued.) 
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Interlocking  Steel  Sheet  Piles  for  Bridge 
Pier   Cofferdams. 


Bridge  No.  6,052  carries  a  single  track  of  tlie 
old  Monroe-Mexico  branch  of  the  Chicago,  Bur- 
lington &  Quincy  Railway  over  the  Culvre 
River,  at  Moscow  Mills,  about  GO  miles  from  St. 
Louis.  The  superstructure  consists  of  three 
deck  105-foot  plate-girder  main  spans  and  two 
70-foot  4-inch  deck  plate  girder  end  spans.  The 
substructure  consists  of  six  concrete  piers  re- 
inforced with  vertical  corrugated  steel  bars. 
The  end  piers  are  41  and  43  feet  in  height  and 
have  pile  footings  driven  to  solid  rock.  They 
rise  30  feet  above  the  original  surface  of  the 
ground  and  are  protected  by  riprap  slopes  about 
10  feet  high.  Two  of  the  intermediate  piers  are 
in  the  river  bed  and  two  are  on  the  banks;  all 
of  them  are  carried  dovn  to  the  foundations  on 
the  solid  rock  from  70  to  75  feet  below  the  base 
of  rail. 

The  two  river  piers  are  about  10  feet  wide 
and  25  feet  long  on  top  with  the  upstream  end 


The  shore  piers  are  similar  to  the  river  piers 
except  that  on  one  side  of  the  center  longitudi- 
nal line  there  is  a  5xl2-foot  concrete  pedestal 
built  up  5  feet  above  the  top  of  the  pier  to  sup- 
port the  ends  of  the  shore  span  girders,  which 
are  not  so  deep  as  those  of  the  river  span.  The 
land  piers,  between  the  steel  superstructure  and 
the  tresile  approaches,  have  rectangular  cross- 
sections  7  feet  wide  on  top,  12%  feet  wide  at 
the  bottom  of  the  footing  and  33  feet  long. 
Their  ends  are  plumb  and  their  sides  are  bat- 
tered, and  they  are  seated  on  the  pile  tops  about 
12  feet  below  the  surface  of  the  ground. 

The  depth  of  the  river  at  the  pier  sites  varies 
from  about  3  to  25  feet,  and  is  subject  to  sudden 
floods.  The  soil  is  principally  coarse  sand, 
gravel  and  boulders,  in  which  it  would  be  im- 
possible to  drive  ordinary  sheet  piling.  It  was 
determined  to  build  the  main  piers  in  open  cof- 
ferdams constructed  with  interlocking  steel 
channel  piles,  which  were  easily  driven  and 
were  considered  very  satisfactory  by  the  con- 
tractors.     As   the   site    was    remote    from   any 
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pointed  like  a  Gothic  arch  and  the  downstream 
end  rounded  to  a  semicircle,  as  shown  In  the 
cofferdam  plan.  There  is  no  coping  or  mould- 
ing at  the  top,  and  the  shaft  45  feet  high  bat- 
ters equally  on  all  sides  to  a  width  and  length 
of  about  14%  and  30  feet  where  it  is  seated  on 
the  top  of  the  seven-sided  footing.  This  foot- 
ing is  made  in  two  offset  courses  each  about  8 
feet  high  witn  the  sides  parallel  to  those  of  the 
cofferdam  and  about  2  feet  distant  from  them 
at  the  foot.  The  reinforcement  bars  are  ar- 
ranged, as  indicated  in  plan,  about  2  feet  apart 
on  centers  and  are  parallel  to  the  battered  sides 
of  the  pier.  Each  rod  is  made  in  two  12-foot 
and  two  18-foot  lengths  with  the  ends  lapped  to 
splice  in  the  concrete  and  joints  staggered  by 
reversing  the  positions  of  the  different  lengths 
in  alternate  lines.  The  lower  piece  in  each  line 
is  set  vertical  to  correspond  with  the  plumb 
sides  of  the  footing.  The  cutwater  is  protected 
by  a  facing  of  bent  %-inch  boiler  plate  2  feet 
wide  anchored  to  the  pier  by  Z-shaped  straps 
riveted  to  it  and  embedded  in  the  concrete. 


town,  a  commissary  was  established,  the  con- 
tractors' plant  was  located  near  it  on  one  bank 
of  the  river  and  a  narrow-gauge  tramway  was 
laid  across  the  river  bed,  parallel  to  the  axis  of 
the  bridge,  for  the  distribution  of  materials. 

Work  on  the  two  center  piers  was  commenced 
by  simultaneously  driving  the  cofferdam  piles. 
These  were  made  of  a  uniform  length  of  30  feet, 
consisted  of  12-inch  steel  channels  and  were  of 
the  standard  Frieetedt  pattern.  Alternate  piles 
had  3x3x4-inch  Z-bars  riveted  to  the  inner  sides 
of  the  webs,  forming  grooves  to  receive  the 
flanges  of  the  intermediate  channels  which  en- 
gaged them  and  made  a  continuous  line  with 
the  flanges  reversed  in  successive  piles.  In  or- 
der to  conform  to  the  outlines  of  the  piers,  spe- 
cial devices  were  employed  for  connecting  the 
lines  of  piles  at  the  oblique  angles.  This  was 
ingeniously  effected  by  using  the  regular  right- 
angle  corner  pile  which  gave  a  deflection  of  90 
degrees.  This  angle  was  then  increased  to  the 
required  amount  by  bending  the  web  of  one  of 
the  piles,  as  indicated  In  the  detail  sketch.    The 


web  could,  of  course,  be  bent  with  the  back 
convex  or  concave  and  enable  the  angle  to  be 
easily  and  accurately  secured. 

The  piles  were  rapidly  driven  without  difli- 
culty  by  a  Vulcan  steam  hammer  weighing  9,500 
pounds.  Whenever  one  of  them  encountered  a 
stone  or  small  boulder,  the  latter  was  deflected 
and  the  pile  readily  penetrated  to  the  rock. 
The  sheeting  for  one  pier  was  driven  complete 
in  a  single  week.  The  piles  were  held  in  a 
sliding  cross-head  or  guide  which  fitted  the 
leads  of  the  pile-driver  and  maintained  the  pile 
in  the  proper  position.  The  hammer  drove 
against  a  wooden  cushion  block  with  a  hori- 
zontal steel  bearing  plate  between  it  and  the 
end  of  the  pile.  The  first  pile  driven  was  near 
the  middle  of  one  of  the  long  sides  of  the  cof- 
ferdam, and  special  care  was  taken  to  drive  it 
in  accurate  position  and  perfect  vertical  and 
horizontal  alignment.  Some  difficulty  was  ex- 
perienced by  slight  deflections  caused  by  en- 
countering obstructions  below  the  surface,  and 
in  each  case  the  pile  was  drawn  and  started  in 
a  new  position  until  finally  it  was  driven  ac- 
curately. A  guide  was  thus  provided  from 
which  the  succeeding  piles  were  easily  driven 
with  satisfactory  verticality  and  alignment. 
Care  was  taken  in  turning  the  angles  at  the 
corners  of  the  cofferdam,  and  no  trouble  was 
found  in  closing  the  dam  by  the  last  pile,  which 
engaged  the  first  one. 

After  the  sheeting  was  driven,  the  bulk  of  the 
excavation  was  made  under  water  by  an  orange- 
peel  bucket  operated  by  a  boom  derrick.  When 
the  excavation  was  nearly  completed,  a  centrifu- 
gal pump  with  a  10-inch  discharge  pipe  was  in- 
stalled and  easily  drained  the  cofferdam.  As 
the  water  subsided  in  it,  the  walls  were  braced 
in  the  usual  way  with  rangers  and  cross  struts. 
The  remainder  of  the  excavation  was  taken  out 
dry  with  pick  and  shovel  and  derrick  buckets. 
It  is  interesting  to  note  that  the  total  weight  of 
the  steel  sheeting  amounted  to  about  40  pounds 
per  square  foot  of  the  surface  of  the  cofferdam 
walls  and  was  thus  equivalent  to  that  of  solid 
steel  plate  1  inch  thick.  The  river  carries  a 
large  quantity  of  sediment  and  the  muddy 
water  soon  filled  the  joints  of  the  pipes  so  that 
no  calking  was  required  between  them,  and  the 
calking  angles  sometimes  provided  were 
omitted. 

Timber  forms  were  built  in  the  cofferdam 
snd  were  filled  with  Portland  cement  concrete 
mixed  in  an  Olsen  drum  machine.  For  the 
bases  of  the  piers  1,337  cubic  yards  of  1:  4:  8 
concrete  was  required  and  for  the  upper  por- 
tions 2,496  cubic  yards  of  1:  3:  C  concrete  rein- 
forced by  %-inch  vertical  bars  weighing  12,814 
pounds.  The  3,450  cubic  yards  of  stone  was 
crushed  at  the  site  and  the  1,725  cubic  yards  of 
sand  was  screened  from  the  deposit  in  the  bed 
of  the  river.  The  railroad  company  provided 
3,699  barrels  of  Portland  cement. 

After  the  completion  of  the  center  piers,  the 
moulds  were  removed  and  the  spaces  between 
the  concrete  and  the  cofferdam  were  filled  with 
riprap.  The  depth  of  the  shore  piers  below  the 
original  surface  exceeded  the  lengths  of  the 
piles  and  open  pits  were  excavated  to  such  a 
depth  that  when  the  piles  were  driven  in  them 
their  upper  ends  projected  above  the  bottoms  of 
the  pits.  A  force  of  about  100  men  has  been  em- 
ployed on  the  work  for  about  four  months,  and 
it  is  expected  will  be  able  to  complete  it  a  few 
weeks  hence.  The  work  has  been  prosecuted  at 
a  disadvantage  on  account  of  the  severe  winter 
and  the  large  quantity  of  ice  encountered. 
Ordinarily  the  water  has  been  moderately  low, 
and  during  a  part  of  the  time  the  presence  of 
the  Ice  was  advantageous  as  it  afforded  a  con- 
venient working  platform.  On  one  occasion 
the  water  raised  14  feet  in  12  hours  and  carried 
off  all  of  the  ice.    Another  time  a  sudden  rise 
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ot  20  fwt  washM  out  the  tramway  and  over- 
threw some  of  the  derricks,  but  did  not  occa- 
sion other  serious  damage. 

The  piers  were  designed  and  constructed  un- 
der the  direction  of  the  engineering  department 
of  the  Chicago.  Burlington  *  Quincy  Railway. 
Mr.  W.  L.  Breckenridge.  chief  engineer,  and 
Mr.  C.  H.  Cartlidge.  bridge  engineer.  The 
piers  w«r«  built  by  the  Foundation  &  Contract- 
lag  Co.,  New  York,  under  the  direction  of  their 
««Btem  manager.  Mr.  George  Adgate. 


Timber  Treatment  and  Timber  Treating 
Plants. 

Extracts  from  a  papvr  read  by  Mr.  Walter  W.  Cur- 
tis l)*forp  the  New    York  Itnilroad  Club. 


A  100-Ton  Alte«natis«;-Ci  wu;nt  Crane,  with 
two  trolleys,  is  in  use  in  the  Los  .Angeles  re- 
pair shops  of  the  Southern  Paciflc  Company. 
The  crane,  which  was  built  by  the  Niies- 
Bement-Pond  Company,  is  of  the  double-girder 
class,  each  girder  having  a  box  section  and 
tb«  two  connected  together  at  the  ends  with 
carriages  of  structural  steel.  Each  girder 
weighs  17.400  pounds,  the  crane  span  is  37 
feet  5  inches  and  the  lift  of  the  main  hook  is 
1C>~  feet.  GSach  trolley  has  a  hoisting  capacity 
of  SO  tons  and  one  of  them  is  equipped  with 
an  auxiliary  S-ton  hoist.  E^ch  main  hoist  is 
driven  by  a  SO-horse-power  motor,  lifting  the 
full  load  at  the  rate  of  10  feet  per  minute  or 
the  light  load  20  feet  per  minute:  the  trolleys 
are  moved  along  the  bridge  by  lO-horse-power 
motors,  with  a  full-load  speed  of  80  feet  and  a 
light-load  speed  of  100  feet;  and  the  bridge  is 
driven  by  a  aO-horse-power  motor  at  a  full-load 
sp«ed  of  175  feet  and  a  light-load  speed  of  225 
feet  per  minute.  The  motors  are  three-phase 
44-Tolt.  SO-cycle  Westlnghouse  variable  speed 
Induction  type. 


The  Mea.sirf.ment  of  Feed  Watek,  according 
to  an  interesting  method.  Is  described  in  tho 
Stevens  Institute  "Indicator."  by  Mr.  Edwin 
Burhom,  who  devised  the  apparatus  for  use  in 
the  Milbum  Pumping  Station  at  Baldwin,  I>ong 
Island,  where  there  were  few  facilities  for  ob- 
taining the  usual  apparatus  for  weighing  water. 
Only  one  pair  of  scales  was  available  for  weigh- 
ing both  the  coal  and  the  water.  The  apparatus 
for  measuring  the  water  comprised  an  iron  tank 
4x5x5  feet  in  size,  provided  with  a  3-Inch  sue 
tlon  outlet  at  the  bottom,  which  was  connected 
to  the  boiler-feed  pump.  On  top  of  the  tauk 
were  two  bearings,  whica  carried  trunnions  of 
3-inch  pipe  fastened  to  an  ordinary  oil  barrel 
at  about  its  center  of  gravity.  One  trunnion 
was  closed  to  the  liarrel  and  the  other  was  con- 
oected  to  a  wrought-iron  pipe,  running  upward 
Inside  the  barrel  to  a  point  about  2  Inches  be- 
low the  top.  forming  an  overflow  outlet  leading 
outside  of  the  barrel  and  outside  of  the  tank. 
The  water  was  led  to  the  barrel  through  a  pipe 
la  Its  center,  this  pipe,  when  the  barrel  was  in 
its  normal  position,  standing  immediately  un- 
derneath the  end  of  the  water-supply  pipe,  and 
its  lower  end  extending  to  a  point  alMUt  2 
inches  above  the  bottom  of  the  barrel,  so  that 
the  i:lbration  of  the  water  level  would  be  elimi- 
nated while  the  barrel  was  fliling.  A  lever  w^s 
attached  to  one  of  the  trunnions  for  the  purpo8<> 
of  tilting  the  barrel  when  it  was  desired  to 
empty  it  into  the  suction  tank.  This  lever  was 
connected  to  an  ordinary  revolution  counter, 
which  recorded,  automatically,  the  number  of 
times  the  barrel  was  tipped.  The  weight  of 
water  that  the  barrel  would  hold  up  to  the  point 
of  overflow  at  a  given  temperature  of  the  water 
was.  of  course,  ascertained.  The  l>arrel  could 
be  tipped,  emptied  and  brought  back  into  posi- 
tion in  about  10  seconds.  Under  ordinary  con- 
ditions the  barrel  could  be  filled  and  emptied 
once  every  minute,  giving  a  total  capacity  of  60 
barrels  of  360.S  pounds  of  water  per  hour,  which 
woald  make  the  maximum  capacity  of  the  ap- 
paratus about  700  horse-power. 


One  of  the  important  elements  affecting  the 
solution  of  the  problem  ot  supplying  the  de- 
mands of  the  railroads  for  wood  in  its  various 
forms  is  its  chemical  treatment  to  prevent  de- 
cay— and  lae  construction  of  works  to  give  such 
treatment  as  quickly  and  economically  as  pos- 
sible. The  old  saying  that  a  penny  saved  is  a 
penny  earned  is  certainly  true  when  applied 
to  the  timber  question.  It  takes  about  sixty 
years  to  grow  a  16-inch  diameter  pile,  of  the 
quickest  growing  pine;  eighty  or  ninety  years 
may  produce  an  8x16  inch  stringer  of  the  same 
quality.  If  we  can  secure  a  twenty  to  thirty- 
year  life  for  these  sticks  by  treatment  at  rea- 
sonable cost,  instead  of  from  two  to  twelve 
years  if  used  under  like  conditions  untreated. 
we  can  congratulate  ourselves  as  being  of  some 
use  in  the  world  and  as  being  wealth  products 
in  the  truest  sense. 

Creosoting  in  this  country  dates  from  1865 
and  has  been  principally  used  for  the  treatment 


tions  of  the  wood.  S.  B.  Boulton,  in  1881,  pat- 
ented a  method  ot  seasoning  by  boiling  the 
wood  in  the  dead  oil  of  coal  tar,  keeping  the 
pressure  in  the  cylinder  below  atmosphere,  to 
permit  the  water  to  be  removed  at  a  lower  tem- 
perature than  212  degrees  Fahrenheit.  A  pat- 
ent to  Messrs.  Curtis  and  Isaacs,  of  the  South- 
ern Pacific  Railroad,  was  granted  in  1895,  cov- 
ering a  proiess  identical  with  Boulton's,  except 
that  they  do  not  use  the  vacuum  during  boiling. 

The  philosophy  of  both  is  that  as  water  is 
vaporized  at  212  degrees,  while  the  oil  does  not 
vaporize  under  300  degrees,  a  temperature 
maintained  between  these  will  drive  off  all  the 
water,  which  can  then  be  replaced  with  oil  by 
pressure.  Both  of  these  methods  have  been 
used  in  this  country  with  success. 

Preservatives  for  timber  are  needed  to  pre- 
vent decay  and  to  prevent  destruction  by  ma- 
rine worms.  As  under  ordinary  conditions,  un- 
treated timber  will  resist  decay  for  u  consid- 
erably longer  period  than  it  will  a  hungry  te- 
redo family,  and  as  the  amount  of  timber  used 
on  land  and  in  water  differs  very  materially, 
the  use  of  treated  material  for  marine  work 
made  more  rapi  .  and  general  progress.     It  was 
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of  piles  and  timber  for  marine  work,  to  prevent 
destruction  by  worms.  While  a  considerable 
number  of  ties  have  been  so  treated,  the  expense 
has  been  and  still  is  too  great  to  permit  gen- 
eral use  for  this  purpose.  Creosoting  is  by  all 
means  the  best  method  of  preserving  timber 
known,  and  wherever  the  financial  conditions 
are  such  as  to  permit  the  first  cost,  and  where 
the  timber  will  not  be  destroyed  mechanically 
regardless  of  Its  freedom  from  decay,  there  can 
be  no  question  as  to  the  best  treatment  to 
adopt. 

Various  methods  of  seasoning  wood  have 
been  patented.  Seely  In  1867  was  granted  a 
patent  on  a  method  of  impregnating,  consisting 
of  immersing  the  timber  in  an  iron  tank  filled 
with  oil,  heating  It  to  drive  out  moisture,  re- 
placing the  hot  oil  suddenly  with  cold  oil, 
whereby  it  Is  forced  into  the  wood  by  condensa- 
tion, A  patent  to  Hayford  In  1872  added  to  the 
use  of  steam  for  seasoning,  the  pressure  of  hot 
air,  to  prevent  the  checking  of  the  timber  by 
the  more  rapid  seasoning  of  the  exterior  por- 


soon  recognized  that  no  treatment  would  avail 
against  the  teredo  and  limnoria,  except  a  large 
injection  of  dead  oil  of  coal  tar.  Treating 
works  naturally  sprang  up  to  supply  the  de- 
mand, located  along  the  sea  coast  and  Gulf  line. 

These  plants  doing  commercial  work  prin- 
cipally, orders  were  placed  only  at  the  time  the 
material  was  needed,  which  necessitated  the 
use  of  green  timber  and,  I  believe,  few  if  any 
of  these  plants  have  yard  room  sufficient  to 
store  any  considerable  supply  of  material.  The 
use  of  such  green  stock  results  in  a  much  longer 
treatment  being  required. 

From  eighteen  to  twenty  hours  are  required 
to  secure  the  same  penetration  as  is  possible 
with  ten  or  twelve  hours  if  air-seasoned  mate- 
rial is  used,  the  difference  being  principally  in 
the  length  of  time  spent  in  steaming  the  timber. 
If  the  English  and  Continental  practice  of  long- 
time seasoning  is  followed,  requiring  storage 
for  from  eignt  to  twelve  months,  the  steaming 
is  eliminated  entirely  and  the  time  of  treat- 
ment is  cut  down  to  about  three  hours. 
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The  use  of  creosoted  material  is  now  becom- 
ing more  general  for  an  important  purpose, 
which  promises  a  large  market;  this  is  for 
decked  trestle  bridges,  where  the  ballasted 
track  is  carried  directly  over  the  structure. 
Two  types  of  such  structures  are  in  use;  one 
where  the  deck  is  of  solid  timber,  constituting 
the  stringers  and  floor  of  the  structure;  the 
other,  where  separate  stringers  are  used,  cov- 
ered with  a  3-inch  plank  floor. 

Mr.  E.  B.  Gushing,  engineer  of  Maintenance 
of  Way  of  the  Atlantic  system  of  the  Southern 
Pacific  Railroad,  states  that  road  began  using 
solid  deck  creosoted  bridges  in  1885.  "The 
first  one  built  was  examined  recently  and  found 
to  be  in  perfect  condition.  It  has  never  had  a 
dollar's  worm  of  bridge  work  on  it  since  it  was 
driven,  the  surfacing,  aligning,  etc.,  being  done 
by  section  men  in  ordinary  process  of  track 
work." 

The  other  type  of  bridge,  using  stringers  and 
a  plank  floor  has  been  in  use  on  the  Louisville 
&  Nashville  Railroad  for  many  years.  Mr.  R. 
Montfort,  chief  engineer,  recently  wrote: 

"I  cannot  state  the  length  of  life  of  creosoted 
timber  where  properly  treated.  I  can,  how- 
ever, say  that  during  the  year  1876  the  New 
Orleans,  Mobile  &  Texas  Railroad  used  a  large 
quantity  of  creosoted  timber  as  piling  for  piers 
of  iron  bridges  over  Chef  Menteur,  Rigolets, 
Pearl,  West  Pascagoula  and  East  Pascagoula 
rivers.  We  are  now  renewing  the  superstruc- 
tures of  these  bridges;  replacing  bridges  erected 
by  the  Phoenix  Bridge  Company  in  1876  with 
plate  girders.  At  the  Great  Rigolets  we  have 
placed  the  new  superstructure  on  the  piles 
driven  in  1876.  Some  of  these  piles  are  as 
much  as  95  feet  long.  At  Chef  Menteur  we 
used  seven  piers,  each  consisting  of  sixteen 
piles,  or  a  total  of  112  piles,  not  one  of  which 
was  found  defective,  although  driven  twenty- 
eight  years  ago.  In  this  climate  an  untreated 
pile  could  not  be  counted  on  to  last  but  about 
seven  years,  or  at  the  most  eight  years.  The 
piles  at  Chef  Menteur  vary  from  75  feet  to  90 
feet  in  length. 

"We  have  on  the  Louisville  &  Nashville  Rail- 
road miles  and  miles  of  trestles  with  creosoted 
stringers  that  were  placed  in  1876  and  1878, 
and  are  apparently  as  sound  now  as  they  were 
then.  These  trestles  have,  of  course,  been 
strengthened  by  the  addition  of  other  stringers 
so  as  to  carry  modern  loads." 

As  between  such  structures  and  metal  ones, 
with  open  floors,  the  preference  would  seem  to 
be  with  the  perishable  material,  wood,  provided 
proper  precautions  are  taken  against  fire  from 
beneath  the  structure.  To  be  perfectly  safe, 
however,  the  combination  of  steel  girders  and 
creosoted  wood  floor  carrying  a  ballasted  track 
furnishes  the  best  possible  structure  where  ma- 
sonry is  not  justifled.  For  elevated  tracks 
over  streets,  the  use  of  the  wood  floor  is  in  my 
judgment  decidedly  superior  to  any  other  con- 
struction. This  has  been  used  successfully  for 
such  locations,  the  floor  being  made  water- 
tight by  caulking  and  pitching  before  the  bal- 
last is  put  on. 

The  greatest  demand,  of  course,  of  the  rail- 
roads on  our  torests  is  for  ties.  A  perfect  pre- 
servative must  be  a  germicide,  which  is  insol- 
uble In  water,  non-volatile  under  usual  tem- 
peratures, preferably  an  excluder  of  air  and 
water,  and  cheap.  In  the  dead  oil  ct  coal  tar 
we  have  the  first  three  elements,  and  the  fourth 
to  a  considerable  degree.  By  the  usual  methods 
of  injection,  it  cannot  be  calleu  cheap,  except  in 
consideration  of  its  ultimate  economy  through 
long  life.  The  life  secured  from  the  ties  thus 
treated  varies  pretty  closely  with  the  amount 
of  preservative  used. 

Creosote  in  America  is  worth  about  one  cent 
per  pound,   delivered   at  the  works.     The  cost 


of  the  ties  treated  depenas  upon  the  amount  in- 
jected. In  Great  Britain  they  use  from  eight 
to  ten  pounds  of  oil  per  cubic  foot  of  timber 
for  Baltic  red  wood;  in  France  and  Germany, 
for  beech  and  pine,  from  10  to  20  pounds.  On 
the  basis  of  10  pounds  per  cubic  foot,  a  tie  con- 
taining 3  cubic  feet  would  cost  here  for  oil 
alone  30  cents.  The  usual  charge  made  by 
treating  works  for  labor,  fuel,  profit,  etc.,  is 
from  |5  to  $7  per  1,000  feet,  board  measure. 
This  adds  to  the  cost  of  oil  20  to  25  cents.  The 
cost  of  a  12-pound  treatment  would  be  about  15 
cents  per  cubic  foot.  The  cost  of  burnettizing  is 
about  3%  cents;  of  zinc  tannin,  about  5  cents, 
and  of  zinc  creosote,  about  7.5  cents  per  cubic 
foot. 

The  high  cost  of  creosote  accounts  for  the 
many  efforts  to  secure  the  same  results  with 
other  materials,  or  with  combinations  with 
other  materials  which  will  reduce  the  amount 
of  tar  oil  required. 

One  way  of  doing  this  is  to  put  in  less  oil 
alone,  but  the  trouble  is  that  the  injection 
is  then  superficial  and  any  checking  of  the 
timber  or  wearing  under  the  rail  destroys  the 
protection,  permlting  access  of  air  to  the  unpro- 
tected center  and  early  decay.  The  Southern 
Pacific  Railway  made  a  test  in  1895,  in  West 
Texas,  where  1,694  sap  pine  ties  were  impreg- 
nated with  6  pounds  of  tar  oil  per  cubic  foot, 
and  laid  in  track  with  the  same  number  of  un- 
treated ties  of  tne  same  character.  After  five 
and  one-third  years  service,  not  one  of  the  cre- 
osoted ties  had  been  removed,  while  16  per  cent, 
of  the  untreated  ones  had  been  taken  out  on 
account  of  decay.  Unfortunately  no  later  re- 
ports have  been  made  on  this  experiment. 

The  principal  objection  to  the  processes  using 
zinc  chloride,  sulphate  of  copper  and  other  min- 
eral salts  is  that  such  salts  are  all  more  or  less 
soluble  in  water;  some  of  them  indeed  hygro- 
scopic. They  are  effective  germicides,  and  as 
long  as  they  remain  in  the  wood  in  sufBcient 
quantity  will  prevent  decay.  It  will  probably 
be  admitted  that  the  injection  of  any  antiseptic, 
which  at  the  same  time  has  no  directly  inju- 
rious effect  on  timber,  is  beneficial  and  in  pro- 
portion to  its  antiseptic  power  and  its  difficulty 
of  removal.  Ti.e  solutions  containing  metallic 
salts  are  more  readily  injected  than  oils,  and 
it  has  consequently  been  attempted  to  use  them 
in  conjunction  and  various  methods  have  been 
patented  for  this  purpose.  Mr.  J.  B.  Card,  who 
introduced  the  Wellhouse  treatment,  proposed  a 
method  of  first  injecting  a  smail  amount  of  tar 
oil,  then  immediately  thereafter  injecting  a. 
solution  of  zinc  chloride.  He  stated  that  by 
this  means  he  secured  a  much  better  distribu- 
tion of  the  oil  throughout  the  wood  than  was 
possible  with  the  ordinary  injection  of  the  same 
amount  of  oil,  and  at  the  same  time  thoroughly 
protected  the  interior  of  the  stick  with  the  zinc 
chloride. 

In  Germany  a  method  has  been  used  for  a 
numl^er  of  years  in  which  the  solution  of  zinc 
chloride  is  mixed  with  tar  oil  and  the  two  in- 
jected at  one  time  into  the  timber.  This 
method  requires  for  its  success  a  very  light 
grade  of  oil  diflicult  to  obtain  and  of  high  cost, 
and  there  is  some  discrepancy  in  the  reports 
of  observers  as  to  the  uniformity  of  injection 
In  ties  occupying  varying  positions  in  the  cyl- 
inder, the  tendency  being,  of  course,  in  any 
such  mixture  for  the  oil  and  water  to  separate 
on  account  of  their  varying  specific  gravities. 
This  method,  however,  has  given  satisfactory 
results  in  practice  and  is  undoubtedly  an  im- 
provement  over   straight   burnettizing. 

Mr.  Boulton  has  patented  a  method  of  first 
injecting  the  zinc  chloride,  then  running  out 
this  solution  and  filling  the  cylinder  with  tar 
oil,  boiling  the  timber  In  this  until  the  desired 
amount  of  water  of  the  first  solution  has  been 


removed,  and  then  injecting  under  pressure  the 
desired  amount  of  tar  oil. 

In  April,  1894,  the  Southern  Pacific  laid  in 
Western  Texas  1,824  sap  pine  ties,  which  were 
given  an  injection  of  12  pounds  of  2  per  cent, 
solution  of  zinc  chloride;  then  removed,  allowed 
to  dry  in  the  air  for  ten  days  and  replaced  In 
the  cylinder  and  given  a  second  injection  of 
'3  pounds  of  creosote,  both  quantities  being  in 
pounds  per  cubic  foot.  At  the  same  time,  1,694 
untreated  neart  pine  ties  were  placed  in  the 
same  piece  of  track.  In  December,  1903,  after 
nine  and  two-third  years  of  service,  8  per  cent, 
of  the  treated  ties  had  been  removed  and  95 
per  cent  of  the  untreated  heart  pine  ties  had 
been  removed. 

Another  method  of  doing  the  same  thing  has 
been  that  of  injecting  the  solution  of  zinc 
chloride  and  immediately  following  this  with  a 
second  injection  of  tar  oil,  the  flrst  injection 
being  stopped  at  the  proper  point  to  permit  the- 
injection  of  about  3  pounds  of  tar  oil  per 
cubic  foot.  A  number  of  these  ties  have  been 
in  service  for  six  or  eight  years  with  very  satis- 
factory results. 

There  is  one  other  treatment  which  has  been 
before  the  public  for  some  years,  and  which  has 
some,  very  desirable  theoretical  features  about 
it;  namely,  the  Hasselmann  process.  This  con- 
sists in  boiling  the  timber  in  a  solution  of  sev- 
eral substances,  the  principal  one  being  sul- 
phate of  iron.  There  have  been  a  number  of 
treatments  proposed  whose  value  was  based 
upon  the  securing  of  a  chemical  reaction  in  the 
wood  itself,  but  there  has  been  a  good  deal  of 
skepticism  about  the  securing  of  such  reac- 
tions. 

Still  another  modification  of  the  method  of 
treatment  is  a  zinc  chloride  process  known  as 
the  Wellhouse  treatment.  This  consists  of  the 
injection  of  zinc  chloride,  followed  by  injec- 
tions of  solutions  of  glue  and  tannin,  the  object 
of  the  latter  being  to  plug  up  the  ducts  of  the- 
timber. 

The  Atchison,  Topeka  &  Santa  Fe  Railway, 
with  an  experience  extending  over  seventeen 
years,  shows  an  average  life  for  inferior  pines 
and  spruces  treated  with  zinc  chloride  of  eleven 
years.  The  Atlantic  system  of  the  Southern 
Pacific  Railroad,  with  the  same  number  of 
years'  experience,  shows  a  life  of  sap  pine  ties 
treated  with  the  same  material  of  nine  and  one- 
half  years,  while  the  Pacific  system  of  the  same 
road,  where  treated  ties  have  been  used  for 
ten  years,  report  57  per  cent,  of  the  ties  laid  in 
track  in  1895  as  being  in  service  after  eight 
years.  The  Pennsylvania  Railroad,  in  a  test 
instituted  in  Indiana  in  1892,  where  burnettized 
hemlock  and  untreated  white  oak  were  laid  in 
rock  ballast,  shows  an  average  life  to  date  of 
10.58  years  for  the  first  and  10.17  years  for  the 
second,  with  41%  per  cent,  of  the  hemlock  and 
33  per  cent,  of  the  oak  still  in  service.  With 
burnettized  tamarack,  an  average  life  of  8.84 
years,  and  of  untreated  white  oak,  9.47  years, 
both  laid  in  gravel  ballast  and  with  now  all  of 
the  ties  removed,  has  been  secured. 

In  a  paper  read  last  year  before  one  of  our 
societies,  I  summarized  the  situation  as  fol- 
lows: "It  is  safe  to  say  that  whenever  an  in- 
ferior tie  can  be  purchased  and  treated  by  bur- 
nettizing, and  then  cost  no  more  than  a  white 
oak  or  other  first-class  tie,  the  adoption  or 
treatment  by  that  or  a  better  process  is  justi- 
fied. It  may  not  be  possible  to  determine  which 
particular  treatment  is  the  most  profitable,  'but. 
this  should  not  be  considered  as  justifying  the 
failure  to  begin  treatment.  A  plant  should  be 
designed  to  treat  by  either,  and  if  the  future- 
necessitates  a  change,  this  can  be  readily  made; 
and  in  the  meanwhile,  whichever  has  been 
adopted,  it  is  reasonably  certain  results  will  be- 
worth  the  cost." 
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Progress    of    Construction    of    the    New 
Orleans  Drainage  Sjrstem. 

It  U  now  nearly  three  score  and  ten  years 
fliiio*  tbe  LouisUns  Legislature  Incorporated  a 
i«ffn«pt"y  organUed  for  the  purpose  of  con- 
atmctins  works  for  dralniag  -  marshes  and 
swamps  in  and  near  the  city.  This  and  sue- 
c«edins  bodies  accomplished  little  or  nothing 
until  the  days  of  the  drainage  commission 
created  in  1895  to  carry  out  the  recommenda- 
tions of  the  Board  of  Advisory  Engineers.  Under 
the  executive  msLagement  of  the  Sewerage  and 
Water  Board,  which  das  succeeded  the  drainage 
eoDUnlaslon.  construction  has  been  progressing, 
for  the  most  part,  as  rapidly  as  the  financial  re- 
aourees  of  the  city  have  permitted.  From  tbe 
last  semi-annual  report  of  the  Board,  for  the  six 
months  July  to  December,  1903,  the  following 
information  relating  to  the  progress  of  the 
work  has  been  abstracted.  A  map  of  the  city 
showing  the  principal  drainage  canals  and  th« 
location  of  the  pumping  stations  was  printed  in 
this  Journal  November  11,  1899,  with  a  general 
description  of  the  works,  and  will  aid  in  under- 
standing the  report  here  reviewed. 

The  construction  of  complete  drainage,  sewer- 
age and  water  works,  in  a  permanent  manner, 
will  cost  several  millions  of  dollars,  but  the 
city's  resources  make  it  possible  to  expend  only 
oomparatively  small  sums  from  year  to  year. 
To  secure  the  maximum  benefit  from  the  avail- 
able funds  the  Board  sought  the  assistance  ot 
the  Board  of  Advisory  Engineers,  Messrs.  B.  M. 
Harrod,  Henry  B.  Richardson  and  Rudolph 
Bering,  in  determining  what  parts  of  the  works 
should  first  be  executed.  Experience  has 
demonstrated  that,  while  the  drainage  system 
in  so  far  as  completed  has  greatly  bettered  con- 
ditions in  the  commercial  and  thickly  settled 
area  of  the  city,  other  areas  in  the  rear  por- 
tion of  the  city  have  not  received  their  quota 
of  relief;  and  owing  to  the  quick  transmission 
•of  water  from  more  favored  areas,  are  at  times 
worse  flooded  than  formerly. 

The  engineers,  after  a  careful  study  of  the 
-condition  of  the  works  as  found  last  December, 
submitted  a  report  to  the  Board  containing  the 
following  recommendations: 

"The  most  Judicious  expenditure  at  the  pres- 
ent time  would  be  the  early  construction  of  the 
works  mentioned  below,  which  are  parts  of  the 
flnal  plan  and  will  very  materially  reduce  the 
present  troubles,  which  could  be  entirely  re-' 
moved  only  b/  the  expenditure  of  several  addi- 
tional millions  of  dollars. 

"We  have  included  in  our  recommendations 
several  canals  to  be  lined  and  covered,  because 
in  these  cases  we  believe  the  necessary  expendi- 
ture to  be  proper. 

"We  also  recommend  that  certain  permanent 
flushing  gates  and  pipes  be  now  built  at  the 
New  and  Old  Basins  for  the  purpose  of  secur- 
ing, by  frequent  flushing,  a  better  malntenanca 
of  certain  canals,  and  in  part  iwstponlng  the 
nacesslty  of  an  early  masonry  lining  and  cover- 
ing. 

•'We  further  recommend  that  at  stations  Nos. 
6  and  7,  additional  pumps  of  small  capacity  be 
installed  for  constant  service  to  keep  the  canal 
pumped  down  to  the  lowest  practicable  stage. 
We  consider  this  additional  installation  essen- 
tial 10  rednce  the  caving  of  canal  banks,  which 
is  malcly  due  to  tbe  large  daily  oscillation  ot 
the  water  level  whlrh  cannot  be  economically 
prevented  by  the  operation  of  the  present 
pamps  of  large  capacity  Intended  for  storm 
water  pumping. 

"If  means  can  be  found,  without  prejudice  to 
the  more  important  works  recommended  in  this 
report,  we  consider  It  desirable  that  additional 
oowcT  plant  be  installed  at  the  Centra;  Power 
Station,  to  operate  the  existing  storm   water 


pumps,  after  the  enlargement  of  the  canals 
leading  thereto,  as  proposed  below. 

"We  consider  additional  transmission  lines 
necessary  from  the  Central  Station  to  Station 
No.  -. 

"We  recommend  that  the  following  drains 
and  canals  be  improved  by  receiving  a  limber 
lining  of  the  bottom  and  sides  at  the  proper 
grades,  so  that  the  sectional  area  of  the  lined 
part  win  be  sufficient  to  carry  the  water  re- 
quired by  a  single  one  of  the  storm  water 
pumps,  say  a  flow  of  250  cubic  feet  per  second. 
Our  purpose  In  thus  limiting  the  size  of  this 
channel.  Is  that  in  view  ot  the  necessary  limit 
of  expenditure  we  believe  that  a  further  caving 
and  filling  of  the  bottom  can  thereby  most  ex- 
peditiously be  prevented.  The  timber  channel 
will  allow  of  a  good  velocity  by  which  It  can 
be  kept  clean,  and  the  slopes  will  be  flattened 
to  such  an  extent  that  washing  of  the  surface 
Is  reduced,  and  by  keeping  the  water  level  prac- 
tically constant,  instead  of  allowing  It  dally  to 
oscillate  many  feet  as  It  now  does,  particularly 
near  the  pumping  stations,  the  chief  cause  of 
caving  win  be  prevented. 

"We  recommend  that  the  Broad  Street  canal 
from  the  Old  Basin  to  St.  Bernard  Avenue,  be 
improved  by  receiving  a  box  drain  of  timber 
to  prevent  caving,  and  sufliclent  in  size  to  take 
the  flushing  water  Introduced  from  the  Old 
Basin. 

"In  order  to  make  these  timber  lined  sub- 
channels as  permanent  as  possible,  we  recom- 
mend that  the  material  exposed  above  the  con- 
stant water  level  be  creosoted.  We  recommend 
the  Improvements  of  still  other  drains  and 
canals,  simply  by  cleaning  them  in  connection 
with  the  flushing  apparatus  already  mentioned. 

"Until  the  Broad  Street  canal  is  built,  condi- 
tions may  occur  at  pumping  stations  Nos.  1  and 

2,  and  have  In  part  already  occurred,  when  after 
heavy  rainfalls  the  water  level  on  both  sides  of 
these  pumping  stations  becomes  approximately 
the  same,  chiefly  because  ot  the  lack  ot  canal 
capacity  and  power  to  discharge  as  fast  as  it  ac- 
cumulates, the  water  which  ultimately  goes  to 
Lake  Borgne,  but  now  must  go  to  Lake  Pont- 
i-hartraln.  In  such  cases,  the  pumps  are  of  Ut- 
ile or  no  use,  as  the  water  would  as  well  flow 
past  the  station  with  its  natural  slope.  The 
power  thus  saved  would  then  become  available 
at  other  points,  chiefly  at  stations  Nos.  6,  7  and 

3,  to  throw  larger  quantities  ot  water  to  Lake 
Pontchartraln.  To  accomplish  this  end,  it  Is 
recommended  that  by-passes  be  constructed  ot 
suitable  dimensions  at  the  following  points:  At 
station  No.  1,  to  allow  the  arriving  waters  to 
pass  by  to  station  No.  6  and  eventually  to  sta- 
tion No.  2;  a  I.  station  No.  2,  to  allow  the  arriv- 
ing waters  to  pass  by  station  No.  7,  or  event- 
ually to  station  No.  3;  and  at  station  No.  3,  to 
allow  the  arriving  waters  to  pass  by  eventually 
to  station  No.  4. 

"In  order  to  increase  the  amount  of  water 
which  can  at  present  be  handled  at  stations 
Nos.  6  and  7  it  Is  recommended  that  the  suc- 
tion pipes  be  extended  by  suitable  curves  to  the 
Intake  basins. 

"For  the  purpose  ot  more  accurately  propor- 
tioning the  large  canals  yet  to  be  built  in  per- 
manent form,  we  recommend  the  establishment, 
as  soon  as  practicable,  of  automatic  recording 
gauges  at  all  of  the  present  stations,  In  order  to 
ascertain  the  amount  of  water  running  off  from 
rainstorms  of  great  intensity.  For  this  purpose 
we  also  recommend  the  continuation  of  the 
present  automatic  rainfall  observations. 

"Unless  sufliclent  funds  are  provided,  not  only 
for  the  efficient  oi>eratlon  of  the  Drainage  Sys- 
tem, but  also  for  maintaining  it  in  perfect  or- 
der, its  full  benefits  cannot  be  realized.  This 
•  demands  annual  appropriations  tor  furnishing 
the  power  necessary  to  run  the  pumps,  for  keep- 


ing the  canals  and  drains  free  from  deposits 
and  obstructions  by  vegetable  growth,  and  for 
thorough  flushing  at  proper  Intervals." 

As  indicated  by  certain  phrases  in  the  above 
recommendations,  considerable  trouble  has  been 
experienced  with  the  slipping  and  caving  ot  the 
slopes  of  unllneu  canals  previously  constructed. 
In  portions  ot  some  of  the  canals  the  growths  ot 
the  water  hyacinth  and  other  vegetation  has  be- 
come so  dense,  tor  lack  ot  funds  to  keep  the 
channel  cleared,  as  to  materially  reduce  the 
carrying  capacity.  Deposition  ot  sediment  has 
also  caused  obstructions  in  some  places.  The 
form  of  masonry  construction  tor  lined  and  cov- 
ered canals  was  shown  November  11,  1899. 

Work  was  m  progress,  also,  during  the  term 
ot  the  report,  on  the  construction  ot  sewers, 
which,  it  will  be  recalled,  are  ot  the  separate 
system,  especially  In  streets  soon  to  be  paved. 
Existing  contracts  covered  66  miles  ot  sewers, 
and  nearly  300  miles  remained  to  be  built,  of 
which  61  miles  were  placed  under  contract  in 
February.  Commenting  on  the  sewer  construc- 
tion accomplished,  Mr.  George  G.  Earle,  general 
superintendent  says: 

"The  experience  thus  far  on  this  main  sewer 
work  has  tuliy  borne  out  the  expectation  ot  this 
department;  it  is  not  by  any  means  without 
difficulty,  yet  the  amount  ot  water  and  ot  ma- 
terial really  bad  for  excavating,  which  has  been 
encountered,  is  tar  less  than  most  people  had 
supposed  would  be  found,  and  there  appears  to 
be  every  reason  to  believe  that  all  of  the  main 
sewer  contracts  will  be  completed  fairly  close  to 
the  time  limits  as  originally  set  in  the  specifica- 
tions; that  they  will  be  substantially  and  satis- 
factorily constructed,  and  that  the  various  con- 
tractors engaged  in  their  construction  will 
make  a  sufficient  profit  to  compensate  them  tor 
their  labor,  and  to  warrant  them  in  seeking  fur- 
ther contracts  at  the  hands  of  the  Board  at 
what  this  department  can  recommend  as  rea- 
sonable prices." 

The  power  for  the  several  pumping  plants  of 
the  drainage  system  is  generated  at  one  central 
power  station  and  distributed  electrically.  In 
connection  with  the  operation  ot  this  power  sta- 
tion, Mr.  Earle  states  in  his  report  that  the 
question  ot  the  adoption  ot  oil  for  fuel  Is  now 
being  seriously  considered  by  the  drainage  com- 
mittee, and  the  indications  are  that  the  service 
can  be  greatly  Improved  by  its  use.  Experi- 
ence at  the  Algiers  drainage  station,  where  oil 
has  been  in  use  for  some  time,  indicates  that 
such  fuel  will  greatly  increase  the  steaming  ca- 
pacity of  the  boilers,  will  permit  of  a  tar  more 
rapid  raising  ot  steam  and  will  largely  obviate 
both  the  necessity  for  the  continued  banking  of 
flres  against  emergency  and  the  need  for  the 
employment  ot  emergency  labor  to  handle  coal 
during  excessive  storms.  In  other  words,  at 
any  reasonable  price  for  oil.  It  will  give  the  city 
a  more  prompt  service  and  Increased  capacity 
at  a  less  cost  than  coal.  For  these  reasons  the 
expenditure  necessary  to  equip  the  stations 
with  oil  storage  tanks  and  oil  burning  appara- 
tus appears  to  be  fully  warranted. 


The  Condensee  Plant  ot  the  recently  built 
power  station  of  the  Glasgow,  Scotland,  munici- 
pal electric  tramways  is  provided  with  triplex 
air  pumps,  each  driven  by  an  electric  motor 
which  Is  directly  attached  to  the  crank  shaft. 
The  pump  for  each  of  the  larger  condenser  out- 
fits, which  are  all  of  the  surface  type,  designed 
to  handle  60,000  pounds  of  exhaust  steam  per 
hour,  has  16xl2-lnch  plungers,  operated  at 
150  revolutions  per  minute.  The  cooling  sur- 
face of  each  condenser  of  this  size  comprises 
2,690  tubes  1  inch  in  outside  diameter,  pre- 
senting 7,000  square  feet.  These  figures  indicate 
that  8.57  pounds  of  steam  are  condensed  per 
square  foot  of  surface  per  hour. 
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Coal  and  Water  Consumption  in  a  New 
York  Hospital. 

Some  figures  relating  to  the  coal  and  water 
consumption  in  a  large  hospital  in  New  York 
City  have  been  received,  which  allow  of  mak- 
ing some  interesting  deductions  as  to  the  re- 
quirements of  such  institutions.  The  building 
is  one  of  eight  stories  and  is  served  from  its 
own  plant,  which  furnishes  light,  heat,  ventila- 
tion, power  for  elevators,  refrigeration  and 
water  supply.  The  plant  in  point  of  design  is 
very  complete  and  in  point  of  operation  is  ex- 
emplary, having  shown  a  continuity  of  service, 
a  capacity  to  meet  demands  and  a  comparative 
freedom  from  extensive  repairs.  It  is  not  ar- 
ranged, however,  any  more  than  the  general 
run  of  mechanical  part?,  with  special  means  of 
conducting  investigations  of  a  more  or  less  de- 
tailed character;  and  it  is  not  practicable,  with 
the  necessity  to  keep  things  running,  to  deter- 
mine the  performance  of  a  particular  division 
of  the  plant.  Moreover,  such  a  condition 
would  mean  a  more  or  less  complicated  and 
expensive  arrangement  of  instruments  and 
measuring  apparatus.  The  total  amount  of 
coal  burned  and  the  total  quantity  of  water  re- 
ceived into  the  building  are,  of  course,  known. 


generating  plant  is  operated  about  twelve  hours 
a  day  with  a  storage  battery  floating  on  a  line 
through  the  use  of  a  booster,  so  that  a  constant 
load  may  be  kept  on  the  engine  plant  and  all 
fluctuations  arising  from  the  electric  elevators 
may  be  sustained  by  the  storage  battery.  The 
battery  and  booster  connections  are  arranged 
in  such  a  way,  as  usual  in  plants  employing 
a  storage  battery  in  this  manneer,  that  the  bat- 
tery is  sufficiently  charged  at  the  end  of  the 
day's  run  to  operate  the  entire  plant  during  the 
night. 

The  total  coal  consumption  for  the  twelve 
months  ending  April  1,  averaged  301.5  tons 
per  month  or  9.9  tons  daily.  This  indicates 
that  the  average  amount  of  coal  necessary  for 
all  purposes  was  10.6  pounds  per  day  per  1,000 
cubic  feet  of  the  entire  contents  of  the 
building,  or  12.7  per  1,000  cubic  feet  of  the 
portion  of  the  building  that  is  heated. 
The  ratio  of  direct  radiation  to  the  vol- 
ume of  the  building  heated  is  1  to  69.4 
The  exhaust  steam  from  the  plant  is,  of  course, 
utilized  for  heating,  and  it  is  only  in  the  sever- 
est weather  that  live  steam  has  to  be  added. 
By  taking  the  coal  consumption  during  the 
winter  months  as  a  basis  to  determine  the  re- 
quirements of  the  heating  apparatus,  which  as- 
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Chart  Showing  Effect  of  Temperature  Changes  on  Coal  Consumption. 


In  presenting  the  figures  it  should  be  understood 
that  the  building  is  not  yet  fully  occupied,  hav- 
ing been  provided  with  sufficient  ward  space, 
for  example,  to  take  care  of  an  increase  in  the 
number  of  patients,  such  as  is  likely  to  occur  in 
the  course  of  time. 

The  building  has  a  total  contents  of  over 
1,860,000  cubic  feet,  enclosed  by  the  outer  walls 
and  not  including  partitions.  Of  this  a  little 
over  1,560,000  cubic  feet  are  heated.  The 
building  is  warmed  by  some  22,500  square  feet 
of  direct  radiation,  the  extensive  ventilating 
system  installed  being  counted  oii  simply  for 
maintaining  the  purity  of  the  air  and  not  for 
contributing  to  the  warming  of  the  building. 
In  the  boiler  plant  there  are  6,508  square  feet 
of  heating  surface,  which,  at  10  square  feet 
per  horse-power.  Indicates  a  capacity  of  650 
horse-power.  The  total  grate  area  is  146 
square  feet.  The  coal  burned  is  measured  in 
barrows  and  a  record  made  of  the  amount 
burned  during  both  day  and  night.  The  elec- 
tric generating  plant  has  a  rated  capacity  of 
450  kilowatts,  but  this  is  supplemented  by  a 
storage  battery,  which  has  a  five-hour  capacity 
of  2,000  ampere  hours,  or  a  10-hour  capacity 
of  2,500  ampere-hours.     Ordinarily  the  engine 


sumption  is  equivalent  to  regarding  the  vari- 
ous classes  of  machinery  in  the  plant  as  in- 
termediate between  the  steam  boilers  and  the 
heat  radiating  surface, — that  is,  regarding  the 
engines,  pumps  and  the  like,  as  is  sometimes 
done,  as  useful  pressure-reducing  valves, — it 
was  found  that  24,240  pounds  of  coal  were 
burned  per  day  or  about  1  pound  per  square 
foot  of  the  direct  radiation.  This  has  been . 
calculated  by  taking  the  weight  of  the  coal 
burned  from  October  1  to  April  1.  The  period 
has  been  an  unusually  severe  one  and  some 
amount  of  live  steam  was  necessary  at  times, 
so  that  the  figure  is  probably  an  outside  one. 

A  calculation  of  the  relative  weight  of  the 
ashes  and  of  the  coal  shows  that  for  the  period 
of  one  year  the  ashes  amount  to  24.1  per  cent, 
of  the  weight  of  the  coal.  Their  volume,  on  the 
basis  of  the  same  period,  is  about  45  per  cent. 
The  minimum  amount  of  coal  burned  in  a  day 
was  40  barrows,  or  6.3  tons,  on  May  10,  1903, 
and  the  maximum  amount  was  18.9  tons  on 
both  February  17  and  February  18,  1904.  A 
number  of  calculations  indicate  that  the  coal 
consumption  during  the  night  is  about  78  per 
cent,  of  the  consumption  when  the  generating 
plant  is  in  operation.     It  may  therefore  be  as- 


sumed that  for  the  9.9  tons  average  dally  coal 
consumption,  935  pounds  are  burned  during  the 
daytime  and  725  during  the  night  per  hour. 

The  accompanying  chart  has  been  drawn  to 
learn  how  much  of  an  effect  the  variation  In  the 
outside  temperature  had  on  the  daily  coal  con- 
sumption of  the  plant.  The  abscissas  are  the 
successive  days  of  January,  February  and 
March  of  this  year  and  the  ordinates  give  to  the 
same  scale  the  degrees  Fahrenheit  of  the  out- 
side temperature,  for  the  lower  curve,  and  the 
number  of  barrows  of  coal,  each  weighing  315 
pounds,  for  the  curve  of  coal  consumption.  It 
will  be  seen,  generally  speaking,  that,  for  every 
drop  or  rise  in  the  temperature  there  is  a  corre- 
sponding change  in  direction  of  the  curve  for 
the  coal  consumption.  If  anything,  however, 
the  latter  curve  apears  to  lag  somewhat  behind 
the  temperature  curve,  a  matter  of  a  few  hours 
only,  which  is  to  be  expected  when  the  building 
is  regarded  as  more  or  less  of  a  heat  storehouse. 
The  curves  show  that  the  outside  temperature 
has  a  marked  effect  on  the  consumption  of  coal. 

Water  is  received  through  two  meters  and  the 
sum  total  of  water  passed  through  them  for 
the  first  nineteen  days  of  April  was  25,482  cubic 
feet.  Only  a  part  of  it  was  delivered  into  the- 
boilers,  and  as  there  is  no  water  meter  to  meas- 
ure the  feed  to  the  boiler  plant,  the  absolute 
performance  of  this  apparatus  is  not  readily  ob- 
tainable. For  all  purposes,  however,  the  water 
consumption  may  be  rated  in  terms  of  the  cubic 
feet  of  contents,  in  other  words,  It  amounts  to 
5.4  gallons  per  1,000  cubic  feet  per  day.  There 
was  an  average  of  about  75  patients  and  150 
attendants  in  the  hospital,  and  on  this  basis  the 
water  consumption  may  be  stated  as  134  gal- 
lons per  patient  per  day  or  45  gallons  per 
capita  of  total  population. 

The  electrical  output  of  the  mechanical  plant 
is  measured  by  wattmeters  and  for  the  first 
nineteen  v.ays  of  April  the  electric  power  fur- 
nished for  lighting  amounted  to  5,486  kilowatt- 
hours  and  that  for  power  purposes  to  2.832' 
kilowatt-hours.  Regarding  this  power  as  fur- 
nished during  the  twelve  hours  of  operation  of 
•the  steam-generating  plant,  as  this  machinery 
must  both  meet  the  day-time  demands  and 
charge  the  storage  battery,  the  total  average- 
output  indicates  a  12-hour  load  of  36.5  kilowatts. 
This  is  8  per  cent,  of  the  total  rated  output 
of  the  steam-electric  plant.  During  March  the- 
output  was  14,810  kilowatt-hours,  73.8  per  cent, 
for  lighting  and  the  remainder  for  power.  The 
light  consumption  is  on  the  average  0.19  kilo- 
watt-hours per  day  per  1,000  cubic  feet  of  the 
building  contents  and  the  electric  power  de- 
mands 0.067  kilowatt-hour  for  the  same  unit. 


Reheating  and  Superheating  for  steam  en- 
gines was  referred  to  by  Mr.  J.  A.  Seymour,  of 
Mcintosh,  Seymour  &  Company,  in  an  article 
which  was  the  subject  of  an  extended  comment 
in  these  columns  on  April  16.  As  will  be  re- 
called he  discussed  the  relative  performance  of 
the  reciprocating  steam  engine  and  the  steam 
turbine,  to  show  that  the  steam  engine  is  super- 
ior to  the  steam  turbine  in  cases  where  com- 
parisons with  the  average  and  not  the  latest 
type  of  steam  engine  have  Indicated  other- 
wise. In  conclusion  he  had  the  following 
to  say  on  the  water-rate  curves  of  engines: 
"For  engines  tested  without  receiver  coils  in- 
use,  and  without  superheat,  an  economy  con- 
stant within  two  per  cent,  is  indicated  for  from 
about  0.6  to  1.3  load.  The  corresponding  limits 
for  the  same  engines  with  receiver  coils  in 
use  are  from  0.5  load  to  1.2  load,  and  with 
superheated  steam  from  75  to  100  degrees  from 
0.4  load  to  full  load;  the  point  of  best  economy 
becomes  earlier  as  the  rate  of  steam  consump- 
tion decreases." 
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Rope  Transmission  in  Textile  Mills. 

It  te  not  sarprisinK  after  m  many  years  of. 
argnaent  for  and  against  electric  power  trans- 
in  textile  mills,  that  the  advocates  of 
>  drive*  should  request  a  hearing  before  the 
societies  representing  the  textile  industry.  In 
the  long  struggle  between  belts  and  wires,  very 
little  has  been  heard  from  the  ropes,  except 
as  e«^  of  the  leading  antagonists  dealt  them 
■  casoal  blow  by  way  of  notice  of  their  pres- 
ence. The  New  England  Cotton  Manufacturers' 
Aaaodation,  which  Is  a  liberal  organisation  that 
does  not  require  papers  on  trade  subjects  to  be 
presented  under  misleading  technical  titles,  has 
UatMied  to  innumerable  arguments  between  the 
electric  and  the  leather  men.  so  it  is  not  surpris- 
ing that  this  week  it  listened  to  a  statement 
of  the  advantages  of  rope  transmission  pre- 
pared by  Mr.  Frederick  S.  Greene,  M.  Am.  Soc. 
M.  E..  of  the  American  Manufacturing  Ck>m- 
pany.  So  much  has  been  published  concerning 
the  advantages  of  other  systems  of  power  trans- 
mtaston  In  snch  mills,  that  it  is  only  fair  to  give 
her*  an  abstract  of  this  paper  on  a  rival  sys- 
tem. 

In  the  flrst  place  the  author  stated  that  rope 
drlTes  are  now  in  successful  operation  where 
power  is  carried  economically  over  distances  of 
200  to  500  feet,  a  fact  which  is  advanced  for 
comparison  with  belt  transmission.  Where 
shafts  are  neither  in  the  same  line  nor  plane, 
by  properly  placing  guide  sheaves,  power  may 
be  transmitted  by  ropes  around  corners,  from 
one  -building  to  another,  and  in  short,  between 
any  two  shafts,  no  matter  how  situated.  Again, 
the  width  of  rim  surface  required  for  rope 
shesTes  is  from  one-half  to  two-thirds  that  of 
the  width  necessary  for  belting,  according  to 
the  slie  of  rope  used.  The  supporting  bearings 
may,  therefore,  be  placed  much  closer  for  a 
rope  than  for  a  belt  drive,  an  advantage  that 
the  practical  mill  man  will  recognize  as  of 
prime  importance  in  some  cases. 

No  electrical  disturbance  is  produced  by 
ropes.  It  seems  hardly  necessary  to  explain  to 
cotten  spinners  what  a  favorable  point  this  is 
for  rope  driving,  as  the  electricity  generated  by 
belts  has  always  been  one  of  the  most  serious 
troubles  In  textile  manufacture.  Another  im- 
portant advantage  is  that  no  power  is  lost  from 
slipping.  WTiere  the  diameter  of  the  rope 
sheaves  is  sufficiently  large,  and  the  angle  of 
the  groove  properly  turned,  so  that  an  air  space 
Is  left  under  the  rope,  it  is  wedged  so  firmly  in 
the  groove,  that  loss  of  power  by  slipping  be- 
comes a  factor  too  Insignificant  to  be  consid- 
ered. As  power  in  all  modern  cotton  mills  is 
transmitted  to  three  or  more  floors,  the  advan- 
tages of  rope  driving  for  such  plants  is  un- 
deniable. The  full  number  of  ropes  start 
from  the  driving  sheave,  while  the  number  re- 
quired for  each  different  shaft  are  easily  taken 
off  at  the  several  floora 

To  arrive  at  an  approximate  cost  of  the  main- 
tenance of  rope  drives  is  a  difflciilt  matter,  as  it 
deiiends  almost  entirely  upon  the  manner  in 
which  the  rope  is  spliced  upon  the  sheaves,  and, 
where  a  good  transmission  rope  is  used,  upon 
the  ability  of  the  man  in  rharge  to  let  the  ropes 
take  rare  of  themselves,  and  to  refrain  from 
coating  them  w.th  all  sorts  of  injurious  prep- 
aratlona  The  average  life  of  rope  on  the  main 
drive  of  a  cotton  mill,  where  the  multiple  or 
English  system  is  used,  is  from  eight  to  ten 
years,  daring  which  time,  the  entire  cost  of 
maintenance  should  be  confined  to  the  labor  re- 
quired to  take  up  the  slack  in  the  ropes  once, 
or  at  the  most  twice. 

To  make  a  comparison  of  the  flrst  cost  of 
the  three  forms  of  transmission,  Mr.  Oreene  in- 
staaoed  a  three  story  mill  developing  1,000 
borae-power.     The  engine  wheel  is  21   feet  in 


diameter,  making  70  revolutions  per  minute. 
The  three  driven  sheaves  are  each  64  inches  in 
diameter;  400  horse-power  Is.  taken  oft  at  the 
third  or  spinning  floor;  400  horse-power  at  the 
second  or  carding  floor;  and  200  horse-power  at 
the  flrst  or  weaving  room.  Nine  1%-inch  ropes 
are  carried  to  the  two  upper  shafts,  and  five 
ropes  to  the  lowef,  as  against  two  40-inch  and 
one  20-inch  double  belts. 

If  this  arrangement  may  be  criticised  on  the 
score  that  the  beits  are  ^vider  than  strict  neces- 
sity requires,  it  must  also  be  admited  that  the 
amount  of  work  allotted  to  the  ropes  is  equally 
conservative,  for  each  rope  Is  doing  a  little  less 
than  44  horse-power,  whereas,  the  printed  tables 
of  some  of  the  most  prominent  manufacturers 
of  rope  driving  machinery  give  65  horse-power 
as  the  amount  of  work  to  allow  for  a  1%-lnch 
rope  running  at  5,000  feet  per  minute.  In  mak- 
ing this  comparison  the  writer  has  endeavored 
to  follow  as  nearly  as  possible  the  methods  used 
by  successful  mills  of  recent  design. 

The  cost  of  the  rope  plant  is  $4,400  for 
sheaves  and  $541  for  the  rope,  a  total  of  $4,941. 
With  a  belt  installation  the  cost  is  $4,050  for 
pulleys  and  $1,949  for  belts,  a  total  of  $5,999. 
For  the  rope  drives,  the  plan  is  to  use  a  21-foot 
driver  and  three  64-lncn  sheaves.  With  belts, 
the  driver  is  also  21  feet  in  diameter  and  the 
pulleys  64  inches.  The  width  of  rim  for  ropes 
is  58  inches;  for  beits,  102  inches. 

The  effort  to  determine  the  cost  of  an  electri- 
cal transmission  for  the  above  mill  has  not  been 
entirely  satisfactory  to  the  writer,  for  each  con- 
cern applied  to  for  figures,  has  recommended 
different  arangements  for  the  motors, — some  ad- 
vocating that  the  power  be  divided  into  units  at 
many  points,  necessitating  the  use  of  a  large 
number  of  smau  motors.  But  the  cheapest  ar- 
rangement that  will  meet  requirements  satis- 
factorily, seems  to  be  to  place  two  20-horse- 
power  motors  on  the  second  and  third  floors, 
with  two  100-horse-power  motors  on  the  weav- 
ing floor.  These  six  motors,  together  with  a 
750-kilowatt  generator,  switch  board  and  other 
necessary  appliances,  amount  to  a  total  of  $25,- 
400. 

On  the  banks  of  the  Savannah  Kiver  in 
Georgia,  stands  a  cotton  mill  which  is  driven 
by  electricity,  the  power  being  rented  from  a 
company  which  develops  it  at  a  dam  located 
about  one  mile  further  up  the  stream.  In  this 
plant  the  entire  power  is  brought  to  a  central 
motor,  from  which  it  is  transmitted  by  ropes  to 
the  different  floors.  This  mode  of  handling  the 
power  has  proved  economical  and  entirely  suc- 
cessful. Now  if  it  has  been  found  advantageous 
to  drive  with  ropes  from  one  motor,  avoiding 
small  units,  even  where  your  electricity  is  gen- 
erated by  a  water  power,  how  can  we  be  made 
to  see  the  economy  of  generating  electricity  by 
Kteam  and  carrying  it  to  a  number  of  costly 
motors  when  both  generator  and  motors  are  un- 
der the  same  roof? 

The  paper  did  not  discuss  which  of  the  two 
systems  of  rope  driving  is  the  better,  the  mul- 
tiple or  continuous.  In  the  opinion  of  Mr. 
Greene  both  systems  have  their  place,  and  the 
place  where  the  multiple  system  shows  to  best 
advantage  is  from  the  main  drive  of  a  cotton 
mill;  though  should  It  be  necessary  to  design  a 
vertical,  quarter  turn  or  other  complicated 
drive,  of  course  the  continuous  system  should 
be  employed. 


A  Good  Roads  Co.nvention  is  to  be  held  in  St. 
Louis  during  the  week  of  May  16  to  21  under 
the  joint  auspices  of  the  ofllce  of  Public  Road 
Inquiries  of  the  U.  S.  Department  of  Agricul- 
ture, the  National  Good  Roads  Association,  the 
Louisiana  Purchase  Exposition  Company,  the 
State  and  County  officials  of  Missouri,  and  the 
officials  of  the  city  of  St.  Louis. 


The    Harway    Avenue    Bascule    Bridge, 
New  York  City. 

Harway  Avenue  is  carried  across  Coney  Isl- 
and Creek,  in  the  borough  of  Queens,  Greater 
New  York,  by  a  bascule  bridge  having  a  clear 
span  of  about  50  feet  and  a  width  of  31  feet  4 
inches  between  hand  rails.  It  is  built  through- 
out of  medium  steel  and  is  proportioned  for  live 
and  dead  loads  of  1,400  and  550  pounds  respec- 
tively per  linear  foot.  There  are  three  main 
longitudinal  plate-girders  10  feet  apart  on  cen- 
ters. Each  of  them  is  42  inches  deep  with 
flanges  having  two  6x4-inch  full-length  angles 
and  one  13x7/16-lnch  cover  plate  32%  feet  long. 
They  are  connected  by  four  transverse  panels 
of  sway-bracing  which  consist  of  top  and  bot- 
tom horizontal  angles  and  zigzag  diagonals. 
There  are  also  pairs  of  lateral  diagonal  angles 
in  each  of  the  three  main  panels.  The  floor- 
beams  are  12x4-inch  timbers  about  33  feet  long 
bolted  to  angle  lugs  2  feet  apart  on  the  top 
flanges  of  the  outside  girders.  They  are  cov- 
ered with  a  longitudinal  and  transverse  thick- 
ness of  2-inch  yellow  pine  plank  and  carry  the 
20-foot  roadway  between  the  main  girders  and 
the  5-foot  4-inch  sidewalks  on  their  cantilever 
ends. 

At  one  end  the  bridge  is  hinged  to  the  lower 
ends  of  a  pair  of  vertical  tower  columns  about 
35  feet  high.  The  tower  columns  are  made  with 
pairs  of  12-inch  channels  and  are  seated  in 
masonry  pockets  5  feet  4  Inches  below  grade. 
They  are  connected  by  a  lattice-girder  about  20 
feet  deep,  which  has  a  clearance  of  19^  feet 
above  the  roadway  and  is  made  with  T-shaped 
top,  bottom  and  end  flanges,  which  are  com- 
posed of  an  18-inch  web  plate  with  pairs  of 
Cx3-inch  horizontal  bulb  angles  and  3%xy2-inch 
vertical  flange  angles.  The  diagonal  members 
are  single  3%x3%-inch  angles.  The  concave 
track  girders  for  the  counterweights  are  made 
with  pairs  of  15-inch  channels  bent  to  a  curve 
plotted  to  correspond  with  the  varying  mo- 
ments of  the  bascule  platform  in  different  posi- 
tions. The  horizontal  members  connecting  the 
feet  of  the  track  and  the  columns  are  pairs  of 
12-inch  channels,  and  the  principal  connecting 
members  are  each  made  with  four  4x3-iach 
angles. 

The  main  girders  are  intersected  by  two 
transverse  girders  of  the  same  depth  and  about 
35  feet  long,  which  are  web-connected  to  them 
and  diagonally  braced  so  as  to  form  the  frame- 
work of  a  solid  platform.  One  of  them  is  rivet- 
ea  across  the  hinge  end  and  the  other  about 
two-thirds  of  the  way  to  the  opposite  end.  The 
second  girder  is  cut  to  clear  the  webs  of  the 
longitudinal  girders,  and  is  thus  made  in  four 
sections.  Both  girders  project  about  7%  feet 
beyond  each  outside  longitudinal  girder  and 
have  their  extremities  connected  by  fascia  plate 
girders  42  inches  deep  with  single  4x3x%-inch 
flange  angles.  At  the  tower  ends  these  girders 
project  about  SVo  feet  beyond  the  transverse 
girder  and  have  %-inch  web  reinforcement 
plates  riveted  to  them  which  project  above  and 
beyond  their  bevelled  ends  to  form  offset  hinge 
plates  on  which  the  bridge  is  pivoted  to  horizon- 
tal 5-inch  pins.  The  ends  of  these  girders  enter 
the  open  faces  of  the  columns  and  the  hinge 
pins  engage  the  column  webs. 

Gusset  plates  %  inch  thick  are  riveted  to  the 
revolving  ends  of  the  fascia  girders  and  each 
projects  above  the  top  flange  to  receive  a  1V>- 
inch  and  a  4-inch  pin.  The  former  engages  the 
end  of  the  %-inch  steel  hoisting  rope  and  the 
latter  engages  the  1%-inch  counterweight  rope, 
both  of  which  pass  over  sheaves  at  the  top  of 
the  tower.  The  counterweight  rope  is  secured 
to  a  yoke  pivoted  to  the  axle  of  a  cast-iron 
roller  weighing  about  45,000  pounds.  The 
hoisting  rope  is  led  down  the  rear  face  of  the 


Ai'i;i!.  30,  1904. 


THE     ENGINEERING    RECORD. 


563 


•column  lo  a  drum  driven  by  a  5-horse-power 
General  Electric  motor.  The  counteer  rollers 
were  found  a  little  too  light  and  additional 
weight  has  been  added  to  their  yokes.  They 
balance  the  bridge  to  within  about  six  tons  in 
all  positions  so  that  the  bascule  leaf  always 
has  a  positive  tendency  to  close. 

The  bridge  can  be  raised  by  the  motors  in 
about  forty  seconds.  It  also  has  hand  gear 
with  which  it  can  be  lifted  by  three  men  in 
about  five  minutes.  When  closed,  both  ends  of 
the  main  longitudinal  girders  rest  on  flat  bear- 
ing plates  on  the  masonry  abutments.  The 
bridge  was  completed  in  1898  at  a  cost  of  about 
125,000.  It  was  built  by  the  Department  of 
City  Works,  Division  of  Construction  and  Re- 
pairs, Brooklyn,  N.  Y.,  under  the  administration 
of  Mr.  Peter  Milne,  commissioner,  and  Mr. 
P.  M.  Fielding,  deputy.  The  design  was  made 
by  Mr.  Joseph-  Mayer;  Mr.  E.  S.  White  was  the 
engineer  in  charge,  and  Mr.  J.  S.  Langthorn 
was  resident  engineer  of  construction.  Messrs. 
Deane  &  Westbrook  were  the  general  contrac- 
tors, and  the  superstructure  was  built  by  the 
Canton  Bridge  Company. 


The   Cleaning   and    Flushing   of    Sewers. 

So  much  interest  was  taken  in  this  subject 
at  the  annual  meeting  of  the  Sanitary  Section 
of  the  Boston  Society  of  Civil  Engineers,  held 
March  2,  that  it  was  thought  profitable  to  con- 
tinue the  discussion  at  a  special  meeting  held 
April  13.  The  report  of  the  annual  meeting 
was  printed  in  The  Engineering  Record  March 
12. 

In  describing  the  sewerage  system  of  Melrose, 
Mr.  W.  D.  Hunter  stated  that  the  city  is  7  miles 
north  of  Boston  with  a  population  of  about  14,- 
000,  of  which  13,000  contribute  to  the  sewers. 
The  system,  begun  in  1894  and  completed  in 
1898,  consists  of  35  miles  of  pipe  from  2  feet  to 
6  inches  in  diameter.  Manholes  were  placed  at 
junctions  and  250  feet  apart  on  straight  lines. 
Many  of  the  sewers  are  laid  on  Hat  grades,  two- 
thirds  of  the  system  requiring  under  drains. 
House  connections  are  5  Inches  In  diameter, 
and  connections  to  house  plumbing  are  made  by 
Y's.  Running  traps  are  required  by  the  board 
of  health,  and  these  catch  the  grease.  The  ven- 
tilation   of    the    system    is    satisfactory,    being 


Harway  Avenue  Bascule  Bridge  Over  Coney  Island  Creek,  New  York. 


A  Rii-PLi.NG  Cha.n.nkl,  so  called,  500  feet  long 
and  5  feet  wide,  having  its  bottom  covered  with 
sharp-edged  pottery  fragments,  was  introduced 
between  the  bacteria  beds  and  the  river  re- 
ceiving the  effluent  from  the  sewage  disposal 
plant  of  Waltham,  England.  In  flowing  through 
this  open  channel  the  effluent  Is  thoroughly  agi- 
tated so  that  suspended  gases  are  dispersed, 
particles  of  carbon  from  the  beds  are  arrested, 
and  the  fluid  is  thoroughly  oxygenated  and 
aerated,  producing  a  clear,  bright  and  sparkling 
effluent,  odorless,  non-putrescent  and  capable  of 
supporting  the  respiration  of  coarse  fish.  The 
normal  flow  is  about  150,000  gallons  of  sewage 
per  day.  The  plant,  as  described  in  "The  Sur- 
veyor," comprises  a  scouring  chamber,  dupli- 
cate detritus  tanks  34 '/a  feet  long,  IGli,  feet 
wide  and  8 '4  feet  deep,  used  alternately,  open 
septic  tanks  of  75,000  gallons  capacity,  and  two 
circular  bacteria  beds,  60  and  Go  feet  in  diam- 
eter, fitted  with  Adams'  patent  revolving 
sprinklers.  The  fluid  is  eight  hours  in  the  de- 
tritus tanks,  twelve  hours  in  the  septic  tanks 
and  fifteen  minutes  in  the  bacteria  beds. 


effected  by  four  yi-inch  holes  in  each  manhole 
cover.  The  streets  are  lined  with  trees,  but 
stoppages  from  roots  are  almost  unknown. 
Cleaning  is  done  about  once  a  year,  largely  by 
use  of  a  steel  hoe  the  shape  of  the  pipe  with  a 
follower  made  of  a  bag  or  bundle  of  rags  drawn 
through  after  the  hoe.  The  cost  of  cleaning  the 
system  last  year  was  $17  per  mile.  Including 
labor,  horse,  etc.  There  are  no  siphons  on  the 
system. 

Mr.  Harrison  P.  Eddy  stated  that  the  system 
In  the  city  of  Worcester  comprises  169  miles  of 
sewers,  most  of  which  are  8  Inches  diameter  or 
over,  69  miles  being  separate,  61  2/3  combined 
and  38  2/3  surface  drainage  sewers,  with  6,380 
manholes  and  2,630  catch-basins.  The  cost  of 
flushing  and  cleaning  during  the  last  six  years 
has  been,  on  an  average  $130  per  mile,  the  low- 
est cost  being  $110.47.  in  1898,  the  highest  $155, 
In  1903.  The  cost  of  cleaning  catch-basins  has 
been  $3.23  per  cubic  yard  per  year.  A  large  por- 
tion of  the  flushing  is  done  every  Ave  weeks, 
but  It  is  not  practicable  to  flush  between  De- 
cember 1  and  April  1.    The  maintenance  depart- 


ment is  in  cnarge  of  one  man  who  looks  up  all 
complaints  from  stoppages,  has  charge  of  the 
cleaning  and  flushing  and  the  systematic  In- 
spections made  twice  a  year.  In  the  last  twelve 
years  there  have  not  been  more  than  six  stop- 
pages, not  one  oi  which  was  due  to  roots.  With 
regard  to  the  grade  of  sewers,  Mr.  Eddy  said 
that  a  0.4  grade  will  move  fine  clay  and  a  2.5 
grade  will  move  coarse  gravel.  He  recom- 
mended providing  a  grade  to  give  a  velocity  of 
2.5  feet  per  second  when  running  full.  At  all 
points  below  half  full  the  mean  velocity  will 
not  be  reached,  for,  at  a  depth  of  2  Inches  there 
may  be  a  velocity  of  1  foot  per  second  and  with 
3  Inches  depth  a  velocity  of  1.6  feet  per  second. 

Mr.  George  A.  Weatherbee  said  that  the  sys- 
tem In  Maiden  consists  of  47  miles  of  sewers 
ranging  in  diameter  from  6  Inches  to  3  feet.  In 
the  EdgeWorth  district  many  of  the  sewers  are 
laid  on  flat  grades,  one  8-lnch  pipe  being  on  a 
grade  of  1  In  500,  another  8-lnch  on  1  In  900,  a 
15-lnch  on  a  grade  of  1  In  750,  and  a  24-lnch  on 
a  grade  of  1  in  1,500.  One  of  the  8-inch  pipes 
laid  1  In  500  Is  cleaned  once  In  winter  and  once 
in  summer,  and  there  have  been  no  complaints 
from  the  other  8-fnch  sewers  in  the  same  dis- 
trict. The  cost  of  cleaning  and  flushing  last 
year  was  a  little  less  than  $5  per  mile.  Small 
sewers  are  connected  with  the  .water  works 
pipes  and  cleaned  annually,  the  large  sewers  be- 
ing flushed  by  flushing  manholes.  There  have 
been  no  stoppages  from  roots  excepting  In  one 
house  connection.  Ventilation  is  made  at  pres- 
ent through  open  manhole  covers.  Mr.  Weath- 
erbee has  experimented  with  ventilation  and 
found  that  the  current  went  downward  through 
the  manholes.  There  are  three  siphons  on  the 
system,  which  are  cleaned  once  a  year  and  have 
given  no  trouble.  There  Is  one  manhole  on  each 
side  with  a  sump  from  3  feet  to  3.5  feet  below 
the  line  of  the  sewer.  Two-thirds  of  the  con- 
tents caught  In  the  sumps  are  sand. 

Mr.  Arthur  C.  Townsend  described  the  sys- 
tem in  Lynn,  which  has  75  miles  of  combined 
sewers.  It  was  started  in  the  '70's,  and  many 
of  the  old  sewers  are  in  very  poor  condition,  be- 
ing neither  in  line  nor  on  grade.  There  has 
been  no  trouble  from  the  new  sewers  built  In 
the  last  twelve  or  fifteen  years.  Inspection  of 
the  system  is  made  on  an  average  every  three 
months  and  fiushlng  Is  effected  by  means  of  the 
hydrant  hose  at  the  manholes,  thirty  or  thirty- 
five  sections  being  flushed  every  month.  Mr. 
Townsend  does  not  like  to  lay  sewers  to  a 
grade  less  than  1  In  300  or  400,  but  sometimes  It 
Is  necessary  to  build  to  a  flatter  grade.  There 
has  been  little  trouble  from  roots  growing  Into 
the  sewers.  The  annual  appropriation  for 
cleaning  and  repairing  the  75  miles  of  sewers  Is 
$1,000. 

In  the  city  of  Qulncy,  described  by  Mr.  Ernest 
W.  Branch,  there  are  40  miles  of  sewers  on  the 
separate  system.  The  annual  appropriation  for 
cleaning  the  sewers  Is  $1,500.  There  are  125 
flushing  manholes,  none  of  which  are  auto- 
matic, and  the  sewers  are  flushed  once  a  week. 
On  flat  grades  they  are  troubled  with  a  fungus 
growth,  which  is  removed  by  use  of  a  rattan 
brush.  To  remove  the  sand  which  falls  through 
the  holes  in  the  manhole  covers,  Mr.  Branch  has 
devised  a  scoop,  similar  to  a  sugar  scoop,  but 
having  two  ends,  there  being  different  sizes  for 
different  sized  sewers.  The  scoop  Is  operated 
by  means  of  a  rope.  All  connections  to  houses 
are  made  with  clean-outs  In  direct  connection 
with  sewer. 

Mr.  Patterson  said  that  the  system  in  Revere 
was  laid  by  contract  twelve  years  ago  and  has 
given  a  great  deal  of  trouble,  but  the  pipes  laid 
In  recent  years  have  given  no  trouble.  There 
are  15-lnch  and  18-lnch  pipes  laid  on  a  grade  of 
1  In  1,000  which  have  given  no  trouble,  and 
from  2,000  to  3,000  feet  of  8-lnch  pipes  laid  at 
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the  aun«  grade  which  have  to  he  flushed  every 
tvo  months.  Flushing  with  good  results  la 
done  br  means  of  a  fire  hose  through  the  man-' 
ho)e  with  65  pounds  pressure  at  the  hydrant, 
reduced  to  50  pounds  at  the  manhole.  Some 
trouble  has  been  caused  by  roots  growing  into 
the  pipes  through  the  joints,  especially  in  one 
S-inch  pipe,  where  they  grew  to  a  sixe  of  from 
4  to  6  inches.  A  scoop  has  Ijeen  used,  with 
meeaaB,  to  pick  up  the  sand  accumulations. 

Mr.  Arthur  A.  Adams  stated,  that  in  Spring- 
field there  are  25  miles  of  brick  sewers  and  75 
miles  of  pipe  sewers.  Flushing  is  done  by 
means  of  connections  to  the  water-works  sys- 
tem with  lH>-inch  to  4-inch  gates  once  in  four 
to  six  weeks.  There  is  not  a  great  deal  of  sand 
or  gravel  in  the  sewers,  the  flushing  being  all 
that  is  necessary  to  carry  such  materials  into 
the  river.  There  have  been  one  or  two  stop- 
p«CM  from  roots. 

Mr.  E.  C.  Frost  described  the  works  in  South 
Framingham.  The  system  was  designed  and 
built  in  1888.  tnere  being  15  miles  of  sewers  on 
the  separate  system,  costing  $225,000.  Flushing 
is  done  four  times  a  year  with  l<^-inch  hose 
connected  to  hydrants  with  95  pounds  pressure. 
Roots  from  20  to  30  feet  long,  which  stopped 
the  flow,  have  been  removed  from  sewers.  Mr. 
Froat  said  that  if  roots  grow  in  sewers  it  is 
becanae  of  faulty  construction,  and  the  i)€st 
thing  to  do  is  to  dig  up  the  sewer  and  relay. 
To  prevent  the  formation  of  grease  he  sug- 
gested putting  a  shovelful  of  potash  into  the 
sewer. 
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A  Pboduces  Gas  Plant  furnishes  power  for 
■n  electric  railway  running  from  Pugliano,  near 
Naples,  to  a  point  about  325  feet  below  the 
actual  summit  of  Vesuvius.  The  Dowson  pro- 
cess is  employed,  and  there  are  two  100-horse- 
power  gas  engines  each  driving  a  direct-current 
dynamo  giving  137  amperes  at  550  volts,  and  a 
storage  battery  having  a  260-ampere  power  ca- 
pacity over  1  hour.  The  dynamos,  which  are 
driven  at  700  revolutions  per  minute,  can  be 
raised  in  pressure  to  770  volts,  it  is  said,  for 
charging  the  battery  without  increasing  the 
number  of  revolutions.  The  gas  engines,  which 
operate  normally  at  160  revolutions  per  minute, 
have  cylinders  20'i  inches  in  diameter  and  29.9 
inches  stroke.  Alwut  175  cubic  feet  of  water 
are  required  per  hour  for  the  gas  apparatus  and 
for  cooling  the  engine  cylinders. 

I>o.M>o>-'s  Sewage  Disposal  problems  have 
more  than  a  local  Interest  and  this  is  true 
largely  because  much  valuable  experimentation 
and  study  has  been  carried  on  in  connection 
with  the  works  by  eminent  chemists  and  sani- 
tarians. The  bacterial  treatment  of  sewage  was 
begun  on  an  experimental  scale  in  May,  1892, 
and  has  been  continued  since  that  date  unin- 
terruptedly on  an  increasing  scale.  Various  re- 
ports on  these  experiments  have  been  printed 
from  time  to  time,  but  are  now  difficult  to  ob- 
tain. Recently  a  volume  entitled  "The  Experi- 
mental Bacterial  Treatment  of  London  Sew- 
age." by  Prof.  Frank  Clowes  and  Dr.  A.  C.  Hous- 
ton, summarizing  the  work  from  the  beginning 
to  1903.  has  been  published  by  P.  S.  King  &  Son, 
2  Great  Smith  Street.  Westminster,  S.  W..  at  a 
price  of  ten  shillings,  and  will  be  of  interest  to 
engineers  engaged  upon  sewage  disposal  under- 
takinsB.  The  book  has  an  appendix  which 
Sirea,  also,  data  relating  to  the  construction 
and  operation  of  septic  tanks  and  bacteria  beds 
In  many  English  cities.  The  purpose  of  the 
London  experiments  has  been  to  settle  the  ques- 
tion of  the  relative  efficiencies  of  bacterial 
methods  as  compared  with  the  chemical  pro- 
ccaats  in  use  at  the  Barking  and  Crossness 
works  In  remorlng  solid  matters  from  the  sew- 
age. 


R.ULROAi)   FiEin   Cross-Section   Books. 

Sir:— Your  issue  of  January  30  contains  an 
article  on  railway  construction  by  Mr.  F.  C. 
French,  Assoc.  M.  Am.  Soc.  C.  E.  In  this  ar- 
ticle IS  given  a  form  of  field  cross-section  book, 
of  which  Figure  1  is  a  copy. 

The  writer  submits  the  form  shown  in  Figure 
2.  which  form  he  has  used  on  all  of  his  railway 
construction,  and  which  he  has  found  very  con- 
venient. 

The  points  in  favor  of  this  form  (Figure  2) 
are  as  follows: 

1.  The  center  cuts  and  fills,  which  are  the 
difference  between  the  grades  and  elevations,  are 
placed  next  to  the  columns  containing  those 
items.  In  making  the  subtractions,  the  eyes  do 
not  have  to  travel  clear  across  the  whole  width 
of  the  book  and  back  again,  but  the  figures  can 
be  written  down  with  the  least  labor,  and  with 
some  chance  of  being  readily  checked. 

2.  The  end  areas  and  cubic  yards,  both  tor 
embankment  and  excavation,  show  separately 
and  distinctly  under  their  respective  heads,  and 
the  cubic  yards  between  two  stations  are  shown 
between  their  respective  end  areas.   ■ 

3.  The  embankment  column  is  placed  next 
to  the  cross-sections  in  order  to  allow  the  cubic 
yard  column  unaer  excavation  to  be  placed  next 
to  the  classification  column,  as  embankments  are 
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were  carried  ilowii  to  a  rock  foundation,  and  the 
cylinders  were  placed  on  a  concrete  foundation 
which  was  carried  up  around  their  footings. 
Pier  No.  2.  the  one  nearest  the  piledriver  in 
your  photograph,  was  cofferdammed  with  ■  a 
double  dam  of  matched  3-ineh  planking,  and 
sunk  to  rock  about  14  feet  below  low  water 
level,  at  considerable  expense  caused  by  exces- 
sive and  continuous  high  water.  After  reach- 
ing the  rock  a  concrete  foundation  was  made 
completely  filling  the  cofferdam,  on  which  th3 
bottom  cylinders  were  placed,  after  which  the 
concrete  was  carried  up  to  about  elevation  9.0, 
and  the  cofferdam  was  left  in  place  and  rip- 
rapped  to  avoid  scouring  around  the  founda- 
tion. 

Pier  No.  3  was  placed  on  a  pile  foundation 
and  built  as  shown,  with  the  exception  o£  the 
15xl5-inch  square  timbers  shown  placed  verti- 
cally in  cylinders,  which  were  omitted.  The 
fact  that  we  know  very  little  of  the  lasting  quali- 
ties of  timber  embedded  in  concrete  and  the  dif- 
ficulty of  properly  filling  and  ramming  the  con- 
crete made  it  seem  advisable  to  leave  them  out, 
and  they  were  not  used  in  either  Pier  No.  2  or 
No.  3,  as  shown.  In  the  construction  of  Pier 
No.  3  the  cylinders  were  first  sunk  by  excavat- 
ing from  the  interior  and  pumping.  Piles  were 
then  driven  as  shown. 

Yours  respectfully,  G.  F.  J^kbbili.. 
Engineer  on  Construction  of  Substructure. 

Shelburne  Falls.  Mass..  April  27. 
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Forms  for  Engineers'  Field  Note  Books. 

rarely,  if  ever,  classified.  The  classification  of 
each  cut  can  then  be  placed  opposite  to  the 
total  amount  of  yardage  contained  in  that  par- 
ticular cut. 

4.  All  field  calculations  are  performed  on  the 
left-hand  page,  and  all  oflice  calculations  on  the 
right-hand  page. 

5.  This  form  of  field  book  enables  the  engineer 
to  refer  at  all  times  to  a  complete  set  of  orig- 
inal notes,  saves  the  labor  and  time  of  trans- 
ferring the  field  notes  to  other  books,  and 
thereby  eliminates  at  least  one  chance  of  mak- 
ing errors. 

The  writer  has  never  seen  a  printed  form  of 
this  kind,  but  has  always  been  obliged  to  rule 
his  own  field  books.  He  has  found  this  form 
very  convenient  and  a  great  time-saver  when 
that  particular  article  was  short. 

Yours  truly,  H.  F.  WiLSO.v,  Jh., 

Assoc.  M.  Am.  Soc.  C.  E. 
Birmingham,  Ala.,  April  20. 


Piers  or  the  Greenfield  Street  Railway 
Bridoe. 

Sir. — I  have  read  with  considerable  interest 
your  well-written  article  on  the  Greenfield  & 
Deerfield  Street  Railway  bridge  at  Greenfield, 
Mass..  in  your  issue  of  April  9,  and  write,  not 
with  a  desire  to  criticize,  but  to  inform  your 
readers  of  the  actual  conditions  of  the  l)r.idge 
•piers  as  built. 

All  the  piers,  with  the  exception  of  pier  No.  3, 


The     Passage     of     Pathologicai,     Bacteria 
through  filters  was  the  subject  of  some  interest- 
ing   experiments,    by    Dr.    A.    C.    Houston,    re- 
ported in  the  recently  published  fourth  interim 
report  of  the  Koyal  Sewage  Commission,  of  Eng- 
land.    The   following  notes  on  these   cests  are 
taken  from  a  review  of  the  report  printed  in 
"Engineering."      Investigations   were    made    as 
to  the  passage  of  pathological  bacteria  through 
sewage    filters,   the   experiments   being   carried 
out  at  Hendon  and  at  Leeds.    The  organism  se- 
lected was  B.  pyocyaneus,  and  at  Hendon  a  cul- 
ture of  this  was  added  for  a  period  of  three  min- 
utes to  the  sewage  flowing  on  to  a  Ducat's  filter 
there.     Seven  minutes  later  the  first  specimen 
of  the  effluent  was  taken,  and  further  samples 
were  then  collected  at  Intervals  of  every   five 
minutes  for  a  period  of  five  hours.     The  bac- 
terium was  noted  in  the  first  sample  taken  and 
in   all   samples   up   to  the   thirty-fifth,   and   oc- 
curred in  twenty  out  of  the  thirty  later  samples 
examined.      The    rapidity    with    which    the   or- 
ganism appearea  in  the  effluent  is  remarkable, 
and  the  results  thus  obtained  were  confirmed  in 
a  second  experiment,  which  was  extended  over 
ten  days.    In  this  instance  sixteen  samples  were 
taken  before  the  culture  was  added,  and  none 
of  these  showed   the   presence  of  the  test  bac- 
terium, but  nine  minutes  after  commencing  to 
a,dd  the  B.  pyocyaneus  it  made  its  appearance  in 
the    effluent    and    only    definitely    disappeared 
from  the  filtrate  after  the  lapse  of  154  hours. 
At  Leeds  the  same  organism  was  added  to  sew- 
age as  It  flowed  into  a  septic  tank,  the  effluent 
from  which  had  been  proved  by  preliminary  ex- 
periments to  be  normally  free   from  this  par- 
ticular type.     The  bacterium  was  found   to  be 
present   in   the   septic    tank    liquor   two   hours 
afterwards,  and  in  the  effluent  from  the  filters 
through  whicn   the  latter  subsequently  passed, 
and  was  still  present  in  the  latter  at  the  end 
of  nine  days,  disappearing  totally  only  on  the 
tenth.     It  is  thus  proved  that  pathological  bac- 
teria can  traverse   both   water  filters  and   bio- 
logical sewage  plant;  but  it  is,  nevertheless,  evi- 
dent that  in  neither  case  is  the  process  conducive 
to   the   bacterial   health,    since   in   spite   of  the 
pabulum   present  in  the  filters,  the  bacteria  in 
(luestlon  tend  to  disappear. 


May  7,  1904. 
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The  Louisiana  Purchase  Exposition. 


When  Napoleon  and  Jefferson  exceeded  the 
constitutional  limitations  of  their  powers  and 
brought  about  the  transfer  of  the  Louisiana 
Territory  a  little  more  than  a  century  ago, 
neither  of  them  could  by  any  possibility  foresee 
that  within  one  hundred  years  this  same  terri- 
tory would  have  a  population  so  great  and  im- 
portant that  the  nations  of  the  world  would  com- 
bine in  spending  more  than  three  times  the 
purchase  money  of  the  tract  in  celebrating  the 
centennial  of  its  transfer.  Napoleon  recognized 
that  the  possession  of  this  vast  area  would  be  a 
menace  in  the  great  struggle  which  was  immi- 
nent. He  saw  that  in  the  wars  of  Prance  with 
the  other  countries  of  Europe.  Louisiana  would 
probably  be  lost  or,  at  the  best,  could  be  re- 
tained only  by  a  great  struggle  far  from  the 
scene  of  his  more  important  operations.  It  was 
better  to  secure  fifteen  million  dollars  for  an 
ondeveloped    tract    of    unknown    future    worth 


than  to  spend  that  sum  in  defending  it  against 
the  countries  with  which  France  would  shortly 
be  contending.  Jefferson  foresaw  the  import- 
ance of  the  Mississippi  Valley  and  its  absolute 
necessity  to  the  infant  United  States  in  the  de- 
velopment of  the  great  territory  lying  west  of 
the  Allegheny  Mountains.  He  recognized  that 
the  mouth  of  the  Mississippi  gave  control  of  the 
Gulf  of  Mexico  and  very  naturally  he  stretched 
the  Constitution  to  its  utmost  in  bringing  about 
this  first  great  expansion  of  the  nation,  A 
trifle  more  than  a  century  has  now  passed  and 
in  the  Louisiana  Territory  there  is  a  popula- 
tion to-day  vastly  greater  than  that  of  the 
United  States  in  1803.  In  that  territory  lie 
states  which  rank  as  high  In  general  culture  as 
any  in  the  country,  some  of  the  most  prosper- 
ous agricultural  and  mining  sections,  and  in- 
dustries of  an  Importance  which  can  only  be 
recognized  by  an  examination  of  the  United 
States  census  returns. 

It  Is  fitting  that  the  exposition  commemorat- 
ing the  first  great  expansion  of  the  United 
States  should  be  held  in  the  city  which  is  the 
focus  of  the  enterprise  of  the  territory.  It  Is 
equally  fitting  that  this  exposition  should  be 
the  grandest  ever  undertaken,  for  it  celebrates 
a  peaceful  acquisition  of  a  vast  territory  naore 
important  than  any  ever  acquired  by  force 
of  arms  in  the  past  and  destined  to  support  a 
population  that  in  many  ways  will  shortly  be- 
come typical  of  the  nation.  No  one  acquainted 
with  the  history  of  the  Middle  West  can  visit 
the  Louisiana  Purchase  Exposition  without  be- 
ing deeply  Impressed  by  the  meaning  of  the 
Fair.  It  is  a  great  deal  more  than  a  mere  dis- 
play of  products  and  methods  of  manufacture. 
On  every  hand  there  are  memorials  of  the  coun- 
try's history  designed  by  artists  who  sympa- 
thize with  the  purpose  of  the  exposition  and 
have  in  consequence  produced  works  calling  to 
mind  the  development  of  the  Louisiana  Pur- 
chase Territory.  It  is  not  in  the  scope  of  The 
Engineering  Record  to  point  out  how  the  his- 
tory of  this  great  tract  is  told  at  the  exposition; 
It  Is  enough  to  state  that  to  the  thoughful  ob- 
server the  exposition  is  truly  commemorative. 

Elsewhere  in  this  issue  there  is  an  account  of 
the  building  of  this  fair.  A  great  deal  has  been 
published  in  this  and  other  journals  on  the  sub- 
ject. These  articles  have  been  more  or  less  dis- 
jointed and  for  this  reason  a  general  account  of 
the  manner  in  which  the  site  has  been  prepared 
Is  appropriate  at  the  present  time.  Very  few 
people  have  any  understanding  of  the  labor  and 
expense  involved  in  the  preliminary  work  of 
such  an  undertaking  before  the  day  of  opening. 
The  illustrations  which  have  been  printed  so 
widely  of  various  buildings  give  some  Idea  of 
the  enormous  structures  that  have  been  erected, 
but  of  the  fair  as  a  whole  there  has,  up  to  the 
present  time,  been  no  concise  statement.  A 
mere  list  of  the  buildings  or  a  general  map  of 
the  ground  gives  little  idea  of  what  has  been 
done  by  Director  Taylor  and  his  staff.  They 
have,  in  fact,  built  a  city  in  the  last  three  years 
in  the  outskirts  of  St.  Louis.  They  have  pro- 
vided it  with  two  distinct  water-works  systems, 
with  a  complete  separate  system  of  sewerage, 
with  roads,  streets  and  walks  having  a  super- 
ficial area  as  large  as  those  in  many  cities  and 
of  a  much  better  character  than  will  often  be 
found  in  places  of  fifty  thousand  population. 
They  have  built  a  railroad  system  of  about  33 
miles  length,  part  of  which  is  operated  electrl- 
cally,'and  they  have  filled  low  ground  and  razed 
hillsides  so  that  the  face  of  the  country  has 
been  entirely  changed.  Very  little  ol  this  work 
ever  attracts  the  attention  of  the  visitor.  The 
great  exposition  buildings,  which  the  depart- 
ment has  erected,  overshadow  the  rest  of  the 
work  which  has  made  the  fair  possible,  and  it 
is  the  purpose  of  The  Engineering  Record  this 


week  to  explain  these  other  undertakings  which 
are  just  as  important  as  the  architectural  con- 
struction. 

It  Is  believed  that  this  description  will  be  par- 
ticularly Interesting  because  it  explains  a  great 
deal  of  temporary  work.  An  engineer  is  rarely 
called  upon  to  carry  out  such  construction.  His 
usual  problem  is  to  build  something  which  will 
last  at  least  ten  years  and  often  several  genera- 
tions. The  Louisiana  Purchase  Exposition  is 
to  last  only  until  1905,  when  it  must  be  removed 
and  tne  grounds  restored  to  their  previous  con- 
dition. Naturally  the  construction  which  is 
best  suited  for  such  a  purpose  is  very  different 
from  that  of  a  permanent  nature,  and  it  is  be- 
lieved that  every  civil  engineer  who  visits  the 
fair,  and  others  whose  engagements  will  pre- 
vent their  doing  this,  will  find  the  account  of 
Interest.  The  article  is  accompanied  by  an  in- 
set map  which  shows  In  a  general  way  the  civil 
engineering  work  which  has  been  done  on  the 
fair  grounds.  In  order  to  get  all  of  the  general 
features  of  this  work  on  one  sheet.  It  has  been 
necessary  to  employ  colors,  but  it  is  believed 
that  the  reader  will  have  no  difficulty  in  learn- 
ing from  the  map  the  facts  in  which  he  is  inter- 
ested. It  should  be  stated  that  this  map  has 
been  prepared  from  many  separate  maps  and  a 
great  deal  of  detail  has  necessarily  been  omitted 
from  it. 

The  exposition  as  a  whole  is  unquestionably 
the  greatest  undertaking  of  its  kind  and  the 
most  instructive.  Not  only  have  foreign  na- 
tions participated  with  unusual  liberality,  but 
American  exhibitors  are  showing  more  fully 
than  ever  before  not  only  their  products,  but 
also  the  manner  in  which  they  are  made.  The 
educational  value  of  such  a  fair  is  extremely 
great,  and  every  one  connected  with  it  is  to  be 
congratulated  on  the  success  which  has  attend- 
ed their  earnest  endeavor  to  make  it  fully 
worthy  of  Its  great  historical  meaning. 


Lessons  of  the  Hotel  Darlington  Failure, 

Sufficient  time  has  elapsed  since  the  failure 
of  the  iron  framework  of  the  proposed  Hotel 
Darlington  on  West  46th  Street,  New  York 
City,  to  permit  a  cool  and  unbiased  judgment 
to  be  formed  regarding  the  main  features  of 
that  type  of  building  design.  A  most  extended 
and  thorough  examination  of  the  wreckage  has 
been  made  by  engineers  and  other  experts,  re- 
sulting in  the  production  of  a  large  amount  of 
information  of  the  nature  of  evidence  as  to 
the  cause  and  manner  of  failure,  subsequently 
analyzed  and  digested  by  an  unusually  Intelli- 
gent coroner's  jury.  If  any  structural  failure 
whatever  can  be  made  to  yield  an  instructive 
lesson  as  to  what  should  be  carefully  avoided  In 
the  design  of  a  high  building  the  teachings  of 
such  a  failure  as  this  should  be  most  impres- 
sive. It  is  reasonable  to  suppose  that  the  own- 
ers and  builders  of  this  class  of  construction 
would  scrupulously  avoid  those  features  of  de- 
sign of  the  Iron  framework  of  the  Hotel  Dar- 
lington which  resulted  in  such  a  disastrous  fail- 
ure, and  yet  at  the  present  time  there  are  being 
erected  in  the  City  of  New  York  a  number  of 
buildings  the  frameworks  of  which  are  probably 
essentially  as  crudely  defective,  weak  and  dan- 
gerous as  that  of  the  wrecked  hotel. 

A  most  concise  and  clear  description  of  the 
iron  framework  of  the  Darlington  is  given  by 
Mr.  H.  de  B.  Parsons  in  the  "Proceedings"  of 
the  American  Society  of  Civil  Engineers  for 
April.  Any  careful  reader  of  Mr.  Parsons'  de- 
scription who  Is  qualified  to  appreciate  the 
technical  features  of  that  design  can  only  won- 
der that  that  kind  of  a  construction  will  ever 
stand  alone  long  enough  to  permit  the  masonry 
walls  to  be  built  around  It.  All  the  columns 
of  the  building.  Intended  to  be  twelve  stories 


566 


THE     ENGINEERING     RECORD. 


Vol.  49,  No.  19. 


hlsK.  vere  of  c««t-ir*n.  square  in  section  and 
▼mri«d  from  six  to  nine  Inches  on  the  side.  As 
each  storr  was  ten  feet  ten  inches  high,  the 
length  of  each  separate  column  was  from  six- 
teen to  nearly  twenty-two  times  its  width.  The' 
ends  of  the  columns  were  faced  and  then  the 
individual  columns  were  simply  stood  one  upon 
another  in  a  vertical  series  throughout  the 
twelve  stories,  or  rather  they  would  have  been 
so  placed  throughout  the  twelve  stories  if  they 
had  hot  failed  to  stand  up  in  this  flimsy  manner 
higher  than  the  ninth  floor.  After  the  manner 
of  soch  wretched  design  the  ends  of  the  col- 
were  fitted  on  two  of  their  sides  with 
flanges  through  which,  at  each  story,  four 
rongh  bolts  passed,  each  being  about  an  eighth 
of  an  inch  less  in  diameter  than  its  hole.  All 
ends  of  floorbeams  were  supported  on  brackets 
ca«t  on  the  sides  of  columns  near  one  end,  so 
that  every  floor  load  in  the  building  was  greatly 
eccentric  to  these  spindling  cast-iron  columns, 
thus  subjecting  the  latter  to  heavy  bending  in 
addition  to  their  direct  loads  of  compression. 
The  ends  of  these  beams  were  also  secured  to 
their  supporting  cast-iron  brackets  only  by 
rough  and  loose  fltting  bolts.  This  viciously 
bad  design  of  framework  was  suitably  rounded 
out  by  Che  complete  absence  of  all  lateral  brac- 
ing whatever.  There  was  absolutely  not  a  mem- 
ber or  even  a  detail  of  any  kind  to  give  the 
framework  a  vestige  of  real  lateral  stability. 
Every  criticism  of  this  character  which  could 
be  made  against  the  Darlington  design  is 
equally  applicable  to  a  number  of  building 
frameworks  with  small  cast-iron  columns  now 
in  process  of  erection  in  this  city. 

In  the  design  of  such  buildings  the  length  of 
column  is  considered  to  be  the  height  of  a 
story.  As  a  matter  of  fact  a  cast-iron  column 
is  an  unfit  and  unsafe  structural  member  un- 
der any  circumstances,  but  even  if  it  were 
tolerable  a  length  of  twenty  times  the  diameter 
is  entirely  too  great.  Independently  of  that 
consideration,  however,  the  absence  of  all  lat- 
eral bracing  and  the  loose-fltting,  rattle-trap 
character  of  the  column  Joints  permit  every 
aeries  of  columns  to  deflect  in  such  a  way  as  to 
give  it  an  effective  length  equal  to  its  total 
height.  In  other  words  the  actual  ettective  col- 
umn length  in  each  series  at  the  Instant  of  fail- 
ure was  the  total  height  of  the  nine  stories. 
This  statement  may  at  flrst  sight  seem  extrava- 
gant or  to  savor  of  exaggeration,  out  it  is  liter- 
ally true.  There  was  nothing  whatever  to  pre- 
vent all  series  of  columns  bending  together,  i.e., 
parallel  to  each  other,  each  series  with  an  effec- 
tive column  lengtn  equal  to  its  total  height.  It 
would  be  difficult  to  Imagine  a  more  aangerous 
condition  for  the  framework  of  a  building.  Such 
a  design  ought  not  to  be  tolerated  in  any  mod- 
em city,  for  it  involves  a  gross  and  baldly  igno- 
rant violation  of  fundamental  principles  of 
rational  design  with  which  even  every  third- 
year  civil  engineering  student  in  a  reputable 
school  is  thoroughly  familiar.  The  attempt  10 
erect  such  a  framework  of  a  high  building  is 
dangerous  and  the  standing  wonder  is  th&t  it 
holds  together  long  enough  to  be  erected. 

It  is  time  that  this  practice  of  viciously  bad 
building  design  coupled  with  the  use  of  such 
an  unfit  material  as  cast-iron  for  columns 
should  be  diacuBsed  in  plain  terms  and  called  by 
Its  right  name.  As  has  frequently  been  stated 
in  the  columns  of  this  Journal,  it  is  more  than 
twenty  years  since  civil  engineers  ruled  cast- 
iron  columns  out  of  use  in  bridge  building,  and 
there  is  no  reason  for  their  exclusion  from 
bridges  which  does  not  hold  with  equal  force 
for  their  exclusion  from  high  buildings.  It  has 
been  demonstrated  from  the  results  of  actual 
teats  that  steel  columns  for  high  buildings  are 
more  economical  than  those  of  cast-iron  even 
wiiere    the    Utter    succeed    in    carrying   their 


loads.  No  trade  prejudice  or  survival  of  igno- 
rance should  prevent  the  adoption  of  steel  col- 
umns in  all  buildings  hereafter  and  thus  make 
failures  like  that  of  the  Darlington  impossible. 


A  Weil-Paid  Position. 


The  Engineering  Record  has  recently  learned 
of  a  position  in  the  government  service  which 
will  doubtless  be  of  interest  to  a  considerable 
number  of  its  readers.  The  place  has  not  yet 
been  definitely  authorized,  it  is  understood, 
but  that  is  not  essential  at  the  present  time. 
One  of  the  government  bureaus  finds  it- 
self in  serious  need  of  a  young  man  who  has 
a  thorough  knowledge  of  steam  engineering, 
particularly  the  latest  practice  in  superheated 
steam,  and  is  also  competent  to  design  all  the 
details  of  the  electric  plant  in  central  lighting 
and  power  stations.  He  should  likewise  be 
lamiliar  witn  heating  work  to  some  extent.  As 
he  will  have  to  conduct  acceptance  tests,  he 
should  have  had  some  experience  in  such  trials 
and  be  competent  to  take  eiitire  charge  of  them. 
The  salary  which  such  services  will  receive  is 
at  present  somewhat  indefinite;  it  was  recently 
stated  that  as  the  chief  draftsman  of  this  par- 
ticular bureau  is  paid  $1,800,  the  new  position 
would  doubtless  carry  a  somewhat  smaller  sal- 
ary, for  the  chief  draftsman  had  been  in  the 
service  a  long  time  and  it  would  not  do  to  take 
on  a  new  man  at  the  same  rate  of  pay.  More- 
over, he  could  not  be  put  on  the  roll  except  ou 
the  per  diem  basis,  along  with  the  day  laborers 
and  charwomen. 

It  is  most  gratifying  to  learn  the  opinion  of 
power  plant  engineering  held  by  an  important 
feoeral  bureau  having  charge  of  a  large  invest- 
ment in  steam  and  electric  plants.  Everything 
that  receives  the  seal  of  government  approval 
carries  great  weight  with  many  people.  There 
are  doubtless  many  parents  in  this  country  who 
are  hesitating  to  send  their  sons  to  a  technical 
school  through  a  fear  that  the  training  will  not 
be  worth  the  expense.  They  should  certainly 
rest  content  with  the  above  statement,  for  it 
shows  that  in  at  least  one  of  the  bureaus,  which 
prides  itself  on  its  engineering  work,  a  man 
who  has  graduated  from  a  technical  school  and 
then  had  some  fifteen  years'  experience  will  be 
able  to  earn  almost  as  much  as  a  chief  drafts- 
man at  $1,800  per  annum.  With  such  a  princely 
income  established  by  the  government  no  one 
need  fear  concerning  the  future  of  engineering 
in  this  country.  There  are  hundreds  of  en- 
gineers running  threshing  engines  and  saw 
mills,  not  to  mention  the  plants  in  shoddy  fac- 
tories and  the  motive  power  of  merry-go-rounds, 
who  will  deplore  their  lack  of  technical  school- 
ing when  they  learn  what  great  inducements 
Uncle  Sam  holds  out  for  the  best  men.  This  an- 
nouncement will  doubtless  be  felt  by  the  corre- 
spondence schools  of  the  country,  and  the  de- 
mand for  courses  in  superheated  steam  and 
power  plant  testing  will  probably  become  very 
large. 

There  will  be  some  carpers  who  will  say  that 
a  man  acquainted  with  the  best  practice  In 
steam  and  electrical  engineering,  able  to  design 
a  plant  costing  half  a  million  dollars  and  test 
it  so  that  the  builders  cannot  palm  off  over- 
rated machinery,  is  really  worth  more  than  the 
salary  mentioned.  There  are  also  critics  who 
may  even  assert  that  it  is  absurd  to  put  a  man 
able  to  do  such  work  on  the  same  salary  basis 
as  the  man  who  helps  the  bureau  chief  to  pull 
on  his  overcoat.  But  it  will  always  be  thus  in 
human  affairs,  for  is  not  everything  done  by  the 
government  open  to  criticism  even  to  such  an 
extent  that  ordinary  libel  laws  will  not  pro- 
tect a  public  officer?  The  fact  that  such  a  set 
of  qualifications  makes  a  man  worth  from 
$5,000  to  $15,000  to  private  corporations  should 


have  little  consideration,  for  civil  service  does 
not  cast  Its  protecting  wing  over  these  privately 
employed  men  nor  do  they  have  the  honor  of 
serving  the  country  in  an  ofllcial  capacity. 
These  two  accompauiraents  of  federal  positions 
are  of  course  above  price,  at  least  we  are  so 
told  by  standard  authors,  and,  being  above 
price,  the  government  bureau  probably  feels 
justified  in  making  its  rate  of  hire  for  a  steam 
and  electrical  expert  somewhat — only  a  few 
hundred  per  cent. — lower  than  the  current  rate 
in  private  business. 

The  gentleman  who  was  asked  to  find  such  a 
man  for  the  bureau  in  question  did  not  know  of 
just  the  right  party  and  suggested  that  The 
Engineering  Record  might  give  some  publicity 
to  the  request.  Any  candidates  who  desire  to 
have  their  names  forwarded  will  be  accommo- 
dated by  addressing  the  editor.  There  are  some 
preliminaries  to  be  gone  through,  such  as  civil 
service  examinations,  but  it  will  be  an  easy 
matter  to  brush  up  subjects  of  such  an  elemen- 
tary nature  as  steam  and  electrical  engineering. 
It  might  be  added  that  considerable  alternating 
current  equipment  has  been  discussed  by  this 
bureau  in  its  recent  work,  and  it  might  be  well 
for  the  candidates  to  spend  an  hour  or  so  re- 
viewing that  subject. 


Municipal  Accounting. 


A  number  of  years  ago  several  seU'-appointed 
critics  of  municipal  affairs  experienced  some 
difficulty  in  securing  the  data  for  their  fulmina- 
tlons  against  various  city  officials.  They  found 
that  the  information  in  annual  reports  was 
compiled  in  such  a  manner  that  they  could  not 
compare  the  figures  of  one  city  with  those  of 
another,  liiis  terrible  disregard  of  their  con- 
venience led  to  much  criticism  that  interested 
themselves  and  amused  those  readers  who  had 
the  time  or  an  inclination  to  notice  their  arti- 
cles. For  a  number  of  years  the  agitation  for 
uniform  municipal  accounting  was  largely  car- 
ried on  by  people  who  seemed  to  see  in  uni- 
form accounts  nothing  but  their  usefulness  as 
material  for  their  studies.  Verv  naturally  any 
criticism  of  the  bookkeeping  of  a  city  which  was 
based  on  the  complaint  that  such  bookkeeping 
did  not  answer  the  purposes  of  these  private  in- 
dividuals had  less  effect  than  a  mosquito  bite. 
From  time  to  time,  however,  men  engaged  in 
the  management  of  municipal  affairs  have  dis- 
cussed this  subject  in  a  rational  manner,  and 
at  the  present  time  there  is  a  well  defined  and 
sensible  movement  on  foot  to  introduce  uni- 
form methods  of  accounting.  This  movement  is 
not  based  on  any  desire  to  furnish  data  for 
sociologists,  but  is  intended  to  make  the  ac- 
counts of  cities  as  simple,  clear  and  compre- 
hensive as  possible. 

Everybody  knows  that  the  bookkeeping  meth- 
ods in  private  companies  have  been  growing 
more  and  more  uniform.  The  great  diversity 
that  existed  twenty-flve  years  ago  is  fast  dis- 
appearing, and  although  the  methods  by  which 
the  data  are  collected  may  differ,  the  data  them- 
selves and  the  way  in  which  they  are  sum- 
marized are  much  the  same  in  every  trade  and 
industry.  It  is  natural,  therefore,  that  this 
trend  toward  uniformity  should  extend  to  muni- 
cipal affairs,  for  a  city  is  nothing  but  a  cor- 
poration and  should  be  managed  in  some  re- 
spects like  a  private  company.  The  reason  that 
much  city  bookkeeping  is  in  such  a  peculiar 
form  to-day  can  doubtless  be  found  in  the  fact 
that  it  is  a  heritage  from  the  past  and  there 
has  been  no  competition  to  force  municipal 
officers  to  introduce  improvements  in  their  aud- 
iting. In  business,  the  auditing  department  is 
generally  one  of  the  most  important  and  the 
manner  in  which  it  is  conducted  is  carefully 
compared  with  that  of  other  companies.    An  im- 
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provement  in  one  corporation  is  soon  followed 
by  a  similar  improvement  in  others. 

Several  cities  liave  of  late  years  had  some  of 
their  books  examined  by  public  accountants 
and  these  specialists  have  suggested  marked 
improvements  in  the  systems  of  keeping  them. 
The  value  of  these  suggestions  has  been  so  well 
recognized  that  the  work  of  the  American  Mu- 
nicipal League  along  this  line  is  attracting  a 
great  deal  of  attention.  Municipal  accounting 
is  now  placed  on  a  basis  of  common  sense  and 
not  on  theory.  There  is  nothing  sacred  about 
the  books  of  a  city,  and  they  should  be  kept  like 
any  other  business  affairs.  The  people  to  de- 
cide how  they  shall  be  kept  are  bookkeepers  and 
not  sociologists.  Fortunately  for  the  taxpayers 
of  the  country,  eminent  public  accountants  are 
much  interested  in  this  subject  and  are  working 
in  the  American  Municipal  League  to  formulate 
systems  of  bookkeeping  which  will  be  clear, 
comprehensive  and  simple.  It  is  doubtless  sur- 
prising to  some  of  the  amateur  critics  who,  in 
the  past,  in  a  few  hours,  have  devised  forms 
for  books  for  a  city  department  that  these  ex- 
perts have  worked  a  couple  of  years  and  are 
still  in  doubt  about  a  great  many  features  of 
municipal  accounting.  In  order  that  the  read- 
ers of  The  Kngineering  Record  may  know  just 
fiow  the  matter  stands  among  the  people  whose 
opinion  on  the  subject  carries  weight,  there  is 
reprinted  elsewhere  in  this  issue  the  first  part 
cf  a  paper  by  Professor  Cleveland,  read  before 
the  American  Municipal  League.  It  is  a  state- 
ment of  the  business  aspect  of  municipal  gov- 
ernment which  is  of  great  interest  in  view  of 
the  fact  that  the  firm  of  Haskins  &  Sells,  with 
which  Professor  Cleveland  is  connected,  has 
made  a  careful  investigation  of  the  municipal 
accounting  systems  of  the  city  of  Chicago,  and 
in  this  way  has  brought  to  general  attention  a 
system  of  bookkeeping  that  will  be  at  the  basis 
of  recommendations  for  uniform  accounting  in 
ihe  future. 

A  considerable  part  of  this  paper  refers  to 
subjects  not  of  engineering  inteiest,  but  in  or- 
der that  the  whole  subject  may  be  properly  pre- 
sented, it  is  necessary  to  consider  the  entire 
system  of  accounts  of  a  city.  By  so  doing,  the 
method  of  keeping  the  records  of  the  public 
works  department  can  be  properly  planned.  At- 
tention is  drawn  to  this  paper  because  a  great 
many  very  poor  and  sometimes  positively  mis- 
leading articles  on  the  subject  have  a,ppeared, 
and  anything  that  a  man  of  Professor  Cleve- 
land's standing  has  to  say  on  the  subject  will 
do  much  to  clarify  the  hazy  condition  of  the 
subject. 


Unnecessary     Opposition    to    the    Addi- 
tional Water  Works  for  New  York. 


The  Legislature  of  New  York  recently  passed 
a  bill,  now  before  Governor  Odell  for  his  signa- 
ture, which,  if  it  becomes  a  law,  will  render 
valueless  a  large  part  of  the  work  of  the  Com- 
mission on  Additional  Water  Supply  for  New 
York  City  and  prevent  the  construction  of 
works  which  should  be  undertaken  immediate- 
ly. This  bill'practlcally  prohibits  the  condem- 
nation of  any  stream  in  Dutchess  County  which 
is  the  chief  source  of  power  or  is  necessary  in 
the  manufacturing  processes  of  mills.  It  is 
evidently  intendeJ  to  safeguard  the  interests  of 
the  industrial  communities  in  that  county 
against  any  injury  which  will  result  from  the 
utilization  for  New  York's  water  supply,  of  the 
streams  which  pass  through  Fishklll,  Wappin- 
gers  and  Poughkeepsie.  It  is  apparently  based 
on  the  belief  that  the  engineers  who  prepared 
the  project  for  these  very  important  works 
failed  to  consider  the  industries  In  question. 

As  a  matter  of  fact,  the  mills  of  Dutchess 


County,  as  well  as  those  on  the  opposite  side  of 
the  Hudson,  were  very  carefully  examined  by 
the  engineers,  and  the  construction  of  the 
works  for  bringing  an  additional  water  supply 
into  New  York  will  leave  these  plants  in  better 
shape  for  manufacturing  purposes  than  they 
are  to-day.  It  is  probable  that  the  Hon.  J.  T. 
Smith,  the  father  of  this  bill,  does  not  under- 
stand the  great  importance  attached  by  engi- 
neers in  all  work  of  this  nature  to  a  careful  pro- 
vision of  compensating  water  or  steam  equip- 
ment for  the  water  taken  from  existing  mill 
privileges.  As  a  matter  of  fact,  this  subject  of 
compensation  is  one  which  has  been  more  de- 
veloped by  engineers-  than  by  any  other  class  of 
professional  men,  and  a  body  of  precedents  has 
been  established  by  centuries  of  such  work  in 
Great  Britain,  as  well  as  in  New  England  to  a 
lesser  extent,  that  affords  entire  protection  to 
all  who  have  any  property  rights  in  a  water 
course. 

The  plans  for  the  utilization  of  the  streams  in 
Dutchess  County  affect  the  runoff  from  about 
.forty  per  cent.' of  the  drainage  basin  of  Fish- 
kill  Creek  and  fifty  per  cent,  of  the  basin  of 
Wappingers  Creek.  The  development  of  these 
portions  of  the  two  basins  will  lessen  the 
amount  of  water  available  for  a  number  of  in- 
dustries, but  the  plans  of  the  Advisory  Commis- 
sion of  Engineers  provide  for  ample  steam 
power  to  take  the  place  of  the  water  power 
which  will  be  rendered  unavailable,  and  also 
provide  ample  water  for  all  other  industrial 
purposes.  The  amount  of  water  which  the  new 
works  will  take  from  these  two  streams  is  very 
small  compared  with  the  quantity  that  is  taken 
in  many  cases  in  Great  Britain.  In  the  latter 
country  very  often  the  entire  stream-flow  is  con- 
demned, with  the  understanding,  however,  that 
from  the  res3rvoirs  of  the  water  works  an 
amount  of  water  shall  be  turned  daily  into  the 
rivers  sufficient  for  the  mills  below.  Such  a 
plan  is  followed  in  hundreds  of  cases  in  Great 
Britain,  and  is  considered  there  absolutely  just 
and  equitable  to  all  concerned.  The  manufac- 
turing plants  are  provided  with  steam  equip- 
ment for  their  power  purposes  and  the  water 
necessary  for  carrying  on  their  industries  is 
furnished  to  them  with  greater  regularity  and 
in  better  condition  than  before,  owing  to  the 
fact  that  it  comes  from  storage  reservoirs  and 
not  from  the  natural  runoff  of  the  catchment 
areas. 

If  the  advocates  of  this  bill  were  to  talk  with 
the  Lancaster  Mills,  of  Clinton,  Mass.,  an  in- 
dustry which  employs  a  larger  number  of  peo- 
ple and  represents  a  greater  investment  than 
any  in  Dutchess  County,  they  would  find  that 
when  the  Metropolitan  Water  Board  of  Massa- 
chusetts condemned  the  waters  of  the  Nashua 
River  for  the  water  supply  of  the  Boston  met- 
ropolitan district,  the  company  was  actually 
provided  with  a  better  equipment  than  it  had 
before  the  water  works  were  contemplated. 
This  is  true  in  every  case  where  a  great  com- 
munity is  obliged  to  seek  an  additional  water 
supply.  The  City  of  New  York  must  have  a 
great  quantity  of  water,  and  the  State  of  New 
York  should  not  prevent  its  metropolis  from 
securing  this  water  where  it  can  best  be  ob- 
tained. The  condemnation  of  the  streams  on 
either  side  of  the  Hudson  for  this  purpose  will 
cause  some  changes  in  power  equipment  of  a 
few  manufacturing  establishments,  but  such 
changes  have  all  been  provided  for,  will  be 
made  without  interfering  with  the  business  of 
these  establishments,  and  will  result  in  a  better 
equipment  when  they  are  completed  than  that 
which  is  now  employed. 

It  is  natural  that  residents  of  the  county 
where  some  of  these  streams  flow  should  fear 
that  the  reservoirs  and  aqueducts  proposed  for 


the  City  of  New  York  will  dry  up  their  rivers 
and  destroy  their  industries.  The  advocates  of 
the  bill  now  before  the  Governor  doubtless  fail 
to  appreciate  that  nothing  of  this  sort  can  hap- 
pen. The  question  is  merely  whether  the  rather 
sparse  population  of  these  rural  counties  may 
enjoy  the  natural  flow  of  the  streams,  most  of 
which  runs  absolutely  to  waste,  or  whether  the 
City  of  New  York  shall  have  the  right  to  take 
half  of  the  water  in  question,  provided  in  so 
doing  it  shall  fully  compensate  every  one  for 
any  injury  that  such  use  may  entail.  The  em- 
inent engineers  who  have  advised  the  city  have 
provided  for  every  contingency  which  will  af- 
fect existing  water  rights  on  these  streams. 
Any  one  interested  in  the  subject  will  be  given 
full  Information  concerning  what  it  is  proposed 
to  do  to  compensate  them  for  any  lost  water. 
There  is  no  concealment  about  the  project,  nor 
is  there  the  faintest  intention  to  take  from 
Dutches  County  or  any  other  county  any 
natural  advantages  which  now  exist  without 
giving  full  compensation  for  them.  If  the 
Smith  bill  becomes  a  law,  it  will  work  great  in- 
jury to  the  largest  city  of  the  country;  if  it  does 
not  become  a  law.  New  York  can  build  works 
necessary  for  its  water  supply  and  all  existing 
Interests  at  the  source  of  this  supply  will  be 
thoroughly  protected.  Most  of  them  will  prob- 
ably be  in  much  better  condition  after  the  works 
are  finished  than  they  are  at  present.  It  is  a 
matter  of  common  knowledge  that  whenever  a 
city  condemns  property,  it  pays  rates  far  in  ex- 
cess of  what  the  property  is  worth. 


The  Union  Engineering  Building  Is  now  be- 
ing planned  by  the  six  architects  who  have  been 
selected  for  a  limited  competition  under  the  gen- 
eral supervision  of  Prof.  W.  R.  Ware,  profes- 
sional adviser  to  the  conference  committee  of 
the  three  national  societies  interested.  All 
plans  are  to  be  submited  by  June  15.  The  build- 
ing will  occupy  about  10,500  square  feet  of  a 
125xl00-foot  lot  on  the  north  side  of  Thirty- 
ninth  Street.  Directly  east  of  the  lot  Mr.  Car- 
negie has  bought  a  residence  which  will  be  kept 
at  its  present  elevation  so  as  to  protect  the 
Engineering  Building's  light  on  that  side.  The 
general  scheme  of  the  building  sets  apart  the 
top  three  stories  for  the  use  of  the  societies 
which  have  been  invited  to  participate  in  t!>e 
advantages  of  the  building.  The  next  three 
floors  are  reserved  for  the  three  national  so- 
cieties, and  here  will  be  their  respective  offices 
with  reception,  board  and  committee  rooms. 
Below  will  be  a  two-story  library  with  a  capac- 
ity of  300,000  to  400,000  volumes,  although  it  is 
possible  that  when  plans  are  flnally  selected  the 
library  may  oe  transferred  to  the  top  of  the 
building.  The  main  auditorium,  seating  1,000 
on  the  floor  and  aboui  500  in  the  galleries,  will 
preferably  be  as  near  the  sidewalk  as  possible, 
and  may  have  above  or  below  it  six  small  as- 
sembly rooms,  seating  100  to  500  people.  These 
are  to  be  provided  with  gas.  compressed  air. 
steam,  water  and  electricity  so  that  experiments 
and  demonstrations  can  be  conducted.  Loung- 
ing and  smoking  rooms  are  provided  for,  and  ar- 
rangements are  made  for  special  banquets  and 
occasional  collations.  A  post-office  and  mailing 
department,  public  telephone  and  telegraph  sta- 
tions and  similar  necessary  conveniences  in  a 
large  building  of  this  character  are  to  be  fur- 
nished and  there  will  be  three  large  elevators. 
The  location  of  this  building  in  the  immediate 
vicinity  of  the  Public  Library  naturally  suggests 
the  propriety  of  a  cooperation  of  that  institu- 
tion and  the  societies  in  establishing  a  great  free 
technical  library  in  the  Engineering  Building. 
Such  a  library  will  be  expensive  in  both  flrst 
cost  and  maintenance,  but  public  co-operation 
may  render  it  possible. 
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THE   BUILDING   OF   A   WORLD'S   FAIR. 

HOW  THE   LOUISIANA  PURCHASE  EXPOSITION  HAS  BEEN   CONSTRUCTED.. 
With  Map  Showing  Civil  Engineering  Work  on  Grounds. 


When  the  pUn  of  the  Louisiana  Purchase 
Bxpositlon  ma  first  worked  out  In  its  general 
details,  it  was  proposed  to  Invest  in  it  about 
fifteen  million  dollars,  the  same  sum  that  the 
United  States  paid  France  for  the  territory 
who«e  acquisition  it  commemorates.  Orig- 
inally It  was  not  an  extraordinary  project,  as 
such  fairs  go,  for  It  contemplated  the  use  of 
considerably  less  ground  than  is  now  occupied. 
The  policy  of  the  managers  In  making  no 
charge  for  space  and  their  encouragement  of 
exhibits  showing  processes  rather  than  prod- 
ucts have  made  necessary  great  additions  to 
the  original  plans.  The  demands  for  space  soon 
exceeded  anything  expected  by  the  most  en- 
thusiastic friends  of  the  project.  An  Indica- 
tion of  their  amount  Is  afforded  by  th6  state- 
ment of  ex-Oovemor  Francis,  president  of  the 
Exposition  Company,  that  the  space  desired 
by  exhibitors  of  breakfast  foods  alone  would 
fill  the  entire  Agricultural  Building,  over  a 
quarter  of  a  mile  long  and  five  hundred  feet 
wide.  But  the  managers,  owing  to  the  ab- 
aence  of  any  charge  for  space,  have  been  able 
to  pare  down  the  estimates  of  room  which 
exhibitors  presented  at  first  They  have  as- 
signed many  of  the  displays  to  places  In  the 
open  air,  and  have  thus  reserved  the  roofed 
area*  for  the  people  who  most  needed  them, 
and  these  people  In  turn  have  been  assisted  In 
ooocentrating  their  exhibits  In  the  least 
■noont  of  space  consistent  with  a  good  ap- 
pearance. The  managers  have  been  troubled 
to  keep  down  exhibits  and  not  to  secure  them, 
to  make  them  representative  rather  than  com- 
prehensive. Even  when  they  exercised  all 
means  In  their  power  to  restrict  the  exhibits 
to  objects  or  proceaaea  legitimately  within  the 
wope  of  a  world's  fair,  they  soon  found  that 
more  room  was  needed  within  the  exposition 
inrlosure  than  they  originally  intended.  The 
area  has  accordingly  been  increased  from  the 
origina]  rather  modest  tract  to  1,240  acres, 
about  twice  the  extent  of  the  Columbian  Ex- 
position, four  times  that  of  the  last  Paris  Ex- 
poattlon  and  that  of  the  Pan-American  Ex- 
position, and  over  five  times  that  of  the  Centen- 
nial. Within  Its  boundary  is  included  a  tract 
large  enough  to  Include  the  Centennial,  Co- 
lumbian and   Pan-American  E^zpositlons. 

These  figures  are  given  to  Indicate  the 
problem  which  the  building  of  the  fair  pre- 
sented. Nothing  like  It  was  ever  before  at- 
tempted In  magnitude,  and  the  management 
d«tennined  that  In  beanty  It  should  surpass 


anything  of  the  sort  done  previously.  Instead 
of  fifteen  million  dollars,  as  first  planned,  It 
win  represent  an  expenditure  of  over  fifty  mil- 
lion dollars.  Moreover — and  this  point  is  a 
governing  one  in  considering  the  actual  con- 
struction of  the  exposition — all  this  money 
represents  a  temporary  city  which  must  be 
cleared  away  next  year.  Hence  all  the  con- 
struction, with  the  exception  of  a  single  build- 
ing on  the  crest  of  land  where  the  fine  arts 
exhibits  are  grouped,  Is  not  enduring  and  has 
been  so  planned  as  to  be  amply  efficient  for 
Its  temporary  purposes,  but  nothing  more. 
Hence  It  is  particularly  appropriate  at  the 
opening  of  this  great  exposition  to  describe 
what  Is  to  many  engineers  its  most  interesting 
feature,  the  fair  Itself,  apart  from  exhibits. 

The  site  of  the  exposition  lies  about  six 
miles  west  of  the  Mississippi  river  and  em- 
braces a  part  of  Forest  Park  and  some  adjoin- 
ing property  including  the  attractive  new 
home  of  Washington  University.  The  new 
buildings  of  the  university  are,  in  fact,  used 
at  present  as  the  administration  offices  of  the 
Exposition  Company.  The  grounds  were 
largely  wooded,  and  the  portion  of  them  cov- 
ered by  the  main  group  of  exposition  buildings 
was  a  dense  tangle  of  brush  and  trees,  through 
which  the  River  des  Peres  wound  in  a  very 
circuitous  channel.  Some  time  ago,  during 
the  prevalence  of  hard  times  in  the  city,  a 
local  newspaper  collected  subscriptions  for  the 
construction  of  a  pond  at  this  part  of  the 
grounds,  and  this  was  dug  by  men  who  would 
otherwise  have  been  without  work.  Its  pres- 
ence added  to  the  difllculties  of  construction. 
The  most  Important  feature  of  the  site  is  its 
undulating  character,  which  has  been  utilized 
in  making  the  exposition  picture  far  more  Im- 
pressive than  anything  possible  on  the  flat 
plains  where  previous  fairs  were  held. 

The  laylng-out,  design  and  construction  of 
the  exposition  have  been  In  charge  of  Mr.  Isaac 
S.  Taylor,  director  of  works.  His  architectural 
work  In  St.  Ix>ui8  Is  too  well  known  to  need  ■ 
mention  here,  b'lt  it  is  certainly  proper  to  put 
on  record  the  forceful  manner  In  which  the 
building  of  the  fair  has  been  pushed  along  by 
his  energy.  An  architect  Is  expected  to  be  an 
artist  and  a  builder,  but  he  is  not  commonly 
ranked  as  an  administrator  as  well.  Yet  the 
Louisiana  Purchase  Exposition  to-day  is  a  mon- 
ument to  the  executive  ability  with  which  Mr. 
Taylor  has  carried  out  a  work  foreign  to  his 
previouB  experience  on  a  scale  that  many  people 


with  a  knowledge  of  world's  fair  coraplications 
have  all  along  predicted  to  be  impracticable.  In 
the  execution  of  his  plans  he  has  been  assisted 
by  several  men  peculiarly  fitted  for  the  work. 
Mr.  Emmanuel  L.  Masqueray,  chief  of  design, 
after  winning  distinction  at  the  Ecole  des  Beaux 
Arts,  attracted  much  attention  in  France  by  his 
projects  for  the  restoration  of  famous  buildings, 
which  led  to  his  appointment  as  a  member  of 
the  National  Commission  on  Historic  Monu- 
ments. He  developed  the  landscape  architec- 
ture and  many  of  the  buildings  of  the  fair,  and 
has  been  Mr.  Taylor's  assistant  in  the  artistic 
features  of  the  undertaking.  The  civil  engineer- 
ing work  of  the  exposition  Mr.  Taylor  delegated 
to  Mr.  Richard  H.  Phillips.  At  the  outset  of 
the  work  there  was  no  department  of  this  char- 
acter, and  Mr.  Phillips  was  rated  simply  as  a 
topographical  surveyor,  but  little  by  little,  as  the 
streets,  water  and  sewerage  systems,  lagoons 
and  other  works  had  to  be  taken  up,  It  was 
found  that  an  exposition  of  this  size  without 
a  civil  engineering  department  was  impossible. 
Mr.  Phillips'  title  Is  chief  civil  engineer,  and  a 
large  part  of  this  article  relates  to  the  work 
he  has  done.  That  it  has  been  accomplished 
at  all  Is  doubtless  due  to  his  absolute  refusal 
to  worry  over  the  many  annoyances  and  delays 
Incident  to  the  execution  of  such  a  complicated 
undertaking.  Few  people  who  have  not  been 
behind  the  scenes  during  the  building  of  a  fair 
can  form  the  faintest  conception  of  the  diffi- 
culty of  keeping  order  among  the  contractors, 
day  laborers,  concession  holders  and  others. 
An  army  without  military  discipline  Is  a  rabble, 
yet  here  in  the  outskirts  of  St.  Louis  was  a 
veritable  army  of  workmen,  not  only  without 
discipline,  but  often  commanded  by  men  whose 
interests  clashed.  The  management  of  such  a 
force  by  men  without  previous  experience  in 
exposition  building  speaks  volumes  for  the  skill 
with  which  the  staff  was  selected.  In  such  posi- 
tions executive  ability  Is  as  Important  as  techni- 
cal attainments  and  more  difficult  to  obtain. 

The  location  of  the  main  group  of  buildings 
was  settled  by  topographical  conditions  at  the 
northeast  corner  of  the  grounds.  The  great 
palaces  have  been  spread  out  like  a  fan,  with 
its  hinge  on  the  top  of  the  knoll  which  is 
crowned  by  the  Festival  Hall  and  the  Fine  Arts 
Palace.  The  three  main  streets  of  the  exposi- 
tion are  directed  toward  the  cascades  and  the 
beautiful  structure  at  its  crest,  and  the  main 
picture  of  the  fair  is  deeply  Impressed  In  this 
way  on  the  most  hurried  visitor.    It  is  inter- 
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to  notice  that  the  ranter  lines  of  the 
three  main  streets  converge  at  a  point  300  teet 
back  or  south  of  the  point  of  convergence  of 
the  axes  of  the  buildings. 

At  the  outset  of  the  enterprise  the  general 
features  of  the  main  buildings  and  the  grounds 
vere  determined  by  a  commission  of  architects, 
of  which  Director  Taylor  was  chairman.  The 
Tarious  architects  then  developed  the  exterior 
details  of  the  buildings,  while  their  structural 
design  was  worked  out  by  the  Division  of 
Works.  It  was  decided  to  have  the  eaves  line 
of  the  principal  stnictnres  uniformly  60  feet 
above  the  ground  and  to  have  the  prevailing 
exterior  tint  an  Ivory  white,  in  order  to  avoid 
the  glare  which  characterized  the  Chicago  fair 
boildlngs  and  the  dusty  appearance  of  those  at 
Baffalo.  Although  It  was  originally  intended 
that  the  general  style  of  architecture  should 
be  a  tree  treatment  of  the  Renaissance,  some 
of  the  buildings,  while  filling  admirably  their 
placet  in  the  main  picture,  would  hardly  be 
called  Renaissance  by  most  critics.  The  main 
facts  concerning  the  principal  buildings  are 
given  in  the  table  on  page  580. 

Structurally  the  buildings  resemble  those  at 
Baffalo,  which  had  wooden  frames,  rather  than 
those  of  Chicago.  The  system  of  construction 
which  was  followed  at  the  Pan-American  Bx- 
position  has  been  adopted  at  St.  Louis.  Timber 
is  used  everywhere  for  columns  and  trusses. 
except  In  the  Government  and  Fine  Arts  Build- 
ings. The  construction  of  the  Pan-American 
buildings  was  so  fully  described  in  The  En- 
gineering Record  that  it  Is  unnecessary  to  go 
into  it  in  detail  at  this  Ume. 

The  central  feature  of  the  exposition,  the 
Festival  Hall,  has,  however,  a  great  dome  which 


its   interior   was   specially   planned   under   the  The  dome  framing  is  carried  by  four  pairs  of 

direction  of  Mr.  Masqueray.     The  auditorium  columns,  one  pair  near  each  corner  of  a  square 

has  a  floor  inclined  downward  toward  the  stage,  measuring    approximately   96    feet   on   a   side. 

which    has   a   wide   proscenium    arch    and    an  Each  column  consists  of  four  8x8-lnch  timbers 
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Plan      of      Trusses. 
Diagram  of  Framing  of  Festival  Hall  Dome. 


CofTilcbUd,  UM,  by  I/oulaUn*  ParcluuK-  exiwiiitluo  Co. 

Court  of  St.  Anthony,  Showing  Temporary  Bridges   for  Construction  Purposes  over  Lagoon. 


is  onnsually  interesting  from  a  structural  point 
of  new.  This  beautiful  building,  of  which  Mr. 
Caaa  Gilbert  was  the  architect,  is  intended  for 
mnalcal  performances  on  the  largest  scale,  and 


organ  chamber  at  its  back  72  feet  long  by  29 
feet  wide.  The  celling  is  far  below  the  exterior 
dome,  and  so  it  has  been  possible  to  use  a  novel 
system  of  construction  In  the  building. 


with  2xl0-inch  lacing.  Special  precautions  were 
taken  to  give  them  a  thoroughly  firm  support. 
They  rise  to  an  elevation  of  about  76 14  feet 
above  the  floor  of  the  lowest  boxes  and  there 
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Framing  in  the  Dome  of  the  Festival  Hall. 


carry  four  trusses,  marked  A  in  the  Illustra- 
tions. Placed  diagonally  across  these  trusses 
are  four  more  marked  B,  and  this  system  of 
trusses  is  built  up  cobhouse  fashion  for  five  tiers. 
These  trusses  carry  a  large  number  of  6x8-inch 
posts,  braced  together  in  all  directions  by  2x10- 
inch  planks,  which  support  the  exterior  dome. 
The  top  of  the  structure  Is  approximately  125 
feet  above  the  top  of  the  columns  or  200  feet 
above  the  main  floor  level.  The  domed  ceiling 
of  the  auditorium  springs  from  the  same  eleva- 
tion as  the  lowest  tier  of  trusses  and  is  95  feet 
in  diameter.  Its  construction  Is  so  well  shown 
in  the  drawings  that  It  need  not  be  described. 
The  exterior  portion  of  the  building  up  to  the 
springing  line  of  the  dome,  and  the  interior 
features  are  carried  by  groups  of  8x8-lnch  posts 
latticed  with  2xl0-inch  plank. 

The  construction  of  the  balcony  of  the  audi- 
torium is  indicated  in  a  general  way  by  the 
diagram  of  a  portion  of  it  over  the  entrance  to 
the  main  floor  opposite  the 
stage.  The  usual  construc- 
tion differs  somewhat  from 
that  shown.  About  19  feet 
inside  the  main  wall  of  the 
haH  is  a  circle  of  columns 
about  11  feet  apart  on  cen- 
ters. Each  column  Is  2  feet 
square  and  consists  of  four 
8x8-inch  posts  latticed  in  the 
usual  manner.  Between  the 
wall  and  this  curved  line  of 
columns  Is  a  promenade  car- 
ried by  2xl0-inch  floorbeams 
about  18  inches  apart.  They 
rest  at  the  wall  on  a  10x14- 
Inch  horizontal  beam  and  at 
the  other  end  on  an  8x14- 
Inch  beam  securely  bolted  in- 
side the  columns.  The  bal- 
cony is  of  cantilever  construc- 
\oum^t  tion.  The  inclined  piece  car- 
rying the  floor  is  a  3xl4-inch 
timber.  At  the  outer  end  it 
is  braced  back  to  an  8x8-Inch 
horizontal  timber  connecting 
the  columns  by  a  2x8-inch 
timber,  and  a  similar  timber 
runs  down  from  the  center  of 
the  3xl4-inch  top  plank  to  the 
same  8x8-inch  girder  between 
the  columns.  The  balcony 
projects  about  25  feet  from 
the  face  of  the  columns  and 
the  vertical  distance  between 
the  3xl4-inch  and  8x8-inch 
girders  at  the  line  of  the  col- 
umns is  about  10  feet.  These 
cantilever  frames  are  spaced 
about  2  feet  on  centers  and 
near  their  projecting  end  are 
framed  into  a  20-inch  I-beam. 
All  structures  excepting 
this  building,  the  Government 
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aad  Fine  Arts  Building  ar«  designed  with 
the  same  general  system  of  timber  con- 
struction which  was  found  so  successful 
at  the  Buffalo  fair.  The  work  was  done 
under  the  immediate  direction  of  Mr.  W. 
H.  H.  Weatherwax.  chief  draftsman,  and  Mr. 
Philip  Markmann,  chief  engineer,  of  the  depart- 
ment of  architecture.  For  the  benefit  of  readers 
not  familiar  with  the  series  of  articles  in  this 
Journal  describing  the  details  of  construction  at 
the  Pan-American  Exposition  an  illustration  is 
given  of  the  interior  of  the  Transportation 
Building  at  St.  Louis,  which  shows  a  typical 
form  of  this  timber  framing.  In  figuring 
stresses  20  pounds  wind  pressure  was  assumed. 
30  pounds  dead  load  on  the  roof  rafters  and  40 
pounds  on  the  trusses.  For  yellow  pine  a  work- 
ing stress  of  1.800  pounds  in  tension  and  bend- 
ing was  assumed. 

The  general  method  of  construction  of  the  ex- 
teriors of  these  buildings  has  been  the  subject 
of  so  many  articles  that  it  is  unnecessary  to 
descril>e  it  again.  It  is  interesting  to  notice, 
however,  that  the  size  of  the  Individual  staff 
castings  is  gradually  being  reduced,  and  large 
columns  and  such  work  are  now  made  in  sec- 
tions and  the  Joints  finished  after  the  pieces 
have  been  nailed  in  place.  The  staff  for  each 
of  the  60-foot  columns  of  the  Varied  Industries 
Building,  for  example,  was  in  twelve  sections. 

Many  of  the  buildings  are  carried  on  pile 
foundations,  as  the  ground  in  the  northwest 
part  of  the  exposition  tract,  where  the  River 
des  Peres  lies,  is  more  or  less  soft.  The 
longest  piles  are  30  feet,  but  a  considerable 
proportion  are  much  shorter,  as  a  shale  rock 
lies  not  far  below  the  surface.  Steam  pile- 
drivers  were  used  on  the  foundations  of  some 
of  the  buildings,  but  ordinary  drop-hammers 
were   generally   employed.     Where  the   ground 


intermediate  points  governing  the  contours. 
Some  portions  were  covered  by  a  stadia  survey, 
which  checked  up  very  satisfactorily.  The  re- 
sults were  plotted  on  maps  of  three  scales — 50, 
100  and  300  feet  to  the  inch.  Progress  maps  on 
heavy  drawing  paper  and  on  tracing  cloth  have 
been  kept  so  that  it  is  possible  to  tell  at  any 
time  the  condition  of  the  work.     The  accom- 


One  of  the  accompanying  illustrations  gives  the 
general  character  of  the  grounds  before  any 
work  was  undertaken,  and  Indicates  better  than 
any  words  what  the  clearing  of  the  site  in- 
volved. The  timber  as  it  was  felled  was  cut 
by  contract,  and  a  large  part  of  it  was  used 
later  for  temporary  trestles,  bridges,  drains 
and  similar  purposes. 


View   Showing   Wooden   Crane  Girders  in   Machinery   Hall. 


Interior  of  Transportation  Building,  Showing  Wooden  Framing. 


was  good,  the  foundations  were  made  of  tim- 
ber  cribbing. 

Preparing  the  Site. — When  the  general  plan 
of  the  fair  had  been  determined  work  was  im- 
mediately started  by  Mr.  Phillips  on  a  topo- 
graphical survey  of  the  grounds.  Lines  were 
first  nm  on  1,000-foot  squares  and  later  these 
were  subdivided  Into  50-foot  squares,  and  ele- 
Tationa  read  at  all  intersections  as  well  as  at 


panying  inset  sheet  has  been  prepared  from 
one  of  these  maps,  and  on  this  account  does 
not  show  the  work  done  In  the  last  six  weeks; 
except  in  a  few  details  it  is  believed,  however, 
to  give  a  strictly  accurate  summary  of  most  of 
the  civil  engineering  work  on  the  exposition 
grounds. 

As  soon  as  the  topography  was  plotted  the 
work  of  grading  and  clearing  was  undertaken 


The  soil  as  a  rule  is  a  hard  clay  covered  with 
a  foot  or  two  of  rich  earth,  which  was  care- 
fully saved  in  all  grading  operations  for  top 
dressing  on  new  surfaces.  The  clay  is  fairly 
stiff,  but  has  certain  peculiarities  which  must 
be  taken  into  account.  The  German  commis- 
sioners learned  this  to  their  sorrow  when  they 
attempted  to  bring  a  bank  of  the  materia",  to 
a  slope  which  most  clays  will  support  but  this 
will  not.  The  bank  slid  badly  and  a  consider- 
able amount  of  regrading  was  necessary. 

In  the  grading,  which  amounted  to  something 
over  two  million  cubic  yards,  care  was  taken 
to  use  the  spoil  so  far  as  possible  for  fills  in 
the  immediate  vicinity.  In  the  case  of  the  Cas- 
cades, for  example,  the  material  from  one  side 
of  the  declivity  was  employed  in  bringing  the 
other  to  grade.  The  top  soil  was  removed  gen- 
erally by  wheel  and  drag  scrapers.  The  clay 
was  handled  by  grading  machines  drawn  by 
eight  double  teams  or  by  traction  engines,  each 
machine  digging  about  200  cubic  yards  In  ten 
hours.  In  the  heaviest  cuts,  about  25  feet  deep, 
one-yard  steam  shovels  with  one-yard  dump 
cars  drawn  by  locomotives  were  used.  The  lead- 
ing grading  contracts  were  undertaken  by  Ma- 
lony  &  Morrison  and  the  Southern  Paving  & 
Construction  Company. 

The  River  des  Peres  Diversion. — It  has  al- 
ready been  mentioned  that  the  River  des  Peres 
flowing  In  a  winding  course  in  the  northeast 
portion  of  the  grounds  was  one  of  the  most 
troublesome  problems  to  be  solved  in  prepar- 
ing the  site.  During  dry  weather  the  channel 
was  practically  without  water,  but  after  heavy 
and  protracted  storms  it  overflowed  Its  banks. 
The  channel  has  a  very  slight  fall,  as  Is  readily 
understood  from  tne  fact  that  the  elevation  of 
the  ground  at  the  Liberal  Arts  Building  Is  the 
same  as  that  of  the  sidewalks  at  the  Southern 
Hotel  In  the  heart  of  the  city,  several  miles  dis- 
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tant.  The  drainage  basin  above  the  exposition 
grounds  has  an  area  of  about  13,200  acres, 
and  with  a  rainfall  at  the  rate  of  3  inches  an 
hour  it  was  estimated  that  the  new  waterway 
would  have  to  carry  about  5,200  cubic  feet  per 
second. 

The  twisting  course  of  the  old  channel  is 
shown  on  the  inset  map  and  also  the  location  of 
the  new  waterway,  which  has  shortened  the  old 
course  4,650  feet.  The  waterway  is  a  large 
timber  culvert  47  feet  wide  over  all  and  divided 
inside  into  two  channels  of  14  feet  3  inches 
and  one  of  14  feet  2  inches,  and  of  a  depth  vary- 
ing with  the  grade  of  the  surface  of  the  ground 
in  which  it  lies.     The  bottom  is  made  of  4x4- 


was  laid  where  the  waterway  was  under  a 
street  so  paved.  At  the  lower  end  of  the  water- 
way, 25  feet  east  of  the  boundary  of  the  exposi- 
tion grounds  there  is  a  bulkhead  and  set  of 
hinged  gates,  one  across  each  channel,  of  which 
complete  details  are  given  on  this  page. 
Similar  hinged  gates  are  placed  in  the  channel 
every  500  feet  to  stop  drafts  in  case  any  por- 
tion of  the  waterway  should  catch  fire. 

The  excavation  for  this  waterway  was  made 
largely  with  steam  shovels,  the  clay  standing 
nearly  vertical  until  the  timber  lining  could  be 
put  in  place.  The  contract  was  executed  by  the 
Rich  Construction  Company.  The  waterway 
not  only  reduces  the  former  course  inside  the 


Elevation    of    Bulkhead    a+    Mouth  of  Channel. 
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Xhe  Covered  Waterway  for  the  River  des  Peres. 


inch  yellow  pine  sills  spaced  2  feet  on  centers 
and  covered  with  2-inch  yellow  pine  plank.  The 
sides  have  4xl2-inch  yellow  pine  uprights  on 
2-foot  centers,  1-inch  rough  oak  plank  on  the 
outside  and  1-inch  yellow  pine  plank  inside. 
The  posts  of  the  inside  partitions  are  3xl0-inch 
yellow  pine  on  2-foot  centers  and  covered  on 
each  side  with  1-lnch  yellow  pine  plank.  In 
this  way  each  of  the  three  channels  is  made 
independent  of  the  others.  At  the  top  the  posts 
are  connected  by  3xl6-inch  yellow  pine  Joists  on 
2-foot  centers,  with  two  lines  of  bridging  over 
each  channel.  The  flooring  on  the  Joists  is  3- 
inch  plank  on  which  a  1%-lnch  coat  of  asphalt 


grounds  nearly  one-half,  but  also  affords  a  much 
smoother  channel  for  the  water,  and  on  this 
account  some  expensive  Improvements  had  to 
be  made  in  the  river  below  the  exposition.  A 
number  of  bends  were  removed  and  several 
bridges  reconstructed.  As  a  result,  during  a 
very  heavy  storm  about  two  months  ago  which 
was  far  more  severe  than  anything  actually  an- 
ticipated, no  part  of  the  waterway  or  the  recti- 
fied river  below  it  was  taxed  to  its  full  capacity, 
while  the  territory  above  the  fair  grounds  was 
flooded  in  the  heretofore  customary  manner. 

Water  Bupply. — One  of  the  first  features  of 
the  work  which  received  attention  was  naturally 


the  water  supply  for  the  grounds.  Not  csnly  was 
a  large  amount  of  water  needed  for  use  during 
the  building  period,  but  later  the  demands  of 
the  fire  underwriters  would  call  for  a  lavish 
provision  of  hydrants  and  mains.  After  care- 
ful consideration  of  all  features  of  the  problem 
it  was  decided  to  construct  two  entirely  inde- 
pendent water-works  systems.  One  of  these  is 
a  low-pressure  network  of  pipes  receiving  its 
supply  directly  from  the  city  mains,  and  the 
other  is  a  high  service  system  operated  with  the 
aid  of  fourteen  fire  pumps  in  the  Steam,  Gas 
&  Fuel  Building.  The  piping  system  is  under 
Mr.  Phillips's  charge,  while  the  pumps  come 
within  the  electrical  and  mechanical  depart- 
ment, of  which  Mr.  Henry  Rustin  was  the  head 
until  he  retired  on  account  of  ill  health,  his 
successor  being  Mr.  Edward  B.  Ellicott.  It 
should  not  be  understood  from  the  use  of  the 
term  "low-pressure"  In  connection  with  the 
first  mentioned  system  of  piping  that  the  water 
is  not  supplied  under  a  good  head.  As  a  mat- 
ter of  fact,  the  three  city  mains  which  furnish 
the  water  were  able  in  March  to  produce  hy- 
drant pressures  of  88  to  93  pounds  at  the  Lib- 
eral Arts  Building,  56  to  59  pounds  at  the  Fine 
Arts  Buildings,  49  to  56  pounds  at  the  Horti- 
cultural Building,  §3  to  86  pounds  at  the  Trans- 
portation Building  and  83  to  85  pounds  at  Lin- 
dell  Avenue.  With  such  a  record  of  hydrant 
pressures  and  with  several  fully  equipped  fire 
department  stations  in  the  grounds,  the  neces- 
sity of  an  independent  fire-protection  system 
does  not  appear  very  pressing. 

The  water  is  furnished  through  meters  by  a 
36-inch  city  main  on  Concourse  Drive  at  the 
west  of  the  grounds,  a  12-inch  main  running 
along  Skinker  Road,  now  called  University 
Boulevard,  and  a  12-inch  main  along  Lindell 
Avenue  on  the  north  side  of  the  grounds.  The 
cast-iron  low  pressure  piping  is  all  of  the  St 
Louis  Water  Department  standard  weight  and 
form  down  to  3  inches  diameter,  below  which 
wrought-iron  with  screw  couplings  has  been 
used.  All  pipes  were  required  to  be  laid  at 
least  ZVi  feet  below  the  finished  surface  of  the 
ground.  A  few  hydrants  were  made  after  the 
St.  Louis  patterns  for  use  on  the  low-pressure 
system  only,  but  they  were  considered  clumsy 
and  were  not  self-draining.  The  specifications 
were  accordingly  changed  to  admit  standard 
makes  of  self-draining  hydrants.  The  valves 
and  the  flush  hydrants  are  set  in  boxes  of 
rough  oak  plank  and  scantling,  with  cast-iron 
covers. 

The  high  pressure  system  was  constructed  of 
regular  wrought-iron  "line"  pipe  outside  the 
buildings  and  of  extra  heavy  pipe  inside,  all 
joints  on  mains  of  12  inches  or  less  being  made 
with  screw-end  couplings  and  those  above  that 
size  with  cast-iron  flanged  connections.  The 
piping  was  subjected  to  a  24-hour  test  of  300 
pounds  at  the  pumping  station,  after  being  laid. 
The  mains  of  the  Laclede  Gas  Company  are  run 
as  a  rule  in  the  same  trenches  as  the  high-pres- 
sure water  mains.  The  outdoor  hydrants  used 
on  this  system  are  of  a  different  form  from 
those  on  the  low-pressure  mains,  in  order  that 
no  confusion  between  them  may  arise.  The 
high-pressure  hydrants  were  especially  de- 
signed by  the  manufacturers  from  specifica- 
tions written  by  the  Department  of  Civil  En- 
gineering and  samples  were  submitted  for  ap- 
proval before  makers  were  allowed  to  fill  the 
orders.  The  outdoor  hydrant  has  two  2%- 
inch  hose  nozzles  and  a  4-inch  steamer 
nozzle,  the  former  having  independent 
gates  to  open  and  close  them.  The  hy- 
drants inside  the  buildings  are  provided  with 
one  or  two  2%-inch  nozzles.  The  high-pressure 
pipes  are  carried  in  trenches  about  the  interior 
as  well  as  exterior  of  the  buildings,  as  indicated 
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in  th«  large  Inset  map,  their  slie  within  the 
buildings  ranging  from  S  to  4  Inches.  Lines  are 
taken  from  them  up  to  the  roofs,  where  there 
are  connections  proyided  for  1^-lnch  hose.  and. 
in  addition  there  are  sprinkler  systems  in 
some   of    the    buildings,    which   have   exterior 
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this  should  happen,  however,  in  most  of  the 
main  buildings  there  are  2inch  or  3-lncU  turret 
monitors,  such  as  are  used  on  flre-boats.  These 
throw  powerful  streams  a  great  distance  and 
will  never  be  used  except  In  case  the  safety  of 
an  entire  building  Is  at  stake,  for  the  jet  from 
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lake  supplies  the  pumps  through  an  independent 
24-inch  suction  main.  The  pumps  are  the 
standard  18xl0xl2-inch  Worthington  under- 
writer's pump  equipped  with  Fisher  governors 
set  to  maintain  a  pressure  of  150  pounds  on  the 
mains.    They  are  located  on  the  north  side  of 
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steamer  connections  as  well  as  the  regular  con- 
nections with  the  interior  piping.  As  there  are 
frequent  cro8»<»nnectlon8  between  the  high 
and  low  pressure  mains  and  the  provision  of 
hose  lines  and  Babcock  Are  extinguishers  in- 
side the  buildings  is  lavish,  it  hardly  seems 
possible  that  any  fire  can  ever  get  beyond  the 
control  of  the  regular  appliances.    In  case 


one  of  them  will  Immediately  wreck  any  ordi- 
nary exhibit  It  strikes. 

The  water  supply  tor  the  fire  pumps  is  fur- 
nished from  the  12-inch  main  along  University 
Boulevard  or  from  Arrowhead  I^ake,  a  basin  of 
9,000,000  gallons  capacity  supplied  from  that 
main,  which  serves  as  a  storage  reservoir  as 
well  as  a  feature  of  the  Philippine  exhibit.  The 


the  Steam,  Gas  &  Fuel  Building,  and  discharge 
into  a  20-lnch  main  which  soon  branches  Into 
two  16-inch  lines. 

The  Cascades. — The  Cascades  descending  the 
gentle  slope  between  the  Festival  Hall  and  the 
Orand  Basin  form  the  leading  monumental  feat- 
ure of  the  exposition,  and  must  be  seen  to  be 
appreciated  in  all  their  beauty.     They  are  the 
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joint  product  of  Mr.  Masqueray  as  architect, 
Mr.  Pliillips  as  structural  and  constructing  en- 
gineer and  Messrs.  Rustin  and  Ellicott  as  en- 
gineers of  the  mechanical  plant.  The  water  for 
their  use  is  pumped  from  the  Grand  Basiu  and 
it  is  expected  that  the  lagoons  will  be  kept 
fairly  fresh  by  the  circulation  thus  produced  in 
them  as  well  as  by  aeration  in  its  frequently 
broken  fall  down  the  steps.  At  the  top  of  the 
hill  in  front  of  the  Festival  Hall  and  each  of  the 
restaurant  buildings  there  is  a  fountain,  that  in 
the  center  being  the  largest. 

The  width  of  the  central  cascade  at  the  top 
is  about  40  feet,  which  increases  to  160  feet  at 


THE     ENGINEERING     RECORD. 

which  the  water  comes  to  rest  before  It  passes 
through  an  underground  conduit  to  an  ellipti- 
cal basin  about  60  feet  long  on  the  opposite  side 
of  the  main  promenade.  From  this  basin  the 
water  flows  through  a  concealed  outlet  into  the 
grand  basin.  The  central  cascade  is  designed  for 
a  flow  of  51,000  gallons  a  minute;  provision  is 
made  for  eighteen  li/i-inch  jets  and  ten  1-inch 
jets  which  are  delivered  to  It  from  the  sides  and 
bases.  The  two  side  cascades  are  each  designed 
for  a  little  over  half  the  total  flow. 

The  cascades  and  their  adjacent  promenades 
are  elevated  from  5  to  20  feet  above  the  finished 
grade  and  are  built  of  timber.     The  construc- 
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the  foot,  to  which  there  is  a  total  descent  of 
about  90  feet,  including  a  sheer  fall  of  21  feet 
into  the  basin.  The  cascade  is  made  of  three 
sheets  of  water  separated  by  two  curved  divi- 
sion walls.  Wide  curved  promenades  with 
series  of  shallow  steps  border  both  of  its  sides. 
The  two  side  cascades  resemble  It  in  general 
features,  but  are  much  smaller  and  have  only 
single  sheets  of  water  about  18  feet  wide  at  the 
top  and  50  feet  at  the  foot.  They  are  also  bor- 
dered on  each  side  by  low  steps  which,  unlike 
those  of  the  central  cascade,  are  carried  by  a 
bridge  acros  the  lower  part  of  the  fall.  Beyond 
this  bridge  there   is  a  wide  curved  basin  In 


tion  consists  essentially  of  horizontal  and 
slightly  inclined  platforms  supported  on  trans- 
verse and  longitudinal  beams  and  girders  car- 
ried by  trestle-bents  of  vertical  posts  and  piles. 
Both  promenades  and  cascades  are  built  with 
a  solid  wooden  deck  which,  in  the  former  case, 
is  covered  with  a  colored  concrete  wearing 
surface.  The  construction  of  the  fountains  at 
the  summit,  the  curved  basins  at  the  feet  of 
the  side  cascades  and  the  oval  basins  on  the 
margin  of  the  Grand  Basin  are  all  of  the  same 
character,  affording  space  for  storage,  mechani- 
cal installation  and  other  purposes  beneath  the 
walks  and  sheets  of  flowing  water. 
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The  details  of  timber  work  are  simple  and 
the  main  features  throughout  are  similar  to 
those  shown  by  the  partial  transverse  and  longi- 
tudinal sections  taken  near  the  head  of  the 
main  cascade.  The  vertical  posts  are  X-braced 
with  2xl0-inch  planks  spiked  on  at  an  angle  of 
about  45  degrees  in  every  longitudinal  and 
transverse  panel.  Where  the  panels  are  high 
there  are  two  sets  of  braces  in  each.  The  tops 
of  the  posts  and  piles  are  capped  with  trans- 
verse corbels  3  feet  long  which  serve  to  slightly 
reduce  the  spans  of  the  girders  and  afford  pro- 
longed support  for  their  spliced  ends.  To  pro- 
tect the  space  underneath  the  cascades  from 
moisture,  special  pains  were  taken  to  devise  a 
tight  deck  or  flooring.  In  all  cases  where  there 
is  a  sheet  or  tall  of  water  this  Is  made  with  a 
lower  course  of  2-inch  transverse  sheeting  cov- 
ered with  heavy-painted  duck  carefully  lapped 
and  slushed  with  paint  at  joints  and  protected 
by  an  upper  floor  of  1-inch  tongued  and 
grooved  boards  very  carefully  fitted  at  all  joints, 
angles  and  intersections.  The  sides  of  the  cas- 
cades are  made  with  a  single  thickness  of  1-inch 
tongued  and  grooved  boards.  The  copings  of 
the  side  walls  for  the  three  sheets  in  the  center 
cascade  are  made  with  a  wooden  framework 
covered  with  expanded  metal  and  plastered  with 
cement  mortar  finished  in  imitation  of  white 
marble  to  correspond  with  the  .surrounding 
architecture.  The  side  copings  are  protected 
on  their  outer  edges  by  a  solid  concrete  curb 
which  retains  an  earth  filling  from  6  to  12 
inches  deep  and  4  to  5  feet  wide,  separating  the 
coping  from  the  promenade.  Underneath  this 
filling  there  is  only  one  course  of  deck  boards 
and  these  are  2  inches  thick. 

The  promenades  are  made  in  sections  which 
are  alternately  flat  slopes  graded  about  1  in  10 
and  easy  flights  of  shallow  stairs.  The  slopes 
are  sheathed  with  2-lnch  transverse  boards 
above  which  there  is  a  O-inch  layer  of  cinders 
covered  with  2  inches  of  fine  stone-concrete  re- 
inforced by  expanded  metal.  The  stairs  are 
made  with  1-inch  treads  and  risers  covered  with 
Portland  cement  concrete  1  inch  thick  plastered 
on  expanded  metal  lath.  The  bed  of  the  water- 
way in  the  central  cascade  consists  of  a  series 
of  shallow  basins  at  different  levels.  The  water 
flows  from  one  to  another  over  horizonal  weirs 
which  have  an  overhanging  edge  as  shown  in 
the  partial  longitudinal  section.  The  widths 
of  the  successive  pools  or  basins  vary  from 
about  10  to  50  feet. 

The  construction  of  the  side  cascades  is  simi- 
lar to  that  of  the  main  cascade,  but  the  dimen- 
sions are  smaller.  At  the  head  of  the  cascade 
the  promenade  is  carried  over  the  water,  as 
shown  in  the  general  cross-section.  Here  the 
structure,  although  supported  on  piles,  is  level 
with  the  finished  grade.  This  is  because  it  was 
thought  best  to  provide  a  solid  timber  structure 
rather  tfian  to  attempt  forming  the  beds  and 
promenades  on  soft  fill.  It  was,  therefore,  built 
on  trestle  bents  and  afterwards  the  earth  was 
filled  in  to  grade  on  both  sides,  leaving,  how- 
ever, a  considerable  opening  under  the  center 
of  the  cascade.  The  curved  basin  at  the  foot 
of  the  side  cascade  is  nearly  200  feet  long  and 
has  a  horizontal  floor  of  double  planks  covered 
with  painted  duck  as  described  for  the  cascades. 
The  fioor  is  carried  on  3x4-inch  sleepers  24 
inches  apart  laid  flat  on  the  ievel  earth.  The 
revetment  walls  are  about  2  feet  wide  and  are 
sheathed  with  1-inch  boards  covered  on  top  with 
2  inches  of  concrete  and  expanded  metal  lath. 
Opposite  the  foot  of  the  cascade  a  small  con- 
crete cistern  is  built  in  the  edge  of  the  basin 
and  receives  the  upper  ends  of  three  24-inch 
vitrified  pipes  through  which  the  water  from 
this  cascade  is  carried  under  the  promenade  to 
the  oval  basin  on  the  border  of  the  Grand  Basin 
and  several  feet  above  it.     The  construction  of 
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the  OTml  iMuln  is  siiAlmr  to  that  of  the  larger 
carred  twBin.  except  that'its  floor  is  supported 
OB  pilee.  In  both  basins  the  concrete  coping  of 
Ota  reretment  wall  is  moulded  to  a  curved  sur-. 
face  br  means  of  transverse  bloclcs  nailed  to 
the  framework  to  receive  the  expanded  metal. 
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and  lagoons  would  stir  up  the  clay  bottom 
and  keep  the  water  muddy,  the  bottoms  have 
been  covered  with  gravel.  A  fair  idea  of  the 
work  is  afforded  by  the  accompanying  view 
taken  looking  toward  the  Machinery  Building. 
The  sides  of  the  lagoons  are  protected  by  a 
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a  4xl2-inch  oak  timber  and  a  2xlO-inch  waling 
piece.  This  construction  supports  the  plank 
bulkhead  which  retains  the  earth  filling  be- 
hind it.  The  bulkhead  has  two  1-inch  faces 
back  of  which  there  ij  about  10  inches  of  clay 
puddle. 


View  Looking  toward  Machinery  Building,  Showing  Unfinished  Lagoon  Work. 


■B  shown  in  detail  at  the  cross-section  through 
the  cistern.  The  spaces  under  the  oval  basins 
are  accessible  by  manholes  at  each  end. 

The  water  from  the  lagoons  returns  through 
a  wooden  flume  in  the  Grand  Basin  to  the  pump 
room  under  the  platform  of  the  east  cascade, 
where  the  hydraulic  and  the  electric  plants  are 
installed.  There  are  three  Worthlngton  centri- 
fugal pumps  ll>-j  feet  high  with  40-inch  suction 
and  36-inch  discharge  pipes.  They  are  operated 
by  25-cycle  three-phase  Westinghouse  induction 
motors  of  2,000-horse-power  capacity,  which 
are  said  to  be  the  largest  of  that  kind  yet  built. 
"nie  pumps  discharge  into  a  100.000-gallon  steel 
tank  ha\ing  an  air  cushion  maintained  by  a 
special  air  pump  at  a  pressure  of  about  60 
pounds  per  square  inch  to  provide  a  uniform 
flow  and  force  the  water  to  the  upper  fountain. 
Provision  is  made  for  draining  each  of  the 
baatns  in  the  fountains  and  cascades  if  neces- 
sary and  for  draining  the  Grand  Basin  and 
Lagoons  through  outfalls  to  the  waterway  if  de- 
sirable. The  rough  construction  of  the  cascades 
including  the  grading,  timber  work  and  con- 
creting, cost  about  $125,000,  which  does  not  in- 
clude the  cost  of  the  machinery  and  of  the  orna- 
mental balustrades,  stairways,  statuary  and 
sculpture. 

The  Laffoont. — No  American  exposition  is 
considered  complete  without  ample  water 
effects  and  those  have  been  .  provided  at  St. 
Louis  on  a  lavish  scale.  The  area  of  the 
groands  is  so  great  that  the  extent  of  these 
channels  and  basins  is  dwarfed  on  the  map. 
The  depth  of  water  in  them  is  only  /it^  to  5 
feet.  They  are  crossed  in  many  places  by 
submerged  pipes  and  conduits,  which  it  was 
desirable  to  place  no  deeper  than  absolutely 
necessary,  and  this  reason  as  well  as  a  wish 
to  keep  the  amount  of  excavation  at  a  low  fig- 
ure led  to  this  choice  of  depths  of  water.  As 
the  passage  of  boats   in  such   shallow  basins 
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wooden  bulkhead  or  revetment.    The  construc- 
tion consists  of  6  X  8-inch  posts  on  8-foot  cen- ' 
ters,  tied  back  every  8  feet  or  so.  depending 
on  the  location,  to  anchor  posts  12  feet  from 
the  face.    The  main  line  of  posts  is  capped  by 


The  upper  part  of  these  bulkheads  is  cov- 
ered with  cement  on  expanded  metal,  shaped 
to  the  appearance  of  heavy  cut  stone.  The 
simplicity  which  characterizes  the  design  of 
all   the  decorative  features  of  the  revetments 
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is  very  successful  In  Its  effect.  It  in  no  way 
draws  the  attention  of  the  visitor  away  from 
the  main  views  by  any  eccentricity,  and  gives 
an  impression  of  massiveness  to  the  entire 
water  picture,  wherever  it  is  seen. 

Pavements  and  Walks. — The  civil  engineer 
who  visited  the  Exposition  a  month  ago  had 
an  opportunity  to  learn  more  concerning  the 
behavior  of  different  pavements  under  heavy 
traffic  than  would  be  acquired  in  the  average 
city  in  several  years.  Every  street  was 
crowded  with  carriages,  wagons  and  heavy 
trucks,  while  automobile  omnibuses  and  heavy 
Are  engines  were  occasionally  seen.  Some  of 
the  roads  had  been  graded  in  the  winter  and 
were  still  settling.  Railways,  which  will  soon 
be  covered  over  or  removed,  cut  across  the 
carriageways  in  many  places.  Trucks  heavily 
loaded  with  machinery  drove  first  over  an 
unfinished  sea  of  sticky  mud,  and  then  over 
fresh  macadam,  which  was  naturally  torn  up 
under  the  combined  action  of  the  mud  and 
heavy  wheel  loads.  In  some  cases  the  De- 
partment of  Works  had  been  directed  by  the 
Executive  Board  for  reasons  of  policy  to  lay 
brick  pavements  before  a  subgrade  and  foun- 
dation could  be  properly  prepared,  and  such 
streets  could  be  seen  going  to  pieces  under  the 
heaviest  loads.  The  work  was  largely  tempo- 
rary, designed  to  facilitate  teaming  while  car- 
rying the  final  roadway  construction  gradually 


purposes.  No  attempt  was  made  to  finish  them 
when  heavy  teaming  was  being  done,  particu- 
larly in  places  where  drainage  was  difficult. 
All  that  was  proposed  was  to  keep  enough 
broken  stone  on  the  roadways  to  render  them 
passable.     In  wet  weather  enough  mud  would 
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heavy  traffic  streets  and  1:2:5  natural  cement 
concrete  for  light  traffic  streets,  covered  with 
a  1%-inch  asphalt  wearing  course;  as  a  mat- 
ter of  fact,  the  contractors  used  Portland  ce- 
ment on  all  the  work.  The  asphalt  sidewalks 
have  a  l^-inch  wearing  surface  on  a  1:3:6  cin- 
der concrete  foundation  4 
Inches  thick.  The  sub-grades 
were  consolidated  by  steam 
rollers  on  all  this  work. 
There  are  also  some  cement 
walks. 

Brick  pavements  have  been 
employed  to  some  extent.  It 
was  intended  to  lay  them  on 
a  concrete  foundation  in 
every  case,  but  the  Depart- 
ment of  Works  has  been  com- 
pelled against  its  judgment  to 
use  timber  foundations  in 
some  places,  and  occasionally 
allow  the  bricks  to  be  placed 
on  rolled  sand  and  broken 
stone.  The  Pike,  along  which 
most  of  the  attractions  of 
the  concession  holders  are 
grouped,  is  an  example  of 
these  brick  streets.  It  is  90 
feet  wide  between  curb  lines 
and  pitches  toward  a  3-foot 
concrete       gutter       in       the 
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forward  toward  completion,  but  was  neverthe- 
less unusually  interesting  to  the  student  of 
roads  and  pavements.  Anyone  who  has  ob- 
served the  effect  of  the  passage  of  an  army 
over  country  roads  can  appreciate  the  wear 
and  tear  of  the  Exposition  streets  the  last  few 
weeks,  yet  visitors  now  will  hardly  recognize 
the  mud-covered  roads  of  spring  in  the  trim 
pavements  and  drives  about  the  grounds. 

The  different  classes  of  streets  and  drives 
are  indicated  on  the  inset  map.  Their  aggre- 
gate length  is  about  35  miles.  It  will  be  seen 
that  broken  stone  and  gravel  roads  are  most 
used,  and  these  were  built  b/  day  labor  under 
the  direct  supervision  of  Mr.  Phillips.  Where 
a  good  subgrade  could  be  secured  the  stand- 
ard cross-section  calls  for  a  2%-inch  bottom 
course  of  coarse  crushed  limestone,  a  1%-inch 
top  course  of  finer  stone  and  a  wearing  surface 
of  screenings.  On  soft  fills  and  for  work  done  in 
wet  weather  the  standard  plan  called  for  a  3  to 
7-Inch  bottom  course  of  large  stone  or  riprap, 
then  a  214-inch  layer  of  macadam  stone,  and  fin- 
ally a  wearing  coat.  Many  of  the  completed  roads 
are  50  to  75  feet  wide,  but  when  first  opened 
they  were  made  20  feet  wide  for  construction 


soon  be  dragged  over  the  stone  to  bury  it  com- 
pletely out  of  sight,  and  the  cheapest  reibedy 
for  the  situation,  since  the  roads  had  to  be 
kept  open,  was  to  put  on  more  broken  stone. 
Consequently  there  are  places  where  over  a 
foot  of  crushed  rock  exists,  although  these  are 
of  course  uncommon. 

The  broken  stone  was  delivered  by  cars  on 
the  service  tracks  to  large  storage  bins,  from 
which  it  was  hauled  as  needed.  It  was  orig- 
inally proposed  to  use  screenings,  but  Mr.  Phil- 
lips noticed  what  an  excellent  surface  can  be 
secured  with  burnt  clay,  such  as  is  used  for 
railway  ballast,  and  that  is  now  extensively 
employed.  The  pleasing  dull  red  finish  this 
material  affords  will  prove  one  of  the  most 
interesting  features  of  the  grounds  to  the  vis- 
iting engineer. 

A  large  amount  of  asphalt  pavement  has 
been  laid  by  the  Barber  Asphalt  Paving  Com- 
pany. In  some  places  the  existing  macadam 
was  covered  with  3  Inches  of  1:2:5  Portland 
cement  concrete,  on  which  a  1%-inch  asphalt 
wearing  course  was  laid.  The  specifications  for 
the  standard  roadways  called  for  a  4-inch  foun- 
dation of  1:2:5  Portland  cement  concrete  for 


center,  the  slope  being  5  inches  in  43%  feet. 
The  rolled  subgrade  as  covered  with  1-lnch 
rosgh  plank  to  support  the  1%-inch  cushion 
of  sand,  on  which  the  brick  were  laid  on  edge. 
Much  of  this  road  is  on  a  fill  and  it  has  been 
badly  torn  up  at  frequent  intervals  in  order 
to  put  in  pipes  and  conduits  to  the  various 
"midway"  shows.  Under  the  circumstances 
its  condition  during  the  exposition  season  will 
be  watched  with  much  interest. 

The  tearing  up  of  the  streets  after  being 
laid  has  been  very  frequent,  and  must  inevit- 
ably affect  their  condition.  In  work  planned  on 
such  a  large  scale  by  so  many  people  and  ex- 
ecuted in  a  short  time,  it  is  unavoidable  for  a 
large  number  of  pipe  connections  to  be  over- 
looked until  the  buildings  are  nearly  finished. 
These  connections  must  be  made  by  trenching, 
and  it  is  important  to  bear  this  fact  in  mind 
in  considering  the  condition  of  the  streets. 

All  curbing  throughout  the  Exposition 
grounds  is  10-inch  oak  plank,  usually  3  Inches 
thick.  It  is  held  on  edge  by  2i4x2%-inch  oak 
stakes  3  feet  long  spaced  4  feet  apart. 

A  pleasant  feature  of  the  main  walks  will  be 
the  rows  of  trees,  mostly  maples,  which  have 
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been  planted  in  sincie  and  double  tines  along 
them.  These  were  procured  on  the  grounds, 
and  have  trunks  9  to  16  inches  in  diameter.  In 
dlnlns  them  up,  the  roots  to  a  depth  of  3  feet 
and  a  diameter  of  8  to  12  feet  were  carefully 
protected  from  any  injury,  and  the  native  earth 
was  kept  about  them  so  far  as  possible.  They 
wer«  then  Elung  horliontally  on  large  trucks 
and  hauled  to  their  new  position'  by  traction  en- 
gines, or  teams  of  6  to  8  horses.  A  large 
nnraerr  for  smaller  trees  and  shrubs  was  estab- 
Ilahad  by  the  Landscape  Department  and  has 
proTed  rery  uaeful  in  the  improvement  of  the 
groanda. 

Sett^rage  and  Drainage  System. — The  sep- 
arate sewerage  system  of  the  grounds  includes 
preTlously  disconnected  sections  of  city  sewers 
bailt  in  a  haphasard  manner  to  serve  districts 


two  branches  run  into  the  18x60-foot  sewage 
pumping  station,  which  contains  duplicate 
plants  arranged  as  shown  in  the  illustrations. 
There  are  two  12-inch  Worthlngton  centrifugal 
pumps  in  each  well  driven  by  75  horse-power 
Westinghouse  motors;  the  connections  of  the 
pumps  are  so  well  shown  by  the  illustrations 
that  it  is  unnecessary  to  explain  them  further. 
The  sewage  is  discharged  through  a  24-inch 
cast-iron  pipe  into  a  city  sewer  in  De  Givervllle 
Street,  about  3,500  feet  distant,  the  total  head 
on  the  pumps  being  about  20  feet.  The  pump- 
ing station  building  was  designed  in  Mr.  Phil- 
lips' private  office. 

The  sewers  inside  the  buildings  are  cast-iron 
and  steel  and  are  laid  so  far  as  possible  in  the 
same  trenches  with  the  low-pressure  water 
pipes.     The  plumbing  in  the  buildings  has  been 
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ered  wooden  drains,  some  discharging  into  the 
covered  waterway  and  others  into  valleys  out- 
side the  grounds. 

Tne  trenches  for  the  larger  sewers  were  made 
by  two  Austin  sewer  Gigging  machines  hauled 
by  traction  engines.  The  earth  was  delivered 
to  dump  ears  hauled  on  narrow-gauge  tracks  by 
locomotives  to  places  where  it  could  be  used  for 
backfilling  over  the  completed  sewer.  The 
smaller  trenches  could  be  opened  in  the  stiff 
clay  without  any  sheeting. 

Bridges. — The  bridges  Of  the  Exposition  are 
mostly  built  in  accordance  with  a  standard  plan, 
differing  only  in  their  width  and  consequently 
in  the  number  of  trusses  required.  Their  gen- 
eral construction  is  shown  completely  in  one 
of  the  accompanying  drawings.  Externally, 
their   architectural   treatment  has   varied   con- 
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Which  were  put  on  the  real  estate  market  in 
the  form  of  building  lota.  For  example,  there 
waa  a  SU-foot  brick  sewer  just  west  of  the 
Philippine  village,  which  has  been  connected 
with  the  sanitary  sewerage  system,  and  a  num- 
ber of  other  sections  which  have  been  incor- 
porated in  the  drainage  system. 

Tlie  saniUry  system  includes  about  9  miles 
of  Titrlfied  pipe  sewers  8  inches  and  upward 
and  about  a  mile  of  brick  sewers.  There  is 
•lao  a  amall  aystem  in  the  northwest  part  of 
the  groands,  which  connects  with  a  septic  tank 
boJlt  by  Washington  University.  The  main 
■ystem  discharges  into  a  well  close  to  the 
northwest  front  of  the  Mines  and  Metallurgy 
Bonding.  From  the  well  a  24-lnch  relief  sewer 
mna  to  the  covered  waterway,  but  this  will 
probably  never  be  used.    From  this  relief  sewer 


carried  out  in  harmony  with  the  St.  Louis  reg- 
ulations. 

The  surface  drainage  system  is  very  elab- 
orate. The  discbarge  from  the  roofs  has  been 
figured  on  the  basis  of  a  3-inch  rainfall,  and 
the  design  of  the  system  for  this  purpose  on 
buildings  as  large  as  some  of  those  at  the  Ex- 
position was  no  small  problem.  The  surface 
water  is  collected  in  wooden  catch  basins,  of 
which  a  standard  type  is  illustrated.  The 
gratings  of  these  basins  are  generally  made  of 
wood  instead  of  iron,  as  shown  in  the  drawings. 
On  side  hills  and  other  situations  where  a  flat 
inlet  is  undesirable,  a  vertical  inlet  has  been 
introduced,  having  an  opening  along  the  curb 
line  about  8  inches  high  and  2  feet  long,  guard- 
ed by  ten  slats.  The  storm  water  passes  from 
the  catch-basins  through  vitrified  pipes  to  cov- 


slderably,  and  the  statuary  and  other  decorative 
features  have  been  modified  for  each  structure 
so  as  to  be  in  harmony  with  the  surroundings 
and  with  the  importance  of  the  bridge.  All  of 
the  structures  are  of  the  arch  type,  which  is 
the  only  one  having  the  necessary  aesthetic 
value  for  such  a  purpose. 

The  trusses  are  3  feet  apart  on  centers  and 
are  supported  on  each  side  of  thewaterway  on 
two  rows  of  piles  15Vj  feet  apart.  Each  truss 
consists  of  top  and  bottom  chords  of  two  3x14- 
Inch  timbers  with  a  solid  web  of  two  courses 
of  2xl2-inch  plank.  At  the  center,  where  this 
construction  is  impossible  on  account  of  the 
low  depth  of  the  trusses,  3xl6-inch  joists  are 
used,  which  are  framed  to  the  arms  running 
out  from  the  shore  in  the  ingenious  manner 
shown  in  the  drawings.     The  trusses  are  braced 
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laterally  by  bridging  at  frequent  intervals  and 
also  by  diagonal  cross-bracing.  In  many  cases 
the  details  of  the  approaches  vary  from  the 
standard  truss  on  account  of  the  necessity  of 
raising  the  grade  of  the  flooring;  In  such  cases 
the  flooring  and  the  joists  on  which  it  rests 
are  lifted  on  blocks  without  affecting  the  gen- 
eral structural   design. 

This  system  of  construction  has  proved  very 
stiff  and  satisfactory  under  the  heavy  loads 
which  were  imposed  by  the  construction  teams. 
Many  of  the  bridges  were  not  open  to  such  traf- 
fic, however,  and  temporary  pile  trestles  were 
built  alongside  them  for  railroad  use  and  bent 
bridges  for  tnis  use.  The  trusses  are  covered 
with    close    3-inch     sheeting    surfaced   to    2% 


inches,  on  vhich  a  2Vi-inch  ^sphalt  wearing 
coat  was  laid. 

Railways. — Among  the  civil  engineering  fea- 
tures of  the  Exposition  which  impressed  the 
visitor  during  March,  there  was  none  of  more 
evident  value  than  the  railways  within  the 
grounds.  The  manner  in  which  the  transporta- 
tion problem  was  handled  by  the  Department 
of  Works  may  be  said  to  have  saved  the  Ex- 
position in  one  sense,  for  without  the  facilities 
it  afforded  It  would  have  been  impossible  to 
have  been  ready  to  open  the  Fair  last  Saturday. 
There  are  three  railway  connections.  On  the 
south  the  Missouri  Pacific  and  the  'Frisco  sys- 
tems enter  the  grounds;  at  the  northwest  cor- 
ner a  spur  from  the  Wabash  Railroad  allows 
cars  to  be  run  into  the  grounds,  and  at  the 
center  of  the  north  side  is  a  spur  from  the  St. 
Louis,  Kansas  City  &  Colorado  Railroad.  The 
Wabash  connection  will  have  to  be  closed  as 
soon  as  the  Fair  is  in  full  swing,  and  the  same 
Is  probably  true  of  the  connection  with  the 
Colorado  Railroad.  Probably  it  will  be  pos- 
sible to  cover  these  tracks  so  that  they  need  not 
be  taken  up  and  will  thus  be  available  for  use 
during  emergencies  and  after  the  Exposition 
has  closed.  The  connection  on  the  south  side 
win  doubtless  be  maintained  for  use  through- 
out the  season  of  the  Fair. 

While  the  buildings  were  under  construction 
a  large  amount  of  trackage  was  put  down  tem- 
porarily for  service  purposes.  Some  of  this 
was  taken,  up  and  relald  elsewhere.    On  April 


Uc     Ub      UA     Uo     Ul      U2      U3      U4-    Ua     U3 


,c     LB    La 


Top    La+era  I   Sys+em . 
J 2      3      4      4      5      2      I 


I?       11     11     §8    S; 
;-*lg      ^^     '?>Qo     ^' 


sk-lJ:-  ^ 


Berrrs    S-A   and    S-H 


Bents  S-B,  a-C,S-Fand  S-G-      Bents   S-D  and  S-E. 


wwMmmmm. 

Bridge      Seat. 


Middle      Pier 


TRESTLE   APPROACHES   AND  SKEW  SPANS  IN  BRIDGE  TEN  NEAR  LIBERAL  ARTS  BUILDING. 


580 


THE     ENGINEERING     RECORD. 


\  OL.  49,  No.  19. 


4  Ui«  trmckase  'within  the  grounds  comprised 
20^  mii«a  of  nuUn  line  and  spurs  belonging 
to  the  World's  Fair  Terminals  Railroad  and 
11.C  miles  belonging  to  the  Intramural  Rail- 
mad.  The  InMt  map  shows  the  location  of 
tb«M  two  ■rstuns  very  clearly.  It  will  be  no- 
ticed that  the  Intramural  Railroad  acts  as  a  belt 
tine  running  around  the  grounds,  with  cut-off 
lines  across  some  of  the  large  branches  which 
afford  direct  connection  by  means  of  spurs  with 
all  the  main  buildings,  except  the  Education 
Building,  which  contains  no  heavy  exhibits. 
The  tracks  of  the  World's  Fair  Terminals  Rail- 
rami  have  a  practical  storage  capacity  of  1,322 
cars,  and  without  such  a  capacity  it  would  have 
been  practically  Impossible  to  handle  the  ex- 
hibiu  satisfactorily.  The  main  storage  yard  is 
in  the  southeast  comer  of  the  grounds  beyond 
the  Philippine  enclosure,  where  a  large  pro- 
vision of  warehouse  capacity  has  been  made. 
These  warehouses  will  be  useful  in  receiving 
the  lata  exhibits  which  must  be  teamed  to  the 
bolldlnga.  At  the  present  writing  the  yard  is 
comparmtively  little  used,  and  the  cara  are  de- 
lirered  directly  to  the  buildings  where  they  are 
to  be  unloaded.  This  will,  of  course,  be  im- 
possible very  soon,  because  it  will  be  out  of  the 
question  to  have  switching  trains  run  about  the 
grounds  while  they  are  thronged  with  visitors. 

The  key  to  the  railway  situation  is  the  Intra- 
mural Railroad.  This  was  designed  as  an  at- 
tractive feature  of  the  Exposition,  to  be  oper- 
ated electrically  with  rather  light  cars.  When 
work  on  the  grounds  had  been  fairly  begun,  Mr. 
Phillips  recognized  that  no  light  construction 
would  be  possible,  and  as  a  result  the  entire 
line  has  been  built  for  heavy  freight  traffic. 
Had  this  not  been  done,  it  is  impossible  to 
surmise  what  would  have  been  the  difficulties 
of  installing  the  exhibits;  to  team  them  from 
the  storage  yards  as  proposed  at  one  time 
would  have  been  fatal  to  a  punctual  opening  of 
the  fair. 

The  road  was  constructed  in  many  places  on 
fills  and  the  task  of  keeping  it  in  good  condi- 
tion has  been  a  trying  one.  The  trestles  and 
bridges  are  of  the  heaviest  construction  and  a 
number  of  drawings  illustrating  them  are  re- 
produced In  some  of  the  accompanying  cuts, 
which  show  at  a  glance  how  much  stronger 
this  intramural  railway  is  than  the  line  con- 
structed years  ago  at  Chicago.  There  Is,  in 
fact,  no  comparison  between  the  two  roads,  as 
the  St  Louis  line  is  practically  a  standard  road 
which  is  merely  incidentally  provided  with 
trolley  poles  for  its  eventual  operation  elec- 
trically with  passenger  cars.  These  passenger 
cars.  It  might  be  added,  have  no  steps,  the  plat- 
forms of  the  stations  being  on  a  level  with  the 
floors  of  the  cara.  This  construction  made  it 
necessary  to  put  in  gauntlet  tracks  at  every 
station,  some  distance  farther  from  the  plat- 
forms than  the  Intramural  tracks,  so  that  the 
regular  cara  passing  over  the  lines  during  con- 
struction would  not  tear  away  tne  station  plat- 
forms. 

The  preceding  notes  give  in  a  general  way 
an  account  of  the  civil  engineering  work  that 
has  been  necessary  to  bring  the  exposition  to  a 
finished  condition.  It  goes  without  saying  that 
the  details  of  this  work  have  necessarily  been 
passed  without  comment,  for  each  class  of 
construction  could  be  made  the  subject  of  an 
interesting  article  by  itself.  The  success  of 
the  work  has  been  due  in  no  small  measure  to 
the  coK>peratlon  of  the  heads  of  the  various 
departments  of  Mr.  Phillips'  organization. 
These  engjneera  have  all  worked  without  re- 
gard to  regular  houra  or  peraonal  comfort  in 
order  that  the  grounds  should  be  ready  for 
rlsitora  on  the  opening  day.  Mr.  Phillips' 
principal  assistant  in  charge  of  office  work  is 
Mr.  H.  R.  Fardwell.    The  sewerage,  water  sup- 


ply and  fire-protection  works  have  been  under  mains  through  a  switchboard  which  also  con- 
Mr.  C.  E.  Young;  the  roads,  lagoons  and  cas-  trols  the  purchased  current.  Two  Worthlngton 
cades,  under  Mr.  E.  R.  Kinsey,  and  the  rail-  barometric  condensers  are  employed.  The 
roads  under  Mr.  C.  H.  Coleman.  Mr.  E.  D.  Wil-  overflow  water  from  their  hot  wells  Is  led 
liams  was  In  charge  of  the  stadia  surveys  In  the  through  pipes  in  a  tunnel  to  the  hot  well  of 
earlier  part  of  the  work  and  subsequently  acted  the  four  cooling  towers. 

as  chief  draftsman  of  the  department.  The    distributing    mains    are    run    in  large 

Power. — The  building  of  the  fair  also  includes,  wooden  tunnels   reaching  the  main   buildings. 

of  course,  provision  of  power  plant  for  the  Ex-  In   each   building   there   is  a  sub-station  with 

position  use  as  well  as  for  exhibitors.    As  this  transformers,     and    rotary    converters     where 

feature  of  the  work  has  been  described  at  con-  necessary.    The  outdoor  lighting  will  be  done 

siderable  length  in  recent  issues  of  this  journal,  by  incandescent  lamps,  a  large  part  of  them  of 

it  will  be  very  briefly  summarized  here.     The  8-candIe  power.     The  buildings  will  be  outlined 

Exposition    Company    has  had   built   an    8,000  with  them,  while  the  Cascades    are    provided 

kilowatt  service  plant  from  the  plans  of  West-  with  special  lighting  effects  so  that  the  main 

inghouse.    Church,   Kerr   &   Company   and    has  picture  is  as  beautiful  at  night  as  during  the 

D.VT.V   CoNCBKNlNO  THE   LAHGEST   BUILDINGS   AT  THE  I.,OUISIANA    PUBCHASK    Exi'DSITlllX. 

Name.                            Size.  Cost.                .\rehltect.                                         I'uiitraetois. 

Transportation 525x1,300  $696,000  t;.  L.  Mnsqueiay.  II.  W.  Schlueter. 

Manufactures 525x1,200  712,399  Carrere  &  Hastlncs.  .lohii  .1.  Diiniinvant  &  f'o. 

Varied  Industries 525x1,200  604,000  Van  Brunt  &  Howe.  Uountrce  Constiuitlon  Co. 

Machinery    525x1,000  496,000  Wldmann,  Walsh  &  Boisseller.  Smith  &  Eastman  Co. 

Mines  and  Metallurgy  .  .525x    750  490,000  Theodore  Link.  Hill  &  O'Meara  Cmistiujtlon  Co. 

Liberal   Arts   525x    750  475,000  Barnett,  Haynes  &  Bainett.  Kellermann  Contracting  Co. 

Electricity   525x    750  399,940  Walker  &  Kimball.  (Joldle  Construction  Co. 

Education    525x    750  319,399  Eames  &  Young.  .Tohn  J.  Dunnavant  &  Co. 

Agriculture    600x1,600  629.940  E.  L.  Masqueray.  Caldwell  &  Drake. 

Horticulture    4 400x    800  228,000  E.  L.  Masqueray.  Caldwell  &  Drake. 

Forestry.  Fish  and  Game.300x    600  171,000  K.  L.  Masqueray.  Kellermann  Contracting  Co. 


A  Typical  View  of  the  Exposition  Site  before  Work  Began. 


contracted  with  the  Union  Electric  Light  & 
Power  Company  for  about  7,500  kilowatts  more. 
These  two  sources  furnish  25-cycle,  6,600-volt 
current.  In  addition  there  will  be  exhibited 
engines  and  generators  with  a  capacity  of  about 
20,000  kilowatts  at  various  voltages,  but  the 
steam  plant  is  insufficient  to  run  all  these  en- 
gines at  one  time.  It  Is  proposed  to  put  as 
many  of  the  units  In  service  as  possible,  for  the 
characteristic  feature  of  the  fair  is  the  display 
of  machinery  in  operation. 

The  service  plant  comprises  sixteen  400- 
horse-power  Babcock  &  Wilcox  boilers  equip- 
ped with  Roney  stokers,  mechanical  draft  ap- 
paratus and  two  4,000-horse-power  Cochrane 
feed-water  beaters  made  by  the  Harrison  Safety 
Boiler  Works;  this  apparatus,  with  the  Worth- 
ington  feed  pumps,  is  located  in  the  Steam, 
Gas  and  Fuels  Building.  The  steam  mains  run 
through  a  tunnel  to  the  Machinery  Building, 
where  they  supply  four  vertical  Westlnghouse 
Corliss  compound  engines,  two  direct-con- 
nected to  Westlnghouse  alternators  of  2,000 
kilowatts  each,  and  two  to  General  Electric 
machines  of  similar  rating.  The  6,600-volt  cur- 
rent Is   delivered   directly  to  the   distributing 


daytime.  Indeed,  to  those  who  were  unable  to 
see  the  Pan-American  Exposition,  the  illumina- 
tion at  night  will  prove  a  revelation  of  the  pos- 
sibilities of  electric  lighting. 

As  before  stated,  the  electrical  and  mechani- 
cal department  of  Mr.  Taylor's  work  has  been 
under  the  charge  of  Messrs.  Henry  Rustin  and 
Edward  B.  Ellicott.  The  actual  operation  of 
the  service  plant  is  in  the  hands  of  Mr.  Charles 
E.  Foster.  Mr.  Thomas  M.  Moore  is  chief  of 
the  department  of  machinery  and  Prof.  W.  E. 
Goldsborough,  chief  of  the  department  of  elec- 
tricity on  the  staff  of  Mr.  F.  J.  V.  Sklft,  direc- 
tor of  exhibits;  the  operating  exhibits  furnish- 
ing current  are  under  their  general  supervision. 


Thieteen  Model  Tenement  Houses,  built  for 
the  City  and  Suburban  Homes  Company,  of 
New  York,  were  opened  for  Inspection  this 
week.  These  houses  are  divided  into  two,  three 
and  four-room  apartments,  with  fireproof  halls. 
Every  room  has  light  and  thorough  ventilation. 
Each  apartment  has  private  hall  and  toilet, 
steam  radiators,  gas  range,  two  porcelain  tubs 
and  other  conveniences.  The  rents  are  moder- 
ate. 


May  7,  1904. 
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The  Effect  of  Pressures  on  the  De  Laval 
Steam    Turbine. 


The  effect  of  the  initial  and  final  pres&uies  on 
the  performance  of  the  nozzles  of  the  De  Laval 
steam  turbine,  and  the  value  of  superheating 
with  that  form  of  turbine  were  discussed  be- 
fore the  Society  of  Arts  of  the  Massachusetts 
Institute  of  Technology  by  Mr.  Charles  Garri- 
Eon  of  the  De  Laval  Steam  'I'urbine  Company, 
on  December  31  of  last  year.  The  address  in 
full,  which  includes  a  description  of  the  tur- 
bine, is  given  in  the  current  issue  of  the 
"Technology  Quarterly." 

Regarding  the  design  of  the  nozzle  he  ex- 
plained that  with  a  given  initial  and  final  pres- 
sure, the  divergence  of  the  nozzle  must  be  defi- 
nitely and  accurately  determined,  in  order  1,o 
get  the  maximum  velocity  of  the  steam  at  the 
periphery  of  the  wheel.  He  assumed  a  case 
where  the  initial  presure  is  150  pounds,  by 
gauge,  and  the  vacuum  is  26  inches  of  mercury, 
represented  by  about  1.9  pounds  pressure  abso- 
lute. Under  these  conditions  the  speed  of  the 
steam  will  be  3,800  feet  per  second.     If  the  ter- 


cubic  feet  to  the  pound,  and  at  1.9  pounds  pres- 
sure absolute  it  is  190  cubic  feet,  so  that  the 
admission  area  of  the  nozzle  must  allow  2.75 
volumes  to  pass  at  a  very  low  speed,  while  at 
tne  discharge  end  190  volumes  must  pass  at  a 
very  high  rate  of  speed.  For  the  20  inches 
vacuum,  the  corresponding  volume  is  75,  so 
that,  the  point  where  this  volume  passes  is  well 
up  in  the  nozzle  and  there  is  a  constant  loss  of 
speed  during  the  rest  of  its  journey,  its  elastic 
property  having  ceased  at  that  point.  With  the 
lower  steam  pressure  of  190  pounds  and  the 
vacuum  of  26  inches,  the  volume  at  admission 
is  changed  to  3.86,  while  the  volume  at  dis- 
charge is  stiH  190,  so  that  the  difference  in  In- 
itial volume  is  but  a  small  part  of  the  total  vol- 
ume on  emission. 

The  actual  loss  of  power  he  calculated  in  the 
following  manner:  The  velocity  under  the  first 
case  where  tne  nozzle  was  suited  to  the  condi- 
tions was  3,800  feet  per  second.  The  velocity 
under  the  second  case,  with  20  inches  vacuum, 
he  found  was  2,800  feet  per  second,  so  that  the 
power  delivered  to  the  wheel  fell  in  the  ratio 
of  the  square  of  these  velocities;    that  is,  the 


A  Typical  Scene  on  the  Exposition    Site  during  Grading. 


minal  pressure  is  varied  to  20  inches  vacuum 
or  about  4.9  pounds  presure  absolute,  with  the 
same  nozzle  the  point  where  the  4.9  pounds 
pressure  occurs  is  well  within  the  nozzle  and 
the  full  expansion  has  been  completed  at  that 
point.  The  steam  then  has  to  travel  a  certain 
distance  along  a  diverging  path,  and  therefore, 
he  says,  its  speed  is  diminished  appreciably  by 
the  time  it  reaches  the  periphery  of  the  wheel. 
As  the  energy  delivered  to  the  wheel  is  propor- 
tionate to  the  square  of  the  velocity  of  the 
steam,  the  power  drops  off  very  rapidly. 

Suppose,  he  says,  the  initial  pressure  is 
changed  from  150  to  100  pounds,  leaving  the 
final  pressure  26  inches,  or  1.9  pounds,  as  in 
the  first  case.  With  the  same  nozzle  the 
effect  in  cutting  down  the  power  will  be  very 
small,  and  coulu  be  compensated  for  by  open- 
ing an  additional  nozzle  so  as  to  give  a  greater 
steam  admission  area.  The  reason  that  the  ter- 
minal pressure  makes  a  great  difference  while 
the  initial  pressure  makes  a  small  difference  he 
explains  by  considering  the  volumes  dealt  with 
under  the  differing  conditions.  At  150  pounds 
gauge  pressure  the  volume  of  the  steam  is  2.75 


value  of  the  square  of  2,800  divided  by  the 
square  of  3,800,  or  neany  one-half.  With  the 
ciiange  of  steam  pressure  from  150  to  100 
pounds,  the  loss  in  power  was  8  per  cent.,  due 
to  the  admission  area  being  too  small  for  suf- 
ficient steam  to  pass  through  the  nozzle  at  this 
lower  pressure.  The  turbines  are  designed,  he 
stated,  so  that  the  combined  nozzle  area  will 
allow  a  10  per  cent,  continuous  overload  and 
this,  he  asserted,  will  care  for  25  per  cent,  mo- 
mentary overloads  without  decreasing  the  speed 
of  the  wheel  more  than  a  slight  amount. 

The  effect  of  the  terminal  pressure,  as  out- 
lined, is  taken  advantage  of  In  a  device  attached 
to  the  turbine  governor  when  the  machine  is 
operated  condensing.  When  the  speed  tends  to 
become  excessive,  air  is  admitted  to  the  wheel 
chamber  and  tlie  vacuum  reduced  from,  say, 
26  inches  to  10  inches,  or  lower,  and  immedi- 
ately the  velocity  of  the  steam  is  greatly  dimin- 
ished and  the  speed  of  the  wheel  cut  down  be- 
low its  normal,  even  though  there  is  no  load 
on  the  turbine  and  the  throttle  is  wide  open. 
To  show  this  action  he  described  the  case  of 
a  150-horse-power  turbine  started  with  all  noz- 


zles open,  the  nozzles  being  designed  for  150 
pounds  pressure  and  26  inches  vacuum;  when 
the  condenser  was  shut  down  and  the  turbine 
exhausted  against  the  atmosphere,  the  turbine 
would  not  come  up  to  full  speed  with  no  load. 

In  illustration  of  its  comparative  freedom 
of  danger  from  water  he  described  the  case  of 
a  30-horse-power  turbine  generator.  The  boiler 
tender  left  the  pump  running  until  the  boiler 
was  full  of  water  and  the  turbine  was  working 
like  a  Pelton  water  wheel.  No  damage  was 
done,  the  turbine  merely  slowing  down.  As 
soon  as  the  steam  was  free  from  water  the 
turbine  resumed  its  normal  pace. 

With  regai-d  to  the  subject  of  superheat  he 
feels  that  superheated  steam  reduces  the  fluid 
friction  loss  to  a  considerable  degree  by  allow- 
ing fewer  particles  of  water  to  come  in  con- 
tact with  the  revolving  parts.  Under  adia- 
batic  expansion  in  a  diverging  nozzle,  the 
steam,  while  starting  on  its  journey  In  a  satur- 
ated condition,  condenses  as  expansion  proceeds, 
so  that  under  such  conditions,  as,  for  example, 
150  pounds  'boiler  pressure  and  28  inches  of 
vacuum,  23  per  cent,  of  the  steam  is  emitted, 
he  stated,  in  the  form  of  water.  This  part  of 
the  steam  has,  therefore,  given  up  Its  latent 
heat  in  useful  work,  that  of  increasing  the 
velocity  of  the  particles.  In  estimating  the  sav- 
ing expected  by  the  use  of  superheat  with  the 
De  Laval  turbines,  8  per  cent,  is  allowed  for 
100  degrees  Fahrenheit  and  13  per  cent,  for  200 
degrees.  Mr.  uarrison  believes  that  the  in- 
crease in  economy  is  probably  largely  due  to 
the  reduction  of  friction,  as  the  percentage  Is 
greater  than  would  be  due  to  thermodynamic 
causes.  He  does  not  venture  to  say  at  what  de- 
gree of  superheat  the  highest  commercial  econ- 
omy occurs,  but  he  places  the  upper  theoretical 
limit  not  far  from  1,470  degrees  Fahrenheit,  as 
with  steam  at  150  pounds  pressure  this  means  a 
temperature  of  over  1,800  degrees,  which  is  near 
the  point  of  dissociation  of  the  steam.  Super- 
heat of  about  bOO  degrees  Fahr.  (based  on  the 
supposition  taat  the  specific  heat  of  superheated 
steam  under  these  conditions  would  be  0.80) 
with  150  pounds  gauge  pressure  and  a  28-inch 
vacuum,  would  give  saturated  steam  at  the 
buckets  of  the  wheel,  so  that  he  comes  to  the 
conclusion  that  while  they  gained  by  diminu- 
tion of  fluid  friction,  there  is  a  loss  from  lack 
of  condensation  and  from  not  freeing  the  latent 
heat  units. 

As  to  high  vacuum  he  stated  that  with  a  300- 
horse-power  wneel  operating  with  150  pounds 
gauge,  the  gain  from  a  vacuum  of  22  inches  to 
one  of  28  inches  is  about  6  per  cent,  per  inch, 
the  percentages  being  figured  from  the  next 
lower  vacuum.  The  condenser  problem  is  one 
that  he  considers  needs  special  consideration, 
as  it  takes  large  cooling  surfaces  and  a  great 
volume  of  water  to  produce  a  vacuum  of  28 
inches  of  mercury.  He  mentioned  a  De  Laval 
300-horse-power  turbine  in  operation  in  Dakota 
with  a  vacuum  equivalent  to  29  inches,  using  an 
Alberger  condenser  and  steam  delivered  with 
225  degrees  of  superheat. 


The  Labgest  Boring  foe  Wateb-Wobks  pur- 
poses in  England  was  recently  completed  for 
the  Gainsborough  Urban  District  Council.  Ac- 
cording to  "The  Engineer"  this  borehole  is  1,515 
feet  deep  and  was  not  sunk  without  some  an- 
noying delays.  One  of  these  was  particularly 
serious.  When  a  depth  of  725  feet  had  been 
reached,  the  rope  carrying  the  boring  tool  broke, 
and  buried  the  tool.  This  accident  caused  an 
interruption  of  no  less  than  twenty-two  months, 
but  eventually  the  tool  was  recovered,  and  the 
boring  completed  to  Its  full  depth  in  1900. 
Pumping  machinery  designed  to  have  a  maxi- 
mum capacity  of  70,000  gallons  per  hour  has 
been  installed  over  the  borehole. 
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The    Fraser    River    Bridge,    British 
Columbia. 


Past  II. — FiXEii  TRrsa  Spans. 
The  159-foot  span  has  Pratt  truss«s  with  top 
and  bottom  chords,  end  po8t«  and  principal 
T«rtical  and  diagonal  members  made  with  pairs 
oC  IS-lnch  channels  latticed.  The  end  vertical 
post  and  the  center-panel  diagonals  have  I- 
•haped  cross-sections  made  with  two  pairs  of 
angles  back  to  back,  latticed.  M\  web  mem- 
bers are  field-riveted  to  wide  connection  plates 
shop-riveted  to  the  outsides  of  the  bottom 
chord  and  to  the  inside  of  the  top  chord  webs. 
The  ends  of  the  trusses  have  pin  bearings  in 
riveted  shoes.  The  lower  floorbeams  are  51 
deep  with  ^-inch  webs  and  6x6-inch 
■Bgles  without  reinforcement  plates. 
The  lower  flanges  are  flush  with  the  lower 
edges  of  the  bottom  chords  and  the  ends  are 
eat  aQoare  and  fleld-riveted  through  their  verti- 
cal veb-stiffener  angles  to  the  webs  of  the 
bottom  chord  and  to  the  vertical  post.  The  top 
floorbeams  are  plate  girders  15  inches  deep 
made  with  %-inch  web  plates  and  pairs  of  5x3- 
inch  flange  angles.  The  top  flanges  are  flush 
with  those  of  the  top  chords,  and  the  floor- 
beams  are  web-connected  to  the  top  chord 
channels.  A  lateral  strut  and  kneebraces  made 
with  pairs  of  3x3-inch  angles  are  riveted  to 
the  bottom  flange  of  each  top  floorbeam.  The 
portals  are  of  special  design  and  consist  of 
double  web  plates  45  H  inches  deep  riveted  to 
the  flanges  of  the  inclined  end  posts  and  stiff- 
ened on  the  lower  edges  with  single  3x3-inch 
angles  latticed  together.  The  upper  edges  are 
riveted  to  bent  flanges  on  horizontal  plates 
stiffened  by  transverse  angles  latticed  together. 


full-length  verticals  and  half-length  diagonal 
and  horizontal  struts.  There  are  top  and  bot- 
tom lateral  systems  with  X-bracing  of  pairs  of 
angles  in  every  panel.  The  highway  floor  is 
carried  just  above  the  center  of  the  vertical 
posts  and  there  are  open-web  portal  struts 
built  with  pairs  of  angles  over  the  railroad  and 
highway.  The  top  chords  have  reinforced  webs 
with  two  flange  angles  on  the  upper  edge  and 
one  flange  angle  on  the  lower  edge.  Splices 
are  made  about  3Vi  feet  from  pin  centers  on 
the  sides  toward  the  ends  of  the  truss.  Each 
joint  has  top  and  bottom  flange .  cover  plates 
and  two  outside  and  two  inside  plates  on  each 
web.  All  these  are  field-riveted  to  the  pin  ends 
of  the  chords  and  are  shop-riveted  to  the  oppo- 
site ends  so  as  to  form  jaw  plates  engaging  the 


The  main  diagonals  in  the  center  panels  are 
stiff  members  made  with  pairs  of  built  chan- 
nels latticed.  The  top  lateral  braces  have  I- 
shaped  cross-sections  made  with  pairs  of  3V4x 
2Vi-inch  angles  back  to  back  latticed  and  knee- 
braced  at  each  end  with  pairs  of  angles  reach- 
ing nearly  to  the  middle  of  the  strut.  The  lower 
portal  has  two  solid  web  plates  39  inches  deep 
with  4x3-inch  single  flange  angles  on  the  insides. 
Both  top  and  bottom  flanges  are  latticed.  The 
outside  plate  extends  across  the  cover-plate  of 
the  end  post  and  is  riveted  to  it.  The  inside 
plate  is  about  5%  feet  shorter  and  clears  the 
flanges  of  the  inclined  post.  The  roadway 
portal  is  built  up  with  pairs  of  heavy  angles 
latticed  together.  The  highway  floorbeams  are 
27  inches  deep  with  %-inch  webs  and  5x3-inch 
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The  Fraser  River  Bridge:     Detail  Elevations  of  the  Fixed  Truss  Spans. 


The  struts  thus  develop  both  vertical  and  trans- 
rerse  stiffness  and  serve  as  end  upper  floor- 
beams. 

At  the  shore  end  of  the  bridge  the  roadway 
is  deflected  abruptly  to  one  side  so  that  it  can 
descend  clear  of  the  railroad  tracks.  The  plat- 
form between  the  end  of  the  span  and  the  In- 
dfned  roadway  Is  carried  by  a  special  canti- 
lerer  floorbeam  which  has  a  tai>ered  end  pro- 
jecting 16  feet  9  Inches  beyond  the  center  of 
the  truss.  The  web  of  this  floorbeam  Is  fleld- 
rlretad  to  the  tops  of  a  pair  of  vertical  posts 
which  engage  the  end  lower  chord  pins.  The 
extremity  Is  braced  to  the  end  panel  point  of 
the  top  chord  by  a  horizontal  diagonal  I-beam 
20  Inches  deep. 

The  380-foot  fixed  span  has  pin-connected 
Pratt  trusses  50  feet  deep  and  19  feet  apart 
on  centers.    They  have  sub-dlvlded  panels  with 


chord  sections  when  assembled.  Horizontal 
connection  plates  are  riveted  to  both  top  and 
bottom  flanges  at  the  principal  panel  points  to 
receive  between  them  the  transverse  struts  and 
lateral  diagonals.  The  bottom  chords  have  two 
full  panels  of  47%  feet  long  which  are  stiff 
members  made  with  built  channels  24  inches 
deep.  The  webs  are  reinforced  to  a  thickness 
of  l\i,  inches,  and  the  flanges  are  made  with 
6x6x%-Inch  angles  latticed  and  connected  at 
panel  points  by  tie  plates  with  their  edges 
stiffened  by  transverse  angles.  The  sub-diag- 
onals are  made  with  pairs  of  12-inch  channels 
latticed  and  have  pin-connections  at  both  ends. 
The  intermediate  longitudinal  struts  have  I- 
shaped  cross-sections  made  with  two  pairs  of 
5x3-inch  angles  back  to  back  latticed,  and  at 
the  ends  are  fleld-riveted  between  jaw  plates  on 
the  vertical  posts. 


flange  angles.  They  have  square  ends  riveted 
through  the  web-stiflener  angles  to  the  vertical 
posts  and  are  kneebraced  by  pairs  of  angles  at 
each  end. 

The  railroad  floorbeams  are  51  Inches  deep, 
with  their  webs  made  in  three  sections  each. 
The  end  sections  are  Inclined  upwards  to  en- 
gage the  vertical  posts  above  the  lower  chords. 
Both  top  and  bottom  flange  angles  are  made 
continuous  from  end  to  end,  being  bent  at  the 
web  splices.  The  lower  corners  of  the  web 
project  beyond  the  lower  flange  angles  and 
have  their  edges  stiffened.  The  bottom  flanges 
are  connected  with  the  vertical  posts  by  hori- 
zontal plates  fleld-riveted  to  both  members  to 
receive  the  diagonal  lateral  braces.  The  ex- 
pansion ends  of  the  stringers  are  seated  on 
bearing  plates  In  deep  wide  pockets  riveted  to 
the  vertical  web  stlffener  angles  of  the  No.  7 
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floorbeams.  All  of  the  stringers  have  their 
ends  faced  and  are  riveted  solidly  to  the  floor- 
beam  webs. 

The  ends  of  the  floorbeams  in  this  span 
and  In  all  other  spans  are  faced  where  they 
are  riveted  to  the  vertical  posts.  The  expan- 
sion shoes  are  seated  on  segmental  rollers  that 
have  cast-steel  pedestals  with  curved  upper 
surfaces  and  a  longitudinal  web  to  prevent  lat- 
eral displacement  of  the  rollers.  Special  ver- 
tical plates  are  tap-bolted  to  the  sides  of  the 
roller  beds  and  project  above  them  with  short 
upper  flanges  engaging  the  planed  surfaces  of 
Z-bars  which  are  riveted  to  the  base  plates  of 
the  shoes  to  form  sliding  joints  excluding  dust 
from  the  roller  beds.  The  pedestals  under  the 
fixed  shoes  have  planed  upper  surfaces  and  are 
23  inches  high  to  compensate  for  the  absence 
of  high  roller  beds  and  allow  the  masonry  to 
be  kept  the  same  height  on  both  piers. 

All  of  the  truss  spans,  except  the  225-foot 
spread  span  and  the  380-foot  fixed  span,  were 
erected  in  the  usual  way  in  their  required  posi- 
tions on  pile  trestle  falsework  with  an  ordinary 
striding  wooden  tower  traveler.     At  pier  3  the 


through  the  floorbeam  connections,  thus  re- 
versing the  regular  functions  of  the  members 
and  making  the  floor  support  the  trusses.  Some 
of  the  secondary  members  of  the  trusses  were 
temporarily  reinforced  by  timbers  bolted  on  to 
enable  them  to  endure  the  erection  stresses,  and 
some  of  the  main  diagonals  had  filler  pieces 
clamped  between  their  eyebars  to  give  them 
compressive  strength. 

When  the  bridge  was  lifted  from  the  false- 
work, it  was  towed  transversely  by  two 
steamboats  and  swung  clear  of  it  and  the  piers. 
It  was  then  moved  parallel  to  its  axis  and 
brought  back  to  the  required  position  between 
piers  2  and  3,  on  which  it  was  deposited  by  the 
falling  tide,  and  by  admitting  water  ballast  to 
the  scows.  The  weight  of  the  span  alone  was 
788  tons,  and  the  weight  carried  by  the  scows 
was  825  tons,  including  track  timber,  blocking, 
etc.  The  work  was  rapidly  and  successfully 
accomplished,  and  only  40  minutes  elapsed  from 
the  time  the  span  was  moved  clear  of  the  false- 
work until  it  was  ready  to  be  lowered  to  Its 
seats  on  the  piers.  The  scows  were  floated  un- 
der the  span  at  3  o'clock  in  the  morning,  and 


An  African  Cableway. 

The  line  of  the  Cape  to  Cairo  Railway  inter- 
sects the  Zambesi  River  in  Africa  a  little  below 
the  famous  Victoria  Falls,  where  the  gorge  is 
about  430  feet  deep  and  will  eventually  be 
crossed  by  a  steel  arch  of  oOO-foot  span.  The 
width  at  water  level  is  about  220  feet,  and  one 
bank  is  nearly  perpendicular,  while  the  other  is 
inclined  at  an  angle  of  less  than  45  degrees  from 
tne  vertical.  In  order  to  transport  about  40,000 
tons  of  railway  construction  plant  and  materials 
across  the  river  at  this  point  before  the  bridge 
is  built,  an  electric  cableway  is  to  be  installed 
with  an  estimated  capacity  of  800  tons  a  day. 
This  will  have  a  single  main  cable  8%  inches 
in  circumference  and  870  feet  long  between  the 
centers  of  the  steel  towers  when  unloaded.  One 
tower  will  be  a  pyramidal  structure  36  feet  high 
and  about  10  feet  square  at  the  base,  with  the 
top  guyed  to  anchorages  on  the  shore  side.  The 
other  tower  is  an  A-shape  rocker-bent  or  shear 
legs  with  two  inclined  columns  79  feet  long, 
having  tapered  rectangular  cross-sections  made 
with   four  angles   latticed  on  all   sides.     Their 
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depth  of  the  water  was  so  great  and  the  tidal 
current  so  strong  that  it  was  considered  im- 
practicable to  build  falsework  to  support  the 
adjacent  spans  during  erection.  They  were, 
therefore,  erected  on  falsework  near  the  south 
shore  and  floated  into  position.  Separate  false- 
work trestles  were  provided  for  the  divergent 
trusses  of  the  225-foot  span  adjacent  to  piers  8 
and  9  clear  of  the  west  side  of  the  bridge.  The 
regular  falsework  was  driven  for  the  380-foot 
swing  span,  but  before  the  span  was  assembled 
thereon,  the  380-foot  fixed  span  was  erected  on 
it  complete. 

At  the  morning  low  tide,  November  11,  1903, 
four  scows  were  floated  under  the  bridge  in 
spaces  left  for  the  purpose,  between  the  false- 
work bents.  A  timber  tower  on  the  dock  of 
each  scow  reached  nearly  to  the  bottom  chord 
of  the  bridge,  and,  with  the  rising  tide,  was 
lifted  high  enough  to  engage  both  ends  of  two 
floorbeams.  Long  timbers  24  Inches  square 
were  laid  transversely  on  the  tower  caps  to  re- 
ceive the  weight  of  the  span  which  was  carried 


the  work  was  virtually  completed  at  11  A.  M. 
Before  the  commencement  of  operations  the 
scows  were  partially  filled  with  water  ballast 
which  was  pumped  out  to  expedite  lifting  the 
span  from  the  falsework.  The  span  was  moved 
at  slack  water  of  high  tide  when  thei'e  was  lit- 
tle difficulty  or  danger  in  controlling  it. 

The  bridge  was  designed  by  Messrs.  Waddell 
&  Hedrick,  consulting  engineers,  Kansas  City, 
Mo.,  who  inspected  its  manufacture  and  super- 
vised its  erection.  The  Dominion  Bridge  Com- 
pany, Montreal,  Mr.  Phelps  Johnson,  manager, 
built  and  erected  the  superstructure,  and 
Messrs.  Armstrong,  Morrison  &  Balfour,  of  Van- 
couver, were  the  contractors  for  the  sub- 
structure. 


Asphalt  on  Table  Mountain,  near  Cape 
Town,  South  Africa,  has  been  discovered  in  a 
large  deposit,  estimated  to  contain  approximate- 
ly 500,000  tons.  An  experimental  pavement 
laid  on  a  small  area  of  one  of  the  streets  of 
Cape  Town  is  reported  to  be  satisfactory. 


normal  position  is  in  a  plane  transverse  to  the 
cable  and  inclined  about  45  degrees  from  the 
vertical. 

The  end  of  the  cable  is  made  fast  to  the  top 
of  the  shear  legs,  and  from  the  same  point  a 
scale  pan  containing  a  60-ton  counterweight  is 
suspended.  The  effect  of  this  arrangement  is 
to  provide  a  constant  compensating  tension  on 
the  main  cable,  which  tends  to  reduce  its  deflec- 
tion under  the  live  load.  Under  dead  load  alone 
the  cable  has  a  deflection  of  6%  feet  at  the  cen- 
ler  point.  Under  the  10-ton  live  load,  which  is 
ihe  capacity  of  the  cableway,  the  deflection  is 
431^  feet  more.  The  feet  of  the  inclined  tower 
posts  are  seated  in  concrete  reaction  piers  and 
the  tops  are  anchored  against  the  cable  strain 
by  a  guy  rope,  which  is  slack  when  the  cable  Is 
unloaded.  The  hoist  is  operated  by  an  inde- 
pendent electric  motor,  carried  on  its  two-wheel 
trolley  and  receiving  current  from  a  copper  con- 
ductor adjacent  to  the  main  cable,  thus  dispena- 
ing  with  all  carrying  and  hauling  ropes.  The 
motor  has  one  terminal  connected  to  the  con- 
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doctor  through  a  startiog  switch  and  resistance 
and  the  other  terminal  connected  to  the  frame 
of  the  apparatus.  The  trolley  carries  a  cage  • 
for  the  operator  and  is  traversed  by  locomotive 
gear.  The  hoist  Is  provided  with  two  independ- 
ent lifting  ropec  so  that  the  load  can  be  tilted 
if  necessary.  The  cableway  was-  designed  by 
Mr.  R.  A.  Poole.  Vi'estminster.  England,  and  was 
built  at  the  works  of  the  Cleveland  Bridge  & 
Engineering  Company.  Ltd.,  Darlington,  where 
it  was  erected  and  tested  before  shipment.  It 
was  illustrated  In  a  recent  Issue  of  "Engineer- 
ing." 
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berts  reported  B.  coli  commuuls  as  present  in 
the  Altered  water  and  claimed  to  have  isolated 
the  typhoid  organisms  in  both  the  raw  and  the 
filtered  water.  Since  the  date  of  their  examina- 
tion the  water  has  also  been  analyzed  by  Dr.  J. 
B.  Weems  of  the  Iowa  State  College  at  Ames, 
and  Professor  Hoss  of  Drake  University  at  Des 
Moines,  who  united  in  pronouncing  the  filtered 
water  very  bad  from  a  sanitary  standpoint. 

The  city  engaged  Professor  A.  Marston,  dean 
of  the  division  of  engineering  at  Iowa  State 
College,  Ames,  to  make  a  report  on  the  entire 
water  supply  problem  and  the  water  company 
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Typhoid    Fever    Epidemic  at  Waterloo. 

The  city  of  Waterloo.  la.,  containing  about 
16.000  inhabitants  and  located  on  the  banks  of 
the  Cedar  River,  in  Black  Hawk  County,  suf- 
fered from  a  severe  typhoid  epidemic  in  the 
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months  of  January,  February  and  Mar^b,  1904. 
There  was  a  total  of  about  300  cases  and  30 
deaths  and  it  has  l>een  estimated  that  the  cost 
to  the  community  was  at  least  $300,000. 

The  water- works  are  owned  by  a  private  com- 
pany, the  source  being  the  Cedar  Kiver  and 
the  intake  being  located  in  the  heart  of  the  city. 
The  supply  is  filtered  through  five  Jewell  grav- 
ity filters,  two  of  them  being  17-foot  filters  and 
the  other  three  10  feet  each.  Alum  is  used  as 
coagulant.  The  water  supply  was  tested  on 
March  1  by  Drs.  Bierring  and  Alberts  of  the 
State  University,  and  both  the  raw  and  the  fil- 
tered water  were  found  to  be  very  bad  from  a 
bacterial    standpoint.     Drs.    Bierring   and    Al- 


engaged  Mr.  Geo,  A.  Johnson  of  New  York  City 
to  make  investigations  of  the  filter  plant  and 
report  any  needed  changes.  Both  Professor 
Marston  and  Mr.  Johnson  advised  certain 
changes  in  the  filter  plant  which  are  now  being 
made  and  Professor  Marston  has  just  made  an 
exhaustive  report  on  the  future  supply  of  the 
city  In  which  he  advised  the  sinking  of  three 
artesian  wells  to  determine  whether  it  will  be 
possible  to  develop  a  pure  supply  from  that 
source.  In  case  this  cannot  be  done  he  advises 
the  installaiion  of  slow  sand  filters  with  a  sedi- 
.  mentation  basin  of  24  hours  capacity,  arranged 
so  that  a  coagulant  can  be  applied  when  found 
necessary  at  the  time  of  freshets  and  in  the 


spring  when  the  water  is  discolored  from  de- 
caying vegetation.  Professor  Marston  strongly 
advised  that  in  connection  with  any  filtration 
I)lant  expert  supervision  and  daily  bacterial 
tests  should  be  provided  for,  although  the  plant 
wou.d  be  a  comparatively  small  one. 


MoDKi.s  OF  THE  New  Croton  Pam.  the  old  Cro- 
ton  dam  and  the  central  gate-house  at  Jerome 
Park  reservoir  will  be  exhibited  at  St.  Louis  by 
the  Aqueduct  Commissioners,  of  New  York  City. 
The  exhibit  will  Include  also  enlarged  photo- 
graphs, maps  and  drawings  showing  the  works 
and  methods  of  construction  and  specimens  of 
old  wooden  pipes. 
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The  Extensions  of  the  Brooklyn  Sewer- 
age System;  Ninety-Second  Street 
Trunk   Sewer.— II. 


In  the  preceding  article  the  methods  of  driv- 
ing, timbering  and  lining  the  10,  10%  and  11- 
foot  tunnel  for  the  Ninety-second  Street  main 
trunk  sewer  were  described  and  illustrated, 
and  particular  attention  was  directed  to  some 
of  the  novel  features  and  advantages  of  the 
system  of  limbering  used  by  the  contractors. 
Additional  photographs  showing  some  of  the 
details  of  this  timbering  and  the  centers  for 
the  brick  arch  supported  by  nailing  to  the 
roof  segment  timbers  accompany  this  article. 
Although  the  tunnel  is  being  driven  through 
running  material,  for  the  most  part,  and  some 
of  the  strata  of  sand  and  gravel  bear  water 
freely,  the  ground-water  level  is  so  low  that 
it  has  been  unnecessary  to  employ  compressed 
air.  With  so  large  a  bore,  liberal-sized  shafts 
and  no  headings  more  than  900  feet  long,  the 
natural  ventilation  has  been  excellent,  so  that 
not  only  has  the  air  been  clear  most  of  the 
time  for  the  instrumental  work  of  the  engi- 
neers, but  it  has  been  wholesome  to  breathe. 

Last  week  it  was  stated  that  the  contractors 


ried  down  plumb,  as  shown.  For  the  first  10 
feet  above  the  top  of  the  sewer  the  manhole 
walls  are  24  inches  thick;  for  the  next  10  feet 
they  are  20  inches  thick;  for  the  next  12  feet 
16  inches  thick,  and  for  the  remainder  of  the 
distance  to  the  surface  of  the  street  they  are 
12  inches  thick.  As  indicated,  the  manholes 
are  the  points  of  connection  for  the  collect- 
ing sewers,  of  which   more  will  be  said  later. 

With  the  fourth  and  last  construction  shaft 
completed  and  the  headings  started  from  it  in 
in  both  directions,  it  is  anticipated  that,  with 
the  excellent  rate  of  progress  made  hitherto, 
the  tunnel  will  be  completed  and  cleaned  by 
the  first  of  October.  Meanwhile  the  outlet 
will  be  constructed  so  as  to  be  completed  at 
the  same  time.  Active  operations  at  this  end 
of  the  sewer  are  just  being  commenced  at 
this  date.  May  7. 

As  previously  stated,  the  outlet  is  located  on 
the  east  shore  of  the  Narrows  of  New  York 
Bay  at  a  point  where  the  maximum  depth  of 
water  below  mean  high  tide,  at  the  end  of  the 
sewer,  is  15  feet.  The  range  of  the  tides  at 
this  place  is  about  5  feet.  No  fear  is  enter- 
tained by  the  sewer  department  engineers  that 
this  outlet  will  be  in  any  way  offensive.  The 
shore  of  this  corner  of  Long  Island  is  skirted 


let  end,  or  practically  at  the  base  of  the  bluff, 
and  is  followed  by  a  reducing  chamber  80  feet 
long.  One  end  of  this  reducer  is  an  11-foot 
circle  and  the  other  is  an  arched  chamber  10 
feet  5  inches  high  and  26  feet  wide  inside. 
From  the  larger  end  the  three  parallel  conduits 
of  the  outfall  extend  170  feet  farther  into  the 
bay.  Accompanying  drawings  show  a  horizon- 
tal section  and  a  cross-section  at  each  end  of 
the  reducer.  It  is  to  be  made  almost  wholly 
of  1:2:4  Portland  cement  concrete,  the  interior 
being  faced  with  6  inches  of  mortar  composed 
of  1  part  of  cement,  V2  part  sand  and  1%  parts 
granite  dust,  so  as  to  give  a  smooth  granolithic 
finish.  The  outside  of  the  top  will  also  have 
a  6  inch  layer  of  this  granolithic  mortar  trow- 
eled smooth. 

The  invert  of  the  sewer  is  level,  at  elevation 
— 4,  from  the  beginning  of  the  reducer  to  the 
end  of  the  outfall.  The  bottom  of  the  reducer 
is  changed  very  gradually  from  the  circular 
form  to  a  triple  invert  corresponding  with  the 
inverts  of  the  three  outfall  conduits,  two 
ridges  being  raised  gradually  in  line  with  the 
conduit  division  walls,  as  shown  on  the  draw- 
ing!!. The  arch  is  to  be  reinforced  with  -^-inch 
square  twistea  steel  rods,  or  with  ^-inch  cor- 
rugated   steel    bars,    placed    transversely    and 


Brooklyn   Sewers:     Secondary  Timbering  Supported   by   Segment  Timbers;   Centers  and  Lagging  for  Arch  Supported  by  Segment  Timbers. 


carried  their  electric  light  wires  on  the  line 
of  telegraph  poles  in  Ninety-second  Street. 
For  this  accommodation  the  contractors  pay 
a  slight  fee  to  the  telegraph  company.  The 
longest  line  of  electric  light  wires  is  about 
2,700  feet,  and  the  lights  on  this  line  in  the 
heading  of  shaft  No.  3  are  noticeably  dimmer 
than  those  in  the  headings  of  shaft  No.  2.  The 
engine  which  drives  the  dynamo  also  drives 
a  circular  saw,  a  band  saw  and  other  tools  from 
a  jack  shaft  which  is  belted  to  the  other  main 
pulley  of  the  engine. 

Mention  was  made  in  the  preceding  article 
of  the  very  deep  manholes  necessary  on  this 
tunnel  sewer.  Some  of  the  drawings  repro- 
duced herewith  show  the  details  of  their  de- 
sign. For  about  4%  feet  longitudinally  each 
Side  of  the  manhole  the  thickness  of  the  arch 
of  the  sewer  is  increased  to  24  inches.  The 
lower  part  of  the  manhole  has  a  D-shaped  cross- 
section  with  the  manhole  steps  in  the  straight 
side,  which  rises  perpendicularly  from  the 
springing  line  of  the  sewer.  The  upper  part 
of  the  manhole  is  an  ellipse  in  cross-section 
5  feet  4  inches  long  and  3  feet  8  Inches  wide. 
At  the  manhole  the  sewer  has  haunch  walls 
30  Inches  thick  at  the  springing  line  and  ear- 


by  a  wide  pleasure  road  known  as  the  Bay 
Ridge  Parkway,  extending  along  the  top  of 
the  bluff  from  the  United  States  Government 
reservation  at  Fort  Hamilton  for  about  three 
miles  northwesterly,  then  turning  inland.  Con- 
sequently the  point  of  discharge  for  the  sewage 
will  be  not  less  than  500  or  600  feet  horizon- 
tally from  the  nearest  house,  as  well  as  being 
about  50  feet  below  it,  as  is  shown  by  the  ac- 
companying profile  of  this  portion  of  the  sewer. 

At  the  location  for  the  outlet  the  bottom  of 
the  bay  is  covered  with  a  coarse,  shingly  gravel 
which  overlies  a  compact  deposit  of  sand  and 
gravel.  The  first  step  in  construction  is  the 
dredging  of  part  of  the  area  to  be  covered  by 
the  outlet  structure  to  an  average  depth  of 
5  feet,  thus  removing  about  300  cubic  yards 
of  materials  and  bringing  the  higher  parts  of 
the  bottom  down  to  elevation  — 7.  the  elevation 
for  the  bottom  of  the  concrete  foundation.  A 
considerable  part  of  the  area  is  already  below 
the  required  elevation,  as  is  indicated  by  the  ac- 
companying profile.  The  accompanying  draw- 
ings show  the  arrangement  and  some  of  the 
details  of  the  outlet  structure. 

The  11-foot  regular  section  of  the  sewer  ter- 
minates at  a  point  about  250  feet  from  the  out- 


spaced  12  inches  center  to  center,  and  with 
sheets  of  6-inch  mesh  No.  4  gauge  expanded 
metal  laid  on  the  rods.  This  reinforcing  steel 
is  to  be  bent  to  suitable  radii  and  embedded 
in  the  concrete  6  inches  from  the  inner  face  of 
the  arch.  The  junction  between  the  brick 
lining  of  the  tunnel  and  the  reducing  chamber 
will  be  strengthened  by  extending  the  concrete 
about  8  feet  on  to  the  brickwork,  as  indicated. 
The  outfall  structure  will  consist,  as  shown 
by  some  of  the  drawings,  of  three  conduits  side 
by  side,  each  7  feet  4  inches  wide  and  7  feet  4 
inches  high  inside,  with  16-inch  brick  arches,  12- 
inch  brick  inverts  and  brick  walls,  all  enclosed 
in  Portland  cement  concrete.  The  two  division 
walls  are  to  be  24  inches  thick,  and  at  the  end 
of  the  reducer  will  have  sharp  cut-waters  of 
dressed  granite.  The  side  walls  are  to  be  2S 
inches  thick.  The  last  8  linear  feet  of  the 
masonry  structure  will  be  wholly  of  concrete. 
The  concrete  above  the  arches  Is  to  be  rein- 
forced with  sheets  of  6-inch  mesh  No.  4  ex- 
panded metal,  bent  to  the  form  shown.  The 
concrete  bottom  of  both  the  outfall  structure 
.  and  the  reducer  is  to  be  reinforced  with  double 
rows  of  %-inch  twisted  square  steel  rods  or 
%-inch  corrugated  bars  spaced  18  inches  apart 
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on  centers,  both  longitudinaUy  and  trans- 
Terseir-  The  outside  of  the  top  of  the  outfall 
structure  will  be  finished  with  6  inches  of 
granolithic  mortar.  Along  the  top  of  both  the 
reducer  and  the  outfall  structure  there  are 
four  level  grooTes  or  notches  12  inches  wide 
formed  in  the  concrete  for  the  future  use  of  the 
Dock  Department,  if  it  should  be  desirable  to 
construct  a  pier  at  this  point. 

To  support  these  two  parU  of  the  sewer  12- 
Inch  round  spruce  or  pine  piles  are  to  be  driven 
In  rows  over  the  whole  area,  spaced  2  feet  6 
Jncbes  center  to  center  longitudinally  and  2 
feet  5%  inches  transversely.  These  piles  ara 
to  be  cut  off  at  elevation  — 6.5,  and  the  con- 
crete will  extend  6  inches  below  their  tops. 
The  whole  area  for  the  reducer  and  outfall 
structure  will  be  enclosed  in  lOxlO-inch  yellow 
pine  grooved  and  splined  sheet  piling,  forming 
a  cofferdam,  against  the  inside  of  which  the 
concrete  will  be  placed.  These  sheet  piles 
will  be  cut  off  at  first  at  elevation  5,  but  when 
<K)nstruction  is  completed  another  foot  will  be 
cut  off,  thus  leaving  the  tops  sound  at  elevation 
4.  Two  sets  of  lOxlO-inch  yellow  pine  inside 
and  outside  wales  will  be  used  with  the  sheet 
piles,  one  at  elevation  2  and  the  other  at  eleva- 
tion — (.  Along  both  sides  and  across  the 
outer  end  of  the  cofferdam  16-inch  round  oak 
fender  piles  are  to  be  driven  8  feet  apart  on 
centers,  so  as  to  bear  against  the  outside 
waling  pieces.  Through  these  piles  and  the 
wales  there  are  to  be  1 1-4 -inch  galvanized  iron 
bolts  extending  4  feet  into  the  concrete  from 
the  inner  face  of  the  sheet  piling.  These  bolts 
will  have  6-inch  square  anchor  plates  at  their 
ends  in  the  concrete  and  large  bearing  washers 
on  the  outside  of  the  piles,  and  there  will  be 
1^-inch  gas  pipe  casings  or  sleeves  on  the 
bolts  within  the  concrete.  There  will  be  addi- 
tional piles  at  each  outer  corner  and  four 
clusters  of  fender  piles  at  the  comers  and  op- 
posite the  division  walls  between  the  conduits. 

Where  the  bottom  of  the  bay  is  below  eleva- 
tion — 7  the  space  inside  the  cofferdam  around 
the  bearing  piles  is  to  be  filled  up  to  this 
elevation.  The  portion  of  the  fill  next  to  the 
-sides  and  outer  end  of  the  cofferdam  is  to  be 
of  riprap  8  feet  wide  on  top  with  a  1  to  1  slope 
toward  the  interior.  The  central  part  of  the 
-fill  win  be  made  of  sand.  Riprap  of  large 
stones  will  be  placed  across  the  outer  end  of 
the  cofferdam  and  along  both  sides  for  a  dis- 
tance of  150  feet  back  from  this  end,  as  In- 
dicated In  the  drawing.  The  strong  currents 
In  the  Narrows  and  the  somewhat  exposed  po- 
sition of  the  end  of  the  sewer  make  necessary 
the  massive  construction  shown  and  described. 

It  being  impracticable  to  connect  the  street 
laterals  directly  with  the  deep  tunnel  sewer, 
«  system  of  higher  level  collecting  sewers  over 
the  tunnel  is  necessary.  The  extent  of  the 
territory  drained  by  the  trunk  sewer.  Its  area 
being  nearly  3  square  miles,  makes  necessary 
also  secondary  or  lateral  trunk  sewers.  Some  of 
these  smaller  trunk  sewers  have  already  been 
built  and  others  are  under  contract.  A  few 
miles  of  vitrified-pipe  laterals  have  also  been 
laid  In  some  of  the  streets  in  the  district. 
Since  Ninety-second  Street  passes  over  a  ridge, 
the  collecting  sewers  drain  in  opposite  direc- 
tions from  the  summit.  On  the  westerly  slope 
the  small  sewers  In  Ninety-second  street  have 
connections  only  to  the  houses  and  catch- 
basins  along  that  street,  and  therefore  are  only 
12-lnch  pipes  laid  in  sections  between  the  man- 
boles  of  the  tunnel  sewer  and  enter  the  down- 
stream manhole  in  each  case  near  its  top,  as 
Indicated  in  the  drawings  of  the  manhole. 
Owing  to  the  local  topography  of  this  part  of 
the  district,  most  of  the  laterals  are  compara- 
tively short,  and  so  they  are  to  be  mostly  15 
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and   18-lnch   pipes   connected   into  the   tunnel  has  already  been  built  and  will  be  connected 

manholes.    There  is  a  24-lnch  vltrifled-pipe  lat-  into    the    tunnel     manhole     located    at    that 

eral    collector,    however,    in    Marine    Avenue,  avenue  for  the  purpose,  the  connection  being 

which  is  to  be  connected  into  shaft  No.  1.  made  substantially  in  the  manner  shown   by 


Cross-  Section 


Concre-fa. 

Longi+udinar  5oc+ion. 


Details    of     Tunnel     Manhole 
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^"TV/ff^fc/  or  Corrvgor**d 

Croea-  Sec+ion    A-A. 


Cross-  Section  B-B. 


Brooklyn  Sewers:    Details  of  Tunnel  Manhole;   Increaser  Chamber  at    Outlet. 

East  of  the  crest  of  the  ridge  the  tributary  the  manhole  drawings,  to  which  reference  has 

region  is  much  wider,  and  so  two  or  three  lat-  already  been  made.  The  sewers  In  the  easterly 

eral  trunk  sewers  are  necessary.   In  Fort  Ham-  slope  of  Ninety-second  Street  are  laid  In  sec- 

ilton  Avenue  a  54-lnch  egg-shaped  brick  sewer  tions  between  the  tunnel  manholes,  similarly  to 


May  7,  1904. 

those  in  the  west  slope,  but  they  are  larger 
because  they  receive  directly  the  lateral  sew- 
ers from  some  of  the  intersected  streets. 
These  sections  of  sewer  usually  increase  from 
a  12-inch  pipe  at  the  uoper  end  to  a  24-inch 
pipe  at  the  tunnel  maufcole,  but  one  section 
has  at  its  lower  end  260  feet  of  30-inch  egg- 
shaped  sewer  to  be  connected  into  shaft  No.  4. 

Manhole. 


THE    ENGINEERING    RECORD. 

water  is  much  needed.  The  principal  quanti- 
ties involved  in  the  construction  of  the  first  sec- 
tion of  the  main  trunk  sewer  are  45,000  cubic 
yards  tunnel  excavation,  20,200  cubic  yards  of 
brick  masonry  in  Portland  cement  mortar,  6,500 
cubic  yards  of  Portland  cement  concrete,  66,000 
linear  feet  of  round  piles,  2,000  cubic  yards  of 
rip-rap,   260,000   feet  board   measure   of  sheet 


Plies. 


Profile    a+     Outlet     End    of     Sewer. 

I-P3rt  Portland.Czmenf. 
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Transverse   Section. 
Bro&klyn  Sewers:     Profile  and  Detail  Sections  of  Outfall  at  End  of   Tunnel. 


Of  course,  these  smaller  sewers  have  manholes 
placed  according  to  the  usual  practice,  in  addi- 
tion to  the  manholes  of  the  tunnel. 

Some  parts  of  the  district  to  be  drained  by 
the  Ninety-second  Street  trunk  sewer  have  al- 
ready been  built  up,  and  others  are  being  devel- 
oped, so  that  an  outlet  for  the  sewage  and  storm 


piling  and  7,000  pounds  of  steel  for  re- 
inforcing the  concrete;  the  contract  price,  based 
on  the  preliminary  estimated  quantities,  is 
1655,000.  The  time  allowed  for  the  perform- 
ance of  the  contract  is  700  working  days.  This 
sewer  was  designed  and  is  being  built  under 
the  direction  of  Mr.  Henry  R.  Asserson,  M.  Am. 
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Soc.  C.  E.,  chief  engineer  of  sewers,  Borough 
of  Brooklyn.  The  work  was  begun  under  Mr. 
William  T.  Bruorton  as  division  engineer,  but 
after  his  death,  late  in  December,  1903,  Mr. 
George  W.  Cadmus,  his  principal  assistant,  be- 
came division  engineer.  Messrs.  James  Malloy 
&  Company,  of  Brooklyn,  are  the  contractors, 
and  Mr.  J.  F.  Cogan,  of  the  firm,  is  in  imme- 
diate charge  of  the  work. 


Some   Boiler   Tests  with   Coke    Breeze. 


The  combustion  of  coke  breeze  in  steam  boil- 
ers was  the  subject  of  two  papers  at  a  recent 
meeting  in  Cleveland  of  the  Ohio  Gas  Light  As- 
sociation. One  of  these  contributions  was  pre- 
sented by  Mr.  M.  E.  Malone,  of  Denver,  who 
gave  the  results  of  some  eight  evaporation  testa 
and  the  other  was  made  by  Mr.  C.  H.  Williams, 
of  Madison,  Wis.  In  the  handling  of  coke,  some 
10  to  15  per  cent,  of  it  is  reduced  to  breeze, 
which,  it  appears,  contains  75  to  80  per  cent, 
carbon.  The  tests  of  the  first  paper  were  main- 
ly made  with  a  tubular  boiler,  rated  at  50  horse- 
power, having  a  shell  48  inches  in  diameter  and 
16  feet  long  with  forty-eight  tubes  3  inches  in 
diameter  and  presenting  704  square  feet  of  heat- 
ing -surface  and  20.5  square  feet  of  grate  sur- 
face. It  is  not  stated  how  the  water  was  meas- 
ured, but  the  results  given  in  the  accompanying 
table  are  cased  on  tests  of  two,  three,  four  and 
five  hours'  duration.  In  test  Nos.  1  and  2  the 
breeze  was  burned  on  an  underfeed  stoker,  in 
test  No.  3  the  breeze  was  mixed  with  slack  coal, 
and  in  the  remainder  of  the  tests  the  fuel  was 
burned  on  flat  grates.  In  tests  Nos.  4  and  5  the 
breeze  alone  was  used  with  hand  firing,  with 
forced  draft,  the  former  admitting  air  into  a 
closed  ash  pit  through  a  pipe  in  the  bridge  wall 
and  the  latter  through  9/16-inch  holes  in  a  5- 
inch  gas  pipe  in  the  ash  pit.  Test  No.  6  was 
made  with  a  mixture  of  breeze  and  coal  under 
the  forced  draft  conditions  of  test  No.  5,  while 
in  test  No.  7  lignite  slack  coal  was  employed. 
Test  No.  8  was  conducted  on  a  500-horse-power 
Heine  steam  boiler  with  natural  draft  of  0.65 
inch  of  water  in  the  stack  and  with  breeze  on 
a  grate  of  %-inch  mesh.  The  draft  in  all  tests 
but  the  last  and  the  fourth  was  0.3  inch  and  in 
the  fourth  it  was  %  inch.  The  last  column  of 
the  table  shows  the  fuel  cost  of  the  evaporation 
per  1,000  pounds  of  water  under  the  actual  con- 
ditions. 

Evaporation  Tests  with  Coke  Breeze. 
^Evaporation  lbs.  per  hour.-^ 


,0-E 


264 
20ti 
421 
250 
333 
366 
450 
.1750 
750 


3  c- 

5.77 
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5.71 
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1.75 

2.03 

2.73 

3.2 

1.77 

1.82 


^5  w 

3,0  SB 


0.201 
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.272 
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The  9th  test  is  that  reported  by  Mr.  Williams. 
This  was  made  on  an  18-foot  by  72-inch  horizon- 
tal tubular  boiler  fitted  with  a  grate  designed 
for  handling  coke  breeze.  A  Sturtevant  forced 
draft  outfit  was  provided  and  this  delivered  to 
the  grate  bars,  which  were  made  hollow  for 
feeding  air  to  the  fuel  at  a  uniform  distribu- 
tion. This  boiler  had  a  heating  surface  of  1.670 
square  feet  and  a  grate  surface  of  30  square 
feet.  The  steam  pressure  was  81.6  pounds, 
while  on  the  other  tests  the  pressure  averaged 
about  90,  except  on  test  No.  8,  in  which  the 
pressure  was  137.  It  appears  that  the  power  to 
operate  the  blower  in  the  last  case  amounted  to 
8  kilowatts. 
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Progress    Report    on    the    Croton    River 

Works  for   New  York  City's 

Water  Supply. 


The  construction  of  the  new  Croton  dam.  welt 
known  to  engineers  as  tlie  largest  masonry 
dam  in  the  world  and  the  most  cousplcuous 
feature  of  the  new  works  for  the  further  de- 
relopment  of  the  Croton  River  for  the  water 
supply  of  New  York  City,  was  begun  late  in 
1893.  under  the  direction  of  Mr.  Alpbonse  Fet- 
lejr  as  the  chief  engineer  of  the  Aqueduct 
CoBimissioners.  Descriptions  and  construction 
progress  notes  of  this  dam,  the  new  Croton 
aqueduct,  the  Jerome  Park  reservoir,  the  Mus- 
<wot  dam,  and  the  highway  bridges  across  the 
reservoir  have  been  published  in  this  journal 
At  various  times  since  the  inauguration  of  the 
mdertaJdng.  In  the  issue  01'  April  23  the 
preaent  stage  of  progress  on  the  Jerome  Park 
resenroir  and  the  highway  bridges  in  the  Cro- 
ton valley  was  described  in  some  detail  and 
shown  by  a  number  of  photographs.  The  issue 
of  June  20,  1903,  contained  a  progress  state- 
ment on  the  new  Croton  dam. 

October  15.  1903.  Mr.  J.  Waldo  Smith  became 
chief  engineer  of  the  Aqu.^uct  Commission- 
«r8.  and,  in  response  to  a  resolution  of  the 
'Commissioners,  dated  January  3,  1904.  request- 


piece  of  work  within  the  contract  time,  and 
other  straight  lines  indicate  the  average  rates 
necessary  in  order  to  complete  the  whole  or 
particular  parts  of  the  work  by  a  prescribed 
date,  beginning  March  1  or  at  some  specified 
previous  date.  The  slopes  of  these  lines  on 
the  diagrams  present  the  matter  very  forcibly. 

Referring  to  the  new  Croton  dam  division, 
Mr.  Smith  states:  "At  the  new  Croton  dam 
nearly  seven-eighths  of  the  masonry  and  about 
400  linear  feet  of  the  main  dam  are  completed. 
About  600  feet  of  the  spillway  are  completed, 
leaving  two  gaps  still  to  fill,  which  are  approx- 
imately at  elevation  172.  [The  elevation  of 
the  crest  of  the  spillway  is  196,  and  that  of 
the  top  of  the  dam,  according  to  the  revised 
drawings,  is  216.]  Further  work  on  these  gaps, 
however,  must  be  discontinued  until  the  south- 
erly end  of  the  dam  is  brought  up  to  this  level, 
when  they  will  be  gradually  filled,  keeping  their 
flow  line  at  a  lower  elevation  than  the  top  of 
the  portion  of  the  dam  under  construction. 
This  is  to  provide  for  the  partial  filling  of  the 
reservoir  when  the  southerly  end  is  sufficiently 
advanced,  for  it  is  evident  that  some  place 
must  then  be  provided  for  the  escape  of  the 
surplus  water  to  prevent  it  from  going  over 
this  uncompleted  portion  of  the  dam. 

"At  the  southerly  end  of  the  dam  the  excava- 
tion is  now  completed  and  is  practically  ready 


less  than  two  years,  although  surely  before 
that  time  the  gates  will  be  offloially  closed,  the 
holes  through  the  dam  now  carrying  the  water 
filled  up  and  the  reservoir  partly  full." 

The  creation  of  the  large  new  Croton  Lake 
necessitates  a  mimbeii  of  changes  in  the  old 
Croton  aqueduct,  and  the  condition  of  the  aque- 
duct itself,  also,  is  such  In  some  places  as  to 
demand  repairs.  Of  the  reconstruction  of  the 
old  aqueduct  between  the  old  and  new  Croton 
dams  the  report  says:  "The  loops  around  the 
ravines  and  the  portions  of  the  aqueduct  to  be 
entirely  reconstructed  are  about  one-third  done. 
The  contractors  are  at  work  reinforcing  the 
invert  and  are  pushing  this  work  to  such  an 
extent  that  it  will  be  completed  early  in  March. 
None  of  the  arch  of  the  aqueduct  has  been 
reinforced,  but  a  considerable  length  has  been 
excavated  down  to  the  crown  of  the  arch  and 
for  a  short  distance  on  the  sides,  ready  for 
the  reinforcement,  and  the  work  will  proceed 
as  soon  as  the  weather  permits.  The  con- 
tractors have  been  notified  to  use  every  effort 
to  get  the  work  which  will  affect  the  flow  of 
water  finished  by  July  1." 

The  Croton  reservoir  is  not  to  be  stripped 
of  soil  as  the.  Wachusett  reservoir  of  the  Massa- 
chusetts Metropolitan  water  supply  is  being 
stripped,  but  the  forest  growths  and  other 
trees  are  to  be  cleared   and  houses  and  other 


Kew  Croton  Dam:     Upstream  Face  Showing  Full  Length  of  Dam  and  Spillway,   Excepting  Extension  at   South   End,   at  Left. 


Ing  a  rejwrt  of  the  status  of  the  work  now  be- 
ing prosecuted  under  their  direction,  he  has 
recently  presented  a  statement  as  of  date  of 
March  1.  From  this  report  the  following  ex- 
tracts have  been  taken,  relating  principally  to 
tbose  parts  of  the  works  which  were  not  de- 
acribed  In  the  issue  of  April  23.  To  the  report 
are  appended  several  tables  giving  in  very  con- 
cise form  a  detailed  statement  for  each  di- 
vision of  the  works,  item  by  item,  omitting 
the  smaller  items,  and  five  diagrams  showing 
the  progress  of  the  various  principal  contracts, 
according  to  the  value  of  the  work  done.  The 
delay  of  the  work  caused  by  the  various  in- 
vestigations, the  strikes  and  other  difficult ios 
is  clearly  shown  in  these  diagrams,  and  also 
that  there  must  be  a  material  increase  in  prog- 
reaa  in  order  to  complete  these  contracts  with- 
in the  time  expected  and  agreed  upon. 

Abscissas  on  these  progress  diagrams  rep- 
resent lime  and  ordlnates  cost.  An  irregular 
line  on  each  shows  the  actual  varying  rates  of 
expenditure  for  work  done  from  the  beginning 
of  the  contract  up  to  March  1 ;  a  straight  ted 
line  indicates  the  average  rate  of  expenditure 
necessary  In  order  to  have  completed  the  given 


for  the  masonry.  The  work  of  building  this 
portion  of  the  dam  was  started  on  November 
30,  1903,  and  is,  of  course,  proceeding  slowly 
on  account  of  the  unusually  cold  weather  ex- 
perienced. To  build  up  this  portion  of  the  dam 
sufficiently  so  that  the  reservoir  may  be  al- 
lowed to  be  filled,  or  partially  filled,  at  the  end 
of  1904,  presents  a  very  difficult  and  unusual 
situation.  The  total  length  from  the  present 
southerly  end  of  the  dam  to  the  gatehouse  [in 
the  aqueduct  on  th^  southerly  hillside]  is  about 
250  feet,  and  the  maximum  height  200  feet. 
It  Is  deep  in  the  hillside,  where  it  is  difficult, 
on  account  of  the  contracted  space,  to  handle 
large  quantities  of  materials  in  a  short  time. 
There  is  still  to  be  laid  here  about  100,000  cubic 
yards  of  masonry  in  one  working  season,  and 
I  consider  that  there  is  a  possibility  that  this 
will  be  so  far  completed  that  the  reservoir 
can  be  partly  filled,  but  to  do  this  will  require 
unusual  energy  and  facilities  on  the  part  of 
the  contractor,  as  well  as  the  special  favor  of 
the  elements. 

"This  Is  an  unusual  situation  and  may  require 
unusual  methods.  The  dam  and  its  reservoir, 
in  my  opinion,  cannot  be  wholly  completed  in 


structures  are  to  be  removed.  As  is  pretty 
generally  known,  the  policy  of  the  engineers  of 
the  Croton  supply  has  not  favored  the  more 
complete  stripping.  Referring  to  the  clearing 
of  the  basin,  it  is  stated:  "The  contractors  are 
still  cutting  the  heavy  timber,  but  none  of 
the  reservoir  land  has  been  cleared  ready  for 
the  water." 

The  Muscoot  dam  was  described  in  this  jour- 
nal December  20,  1902.  Of  this  part  of  the 
work  Mr.  Smith  writes  as  follows:  "Measured 
by  the  value  of  the  work  done  this  dam  is  a 
little  more  than  half  completed.  At  the  out- 
side the  dam  should  not  have  required  over  two 
working  seasons  to  complete,  and  the  present 
contractors  have  taken  three  seasons  to  com- 
plete a  little  more  than  one-half  of  the  dam. 
In  view  of  this,  steps  have  already  been  taken 
to  re-let  the  contract  to  more  energetic  parties. 
The  delay  consequent  to  a  re-letting  of  the 
contract  and  the  organization  of  the  work  by 
a  new  contractor  will  make  it  very  difficult  or 
perhaps  impossible  to  finish  the  dam  this  sea- 
son." 

Commenting  upon  the  slow  progress  In  the 
constniction   of   the   Jerome    Park    reservoir. 
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JVlr.  Smith  writes:  "In  worlc  of  this  magnitude, 
requiring  contracts  running  through  many 
years,  it  is  essential  for  the  best  interests  of 
the  city,  iu  order  to  meet  conditions  developed 
in  the  progress  of  th|?  work  and  to  talve  ad- 
vantage of  the  advanced  and  improved  methods 
of  construction  and  design,  that  the  chief  en- 
gineer should  have  the  power  to  modify  the 
plans  to  suit  such  conditions  and  improvements, 
and  that  the  specifications  be  broadly  drawn 
and  interpreted  accordingly. 

"The  various  expert  commissions  which  have 
been  called  upon  to  report  as  to  the  advisability 
of  changing  the' plans  have,  of  course,  very 
seriously  delayed  the  final  completion  of  this 
work,  and  the  charges  of  the -Merchants'  Asso- 
ciation and  the  investigations  growing  out  of 
them  have  very  seriously  interfered  with  the 
efficiency  of  the  engineering  corps  and  had  a 
demoralizing  effect  on  the  contractors'  ener- 
gies. At  any  rate,  they  could  not  be  expected 
to  prosecute  their  work  with  vigor  while  the 
quality  of  it  was  being  attacked.  It  Is  to  be 
hoped  that  these  investigations  will  soon  be 
over  and  the  engineering  corps,  as  well  as  the 
contractors',  will  have  nothing  but  the  work 
In  hand  to  occupy  their  minds." 

The  following  paragraphs  from  the  report 
relate  to  the  conduct  of  the  work  in  general: 
■"The  various   changes  made  necessary  by  the 


A  number  of  photographs  taken  very  recently 
to  show  the  present  condition  of  the  new  Cro- 
ton  dam  are  reproduced  with  this  article. 
These  will  help  to  an  understanding  of  the 
extracts  from  Mr.  Smith's  report,  as  well  as 
showing  in  a  general  way  the  state  of  the  work. 
The  dam  faces  approximately  to  the  west,  so 
that  the  spillway  is  at  its  north  end,  and  the 
new  masonry  portion  of  the  main  dam  to  re- 
place the  earth  embankment  with  core-wall  is 
at  the  south.  The  aqueducts,  which  start  from 
the  old  dam  about  2  miles  upstream  from  the 
new  dam,  are  also  on  the  southerly  slope  of 
the  valley,  and  the  gatehouse  is  at  the  south 
end  of  the  dam. 


Laying  Gas  Mains  across  a  River. 

Extracts  from  a  paper  by   .Mr.    II.  <".   .Morris  read 

before   the   eleventh   anruial    meeting:  of    rlie    .Michigan 

Gas  Association,   in   Saginaw.    Mich. 


The  city  of  Saginaw,  Mich.,  is  divided  by  the 
Saginaw  River,  and.  after  the  consolidation  of 
the  gas  companies  in  East  and  West  Saginaw,  it 
was  found  to  be  more  economical  to  abandon 
the  west  plant  and  lay  mains  across  the  river. 
The  pipe  decided  upon  was  the  National  Tube 
Company  standard  steel  12-inch  line  pipe  with 
threads  and  couplings.  The  width  of  the  river 
at  the  point  chosen  for  laying  the  line  is  1,500 
feet.     Aboiit  200  feet  of  this  is  a  bayou,  approxi- 


used  over  the  pipe  couplings;  no  systematic 
soundings  of  the  river  bottom  were  taken  after 
the  dredging  had  been  done,  and  no  means  were 
adopted  to  keep  the  pipe  in  the  channel  dredged 
for  it  while  being  lowered  into  place,  other  than 
pieces  of  4x4-inch  tipber  in  lieu  of  piles,  driven 
for  this  purpose  at  intervals  from  shore  to 
shore.  These  timbers  were  too  light  for  the 
work  required,  with  the  result  that  when  the 
whole  line  was  lowered,  a  strain  was  placed 
upon  the  pipe  at  the  couplings,  and  a  greater 
strain  upon  certain  couplings  which  were  in 
that  part  of  the  line  afterward  found  to  be  out 
of  the  proper  channel.  Odd  lengths  of  railroad 
iron  and  large  pieces  of  limestone  saddled  to- 
gether with  pieces  of  wire  were  used  as  weights 
to  sink  the  pipe;  and  as  there  was  nothing  to 
hold  the  pipe  to  the  surface  of  the  water  until 
these  weights  or  ballast  had  been  evenly  dis- 
tributed along  its  length,  the  pipe  went  down 
unevenly.  This  in  itself  did  much  toward 
straining  the  pipe  at  the  points  where  the 
threads  entered  the  couplings. 

After  the  pipe  had  been  lowered  in  the  man- 
ner above  stated,  the  engineer  had  the  line  filled 
with  water,  as  he  said,  "To  settle  same."  This 
was  all  very  well  until  the  time  came  to  pump 
out  the  water,  which  it  was  found  impossible  10 
do.  The  next  thing  to  be  done,  of  course,  was 
to  try  to  lo2ate  the  leak  or  tlie  reason  why  it 


New  Croton  Dam:     Downstream  Face  Showing  Present  Condition  of  South  End,  at  Right,  and  Abutment  for  Arch  Bridge  over  Spillway,  at  Left., 


reports  of  the  distinguished  expert  cominis- 
sions,  which  have  been  called  on  to  give  advice 
regarding  the  construction,  have  very  material- 
ly added  to  the  amount  of  work  to  be  done  and 
render  the  material  hastening  of  the  progress 
of  the  work  at  the  present  time  very  difficult. 
In  the  case  of  the  new  Croion  dam  particularly, 
the  removal  of  the  completed  embankment  and 
core-wall  at  the  southerly  end  and  the  ex- 
cavation of  the  defective  foundation  to  a  depth 
of  7.5  feet  below  its  former  level  have  created 
a  condition  where  the  volume  of  work  which 
It  is  possible  to  do  under  the  most  favorable 
circumstances  is  limited,  due  to  lack  of  space 
and  accessibility,  a  condition  wholly  beyond 
the  power  of  the  commissioners  or  the  chief 
engineer  to  control. 

"MiK-h  of  the  work  now  in  progress  is  far 
behind  the  rate  of  progress  specified  in  the 
contract.  This  is  due  largely  to  a  material 
Increase  in  the  volume  of  work  contemplated 
at  the  time  the  contract  was  drawn,  made  nec- 
essary by  conditions  developed  during  the  prog- 
ress of  the  work.  Besides  this,  the  contractors 
have  been  delayed  by  strikes  and  labor  troubles, 
as  well  as  shortness  in  the  labor  supply.' 


mately  14  feet  deep,  with  a  middle-ground  or 
island  about  125  feet  in  width,  and  about  2  feet 
above  the  city  datum  or  normal  level  of  the 
river.  The  balance  of  the  distance  is  a  ship 
channel  varying  in  depth  from  8  to  14  feet. 

The  genejal  scheme  in  the  first  attempt  to 
lay  a  line  was  to  make  up  the  lengths  of  pipe 
on  the  middle-ground,  and  after  plugging  the 
end  of  the  length  first  entering  the  water,  float. 
it  across  the  river.  The  floating  of  the  line  was 
possible  since  the  plugged  pipe,  when  floating, 
had  an  excess  buoyancy.  The  line  being  a  low 
pressure  one,  it  necessarily  had  to  be  laid  with 
a  fall  in  order  to  take  care  of  condensation  or 
whatever  water  might  leak  into  it.  Therefore, 
considerable  dredging  had  to  be  done  not  only 
to  get  a  proper  fall,  but  also  to  get  the  line  deep 
enough  in  the  ship  channel  to  conform  with  any 
possible  change  in  depth  in  the  channel  that 
might  be  made  necessary  by  future  navigation. 
This  depth  was  made  16  feet  which  was  ap- 
proved by  the  United  States  Government.  The 
first  attempt  to  lay  the  line  was  made  In  Octo- 
ber, 1901.  and  was  a  failure. 

This  failure  can  be  accounted  for  by  the  fact 
that  no  strenginening  sleeves  of  any  kind  were 


was  not  possible  to  empty  the  water  from  the 
line.  This  was  done  by  a  compressed  air  con- 
nection at  the  shore  end  of  the  line.  By  this 
method  it  was  shown  that  the  line  was  leaking 
in  four  or  five  different  places.  Marine  divers 
were  then  secured  and  their  examination 
demonstrated  that  it  would  be  Impossible  to  re- 
pair the  breaks  with  river  sleeves,  and  that  it 
would  be  necessary  to  take  up  the  line.  The 
raising  of  the  pipe  was  begun  four  or  five 
lengths  at  a  time,  and  the  work  made  compara- 
tively easy  by  means  of  a  lighter,  the  pipe  taken 
to  shore  and  disconnected.  This  operation  was 
continued  until  all  of  the  pipe  was  again  placed 
on  shore.  The  season  was  now  well  advanced 
to  the  end  of  November,  with  ice  forming  in  the 
river,  making  it  practically  impossible  to  con- 
tinue work.  Operations  were,  therefore,  aban- 
doned for  the  time  being. 

The  following  spring  the  12-Inch  pipe  that 
had  been  used  In  the  previous  attempt  was 
taken  to  a  machine  shop  and  re-threaded,  the 
threads  having  been  damaged  in  the  previous 
lowering  of  the  line.  New  couplings  were  se- 
cured and  protecting  sleeves  made  to  clamp  over 
the  pipe  at  each  joint.    These  protecting  sleeves 
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were  made  similar  t»  a  split  sleeve  used  for  re- 
pairing ordinary  gas  mains  with  the  exception 
tlukt  a  recess  was  made  in  the  center  of  sleeve 
in  order  that  the  sleeve  would  clamp  around 
the  pipe  and  clear  the  coupling.  The  sleeves 
were  made  of  ^t-inch  cast  iron,  weighed  ap- 
proximately 300  pounds  and  were  cored  for  five 
H-inch  bolts  on  either  side;  the  length  of  sleeve 
was  22  inches. 

The  pipe  and  protecting  sleeves  were  taken 
acraaa  the  bayou  to  the  middle-ground,  and  as 
tJb«  pipe  couid  all  be  made  up  at  practically  one 
point,  a  small  boiler  and  hoisting  engine  were 
procured  and  set  up  on  the  middle-ground  to  be 
used  in  screwing  up  the  pipe.  A  compressed  air 
pump  was  also  placed  on  the  middle-ground  and 
used  to  test  the  line  as  it  was  made  up.  .\ 
heavy  pipe  long  was  made,  about  8  feet  long. 
by  using  a  piece  of  oak  and  a  piece  of  chain 
about  12  feet  long.  The  chain  was  bolted  into 
the  oak  stick  about  S  inches  from  the  end,  and 
the  long  was  used  by  wrapping  the  chain 
around  the  pipe  and  running  a  rope  from  the 
end  of  the  tong  to  the  drum  of  the  hoisting  en- 
gine. By  the  use  of  this  apparatus  the  jerk  and 
jar  of  screwing  up  the  pipe,  as  with  ordinary 
tongs,  were  avoided. 

While  the  pipe,  sleeves,  tools  and  other  ma- 
terials   were    being    collected    on    the    middle- 


froni  seven  to  nine  feet  wide,  this  width  being 
necessary  to  prevent  the  fillingln  again  of  the 
out  before  the  pipe  could  be  lowered  into  it. 
After  the  dredge  had  advanced  far  enough  from 
the  shore,  a  pile-driver  was  started  driving  piles 
in  pairs  12  feet  apart,  the  distance  between 
pairs  averaging  60  or  70  feet.  A  bent  was  made 
hy  placing  a  piece  of  6x6-inch  timber  across  the 


Details  of  Top  of  Dam. 


ing  up  the  pipe,  and  the  hoisting  engine  used 
to  perfection  in  doing  this  work.  As  soon  as 
several  lengths  of  pipe  were  made  up  and  the 
sleeves  clamped  over  the  couplings,  the  pipe 
was  launched.  To  avojd  any  possible  danger 
from  leakage,  all  pipe  threads  were  thoroughly 
coated  with  black  manganese  and  shellac,  and 
the  face  of  each  coupling  caulked  with  yarn  and 
red  lead  before  the  application  of  the  sleeve. 

Each  section  of  pipe  was  lashed  between  two- 
parallel  cedar  poles  as  it  was  launched.  This 
method  was  used  until  approximately  300  feet 
only  of  the  rivor  remained  to  be  crossed.  Of 
this  300  feet  200  feet  was  in  an  old  log  boom  on 
the  west  shore,  and  100  feet  in  the  main  ship 
channel  which  was  in  daily  use.  It  was  found 
that  it  would  be  necessary  to  close  the  channel 
to  navigation  for  at  least  one  day,  and  so,  in 
order  to  save  time,  sections  composed  of  two- 
and  three  lengths  of  pipe  were  made  up  ready 
to  screw  inio  the  line  immediately  after  the 
closing  of  the  channel. 

.\fter  the  line  had  been  made  up  in  Its  entire 
length  and  was  about  ready  to  be  lowered,  a 
rain  storm  came  up  and  the  level  of  the  river 
was  raised  at  least  2  feet.  This  necessarily  in- 
creased the  current  and  considerable  sand  and 
silt  consequently  washed  into  the  cut  that  had 
been  dredged  for  the  pipe.     In  fact,  about  100- 
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ground,  dreoging  was  being  done.  Guides  for 
the  dredging  had  been  made  by  driving  num- 
bered pieces  of  4x4-inch  timber  50  feet  apart  at 
interrals  across  the  river.  The  dredge  engineer 
WM  furnished  with  a  chart  showing  the  depths 
wanted  opposite  these  guides.  The  dredging 
was  accomplished  with  fair  results  by  graduat- 
ing in  feet  pnd  half  feet  the  dipper  arm  on  the 
dredge.  The  dredge-man  was  checked  after 
every  move  ahead.  The  only  error  that  was 
made  in  the  dredging  was  in  keeping  the  depth 
too  near  that  required.  Instead  of  having  it  a 
foot  or  one  and  a  half  feet  deeper,  as  will  be 
shown  hereafter.  In  the  channel  the  dirt 
brought  up  by  the  dredge  was  taken  away  on 
dnmp  scows.    The  cut  made  by  the  dredge  was 


piles,  held  in  position  by  drift  bolts.  The  60  or 
70  feet  between  bents  was  ample  space  for  all 
navigation. 

By  usir'g  protecting  sleeves  it  was  found  that 
each  foot  of  pipe  weighed  6.84  pounds  more 
than  the  water  displaced  by  it,  therefore,  cedar 
poles  were  rafted  together  near  the  middle- 
ground  for  us  in  floating  the  pipe  as  it  was 
made  up.  This  was  unnecessary  the  year  be- 
fore as  the  Jiipe  would  float  without  any  means 
other  than  .keeping  out  the  water.  About  ten 
men  were  uted  on  this  work,  thiE  number  being 
required  to  \  handle  pipe,  etc.,  but  on  the  last 
day,  when  lite  pipe  was  ready  to  be  lowered,  22 
or  2.i  men  w*re  used.  As  soon  as  the  first  bent 
of  piles  had  wen  driven,  work  was  started  mak- 


feet  of  the  cut  was  in  this  way  filled  from  12' 
inches  to  14  inches  higher  than  the  chart  would 
permit  if  the  line  was  to  be  laid  with  the  in- 
tended grade.  The  grade  could  not  be  varied  in 
view  of  the  fact  that  this  was  to  be  a  low  pres- 
sure river  line,  and  would  necessarily  have  to- 
have  a  perfect  lail  from  the  middle-ground  to  a 
drip  at  the  west  shore  to  take  care  of  any  con- 
densation and  leakage.  And  inasmuch  as  the 
channel  was  practically  closed,  and  it  was  im- 
possible to  use  the  dredge  with  the  pipe  on  the 
surface  of  the  water,  it  was  decided  to  lower  the 
line  to  the  bottom,  which  would  open  up  the 
ship  channel  again  and  permit  dredging  to  be 
done  alongside  of  the  line.  This  second  cut  was 
made  by  the  dredge  as  close  to  the  line  as  it 
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was  safe  to  work  the  dipper  without  striking 
the  pipe.  When  the  cut  was  of  sufficient  depth, 
the  sand  and  silt  under  the  pipe  were  washed 
into  it  by  the  current,  thus  allowing  the  lime 
to  settle  to  the  depth  desired. 

The  following  method  was  used  in  lowering 
the  line:  As  many  measuring  sticks  as  there 
were  bents  of  piles  were  graduated  into  feet  and 
quarter  feet;  two  men  were  stationed  at  each 
bent  of  piles,  one  man  to  hold  a  measuring  stick 
on  the  top  of  the  pipe  as  it  was  being  lowered, 
and  the  other  to  lower  when  signals  were  given. 
One-Inch  rope  was  lashed  to  the  Gx6-inch  timber 
across  the  piles  and  then  passed  under  the  pipe, 
and  three  or  four  wraps  taken  around  the  6x6. 
The  cedar  floats  were  then  taken  away,  which 
left  the  pipe  suspended  in  the  rope  sling  ready 
lor  lowering,  which  was  regulated  by  signals 
given  by  the  superintendent  in  charge  of  the 
work.  The  pipe  was  lowered  6  inches  at  every 
signal.  By  watching  the  measuring  stick  at 
each  bent  of  piles  after  a  lowering  signal  had 
been  given,  it  could  be  seen  that  the  line  was 
being  lowered  to  the  same  depth  at  all  points, 
and  no  uneven  strain  put  on  any  particular 
length  of  pipe.  This  operation  was  continued 
until  the  entire  line  was  lowered  to  the  depth 
required,   when   the   ropes  were   lashed  to  the 


through  the  middle-ground  by  a  lumber  com- 
pany, in  days  gone  by,  and  by  using  It  some 
money  could  be  saved  in  dredging. 

For  this  line  extra  heavy  4-inch  line  pipe, 
threaded,  but  without  couplings,  was  used,  and 
a  style  3  Dresser  river  sleeve  for  the  Joints. 
This  sleeve  is  designed  for  use  on  river  lines, 
and  experience  with  several  styles  of  sleeves 
demonstrated  that  preference  should  be  given 
it  over  the  common,  screw  coupling  with  the 
split  sleeve  used  for  protection.  It  is  made  with 
the  center  of  the  sleeve  reduced  and  threaded 
so  that  pipe  can  be  screwed  in. 

A  Rand  Drill  Company's  12xl6xl6-inch  com- 
pressor with  a  6-inch  outlet  was  purchased  and 
installed  in  the  exhauster  room  at  the  gas- 
works. This  was  one  of  the  first  things  done, 
for  we  desired  to  use  the  compressor  in  testing 
out  the  line  as  it  was  made  up.  A  Johnson-Rey- 
nolds' regulating  station  was  used  to  cut  the 
pressure  from  20  pounds — t^e  pressure  main- 
tained at  the  gas-works — to  30-tenths  inches 
water  pressure  on  the  west  side. 

In  view  of  the  fact  that  no  decided  grade  or 
fall  was  necessary  for  this  line,  the  only  dredg- 
ing to  be  done  was  across  the  ship  channel 
where  it  was  thought  best  to  lay  the  line  at  a 
depth  greater  than  any  to  which  the  channel 
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(!x6  and  left  this  way  until  such  time  as  filling 
could  be  dumped  under  the  pipe  where  the 
dredging  had  been  too  deep.  In  this  way  it  was 
po.'isible  to  obtain  a  perfect  fall. 

Nothing  now  remained  to  be  done  but  to 
make  land  connections  at  the  gas-works,  on  the 
past  shore,  and  with  the  west  side  trunk  line 
on  the  west  shore.  A  piece  of  12-inch  pipe  was 
used  for  a  drip  pot  and  a  common  brass  cylin- 
der, deep-well  pump  for  the  pump.  The  line 
was  completed  in  July,  1902,  and  since  that  time 
no  trouble  has  been  experienced  from  the  water, 
as  the  drips  make  approximately  two  gallons  of 
water  only  per  day,  and  the  drip  pot  will  hold 
about  50  gallons. 

In  1903,  it  was  decided  that  another  river  line 
was  required  as  an  emergency  line,  to  be  used 
in  case  of  accident  or  during  repairs  on  the  old 
line.  A  4-inch  high  pressure  line  was  consid- 
ered of  ample  capacity  for  the  purpose.  The 
point  selected  for  the  laying  of  this  line  was 
about  500  feet  above  the  12-inch  line,  a  distance 
considered  eufficiently  safe  to  avoid  any  pos.si- 
ble  accident  to  the  old  line  because  of  working 
on  the  new.  Then  it  was  deemed  well  to  have 
the  two  lines  so  far  apart  that  any  accident  hap- 
pening to  one  might  not  affect  the  other.  At 
this  location  a  navigable  cut  had  been  made 


might  eventually  be  made,  by  dredging. 
An  entirely  different  method  from  that  used 
in  laying  the  low  pressure,  12-inch  line  was  de- 
cided upon  in  laying  the  new  line.  A  fioat  about 
12x16  feet  was  made  of  timbers,  and  on  this 
float  the  line  was  made  up.  After  a  length  of 
pipe  was  screwed  up  and  the  joint  tested,  tne 
float  would  be  pulled  ahead,  allowing  the  line  to 
settle  in  the  water.  This  operation  was  con- 
tinued througnout  the  laying  of  the  line.  While 
the  pipe  was  found  to  bend  easily,  that  is,  2  or  3 
feet  in  100,  it  was  found  necessary  to  bend  some 
lengths  at  the  blacksmith's  to  conform  with  any 
decided  or  sudden  drop  of  the  river  bottom. 
Only  three  or  four  piles  were  required  in  laying 
this  line  to  keep  the  pipe  in  the  cut  dredged 
for  it.  These  piles  with  the  aid  of  anchors  also 
served  to  hold  the  raft  in  place  while  screwing 
up  the  pipe.  No  fittings  of  any  kind  other  than 
the  sleeves  were  used  on  the  line,  the  pipe  being 
bent  in  all  cases  where  a  bend  was  necessary. 
About  six  men  were  required  to  lay  the  line  and 
one  week's  time  was  taken  from  the  day  when 
the  work  was  started  on  the  river  until  the  line 
was  completed.  The  connections  on  the  west 
side  were  made  by  using  a  12x6-inch  split  tee, 
the  trunk  line  connected  into  being  a  12-inch 
line  and  the  outlet  of  the  governor  6  inches. 


The  location  of  steam  engines  and  steam 
boilers  under  the  same  roof  without  a  partition 
wall  between  is  a  conspicuous  feature  of  the 
power  plant  that  has  been  provided  for  the  San 
Francisco,  Oakland  &  San  Jos6  Railway,  in 
California.  This  Is  an  interurban  electric  rail- 
way line,  designed  to  bring  Berkeley  and  Oak- 
land, and  later,  San  Jos6,  Into  close  connection 
with  San  Francisco.  These  smaller  cities  are, 
of  course,  on  the  opposite  side  of  San  Fran- 
cisco Bay  from  the  city  of  San  Francisco  and 
a  part  of  the  development  has  included  the 
institution  of  a  fast  ferry  service  and  the  con- 
struction of  a  pier  3  miles  in  length  from  the 
Oakland  shore.  By  running  the  electric  trains 
on  the  pier  the  time  of  total  travel  is  shortened. 

At  present  the  railroad  operates  four  six- 
car  trains  simultaneously  at  20-minute  inter- 
vals, though  it  is  designed  to  handle  eight-car 
trains,  and  it  was  decided  that  a  present  direct- 
current  output  of  1,450  rated  kilowatts  would 
suffice.  The  power  house  has  been  located  at 
a  central  point  on  Yerba  Buena  Avenue,  Oak- 
land, and  it  has  the  advantage  of  steam  rail- 
road, facilities  and  proximity  to  tide  water  for 
condensing  purposes.  As  the  line  has  not  yet 
been  extended  to  San  JosS,  direct-current  was 
adopted  as  best  serving  the  present  conditions, 
for  the  extreme  distances  of  travel  either  way 
from  the  power  station  are  not  very  great.  In 
planning  the  station  the  present  building  is 
designed  to  allow,  for  additional  machinery, 
and  it  is  likely  that  the  space  remaining  for 
the  generating  equipment  will  be  given  up  to 
an  alternating-current  outfit. 

The  type  of  station  is  that  in  which  the 
boiler  and  engine  rooms  are  side  by  side,  so 
that  future  extension  is  allowable  at  the  end 
and  the  length  of  steam  piping  is  otherwise  re- 
duced to  a  minimum,  but  the  unusual  arrange- 
ment exists  of  a  main  or  central  portion  in 
which  are  disposed  the  generating  machinery 
and  of  two  side  bays,  in  one  of  which  are  placed 
the  steam  boilers  and  in  the  other — this  prac- 
tically cut  off  from  the  generating  room — a 
storage  battery  and  in  a  separate  room  the 
repair  shop.  The  plant  is  without  a  basement, 
and  instead  the  condensing  apparatus  lies  in 
a  pit  below  the  general  floor  of  the  engine 
room  and  the  piping  is  generally  carried  in 
trenches  about  the  floor.  The  chimney  rises 
outside  of  the  building,  and  an  economizer, 
which  has  been  provided,  is  also  set  outside  of 
the  building,  tog«ther  with  a  hot  well,  which 
is  one  of  the  interesting  features  of  the  work. 
The  fact  that  a  partition  wall  was  unnecessary 
between  the  boiler  installation  and  the  oper- 
ating room  is  owing  to  the  fact  that  oil  is  used 
for  a  fuel  and  there  is  an  absence  of  dust. 
An  interesting  point  in  connection  with  the 
erection  of  the  plant  is  that  the  machinery, 
both  generators  and  boilers,  were  erected  be- 
fore the  building  was  itself,  this  being  carried 
on  during  the  summer  time  when  the  weather 
conditions  in  California  are  such  that  there  is 
no  danger  from  heavy  rains.  The  machinery 
was  erected  without  the  use  of  a  traveling 
crane,  and  it  was  thought  not  necessary  to  in- 
stall one  in  the  completed  building. 

The  power  house  has  general  ground  dimen- 
sions of  153  feet  6  inches  and  125  feet  4  inches. 
It  is  built  of  red  brick,  steel  columns  and  steel 
roof  trusses  except  over  the  battery  bay  where 
they  are  of  timber,  and  the  roof  itself  is  of 
galvanized  corrugated  iron.  The  clear  height 
of  the  engine  room  is  32  feet,  that  of  the  boiler 
room  is  22  feet  and  that  of  the  battery  room, 
which  has  a  wooden  ceiling.  Is  14  feet.  The 
engine  room  has  a  width  of  45  feet  6  Inches, 
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and  Um  boiler  room  40  (e«l  6  Inches,  while 
the  other  wing  Is  36  {eet  in  width  and  the  two 
rooms  are  respectively  91  feet  and  58  feet  in 
leBglh,  the  former  being  occupied  by  the  stor- 
ago  battery.  An  accompanying  photograph 
shows  the  interior  of  the  operating  room  with 
the  row  of  boilers  separated  merely  by  the 
Interior  row  of  columns.  A  plan  is  also  given 
to  show  the  arrangement  of  the  generating 
plant;  this  does  not  include  the  wing  contain- 
ing the  storage  battery  and  repair  shop. 

The  boiler  plant  consists  of  Cahall  water- 
tube  boilers  set  in  batteries  of  two,  eight  boilers 
all  told,  with  space  for  a  fifth  battery  in  the 
present  building.  Each  boiler  has  2,640  square 
feet  of  heating  surface,  presented  mainly  in 
fourteen  sections  of  4-inch  tubes  18  feet  long, 
nine  tubes  per  section,  and  two  36-inch  steam 
druma  On  a  basis  of  10  square  feet  of  heat- 
ing surface  per  horse-power,  it  will  be  seen 
that  the  present  boiler  installation  comprises 
2.112  boiler  horse-power.  Their  working  press- 
ure is  200  pounds  per  square  inch.  The  oil 
used  for  combustion  is '  known  as  asphaltum 
base  crude  oil,  from  the  Bakersfield  district  of 
California,  and  it  is  discharged  into  the  fur- 
naces through  Pfleffer  burners.  Storage  ca- 
pacity for  the  oil  is  provided  as  usual  outside 
of  the  building,  and  for  this  purpose  there  are 
two  35,000-gallon  tanks,  20  feet  in  diameter. 
As  shown  in  the  plan  drawing,  the  boiler  plant 
is  arranged  in  two  groups,  and  the  space  be- 
tween them  is  utilized  for  the  boiler-feed 
pumps  and  for  the  pumps  employed  in  connec- 
tion with  the  delivery  of  oil  to  the  burners. 
The  latter  are  Snow  6z4x6-inch  duplex  pumps, 
installed  in  duplicate. 

The  products  of  combustion  are  conducted 
from  the  boilers  in  a  brick  duct  supported 
overhead  back  of  the  settings,  leaving  space 
to  get  at  the  rear  of  the  settings  and  at  the 
blow-off  connections.  An  accompanying  draw- 
ing shows  the  general  construction  of  the 
smoke  ducts.     They  are  built  of  brick  arches 
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the  other  to  the  economizer  setting  outside  the 
building.  The  economizer  is  supported  above 
ground  on  a  level  with  the  breeching  and  is 
without  by-pass  connection,  as  this  is  pro- 
vided by  the  two  openings  from  the  smoke  duct 
ground  on  a  level  with  the  breeching,  and  it  is 
the  Green  type,  set  some  16  feet  from  the 
wall  of  the  building,  in  line  with  the  center  of 
the  stack. 

The  chimney  is  a  red  brick  structure,  with 
two  circular  shafts  its  full  height  It  rests 
on  8-inch  piles  driven  to  hardpan  on  30-inch 
centers.  These  piles  are  capped  2  feet  by  a 
concrete  foundation  of  a  total  depth  of  9  feet, 
about  23  feet  square  at  the  bottom  and  21  feet 
square  at  the  top.  Embedded  in  the  concrete 
are  six  layers  of  old  rails,  the  rails  in  each 
layer  laid  alternately  with  respect  to  those  in 
those  adjacent  On  the  concrete,  which  Is 
on  the  level  of  the  station  floor  line,  rises  the 
brickwork,  square  for  14%  feet  and  circular 
above.  The  total  height  of  the  chimney  proper 
is  121  feet  2  inches.  The  inner  flue  has  a  con- 
stant diameter  of  8  feet,  and  its  top  Is  about  119 
feet  above  the  grate  bars.  It  is  designed  to 
serve  the  boiler  equipment  yet  to  be  installed, 
and  is  arranged  to  receive  gases  at  two  dia- 
metrically opposite  points.  This  is  indicated 
in  the  plan,  the  second  opening  being  at  pres- 
ent closed.  As  usual  with  stacks  designed  to 
receive  the  products  of  combustion  from  two 
points,  a  bafile  wall  has  been  built,  but  this 
extends  transversely  across  the  bottom  of  the 
flue  and  does  not  rise  quite  to  the  height  of 
the  top  of  the  openings  into  the  chimney.  The 
inner  shell  is  of  ordinary  brick  as  well  as  the 
outer  shaft,  but  It  is  lined  with  firebrick  for 
14  feet  above  the  intakes.  The  provision  of 
clean-out  openings  in  the  bottom  of  the  stack 
is  indicated  in  an  accompanying  cross-section 
of  the  chimney.  These  are  2  feet  high  and  18 
inches  wide.  A  point  to  which  attention  may 
be  called  is  the  corbelling  out  of  the  brick- 
work at  intervals  to  bring  the  outer  close  to 
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sides  of  the  ladder  are  each  %x2%-inch  metal. 
Steam  is  conducted  from  each  boiler  in  an 
8-inch  extra-heavy  pipe  carried  forward  into  a 
12-lnch  extra-heavy  header,  which  extends 
across  the  boilers  overhead.  At  the  entrance 
of  the  8-inch  supply  pipe  a  gate  valve  is  sup- 
plied in  the  branch.  The  header  itself  is  with- 
out a  valve.  There  are  two  generating  units 
at  present  in  place  and  the  steam  line  to  each 
of  them  drops  from  the  bottom  of  the  header 
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sprung  between  I-beams,  which  span  the  space 
between  the  rear  of  the  settings  and  the  out- 
aide  boiler  bouse  wall,  and  they  have  a  constant 
width  of  7  feet  8  Inches  and  a  height  varying 
from  4  feet  to  6V4  feet  The  lower  bricks  of 
the  duct  roof  are  of  firebrick.  Opposite  the 
space  reserved  for  the  pumping  equipment  two 
openings  In  the  outside  wall  of  the  smoke  con- 
duit lead,  one  to  the  chimney  directly,  and 


the  inner  shell.  The  outside  has  a  batter  of 
1  inch  in  2  feet  The  top  of  the  outer  shell  is 
covered  with  a  cast-iron  cap,  built  in  four 
sections  bolted  together  and  anchored  into  the 
brickwork,  as  indicated.  The  cast  iron  is  V4 
inch  thick.  A  ladder  has  been  built  down 
the  outside  of  the  stack  and  this  is  fixed  to 
the  outer  shell  at  points  71^  feet  apart.  The 
rounds  are  16  inches  apart  and  the  parallel 


to  a  floor  trench  and  is  then  carried  to  the 
engine  cylinder.  A  feature  of  the  installation 
is  the  employment  of  electrically-driven  pumps 
in  connection  with  the  condensing  outfit,  and 
no  auxiliary  steam  line  is  necessary  for  this 
purpose.  For  the  boiler  feed  and  oil  pumps, 
however,  a  3-lnch  pipe  is  taken  from  the  top 
of  the  header  and  carried  to  the  pumps,  as  in- 
dicated in  the  drawings.     The  steam-pipe  fit- 
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tings  are  of  the  Crane  manufacture  and  the 
piping  is  encased  in  Johns-Manville  85  per  cent, 
magnesia  covering. 

The  generating  machinery  comprises  an  850- 
kilowatt  General  Electric  generator,  driven  by 
a  cross-compound  Pennsylvania  Iron  Works  en- 
gine, and  a  600-kilowatt  Westinghouse  gener- 
ator driven  by  a  cross-compound  engine  built 
by  the  St.  Louis  Iron  &  Machine  Works.  The 
large  engine  has  cylinder  dimensions  of  30V^ 
and  48x48  inches  and  runs  at  80  revolutions  per 
minute,  and  the  small  engine  is  18  and  38x42 
inches  in  size,  operating  at  100  revolutions  per 
minute.  The  arrangement  of  piping  allows,  in 
a  usual  way,  for  supplying  the  low-pressure 
as  well  as  the  high-pressure  cylinder  with  live 
steam  in  case  it  is  necessary  to  cut  out  the 
high-pressure   side,   and  the  exhaust  from   the 


both  of  them,  so  that  when  both  engines  are 
in  operation  both  condensers  are  In  commission. 
With  one  engine  running,  either  condenser  can 
be  used.  The  circulating  and  discharge  pipes, 
both  of  which  are  cast  iron,  pass  through  the 
building  alongside  of  the  outward  exhaust,  as 
shown.  Each  circulating  pump  is  of  double 
inlet  centrifugal  pattern  with  9-inch  suction 
pipe  and  8-inch  discharge.  Each  is  directly 
driven  by  an  18-horse-power  500-volt  Bullock 
motor. 

The  feed-water  system  for  the  boilers  may  be 
referred  to  in  connection  with  the  condensers, 
as  the  discharge  of  the  air  pumps  is  delivered 
to  a  hot  well  for  purification  and  the  water  is 
used  over  and  over  again.  Each  condenser  is 
provided  with  an  independent  air  pump,  which 
is  an  Edwards  triplex  type  driven  through  gear- 


both  directions,  as  indicated  in  the  drawings, 
and  the  water  from  the  air  pumps  is  delivered 
into  the  top  of  a  chamber  at  one  end  and  It  is 
drawn  olt  at  the  bottom  from  the  compartment 
at  the  other  end.  The  planks  are  spllned  to- 
gether by  lx2-inch  strips  and  no  metal  is  used 
in  the  construction  of  the  tank  except  the  tie 
rods,  which  are  not  exposed  to  the  water,  and 
the  inlet  and  outlet  connections,  which  are  of 
brass.  The  suction  from  the  hot  well  is  led 
to  the  boiler-feed  pumps,  of  which  there  are 
two,  of  the  Snow  center-packed  plunger  type, 
8x5x10  inches  in  size.  The  delivery  from  the 
boiler-feed  pumps  is  6  inches  in  diameter  and 
passes  backward  to  the  economizer.  Before 
passing  outside  of  the  building,  however,  the 
water  may  be  discharged  in  opposite  directions 
through  a  4-lnch  feed  line  carried  at  the  floor 
line  to  opposite  ends  of  the  boiler  installation 
and  thence  forward  at  each  end  to  the  front 
of  the  boilers,  where  the  two  ends  run  toward 
each  other  to  a  central  point.  Here  the  dis- 
charge pipe  from  the  economizer,  6  inches  in 
diameter,  is  connected.  From  the  feed  line 
in  front  of  the  boiler,  individual  pipes  are 
f  brought  upward  to  the  Ijoilers.     It  will  be  seen 
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high-pressure  cylinders  may  be  discharged  di- 
rectly into  the  exhaust  system.  Normally,  of 
course,  the  steam  passes  from  the  first  stage 
into  the  second  through  the  receiver  and  from 
the  second  into  the  condensers.  The  two  con- 
nections into  the  exhaust  system  from  the 
Pennsylvania  engine  are  each  equipped  with 
a  back-pressure  or  relief  valve,  while  the  con- 
nection to  the  exhaust  system  from  the  St. 
Louis  engine  at  a  point  between  the  high- 
pressure  cylinder  and  the  receiver  is  controlled 
by  a  gate  valve.  The  run  of  the  exhaust  piping 
is  shown  in  the  plan  and  is  of  standard  wrought- 
iron  piping. 

For  condensing,  surface  condensers  of  the 
Wheeler  type  are  employed,  and  It  will  be  noted 
that  the  steam  from  each  engine  is  brought  to 


ing  by  an  18-horse-power  Bullock  motor,  both 
motors  controlled  by  Cutler-Hammer  starting 
boxes.  The  two  pumps  discharge  into  9-inch 
standard  wrought-iron  pipe  which  delivers  the 
water  into  one  end  of  the  hot  well.  The  gen- 
eral features  of  this  are  given  in  an  accompany- 
ing illustration.  It  is  a  wooden  tank,  built  of 
3xl2-inch  redwood  planks  tied  together,  as  in- 
dicated, by  4x4-inch  pine  bolsters  and  %-inch 
wrought-iron  tie  rods.  It  is  25  feet  in  length, 
7  feet  5  Inches  in  inside  width  and  5  feet  deep. 
At  distances  of  about  3  feet  throughout  the 
length  of  the  tank  provision  has  been  made 
for  the  Insertion  of  removable  partitions  to 
serve  as  baffle  plates  or  as  screens  for  separ- 
ating the  oil  from  the  water.  The  screens  are 
perforated  with  1-inch  holes  4  Inches  apart  in 


that  the  boiler  main,  which  is  of  extra-heavy 
piping,  forms  a  ring  around  the  boilers  and  can 
be  supplied  either  directly  from  the  pumps  or 
from  the  economizer. 

The  electric  output  of  the  station  is,  as  al- 
ready stated,  direct  current,  and,  of  course,  at 
the  normal  voltage  of  525  to  575  volts  for  rail- 
way work.  The  storage  battery,  wliich  consists 
of  264  cells,  furnished  by  the  Electric  Storage 
Battery  Company,  is  connected  through  a 
motor-driven  booster  to  float  on  the  system  and 
carry  the  fluctuations  of  the  loads.  Its  dis- 
charge capacity  is  1,000  amperes  per  hour,  but 
its  ultimate  capacity  along  the  present  lines 
will  be  1,600  amperes  per  hour.  It  is  designed 
for  momentary  fluctuations  of  50  per  cent, 
above  this  capacity.     The  booster  is  of  the 
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Wansni  Electric  make  and  comprises  a  69- 
kUowmtt  generator  driven  by  a  lOS-horse-power 
motor.  Six  feeders  ar«  carried  from  the  build- 
ins.  MiCh  of  tliem  ot  1.000,000  circular  mils- 
croM  section.  A  simple  wire  bridge  has  been 
bnllt  from  the  power  house  wall  to  the  regular 
pole  line  and  this  Is  shown  in  an  accompany- 
inc  photograph.  The  supports  of  the  feeders 
are  oast-iron  poles  embedded  seTeral  feet  In 
the  ground  and  these  carry  at  their  top  two 
longitudinal  pieces  of  2x1 2-inch  timber,  to 
which  are  fixed  in  turn  4x6-inch  cross-arms. 
Bach  of  these  has  the  six  pins  for  the  cables. 

The  engineering  features  of  the  system  were 
developed  under  the  direct  supervision  of  Mr. 
J.  Q.  Brown,  assistant  general  manager  and 
•osliMer  of  the  company.  Mr.  Edward  M. 
Bocsa.  M.  Am.  Soc.  C.  B.,  of  Oakland,  was 
civil  engineer  and  Mr.  Howard  C.  Holmes,  M. 
Am.  Soc.  C.  B.,  of  San  Francisco,  was  con- 
sulting engineer  in  connection  with  the  con- 
struction of  the  long  pier  mentioned.  Mr.  E. 
A.  Heron  is  president  of  the  company;  Mr.  W. 
H.  Martin,  vice-president,  and  Mr.  W.  F.  Kelly, 
general  manager.  The  chief  engineer  of  the 
power  station  is  Mr.  F.  W.  Nelson. 


The  Construction  of  the  Times  Building, 
New  York  City. 


.'AST    II. BaECTION   OF    FRAMEWORK    AXU   WaI.I.S, 

Spcciai.  Debrjck  FiTTi.vas,   Dkscriptio.n  ov 

SUBWAV  COLLM.NS  A.ND  GiRDERS,   COMPARISON 

WITH  Hotel  Belmont  Methoks. 

The  Rapid  Transit  subway  passes  through  the 
northwest  corner  of  the  Times  Building 
about  20  feet  In  the  clear  above  the  cellar 
floor  and  about  4  feet  in  the  clear  below  street 
level.  The  sub-basement  and  cellar  extend  the 
full  width  across  the  subway,  underneath  it, 
and  the  latter  Is  thus  carried  through  the  build- 
ing, but  is  an  entirely  independent  structure. 
It  has  a  heavy  platform  of  steel  and  concrete, 
supported  on  columns  about  13</j  feet  high  and 
forming  a  deck  on  which -the  standard  steel  col- 
umn and  steel  beam  roof  construction  of  the 
four-track  subway,  as  Illustrated  in  previous  de- 
scriptions in  Tne  Engineering  Record,  is  seated. 
Holes  through  the  roof  and  floor  of  the  subway 
structure  receive  the  columns  of  the  Times' 
Building,  which  are  located  so  as  to  clear  the 
tracks  and  carry  above  the  subway  roof  a  num- 
ber of  heavy  girders  on  which  the  upper  story 
columns  of  the  building  are  set  as  required  by 
the  architectural  considerations.  These  upper 
columns  are  independent  of  the  positions  ne- 
cessitated for  the  columns  passing  through  the 
ralnray. 

Inside  the  Times'  Building  the  subway  deck 
has  three  main  transverse  plate  girders  radial 
to  the  track  alignment,  and  from  20^^  to  32 1^ 
feet  apart.  The  longer  of  them  are  made  in  sec- 
lions,  with  their  abutting  ends  meeting  on  the 
centers  of  the  caps  of  H-shaped  columns,  made 
in  one  case  with  four  6x4x%-inch  angles,  one 
8%xl3/16-inch  web  and  four  13x%-lnch  cover 
plates.  The  column  base  is  extended  by  gusset 
flange  plates  to  a  width  ot  40  inches  to  reach 
across  the  tops  of  the  15-inch,  60-pound  I-beams 
forming  its  grillage,  and  embedded  in  ce- 
ment mortar  on  the  solid  rock.  One  of  the  main 
girders,  15  feet  long,  weighs  ^1^  tons,  and  has 
a  66zll/16-inch  web,  four  8x8x1 3/1 6-inch  flange 
angles,  and  two  17x%-lnch  cover  plates.  An- 
other of  about  the  same  length  has  a  48x%-lnch 
web,  8z8-inch  flange  angles  and  17-inch  flange 
corer  plates,  and  has  the  web  reinforced  by  a 
pair  of  28%x%-lnch  flller  plates  between  the 
flange  angles,  and  by  two  45%x5/16-lnch  plates 
riveted  on  outside  the  vertical  legs  of  the  flange 
Web^onnected  to  the  transverse  gird- 


ers are  lighter  longitudinal  plate  girders,  from 
2\ii  to  5  feet  apart,  which  support  the  floor  of 
solid  concrete  slabs,  as  thick  as  the  girders  are 
deep,  or  of  thick  concrete  arches. 

The  steel  work  tor  the  building  and  tor  that 
part  of  the  subway  that  is  included  in  It  was 
delivered  as  required  by  trucks,  and  was  un- 
loaded and  erected  by  three  boom  derricks, 
which  set  it  in  place,  usually  without  rehand- 
llng  the  heaviest  pieces.  Erection  was  com- 
menced at  the  south  end  of  the  building,  where 
a  derrick  was  set  on  the  roof  girders  ot  the 
finished  adjacent  section  ot  the  subway.  This 
derrick,  which  had  a  45-toot,  30-ton 
boom,  a  55-foot  boom,  16  to  18  inches 
in  diameter,  an  18xl8-inch  mast,  35  feet 
long,     and     two     12xl2-inch     stiff     legs,     set 


both  walls  equally.  This  timber  was  clamped 
firmly  to  the  transverse  floor  girder  and  re- 
ceived the  toot  block  of  the  derrick  mast  at  its 
center  point.  At  each  end  a  vertical  slot  was 
cut  in  it  to  receive  a  sheave,  beyond  which 
there  was  a  horizontal  cross  bolt  to  prevent 
the  timber  from  splitting.  The  two  side  guys 
ot  1-lnch  steel  cable  were  led  from  the  mast 
head  around  these  sheaves  and  thence,  with 
sleeve-nut  adjustments,  to  the  girder  connecting 
one  story  lower  to  the  feet  of  the  col- 
,  umns,  which  supported  the  outrigger  timber, 
and  were  secured  there.  This  bracing  proved 
efficient,  and  was  easily  moved  from  story  to 
story.  The  derrick  mast  was  65  feet  long,  and 
the  boom  was  55  feet  long  and  had  a  capacity 
of  over  15  tons. 

Each  derrick  had  six  1-inch  steel  cable  guys 
permanently  attached  to  the  top  ot  the  mast. 
The  ends  of  the  guys  were  looped  and  secured 
with  four  clamps.  The  lower  loop  engaged  a 
rough  cast-iron  sheave  5  inches  in  diameter, 
the  axle  of  which  was  the  pin  through  the  ends 
ot  a  shackle  that  received  the  loop  end  ot  a 
screw  rod.  The  latter  had  a  sleeve-nut  connec- 
tion to  the  chain  or  clamp,  by  which  the  guy 
was  secured  to  the  column  and  girder  anchor- 
age. The  open-Sided  sleeve-nut  had  about  2  feet 
adjustment,  and  the  combination  made  a  strong 
and  efficient  connection,  which  was  quickly  ad- 
justed or  released. 


Times   Building:     Frame   Erected   to  Main   Roof. 

the  steel  for  the  subway  and  for  the  first 
two  tiers  ot  the  building  at  the  narrov,'  end. 
Afterward  two  guyed  derricks  were  set  up  over 
the  wider  part  of  the  building  and  erected  the 
remainder  of  the  steel  work,  the  stiff-leg  der- 
rick not  being  moved  above  the  street  level. 

At  the  narrow  end  of  the  building  the  width 
of  the  steel  framework  was  not  sufficient  to  give 
satisfactory  spread  to  the  derrick  guys,  and  a 
special  arrangement  was  devised  by  Mr.  Barras 
to  give  them  additional  stability.  Where  the 
outside  wall  columns  were  only  about  35  feet 
apart  a  pair  of  12xl2-inch  horizontal  timbers 
were  lapped  pa  each  other  in  the  center  of 
the  bent  and  spliced  to  form  a  piece  about  65 
feet  long,   cantllevering  past  the  columns  in 
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.Guy     connections   at   Point   of    Boom. 

Detail   of   Erection   Derrick. 

The  derricks  handled  two  tiers  of  beams  at 
each  setting,  and  were  shifted  from  story  to 
story  by  the  usual  method  of  unshipping  the 
boom  and  using  it  as  a  gin-pole  to  hoist  the 
mast,  then  lifting  the  boom  from  the  mast. 
When  the  guys  are  temporarily  lashed  to  the 
end  of  the  boom  for  this  purpose  considerable 
time  is  lost  in  putting  them  on  and  removing 
them,  and  there  is  a  large  mass  of  hemp  rope 
wound  around  the  boom  point.  Under  the  load 
of  the  8-ton  mast  and  rigging  this  connection 
is  apt  to  stretch  enough  to  let  the  top  of  the 
gin-pole  move  perceptibly,  and  sometimes  se- 
riously menace  its  security  when  nearly  all 
the  stress  may  come  on  one  guy.  To  avoid  this 
Mr.  Barras  devised  a  special  set  of  fittings  for 
the  boom  point,  as  shown  in  the  accompanying 
sketch.  Four  equidistant  U-shaped  double-eye 
forglngs  were  set  in  notches  in  the  timber  and 
engaged  the  collar  band  which  clamps  the  end 
ot  the  boom  and  receives  the  hoist  and  topping 
lift  tackles.  These  pieces  had  clearance  to 
move  freely  and  engaged  the  loop  ends  of  half 
links,  which  were  locked  to  them  with  vertical 
pins,  and  received  the  shackles,  to  which  the 
ends  of  the  guys  were  attached.  Connection 
was  thus  afforded  for  tour  ot  the  guys,  and 
the  other  two  were  similarly  attached  to  the 
regular  welded  single-piece  links  permanently 
connected  between  the  halves  of  the  collar  to 
receive  the  operating  tackles.  By  this  means 
the  guys  could  be  attached  and  removed  almost 
instantly  by  opening  either  the  vertical  bolts  or 
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the  shackle  bolts,  and  when  not  in  use  the  at- 
tachment revolved  up  close  to  the  boom  out  of 
the  way  and  cleared  the  mast  when  it  was 
topped  up.  Each  de{r|ek  was  out  of  service 
only  about  three  hours  on  the  average  when 
shifted  from  one  story  to  the  second  above  it. 
In  one  case  a  derrick  was  shifted  by  ten  men 
in  1  hour  and  45  minutes,  and  in  another  in- 
stance, at  the  Bond  Building,  in  1  hour  and  51 
minutes,  by  the  aid  of  this  device. 

The  derricks  and  fittings  were  frequently  in- 
spected, and  the  men  were  so  well  trained  and 
directed  that  the  steel  was  erected  without  ac- 
cident, although  some  very  heavy  pieces  were 
hoisted  on  single  booms,  and  the  connections 
were  difficult.  The  columns  are  in  two  story 
lengths  and  have  a  maximum  weight  of  38,000 
pounds.  The  heaviest  subway  girder  weighs 
44,000  pounds,  and  the  heaviest  girder  in  the 
building  proper  weighs  60,000  pounds,  but  was 
received  in  three  separate  pieces,  each  a  com- 
plete plate  girder  with  shop  riveted  web  and 
flanges.     These  were  hoisted  separately,  assem- 


the  south  end  two  lines,  of  intermediate  col- 
umns were  very  carefully  plumbed  by  a  transit 
and  thoroughly  temporarily  braced  as  soon  as 
set  so  as  to  serve  as  guides  to  Insure  the  ver- 
ticality  of  all  the  rest  of  the  columns,  which 
were  rigidly  connected  to  them  with  accurately 
spaced  horizontal  members.  This  bracing  and 
the  permanent  steel  bracing  of  gusset  plates 
and  transverse  vertical  diagonals  thoroughly  se- 
cured the  building  against  wind  stresses,  and 
the  construction  of  the  solid  floors  and  parti- 
tions made  the  structure  abundantly  stiff,  so 
that  soon  after  the  outer  walls  were  built  the 
structure  could  be  subjected  to  full  wind  pres- 
sure. The  temporary  bracing  consisted  of  four 
4xl2-inch  diagonals,  at  right  angles  to  each 
other,  running  transversely  and  longitudinally 
from  the  top  of  the  column  to  the  adjacent  col- 
umns at  the  next  lower  floor  beams.  These 
braces  were  adjusted  by  pairs  of  wedges  at  the 
ends,  and  were  provided  in  alternate  stories 
only;  but  there  was  a  set  to  each  section  of  the 
column. 


Times  Building:  Erecting  Subway  Columns  and  Girders,  and  First  Floor  Girders  over  Subway. 


l)led  and  field  riveted  together  in  place.  The 
columns  were  received  with  one  end  of  each 
splice-plate,  the  beam  and  girder  connection  an- 
gles and  the  sway  brace  gusset  plates  shop  riv- 
eted to  them,  but  there  still  remained  186  rivets 
to  be  field  driven  in  each  kneebrace  connec- 
tion. In  all  there  were  80,000  field-driven  rivets 
in  the  steel  framework. 

Very  great  pains  were  taken  to  fit  the  sway 
brace  connections  accurately  and  to  keep  the 
columns  always  exactly  plumb,  as  eccentricities 
could  not  be  corrected  after  once  the  riveting 
was  done,  and  a  little  deviation  in  the  lower 
stories  would  be  greatly  multiplied  in  the  up- 
per ones.  The  connections  were  very  accurately 
punched  and  drilled  at  the  shops,  so  that  all  of 
them  matched  excellently,  and  any  carelessness 
which  might  have  caused  them  to  be  misplaced 
at  any  point  would  have  resulted  in  throwing 
out  every  connection  In  that  line  above.  No 
such  trouble,  however,  occurred.  Near  the  nar- 
row north  end  of  the  building  one  line  and  near 


Some  delay  has  been  oscasioned  by  waiting 
for  steel,  but  the  erection  was  practically  com- 
pleted up  to  and  including  the  eighteenth  tier 
at  the  top  of  the  main  building,  about  March  1, 
and  preparations  are  now  being  made  to  erect 
the  five  story  tower,  reaching  to  a  total  height 
of  over  300  feet  from  the  ground.  The  hollow 
tile  floors  were  laid  about  three  stories  behind 
the  framework,  and  the  outer  walls  are  up 
about  the  thirteenth  story.  Many  of  the  par- 
titions are  built,  and  three  stories  are  ready  for 
plastering.  The  outside  walls  are  carried  on 
special  girders  at  every  floor  level,  and  brick- 
laying on  them  was  commenced  at  the  sixth 
story  on  January  5,  1904,  the  work  being  done 
both  from  cantilever  and  suspended  outside 
platforms,  as  shown  In  the  general  view  of  the 
building  from  a  photograph  taken  February  5. 
The  walls  are  2  feet  thick  at  the  top.  As  no 
bricklaying  was  permitted  when  the  tempera- 
ture was  below  30  degrees  Fahrenheit,  consider- 
able time  was  lost  during  the  unusually  cold 


winter  months,  and  the  work  is  now  several 
weeks  behind  the  contract  time,  four  weeks 
having  been  lost  by  labor  troubles.  Bricks, 
mortar  and  other  materials  are  hoisted  by  three 
fast-running  hod  elevators,  with  platforms  to 
receive  wheelbarrows.  These  have  wooden 
frames  or  towers,  two  of  which  are  located  in 
the  shaft  containing  the  four  permanent  pas- 
senger elevators.  The  steel  framework  and 
guides  for  two  of  the  permanent  elevators  will 
be  erected  in  the  shaft,  and  the  hod  platforms 
will  be  transferred  to  them  and  continue  the 
rapid  service,  while  their  old  wooden  guides 
are  removed  and  the  other  two  steel  frames  are 
built  and  two  of  the  passenger  elevators  in- 
stalled there  as  soon  as  ready,  so  as  to  preserve 
the  service  uninterrupted  and  afford  tennants 
an  opportunity  to  inspect  the  building  before  it 
is  quite  completed. 

The  work  has  been  carried  on  by  an  average 
force  of  about  300  men,  most  of  whom  worked  a 
single  eight-hour  shift,  derick  men  and  some 
others  working  longer  hours.  The  steel  der- 
ricks were  operated  by  two-drum  Mundy  hoist- 
ing engines  and  the  four  boom  derricks 
used  by  the  masons  were  operated  by  two 
Lidgerwood  engines,  and  there  were  several 
small  breast  derricks  operated  by  hand.  Nearly 
all  rivets  were  driven  by  twelve  -Boyer  pneu- 
matic hammers  using  compressed  air  from  the 
mains  of  the  subway  contractor. 

Mr.  Cyrus  L.  W.  Eidlltz  is  the  architect  and 
the  George  A.  Fuller  Company  is  the  general 
contractor  for  the  building.  The  struc- 
tural steelwork  was  furnished  by  the 
Carnegie  Steel  Company,  and  the  excavation 
was  made  by  the  Degnon  Contracting  Com- 
pany, Mr.  H.  0.  Sanford,  chief  engineer,  Mr. 
E.  A.  Herrlck,  superintendent  and  Mr.  W.  C. 
Briggs,  resident  engineer  in  charge.  Mr.  L.  R. 
Uarras  and  Mr.  George  Moyer  were  the  superin- 
tendents successively  in  charge  of  all  the  con- 
struction and  erection. 

An  interesting  comparison  with  the  Times 
Building,  both  in  the  design  of  the  steel  frame- 
work and  in  the  method  of  erecting  it,  is  afford- 
ed in  the  construction  of  the  Hotel  Belmont, 
where  an  entirely  different  solution  was  made 
for  the  similar  problem  of  constructing  one  cor- 
ner of  a  tall  steel  building  over  the  curved 
tracks  of  the  Rapid  Transit  subway,  where  the 
excavation  was  carried  to  a  great  depth  in  solid 
ro3k.  In  the  Hotel  Belmont  the  subway  tracks 
o2cupy  a  triangular  portion  of  the  first  and 
second  sub-basements,  with  right  angled  sides 
about  90  feet  long  in  the  planes  of  the 
outer  walls  of  the  building.  Over  this  area  the 
excavation  was  carried  down  only  to  the  sub- 
grade  of  the  subway,  while  that  for  the  re- 
mainder of  the  building  was  caried  down  nearly 
20  feet  lower.  The  subway  thus  virtually  oc- 
cupies a  portion  of  the  lower  four  of  the  five 
stories  below  street  level,  since  there  is  no  va- 
cant space  here  under  the  subway  floor  as  there 
is  in  the  Times  Building. 

The  subway  floor  is  built  on  the  solid  rock 
bottom  of  the  excavation,  which  here  forms  a 
bench  adjacent  to  the  lower  stories  of  the  hotel. 
The  roof  of  the  subway  supports  a  portion  of  the 
hotel  building  twenty-three  stories  high  and  its 
columns  are  single  short  sections  seated  on  the 
solid  rock  at  sub-grade.  This  Involves  the  use 
of  exceedingly  heavy  girders  in  the  subway 
roof,  which  are  carried  on  special  massive  col- 
umns and  support  on  their  top  flanges  seven- 
teen columns  belong  to  the  hotel  framework. 
The  columns  have  a  length  of  obout  13'/;  feet 
and  are  made  with  several  different  types  of 
cross-section.  One  of  them  has  three  webs  each 
made  with  two  16x%-lnch  plates  riveted  to- 
gether and  connected  by  eight  4x4x%-inch 
flange  angles  to  the  two  27x%-inch  cover  plate. 
This  column  has  a  30x%x36%-lnch  cap  plate  re- 
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c«jTing  the  roof  girders.  Another  type  of  col- 
amn  has  three  webs,  of  which  the  center  one  is 
ronpoaed  of  •  pair  of  15-lnch  50-pound  chan- 
nels riveted  together  hack  to  back,  and  each  of 
the  side  webs  is  composed  of  a  15-inch  50-pound 
channel  with  a  Hx-X-inch  web  reinforcement 
plate.  These  wel»  are  riveted  to  cover  plates 
each  rompcsed  of  two  or  three  thicknesses  of 
I8x%-inch  plates.  The  columns  weigh  up  to  5 
tons  each  and  are  seated  on  distributing  gird- 
era,  some  of  which  are  4  feet  deep  and  14  feet 
long,  with  triple  wel>8.  the  center  one  being 
made  with  double  and  the  side  ones  with  single 
plates  V»  inch  thick.  Each  flange  consists  of 
four  full-length  6x6x^-inch  angles  and  two 
UOx\-inch  cover  plates.  This  girder  weighs 
about  8  tons,  and  is  seated  on  a  grillage  of  24- 
inch  I-beams. 

The  main  transverse  roof  girders  are  of 
massive  construction  with  multiple  webs.  One 
of  them  66  inches  deep  and  23  feet  8  inches  long 
has  a  center  web  %  inches  thick  and  two  %- 
inch  side  webs.  Each  flange  is  composed  of 
four  6z6x^-inch  angles  and  two  20x%-inch 
cover  plates.  The  weights  of  these  girders  vary 
from  alwut  34.000  to  53.000  pounds.  One  of 
them,  3014  feet  long,  is  supported  at  both  ends 
and  carries  a  twenty-three-story  column  about 
10  feet  from  one  end.  Others  carry  two  col- 
umns intermediate  between  their  supports. 
Others  are  made  in  succeslve  lengths  with  their 
ends  abutting  on  the  column  caps,  and  still 
others  overhang  their  supports  and  carry  the 
tall  superstructure  columns  on  their  cantilever 
ends.  These  girders  are  connected  by  I-beams 
from  6  to  12  inches  deep  and  about  5  feet  apart 
which  carry  the  concrete  roof  of  the  subway 
and  a  single  floor  of  the  hotel. 

The  very  heavy  girders  were  delivered  pro- 
miscuously at  the  dock  in  New  York  City  and 
some  time  afterwards  the  contractors  for  the 
erection  of  the  subway  secured  for  one  day  the 
nervices  of  a  powerful  floating  derrick  owned 
by  the  Merrltt  A  Chapman  Derrick  and  Wreck- 
ing Company.  With  it  the  girders  were  piled 
in  tiers  with  their  webs  horizontal  and  so  ar- 
ranged that  they  were  in  proper  sequence  to  be 
loaded  on  trucks  as  required  for  ereotion  and 
with  their  ends  pointing  in  the  right  direction 
to  be  hauled  to  position  without  turning.  They 
were  Jacked  up  as  required  and  skidded  on 
horizontal  rails  and  timber  blocking  to  the 
tops  of  heavy  trucks  with  capacities  of  12,  18 
and  30  tons  each.  The  heaviest  girders  were 
drawn  to  the  site  of  the  building  by  sixteen 
horses.  The  girders  were  loaded  on  the  trucks 
with  their  webs  horizontal  and  both  ends  over 
banging  the  trucks. 

After  the  horses  were  unhitched,  timber  crib- 
bing was  built  up  under  the  girder  just  beyond 
the  rear  of  the  truck  and  two  piles  of  cribbing 
were  built  Just  ontside  the  forward  end  of  the 
truck  and  supported  heavy  cross  timbers  under 
the  overhanging  end  of  the  girder.  The  girder 
was  then  lifted  free  of  the  tru;k  by  two  20-ton 
Wataon-Stillman  hydraulic  Jacks,  which  were 
operated  togeth»  r  .at  both  ends  succresively.  The 
truck  was  then  removed  and  the  girder  was 
lowered  to  the  ground  by  the  ordinary  opera- 
tions of  jacking  and  removing  the  crib-work. 
The  girders  were  landed  on  the  timber  roadway 
platform  which  carried  a  jwrtion  of  Forty-flrst 
Street  over  the  hotel  excavation. 

Meantime  timber  trestles  had  been  set  be- 
tween the  subway  column  previously  erected  by 
■mall  or  house  derricks.  On  the  trestle  capB 
24-inch  80-pound  I-beams  50  feet  long  were 
seated  and  covered  with  a  deck  or  platform  of 
lose  4-ln';h  planks  with  their  upper  surface 
about  2  inches  below  the  column  tops.  Other 
24-Inch  I-beams  50  feet  long  were  used  as  in- 
clined skids  reaching  from  the  street  platform 
to  the  subway  deck  at  an  inclination  carefully 


calculated  to  slightly  exceed  the  angle  of  sta- 
bility of  steel  sliding  on  steel.  These  skids 
were  shored  at  the  intermediate  points  and  had 
a  total  rise  01  about  13  feet  A  six-part  Manila 
tackle  was  attached  to  each  end  of  the  girder 
and  anchored  to  the  street  above,  the  tall  lines 
l«ing  operated  by  hand  and  snubbed  around  firm 
supports.  In  the  center  of  the  girder  a  four-part 
tackle  was  attached  with  the  other  end  made 
fast  to  an  anchorage  in  the  excavation.  Its  lead 
line  was  taken  to  the  hoisting  engine  and  when 
all  was  in  readiness,  the  engine  was  started  and 
operated  this  tackle  while  the  end  tackles  were 
slacked  oft,  allowing  the  girder  to  be  easily, 
safely  and  rapidly  lowered  to  the  subway  deck. 
Here  it  was  received  on  a  number  of  rollers 
made  from  5-inch  steel  pipe  filled  with  con- 
crete. It  was  easily  moved  to  the  required  posi- 
tion, revolved  90  degrees  to  bring  the  web  verti- 
cal and  seated  on  the  column  caps  by  means  of 
the  hydraulic  jacks  and  the  hoisting  engine. 
For  the  lighter  girders,  greased  rails  were  used 
instead  of  the  concrete-filled  rollers. 


Concrete  Piles  for  Building  Foundations. 

One  of  the  problems  which  frequently  faces 
the  mill  architect  as  well  as  the  designer  ot 
other  large  buildings  is  the  economical  con- 
struction ot  the  foundations.  It  often  happens 
that  in  order  to  support  the  building  securely. 


Forty-Ton    Load    on   Concrete   Pile. 

it  is  necessary  to  put  in  a  large  amount  of 
masonry  in  footings  and  base  walls  which  is 
not  called  for  except  to  develop  the  requisite 
bearing  capacity  from  the  soil.  A  year  ago  The 
Engineering  Record  described  the  manner  In 
which  the  walls  of  some  of  the  buildings  of  the 
liackawanna  Steel  Company's  plant  at  Buffalo 
were  carried  on  independent  piers.  These  piers 
were  connected  by  arches  which  supported  in 
turn  the  masonry  of  the  walls  above.  Such  a 
system  of  construction  renders  it  unnecessary 
to  build  expensive  trenches  and  furnishes  all 
I  lie  support  necessary  for  the  building  in  case 
the  piers  are  properly  proportioned  for  the 
loads  they  have  to  carry.  In  addition,  it  saves 
the  cost  of  the  long  masonry  foundation  walls. 
In  the  construction  of  the  new  post  office  at 
Lawrence,  Mass.,  an  interesting  modification  of 
the  pier  system  ot  putting  in  foundations  has 
been  adopted.  The  earth  support  ot  this  build- 
ing is  an  excellent  New  England  hard-pan,  and  it 
would  not  be  necessary  to  go  very  deep  into  It 


in  order  to  obcain  all  the  bearing  capacity  need- 
ed for  the  building.  Nevertheless,  since  a  cellar 
under  the  whole  of  the  building  has  not  been 
needed,  it  has  been  fqund  best  to  avoid  all 
trenching  whatever  for  the  walls  except  what 
Is  necessary  to  strip  off  the  surface  soil.  The 
foundations  consist  of  14-inch  Simplex  concrete 
piles  driven  about  13  feet.  The  supporting  ca- 
pacity of  these  piles  is  well  Indicated  In  one  of 
the  accompanying  Illustrations  which  shows 
one  of  them  loaded  with  40  tons  of  pig-iron. 
Under  this  load  the  pile  sank  about  %  Inch,  but 
after  the  removal  of  the  Iron,  it  came  back  % 
Inch,  showing  that  the  load  was  distributed  by 
the  pile  through  the  soil  in  the  vicinity  and 
tliat  the  soil  itself  was  depressed  under  the 
load. 

This  use  of  concrete  piling  is  a  comparatively 
new  one  and  opens  up  a  field  In  building  con- 
struction which  will  be  ot  particular  interest 
to  the  designers  of  mills  and  factories,  where 
cellars  are  rarely  required  and  for  this  reason 


/ 

II 

i 

1 

^^^1 

l'*ll^:%" 

\ 

'H^ 

Rig  for  Driving  Steel  Pipe. 

the  depth  ot  foundation  trench  is  settled  wholly 
by  the  necessity  of  securing  ample  bearing  ca- 
pacity and  freedom  from  the  lifting  effect  of 
frost.  Previous  uses  of  this  system  of  piling 
show  that  in  water-bearing  earth  it  possesses 
distinct  advantages  over  wood  piles.  It  was 
first  employed  last  year  on  a  large  scale  at 
Washington  Barracks,  D.  C,  where  two  large 
barrack  buildings  and  a  number  of  officers  quar- 
ters were  provided  with  foundations  In  this 
manner.  Washington  Barracks  is  located  on  a 
tract  ot  land  where  the  ground  water  condi- 
tions are  particularly  destructive  to  wooden 
piling.  The  contractors  tor  these  foundations, 
the  Cranforu  Paving  Company  of  Washington, 
suggested  that  che  objections  to  the  wood  piles 
could  be  overcome  by  using  concrete,  and  they 
proposed  a  system  of  construction  designed  by 
Mr.  Frank  Shuman  of  Philadelphia.  After  a 
careful  investigation  by  Captain  J.  S.  Sewell, 
Corps  ot  Engineers,  U.  S.  A.,  who  was  In  charge 
of  this  work  the  concrete  piling  was  adopted. 
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In  its  most  developed  form  the  Simplex  sys- 
tem employs  a  hollow  pipe  of  the  required 
length,  diameter  and  thickness,  with  a  detach- 
able point  of  concrete  or  cast-iron  and  a  driv- 
ing head  to  protect  the  top  from  damage  by  the 
blows  of  the  hammer.  It  is  driven  like  an  or- 
dinary pile  into  the  ground  until  it  beds  in 
hardpan  or  other  suitable  material.  The  tube 
is  then  raised  slowly  while  concrete  is  ram- 
med into  it,  the  ramming  forcing  the  material 
into  any  hollows  in  the  sides  of  the  hole  and 
thus  increasing  the  bearing  capacity  of  the 
pile  materially.  The  use  of  such  piles  for 
foundations,  as  a  substitute  for  deep  walls  and 
footings,  receives  support  from  the  often-ob- 
served compression  of  poor  soil  by  piles.  When 
these  are  driven  close  the  soil  is  often  rendered 
so  firm  as  to  be  entirely  satisfactory,  and  the 
concrete  pile  affords  a  means  of  accomplishing 
this  result  with  indestructible  material  with- 
out the  expense  of  digging,  bracing  and  pump- 
ing large  trenches. 

In  some  cases,  where  there  is  a  great  deal  of 
ground  water  to  contend  with,  it  is  necessary 
to  place  over  the  main  tube  a  thin  shell  which 
is  driven  with  the  pile  to  such  a  depth  that  it 
cuts  through  the  stratum  of  the  water-bearing 
material  and  forms  a  sort  of  cofferdam,  within 
which  it  is  safe  to  place  the  concrete.     This 


Alcohol     for     Internal-Combustion 
Engines. 

Alcohol  as  a  fuel  for  internal-combustion  en- 
gines has  received  a  good  deal  of  attention 
abroad  of  late  years,  especially  on  the  con- 
tinent. Many  manufacturers  have  brought  out 
engines  adapted  to  the  use  of  alcohol,  but  the 
general  adoption  of  this  type  of  prime  motor 
has  apparently  not  become  very  wide  as  yet, 
partly  from  the  fact  that  in  many  quarters  the 
production  of  alcohol  is  restricted  by  law  and 
its  price  is  proportionately  high.  The  stim- 
ulus that  the  industry  has  had  thus  far  Is 
largely  owing  to  the  feeling  that  the  cost  of 
petroleum,  only  a  small  percentage  of  which 
is  available  for  use  in  the  internal-combustion 
engine,  is  threatened  with  an  artificial  advance, 
being  controlled  by  centralized  interests,  if  in- 
deed the  volume  of  the  supply  is  not  itself 
likely  to  fail  increasing  demands. 

The  characteristics  of  alcohol  as  a  motive 
power  are  presented  in  a  paper  read  about  a 
month  ago  by  a  Dr.  Ormandy  before  the  Auto- 
mobile Club  of  London.  The  following  notes 
are  taken  from  it:  From  the  experiments  of 
Professor  Meyer  of  Charlottenburg,  it  is  found 
that  in  some  cases  a  compression  up  to  10% 
atmospheres  was  used  and  the  greatest  explo- 


liqulds.  It  Is  necessary  that  a  temperature 
of  374  degrees  Fahrenheit  shall  be  attained. 
This  comparatively  high  temperature  is  only 
required  when  the  mixture  entering  the  cylin- 
der is  to  contain  the  maximum  amount  of  al- 
cohol which  the  oxygen  present  is  able  to  fully 
consume,  and  this  Is  a  state  of  affairs  which 
it  is  not  desirable  to  have.  It  Is  in  all  cases 
preferable  to  work  with  an  excess  of  air,  in 
order  to  make  sure  that  combustion  shall  be 
as  complete  as  possible.  Of  ten  motors.  Pro- 
fessor Meyer  found  that  the  one  which  worked 
on  the  poorest  mixture  with  the  most  econom- 
ical results  would  require  the  ingoing  air  to 
the  carburetter  to  be  heated  to  a  temperature 
of  257  degrees  in  order  to  carry  the  alcohol  and 
water  in  the  form  of  vapor. 

These  calculations  are  carried  out  on  the 
supposition  that  the  air  which  is  used  to  start 
with  is  saturated  with  water  vapor  at  a  tem- 
verature  of  tiO  degrees.  It  is  also  easy  to  prove, 
in  those  cases  where  the  air  is  not  warmed 
prior  to  entering  the  carburetter,  that  it  is 
only  necessary  to  heat  the  mixture  of  air  and 
alcohol  spray  to  a  final  temperature  of  86  de- 
grees, in  order  to  attain  complete  evaporation 
of  the  liquid;  that  is  to  say,  contact  of  the 
sprayed  mixture  with  a  sufiiciently  large  sur- 
face at  or  over  95  degrees  to  ev-aporate  the 


Concrete  Piling  at  Lawrence  Post  Office;    Concrete  Points  for  Use  at  Washington  Barracks. 


shell  can  be  left  in  place  or  withdrawn  as  de- 
sired. 


The  MEA.SUKEMENT  OF   TEMfKRATURE  IN   StEAM 

Pipes  by  a  mercury  steel  pyrometer  was  de- 
scribed in  a  recent  paper  by  Mr.  R.  K.  Morcom, 
read  before  the  Institution  of  Electrical  En- 
gineers, at  Birmingham,  England.  The  temper- 
ature is  indicated  by  a  pointer  on  a  dial  face, 
which  has  the  appearance  of  an  ordinary  pres- 
sure gauge.  The  pointer  is  actuated  by  the 
expansion  of  mercury  in  a  steel  tube  reacting 
on  a  spring.  The  instrument  may  be  fixed  in 
any  position  in  the  engine-room  and  connected 
by  a  fine  steel  tube  containing  any  convenient 
medium  to  transmit  the  pressure  to  the  spring. 
It  is  troublesome  to  calibrate  and  requires  fre- 
quent correction.  A  platinum-wire  pyrometer, 
he  asserts,  has  frequently  been  broken  by  the 
rush  of  steam  and  Is  too  delicate  for  the  test- 
ing plant  of  an  engine  works.  The  present  ar- 
rangement comprises  a  thin,  steel  tube,  screwed 
well  into  the  steam  pipe  through  a  stuffing  box, 
so  that  an  asbestos  packing  may  Insulate  It 
from  the  steam  pipe.  Oil  is  used  in  the  tube  in- 
stead of  mercury,  as  it  is  found  slightly  more 
accurate.  The  author  also  referred  to  the 
method  of  Inserting  a  thermometer  Into  a  cup 
screwed  Into  the  pipe,  the  end  of  the  ther- 
mometer being  immersed  in  a  bath  of  mercury. 


sion  pressure  attained  with  alcohol  was  in  a 
number  of  cases  as  high  as  33  atmospheres. 
The  possibility  of  using  such  high  compression 
without  preignition  is  due  to  the  high  specific 
heat  of  alcohol  vapor  and  the  fact  that  the 
spirit  contains  10  per  cent,  of  its  volume  of 
water.  A  study  of  Professor  Meyer's  work 
leads  to  the  conclusion  that  the  increased  effi- 
ciency of  the  alcohol  motor  (30.9  to  32.7  per 
cent.)  is  entirely  due  to  the  increased  com- 
pression employed,  and  the  possibility  of  em- 
ploying this  compression  is  due;  in  the  first 
place,  to  the  low  inflammability  of  alcohol  air 
mixtures,  but,  in  the  second  place,  and  in  a 
higher  degree,  to  the  water  contained  in  the 
alcohol. 

The  actual  amount  of  heat  which  is  neces- 
sary to  evaporate  a  certain  quantity  of  alcohol 
containing  10  per  cent,  of  water,  is  only  5% 
per  cent,  of  the  total  heat  of  combustion  of  that 
same  amount  of  alcohol.  In  calculating  the 
heats  of  combustions,  in  all  cases  it  must  be 
understood  that  the  heat  which  would  be  given 
out  by  the  water  vapor  in  the  products  of  com- 
bustion condensing  from  the  form  of  steam  is 
not  taken  Into  consideration. 

In  order  that  the  mixture  of  air,  alcohol  and 
water  passing  into  the  cylinder  may  be  such 
that  there  is  no  necessity  for  any  of  the  con- 
stituents to  be   in  a  state  oX  suspension  as 


liquid,  and  to  give  the  mixed  vapors  a  final 
temperature  of  86  degrees  is  all  that  is  neces- 
sary. The  most  economical  results  will  be  at- 
tained by  a  carburetter  which  delivers  the 
mixed  air  and  alcohol  vapor  at  a  temperature 
as  little  as  possible  above  that  necessary  to 
retain  the  alcohol  in  the  form  of  vapor,  because 
by  so  doing  we  shall  be  cnahled  to  work  with 
safety  at  the  highest  possible  degree  of  com- 
pression. 

The  amount  of  alcohol  required  in  some 
cases  to  drive  a  motor  on  half  load  is  100 
per  cent,  more  when  the  water  in  the  cooling 
jacket  is  kept  at  about  60  degrees  than  when 
the  jacket  is  kept  at  212  degrees.  This  is  a 
subject  of  very  great  importance,  and  all  tests 
of  fuel  consumption  in  alcohol  motors  which 
do  not  lake  this  into  account  will  be  of  little 
or  no  scientific  value.  The  combustion  of  al- 
cohol in  the  motor  under  full  load  is  practically 
complete,  and  the  products  of  combustion 
are  odorless  or  nearly  so.  It  has  been  stated 
that  during  the  explosion  of  mixtures  of  alco- 
hol and  air  acid  substances  might  be  formed 
which  would  have  a  deleterious  effect  upon  the 
substances  of  the  cylinder  and  the  valves.  The 
Experimental  Fermentation  Institute  at  Berlin 
have  alcohol  motors  which  have  been  running 
for  years,  and  in  no  case  have  any  signs  of 
such  action  been  observed. 
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A  Variable-Speed  Transmission. 

The  rmriable  speed  transmission  shown  in 
the  accomiHmjring  illustration  is  a  recent  mod- 
UcbUoh  of  an  apparatus  that  has  been  in  use 
for  a  few  rears,  mainly  in  New  England  mills 
and  shops.  The  experience  with  these  first 
machines  has  led  to  many  changes  in  details 
and  methods  of  construction  which  make  the 
apparatus  stronger  than  before  while  reducing 
its  total  weight.  The  machine  as  now  built 
has  practically  all  the  non-movable  parts  in  a 
single  casting,  which  does  away  with  bolted 
pieces  liable  to  work  loose.  The  engraving 
shows  the  general  design  for  an  apparatus 
made  in  sixes  from  3  to  50  horse-power;  the 
transmissions  of  smaller  and  larger  capacity 
than  these  limits  are  somewhat  modified  from 
that  illustrated,  although  the  principal  feat- 
ures of  their  construction  remain  unchanged. 

The  general  scheme  of  the  transmission  is 
very  simple.  At  each  end  of  a  quill  a  disk  is 
mounted.  A  shaft  passes  through  the  quill  and 
carries  at  each  end  a  disk  similar  to  those  on 
the  quill.  This  quill  carries  a  pulley  which 
drires  the  apparatus.  Between  the  pairs  of 
disks  at  each  end  of  the  machine  is  a  pair 
of  friction  wheels  through  which  the  power 
transmitted  to  the  quill  is  transmitted  In  turn 
to  the  disks  on  the  shaft.  The  shaft  which  is 
driven  in  this  manner  can  be  connected  In  any 
sniUble  way  with  the  mechanism  to  be  oper- 
ated. The  friction  wheels  between  the  pairs  of 
disks  are  so  mounted  that  they  can  be  ad 
Justed  to  give  a  considerable  variation  in  the 
speeds  of  the  quill  and  the  shaft. 

This  brief  outline  of  the  principle  of  the 
transmission  will  render  the  following  descrip- 
tion of  Its  parts  clear:  A  A'  and  B  B'  are  the 
two  pairs  of  disks,  which  have  their  opposed 
faces  made  with  an  annular  groove.  C  C  and 
D  ly  are  the  friction  wheels  between  the  pairs 
of  disks,  their  faces  being  curved  to  the  radius 
of  the  grooves  In  the  disks.  The  wheels  are  so 
mounted  that  they  can  be  set  to  make  any 
angle  between  the  grooves:  for  this  purpose 
their  axes  are  turned  simultaneously  by  the 
rod  R,  which  moves  the  worm  W  W  meshing 
into  sectors  O  O'  and  T  T"  attached  to  the  axes. 
The  disks  A  A'  are  carried  on  the  quill  Q 
which  runs  in  the  bearings  E  E'.  This  sleeve 
also  carries  the  pulley  through  which  the  power 
Is  applied,  although  this  pulley  Is  not  shown 
in  the  engraving.  The  shaft  S  runs  in  the  bear- 
ings F  F"  on  either  end  of  the  frame  and  car- 
ries the  disks  B  B'.  The  disk  B  Is  keyed  and 
pinned  fast  to  the  shaft  while  the  disk  B'  Is 
splined  to  It.  The  clutch  K  Is  pinned  to  the 
shaft  at  P  and  turns  with  it.  The  driving 
pressure  is  obtoined  by  throwing  the  clutch 
lever  and  causing  the  toggle  joints  J  J'  to 
fpring  out.  This  action  forces  a  collar  back, 
•  ompressing  the  spring  I.  so  that  It  exerts  a 
pressure  in  both  directions.  This  pressure 
pushes  the  disk  B'  on  its  spline  against  the 
friction  wheels  DTT  and  at  the  same  Ume 
pulls  the  disk  B  against  the  wheels  C  C.  Both 
pairs  of  friction  wheels  are  held  In  an  upright 
position  by  their  contact  with  the  disks  A  A'. 
The  spring  V  on  the  disk  B'  Is  a  releasing 
spring.  When  the  clutch  is  thrown  out  and 
the  spring  L  is  exerting  no  pressure,  the  disk 
B'  Is  forced  by  V  away  from  the  wheels  D  D'. 
thus  insuring  the  prompt  stopping  of  the  ma- 
chine. The  absence  of  any  end  thrust  in  the 
apparatus  is  a  noticeable  feature  of  its  design. 
The  machine  is  made  by  the  Power  St  Speed 
Controller  Company,  147  Milk  Street,  Boston, 
Mass..  who  state  that  in  some  tests  of  an  ap- 
paratus of  15  horse-power  capacity  the  ef- 
ficiency was  a  trifle  over  80  per  cent,  with  ' 
ap«eda  ranging  from  129  to  450  revolutions  per 


minute.  The  average  range  of  speed  variations 
Is  7Mi  to  1,  between  which  limit  and  1  to  1 
all  gradations  in  speed  are  possible  with  the 
machine. 


What  Constitutes  Reasonable  Uniformity 
in  Municipal  Accounts  and  Reports? — I. 

.\    pai>«r     read     t>eforc     the    National     Municipal 
League  by  Mr.   F.   A.   Cleveland,   of  Hasktns  &   Sells, 
New   York. 


The  primary  purpose  of  political  organiza- 
tion is  government,  the  establishment  of  social 
order.  In  democratic  society  this  Is  accom- 
plished through  the  creation  of  a  public  cor- 
poration. A  corporate  public  agent  being  or- 
ganized and  equipped  to  maintain  social  order, 
its  machinery  is  then  utilized  to  render  such 
other  service  as  the  members  of  the  commun- 
ity, In  their  several  private  capacities,  cannot 
with  equal  advantage  perform  for  themselves. 

Common  Functions  Undertaken  ty  Municipal- 
ities.— The  functions  undertaken  by  municipal 
corporations  are  of  three  general  classes,  viz.: 
(1)  those  exercised  in  the  interest  of  estab- 
lished order  and  social  convenience;  (2)  those 
which  pertain  to  social  betterment  or  social 
elevation;  and  (3)  those  which  have  to  do  with 
social  economy.  Welfare,  therefore,  as  com- 
prehended within  the  meaning  of  modern  munl- 


servlce  of  a  municipality  (i.  e.,  the  living 
agents  into  whose  hands  the  corporate  powers 
and  physical  equipment  Is  placed)  must  be  or- 
ganized around  the  fu!l'«tions  undertaken.  And 
the  community  Interests  of  one  politically  or- 
ganized legal  society  being  similar  to  the  com- 
munity Interests  of  another,  the  functions  to 
be  performed  by  the  corporation  organized  to 
serve  these  interests  are  similar.  For  the  same 
reason  the  structural  and  legal  form  of  muni- 
cipal government  bear  a  close  resemblance. 

The  common  provision  for  the  exercise  of  po- 
litical functions  are  found  in  constitutional  and 
legal  enactments  for  "the  election  and  appoint- 
ment of  officers."  Common  provisions  tor  the 
exercise  of  administrative  functions  in  the  in- 
terest of  social  order  and  convenience  are 
found  in  the  creation  of  departments  and 
bureaus  (a)  for  the  "protection  of  life,  health 
and  property;"  (b)  for  the  maintenance  of  in- 
stitutions of  "public  charities  and  corrections;" 
and  (c)  for  the  administration  of  "public  high- 
ways and  sewers."  Common  provision."!  for  the 
exercise  of  functions  pertaining  to  social  eleva- 
tion are  found  (a)  In  the  organization  of  "pub- 
lic schools;"  (b)  in  the  maintenance  of 
"libraries  or  galleries  and  museums;"  and  (c) 
in  the  support  given  to  "public  recreation." 
Common  provisions  for  the  exercise  of  admin- 
istrative functions  which  have  to  do  with  social 


cipal  citizenship,  and  as  conserved  by  muni- 
cipal administration,  must  include  all  of  these 
Institutional   purposes  and  activities. 

A  corporation  is  a  lifeless,  bloodless,  legal 
fiction.  It  is  a  person  of  sovereign  powers, 
without  the  ability,  however,  to  exercise  these 
powers  except  through  living  human  agents. 
But  these  living  corporate  agents  are  impotent 
to  exercise  powers  not  granted;  and  again,  they 
are  unable  to  perform  the  functions  granted  or 
assigned  to  the  corporation,  except  by  means 
of  the  physical  equipment  suited  to  the  accom- 
plishment of  the  corporate  ends. 

It  is  In  this  situation  that  the  advantage  of 
corporate  political  organization  lies.  The  po- 
litical powers  of  government  (those  which 
pertain  to  the  form  of  corporate  organ- 
ization, the  election  and  appointment 
of  living  agents  to  direct  the  corpor- 
ate activities,  and  the  exercise  of  other 
electorlal  functions  pertaining  to  changes  In 
law  or  political  policy)  are  retained  within  the 
direct  or  indirect  control  of  the  people  whose 
welfare  the  corporation  Is  to  serve;  the  active 
administration  of  the  affairs  of  the  corporation 
Is  left  to  agents  thus  selected  or  appointed 
with  authority  to  direct  its  functions  and  to 
enforce  Its  rights. 

Uniformity  of  Corporate  Organization. — To 
become  effective  as  a  public  corporation,  the 
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economy  are  found  in  departments  and  bureaus 
controlling  (a)  "municipal  industries"  and  (b) 
"municipal  investments." 

Distributing  the  various  bureaus  and  depart- 
ments of  corporate  activity  in  such  manner  that 
they  may  be  exhibited  in  relations  to  these 
common  functions  exercised  an  outline  classi- 
fication  would  appear  as  follows: 

(1)    GENERAL   ORGANIZATION. 

(1)  For  Elections  and  .Uppnintmrnln. 

(2)  For  Qencral  Ofpcers  and  Offlirn. 

(1)  Mayor. 

(2)  Council. 

(3)  Municipal    Courts. 

(4)  Law   Officers. 

(5)  Finance   Officers. 

(8)  City  Hall  and  General  Officers. 

(7)  Department  of  Public  Supplies. 

(8)  Public   Printing. 

(9)  Miscellaneous. 

(2)    DEPART.VIENTAL  ORGANIZATION. 

(1)*   POK   THE   MAINTENANCE   OF   SOCIAI,   OEDEB   AND  I'dN- 
VENIEXCE. 

( 1 )  Protection  of  TAfc,  Ucalth  and  Property. 

(1)  Police  Department. 

(2)  Fire  Department. 

(3)  Fire  and  Police  Telegraph. 

(4)  Public    Pounds. 

(.I)    Health   Department. 

(6)  Insane  Hospital. 

(7)  Cemeteries    and    Crematories. 

(8)  Bureau  of  Inspection. 

(9)  Mllltia  and  Armories. 
(10)   Miscellaneous. 
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(2)   Public  Charitits  and  Corrections. 

(1)  Homes  for  the  Aged. 

(2)  Orphan  Homes. 

(3)  Institutions  for  Defective  Youths. 

(4)  Public  Lodging  Houses. 

(5)  Outdoor   Relief. 

(6)  Prisons  and  Keformatorles. 

(7)  Work   Houses. 

(8)  Miscellaneous. 

(3)  Public   Highways  and  Sewera. 

(1)  General  Organization. 

(2)  Opening  and  Grading  of   Streets. 

(3)  Maintenance  and  Repairs  of  Streets. 

(4)  Maintenance  and  Repairs  of  Sidewalks. 

(5)  Street  Lighting. 

(6)  Street    Cleaning. 

(7)  Snow  Removal. 

(8)  Street   Sprinkling. 

(9)  Refuse  Collection  and  Disposal. 

(10)  Sewers  and  Sewage   Disposal. 

(11)  Miscellaneous. 

(2)    FOR  SOCIAL  BETTEBMEKT. 

(1)   Public  Education, 

(1)  Elementary  Schools. 

(a)  Kindergartens. 

(b)  Grade  Schools. 

(c)  Trade   Schools. 

(d)  Special  Courses  of  Elementary  Instruc- 
tion. 

(2)  Schools  of  Higher  Instruction. 

(a)  High  Schools. 

(b)  Training   Schools. 

(c)  City  Colleges. 

(3)  Miscellaneous. 

(a)  Free  Lectures. 

(b)  Other  Educational  Services. 

(2)   Public  Libraries,  Art  Galleries  and  Museums. 

(1)  Public  Libraries. 

(2)  Public  Art  Galleries. 

(3)  Public  Museums. 

(4)  Other. 

(3)  Public  Recreation. 

(1)  Public  Parks. 

(2)  Public  Playgrounds  and  Gymnasiums. 

(3)  Public  Baths. 

(4)  Public  Celebrations. 

(5)  Miscellaneous. 

(3)     FOR  SOCIAL  ECONOMY. 

(1)  Municipal  Industries. 

(1)  Water  Works. 

(2)  Gas  Works. 

(3)  Electric   Light   Plants. 

(4)  Municipal   Heating. 

(5)  Street   Railways. 

(6)  Municipal    Subways. 

(7)  Municipal  Conduits. 

(8)  Municipal   Markets. 

(9)  Miscellaneous. 

(2)  Municipal  Investments. 

(1)  B?al   Estate. 

(2)  Stocks  and  B6nd.s. 

(3)  Other    Invpstments. 

In  none  of  the  cities  do  we  have  all  of  the  de- 
partments of  service  above  shown;  but  in  all 
of  them  in  so  far  as  the  service  is  organized  the 
relations  indicated  are  present.  From  the 
point  of  view  of  functions  undertaken  and  of 
organic  provisions  made  to  perform  these  func- 
tions, therefore,  a  common  basis  for  classifica- 
tion is  found  with  which  all  the  data  pertaining 
to  either  the  political  or  administrative  activi- 
ties must  be  associated. 

Uniformity  of  Classification  Based  on  Organ- 
ization and  Service. — Municipal  administration 
is  largely  a  matter  of  business.  In  a  free  so-_ 
ciety  the  service  employed  by  a  public  corpora- 
tion must  be  voluntary,  and  therefore  a  subject 
or  contract,  i.  e.,  one  of  offer  and  acceptance;  In 
most  of  its  aspects  the  exercise  .of  administra- 
tive powers  rests  on  bargain  and  sale;  while, 
even  in  its  political  and  governing  functions, 
the  corporation  must  have  financial  support. 
The  character  and  efficiency  of  administration, 
th  ifrefore,  must  in  large  measure  depend  on  the 
character  of  business  judgment  exercised  by 
those  in  administrative  control;  and  in  an  in- 
stitution having  such  variety  of  transactions 
and  such  complexity  of  organization  (one 
whose  business  in  the  aggregate  amounts  to 
many  thousands  or  even  millions  of  dollars), 
the  exercise  of  sound  official  discretion  de- 
pends on   a   system   of   financial   account    and 


statistical  report,  which  will  not  only  record 
each  transaction  in  its  proper  administrative 
relation,  but  which  will  also  reflect,  in  prop- 
erly classified  summaries,  the  net  administra- 
tive results. 

Municipal  accounting  has  been  defined  as  a 
method  employed  by  a  city  for  the  purpose  of 
recording  its  business  transacted  in  the  per- 
formance of  its  many  functions,  and  for  finally 
co-ordinating  the  data  around  problems  of  ad- 
ministration. A  system  of  accounts  employed 
by  a  city,  therefore,  being  designed  as  an  aid  to 
administration,  if  true  to  this  purpose,  must, 
like  the  administrative  service  itself,  take  its 
form  and  character  from  the  form  and  char- 
acter of  corporate  functions  exercised.  The 
same  is  true  of  statistical  reports.  As  a  prin- 
ciple of  uniform  classification  in  municipal  ac- 
counts and  reports,  this  is  not  stated  as  a  pos- 
sibility, but  as  an  administrative  necessity. 
Such  uniformity  as  is  found  in  the  functions 
undertaken  by  the  various  municipalities,  and 
such  as  is  reflected  in  common  forms  of  organ- 
ization, require  that  the  general  categories  for 
the  final  summaries  of  account  and  statistical 
report  in  one  city  be  similar  to  those  of  an- 
other. This  is  the  assumption  which  lies  at 
the  foundation  of  the  work  of  the  Committee 
of  Uniform  Municipal  Accounts  and  Statistics 
of  the  National  Municipal  League. 

Schedules  of  the  Committee  on  Uniformity  of 
Municipal  Accounts  and  Statistics. — Proceeding 
from  this  assumption,  the  Committee  of  the 
League  on  uniform  municipal  accounts  and  sta- 
tistics has  till  recently  turned  its  energies  en- 
tirely toward  the  discovery  of  those  functions 
and  forms  of  organization  that  are  common  to 
municipalities.  For  guidance  they  have  gone 
to  the  charters  and  organic  laws;  they  have 
also  availed  themselves  of  the  results  of  re- 
search of  political  scientists,  and  of  the  experi- 
ence of  professional  accountants  and  officers  of 
municipal  control.  Each  result  has  thus  been 
brought  to  a  critical  test  and  the  schedules  of 
the  League  have  been  found  so  well  suited  to 
the  need  that  they  have  been  adopted  by  a  large 
number  of  cities  as  a  basis  for  making  their 
financial  reports. 

So  useful  were  the  schedules  of  classification 
thus  formulated,  that,  from  the  date  of  their 
first  publication,  they  have  been  utilized  by 
cities  attempting  to  restate  their  reports.  In 
fact,  the  progress  of  the  work  of  the  Committee 
may  be  traced  in  the  new  classification  from 
time  to  time  adopted  by  municipalities.  To-day 
there  are  no  less  than  eighty  cities  whose  finan- 
cial statements  bear  the  stamp  of  the  work  of 
the  League;  and  the  United  States  Census  offi- 
cers have  made  use  of  them  in  the  collection 
and  classification  of  municipal  statistics.  At 
the  last  conference  of  the  League  it  was  thought 
the  success  of  this  part  of  the  work  of  the  Com- 
mittee warranted  an  enlargement  of  the  scope 
of  their  labor.  The  Committee  was  therefore 
continued  and  instructed  to  report  in  outline  a 
complete  system  of  municipal  accounts  and  re- 
ports. 

It  is  to  be  held  in  mind  that  to  this  time  no 
attempt  had  been  made  by  the  Committee  to 
apply  its  classification  to  any  part  of  the  ac- 
counts of  a  city,  nor  to  any  part  of  a  municipal 
report  except  to  "Receipts"  and  "Disburse- 
ments." And  the  use  that  has  been  made  of  the 
schedules  by  the  cities  themselves  has  largely 
been  of  the  same  sort.  Till  the  time  of  the  last 
conference  only  three  cities  had  adopted  com- 
plete systems  of  accounts  In  which  an  attempt 
was  made  to  apply  the  classification  of  the 
League,  and  two  of  these  systems  were  in  pro- 
cess of  installation.  The  City  of  Chicago  was 
the  only  city  having  such  a  system  of  accounts, 
that  had  made  a  report,  and  in  this  (the  Comp- 
troller's report  for  1902)   the  application  made 


of  the  schedules  had  been  to  Revenues  and  Ex- 
penses of  the  City,  instead  of  the  transactions 
of  the  Treasury  (i.  e.,  to  Receipts  and  Disburse- 
ments). The  larger  work  to  be  undertaken  by 
the  Committee,  therefore,  as  before,  was  in  the 
nature  of  pioneering.  '    '    '  '  '' 

The  Larger  Work  of  the  Commitiee  on  Uni- 
form Accounts  and  Reports. — To  answer  the 
specification  of  "completeness"  the  Committee 
must  outline  a  plan  by  which  all  of  the  trans- 
actions pertaining  to  municipal  activity  may  be 
classified,  i.  e.,  it  must  not  only  include  the 
transactions  of  the  Treasury  and  mark  the  flow 
of  cash,  but  it  must  also  take  into  account  the 
transactions  and  the  properties  pertaliilng  to 
every  other  department  and  municipal  relation. 
The  success  of  the  committee  In  introducing  a 
"uniform"  system  must  depend  on  the  adoption 
of  a  classification  of  detailed  accounts  from 
which  the  central  controlling  officers  may  bring 
the  work  of  the  bureaus  and  department  into 
relation  with  the  common  problems  of  muni- 
cipal administration,  and  which  in  turn  might 
be  used  as  a  basis  for  a  financial  report.  To 
accomplish  such  a  task,  to  devise  schedules 
which  may  be  acceptable  and  serve  as  a  basis 
for  uniform  accounting,  will  require  years  of 
continuous  effort  and  must  reflect  the  technical 
knowledge  and  experience  of  a  large  commun- 
ity in  interest.  The  service  which  the  Com- 
mittee hopes  to  render  is  one  of  bringing  this 
knowledge  and  experience  together  and  of  ex- 
pressing it  in  intelligible  form. 

The  initial  work  of  the  committee  was  to  ob- 
tain a  formulation  which  might  be  used  as  a 
working  hypothesis  for  discussion,  which 
might  be  used  to  draw  out  this  experience  in 
conference.  The  scope  of  the  Committee's  In- 
vestigation was  to  include  the  physical  and 
operative  statistics  of  cities  as  well  as  their 
financial  accounts  and  reports.  At  the  first 
meeting  held  the  first  draft  of  that  part  of  the 
programme  which  pertained  to  statistics  was 
assigned  to  the  chairman  (Dr.  Hartwell,  head 
of  the  Statistical  Department  of  the'  City  of 
Boston),  and  the  preliminary  draft  of  the  out- 
line of  Accounts  and  Financial  Reports  wa«  as- 
signed to  the  Secretary. 

(To  be  continued.) 


Letters  to  the  Editor. 


The  Pressure  of  Granular  Materials. 

Sir:  1  have  read  with  considerable  pleasure 
your  editorial  comment  on  the  subject  of  lateral 
pressures  of  granular  materials  in  The  Engin- 
eering Record  of  April  23,  and  wish  to  thank 
you  for  your  kind  reference  to  my  experiments 
on  grain  pressures. 

In  connection  with  the  subject  of  the  lateral 
pressures  of  earth,  I  have  read  with  a  great  deal 
of  interest  Mr.  Goodrich's  paper  as  presented 
before  the  American  Society  of  Civil  Engineers, 
and  while  there  is  considerable  difference  be- 
tween earth  pressures  against  a  retaining  wall 
and  presures  of  grain  in  a  deep  bin,  they  are 
very  closely  allied  to  each  other.  There  is, 
however,  one  important  difference  which  I  do 
not  think  is  fully  appreciated;  in  the  case  of 
a  retaining  wall,  we  have  one  wall  only  and 
have  to  deal  only  with  the  triangular  shaped 
mass  behind  the  wall,  which  is  bounded  by  the 
wall,  the  angle  of  repose,  or  natural  slope  of 
the  earth,  and  the  top  surface.  In  the  case  of 
a  grain  bin,  we  have  the  four  walls  which  are 
compressible  to  a  very  much  less  extent  than 
the  grain  itself  and  therefore  the  friction  of  the 
material  against  the  walls  causes  the  walls  to 
act  as  columns  to  support  the  greater  part  of 
the  load. 

I  regret  that  I  cannot  agree  with  you  where- 
in you  state:  "The  most  valuable  feature  of  the 
experiments  of  Mr.   Goodrich  are  those  which 
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4woiitr«te  beyond  question  that  Investiga- 
ttoos  of  this  nature  to  be  of  practical  value 
anM  be  on  models  of  large  sixe."  So  far  as 
grain  pressures  are  concerned,  models  of  mod- 
erate site  such  as  I  used,  are  beyond  question 
of  equal  Talue  with  very  large  models  or  even 
fall-eiie  bins,  in  fact  are  in  some  respects  su- 
perior, inasmuch  as  they  permit  a  greater 
Tariety  of  tests  being  made  and  more  close  ob- 
•errations.  The  same  laws  apply  exactly  in 
the  models  as  in  the  full-sixe  bins  and  my 
model  bin  tests  check  very  accurately  with  the 
full-site  bins.  You  will,  I  believe,  agree  with 
me  when  I  say  that  when  we  once  establish  the 
laws  governing  the  pressures,  the  problem  is 
then  practically  solved,  and  calculations  can  be 
accurately  made  from  the  ascertained  laws.  In 
the  case  of  sand  or  lose  granular  earths  free 
from  lumps  or  large  stone,  I  believe  equally 
valuable  tests  can  be  obtained  from  moderate 
site  models  as  from  very  large  ones.  This, 
however,  would  not  be  the  case  in  the  event  of 
vaing  broken  stone  of  large  and  variable  size, 
bituminous  coal,  or  other  substances  of  that 
nature. 

I  appreciate  most  thoroughly  the  efforts  of 
Mr.  Goodrich  to  gain  a  more  accurate  knowledge 
of  the  pressures  produced  by  earths  and  other 
granular  substances,  and  regret  very  much  that 
he  was  not  more  fortunate  in  the  choice  of  his 
testing  apparatus,  and  the  manner  of  conduct- 
ing the  tests.  His  tests  made  in  the  bin  are, 
in  the  writer's  opinion,  of  very  little  practical 
value  as  applied  to  retaining  walls  for  the  fol- 
lowing reasons:  First,  because  he  has  the  four 
walls  which  will  support  the  greater  part  of  the 
weight  of  the  earth  and  therefore  prevent  the 
full  pressure  being  attained  at  the  bottom  that 
would  be  attained  if  be  had  used  only  the  one 
wall.  Second,  hie  system  of  weighted  right 
angle  levers  is  very  defective  in  principle  and 
the  results  obtained  from  them  will  depend 
largely  on  the  personal  equation  of  the  operator. 
I  know  this  to  be  true  in  the  case  of  grain  pres- 
sures and  I  am  certain  it  is  equally  true  under 
the  conditions  which  Mr.  Goodrich  employed 
them,  and  I  might  say  that  I  attribute  whatever 
success  I  attained  in  my  experiments  to  the 
use  of  the  hydraulic  diaphragm.  The  other 
tests  of  Mr.  Goodrich  made  on  a  larger  scale  I 
believe  to  be  of  considerably  more  practical 
value  than  bis  bin  tests,  but  they  are  also  open 
to  the  somewhat  serious  objection  that  when- 
ever considerable  deflection  takes  place  in  his 
wall,  the  arching  in  the  material  behind  the 
wall  will  prevent  the  proper  pressures  being 
aacertained. 

To  obtain  accurately  the  pressures  of  any 
granular  material,  it  is  necessary  that  the  pres- 
anre  face  of  the  testing  appliance  coming  in 
contact  with  the  material  should  not  recede  un- 
der the  pressure  more  than  an  inflnitesimal 
amount  and  should  not  in  any  way  be  dependent 
upon  the  personal  equation  of  the  operator,  and 
I  know  of  no  appliance  that  will  so  well  meet 
the  conditions  as  the  hydraulic  diaphragm. 

I  regret  very  much  that  I  was  unable,  owing 
to  lack  of  the  necessary  time  to  carry  out  my 
experiments  further,  and  more  definitely  ascer- 
tain the  laws  governing  the  pressures  produced 
bjr  coal,  earth,  etc.  However  the  experiments 
that  I  did  make  with  sand  showed  conclusively 
that  the  behaviour  of  other  strictly  granular 
materials  is  exactly  similar  to  grain,  so  long 
as  they  are  strictly  dry,  and  the  ratio  of  lat- 
eral to  vertical  pressure  may  be  obtained  from 
the  angle  of  repose  of  the  material.  This  angle 
of  repose  will,  however,  increase  as  the  moist- 
ure, up  to  a  certain  limit  and  will  then  decrease 
with  an  excess  of  moisture  and  the  lateral  pres- 
sure will  decrease  and  again  increase  in  the 
same  ratio  until  it  may  become  equal  to  a 
maximum  of  hydraulic  pressure;   if,   nowever. 


the  drainage  is  such  as  to  prevent  an  excess  of 
water  accumulating  then  it  is  believed  that  the 
maximum  horizontal  pressure  will  be  that  which 
is  produced  by  the  material  when  strictly  dry. 
In  the  case  of  a  deep  retaining  wall  the  pres- 
sure will  also  be  considerably  decreased,  due  to 
the  friction  between  the  material  and  the  face 
of  the  wall;  the  coefficient  would,  however,  de- 
crease with  an  excess  of  water. 

Based  on  my  experiments  and  study  of  the 
grain  pressure  problem  I  believe  that  the  prob- 
lem of  earth  pressures  is  capable  of  compara- 
tively simple  solution  and  that  accurate  results 
may  be  obtained  by  the  use  of  the  hydraulic 
diaphragm  and  mercury  column  gauge,  if  used 
under  the  proper  conditions.  I  have  written 
you  at  some  length,  as  1  feel  that  since  the  ques- 
tion of  pressure  produced  by  granular  materials 
is  under  discussion  that  an  effort  should  be 
made  to  put  it  on  a  final  and  conclusive  basis 
and  1  feel  that  it  is  more  than  probable  that  you 
will  again  be  dealing  with  the  subject. 

Yours  very  truly,  J.  A.  Jamieson. 

Montreal,  April  28. 


Sir: — Please  accept  my  hearty  appreciation  of 
your  reference  to  my  paper  in  your  editorial 
comment  on  the  subject  of  lateral  pressures  In 
granular  materials,  and  of  the  opportunity  af- 
forded of  reading  Mr.  Jamieson's  letter  of  April 
28.  Through  a  report  of  it  in  one  of  the  en- 
gineering magazines,  his  article  presented  be- 
fore the  Canadian  Society  of  Civil  Engineers, 
came  to  my  attention  but  a  few  days  before  the 
publication  of  my  own.  I  studied  it  with  in- 
terest, referred  to  it  at  the  presentation  of  my 
paper,  have  made  some  late  experiments  on 
wheat  and  other  grains  with  my  cylinder  and 
shall  refer  to  it  and  them  more  fully  in  the 
final  discussion  of  my  paper  before  the  Ameri- 
can Society  of  Civil  Engineers. 

As  Mr.  Jamieson  says;  "There  is  considerable 
difference  (in  detail)  between  earth  pressures 
against  a  retaining  wall  and  pressures  of  grain 
in  a  deep  bin,"  but  they  are  really,  kindred 
phenomena.  In  one  case  the  effect  of  arch  ac- 
tion is  predominant,  in  the  other,  it  is  less, 
but  I  believe  never  entirely  wanting.  While  the 
triangular  shaped  mass  behind  a  retaining  wall, 
as  described  by  Mr.  Jamieson,  is  perhaps  of  ma- 
jor importance,  still  the  manner  of  fill,  kind  of 
material,  height  of  wall,  etc.,  are  very  large 
factors,  and  when  we  come  to  bridge  abutments 
and  retaining  walls  with  rear  counterforts,  the 
problem  merges  closely  upon  the  one  in  deep 
bins. 

I  am  still  of  the  opinion  that  the  pure  retain- 
ing wall  problem,  1.  e.,  the  finding  of  the  ratio 
between  vertical  and  lateral  pressures  against 
extended  surfaces  is  not  to  be  solved  by  the  use 
of  small  models.  In  absolutely  dry  granular 
masses  of  small  sized  particles,  the  experiments 
with  large  and  small  models  are  fairly  con- 
cordant, but  their  practical  value  is  nil,  as  such 
conditions  are  never  met  with  in  actual  prac- 
tice. In  such  materials  the  actual  arch  action 
is  less  and  is  fairly  constant.  I  very  much 
doubt,  however,  whether  a  test  of  dry  sand  in  a 
12-foot  bin  will  agree  at  all  with  Mr.  Jamieson's 
test  on  his  12-lnch  model,  which  I  am  very  sorry 
was  not  carried  further.  This,  I  believe,  is  con- 
clusively shown  by  plotting  together  Steel's  ex- 
periments on  dry  sand  and  my  own  with  the 
3-foot  model,  as  Mr.  Jamieson  has  done  for 
wheat  in  his  10-foot,  12-lnch  and  6-inoh  bins. 
The  curves  do  not  agree  at  all,  and  neither  do 
tney  agree .  with  those  for  wheat  above-men- 
tioned. While  Mr.  Jamieson's  results  are  sin- 
gularly concordant  as  to  wheat,  I  feel  that  the 
general  rule  needs  further  demonstration  before 
complete  acceptance. 

Mr.  Jamieson's  criticism  of  my  bin  tests  are 
fully  concurred  in,  and  your  editorial  quotes 


my  statement  that  they  are  of  little  value. 
What  he  says  as  to  the  defect  in  principle  of 
right-angle  levers,  I  fail  to  understand.  There 
is  a  personal  equation  in  all  work  where  the  re- 
sults are  not  automatically  registered,  but  in 
the  case  of  my  cylinder,  the  possible  error  was 
shown  to  be  negligible  by  the  exact  uniformity 
of  the  many  preliminary  experiments  tried  in 
order  to  test  the  apparatus,  and  which,  for 
want  of  other  interest,  were  barely  referred  to 
in  my  paper. 

Mr.  Jamieson  was  especially  fortunate  in  the 
design  of  his  apparatus  and  his  work  escapes 
the  criticisms  which  Wilson  is  open  to,  in  the 
latter's  application  of  the  same  general  means. 
In  the  retaining  wall  experiments,  only  the  final 
result,  obtained  after  several  months'  waiting, 
is  of  value.  The  others  are  of  hardly  more  than 
scientific  interest,  except  as  demonstrating  the 
fact  that  high  local  pressures  may  be  produced 
under  certain  circumstances.  This  fact  was 
brought  out  more  clearly  in  the  presentation  of 
my  paper,  than  is  done  in  the  printed  copy. 

It  would  be  of  interest  to  calculate  the  actual 
amount  of  movement  of  the  diaphragm  used  by 
Mr.  Jamieson.  Of  course,  it  is  infinitesimal 
and,  doubtless,  less  than  the  one-thousandth  of 
an  inch  which  my  apparatus  gave.  It  is  be- 
lieved, however,  that  the  latter  amount  is  not 
sufficient  to  cause  internal  changes  of  any  mo- 
ment. 

I  believe  that  Mr.  Jamieson  has  gone  some- 
what astray  in  not  making  more  use  of  the 
angle  of  internal  friction,  which,  in  the  case  of 
wheat  was  found  to  vary  as  much  as  20  per 
cent,  from  that  of  the  surface  slope,  in  some  ex- 
periments which  I  have  made  with  my  cylinder 
since  reading  Ills  article.  While  I  am  not  cer- 
tain of  the  fact,  I  believe  that  by  using  such  a 
reduced  coefficient,  the  20  per  cent,  variation 
found  in  his  12-inch  bin  test  from  the  10-foot 
bin  test  may  be  accounted  for.  I  believe  fur- 
ther, that  the  relation  between  the  ratio  of  pres- 
sures and  the  coefficient  of  friction  cannot  be 
given  by  a  simple  ratio,  but  is  contained  in 
Rankine's  well  known  formula. 

I  know  of  but  one  mathematical  investigator 
(of  course,  European,  as  you  observed)  who 
takes  account  of  arch  action  in  his  retaining 
wall  formula.  I  am  of  the  opinion  that  a  rigor- 
ous solution  of  the  problem  must  take  tnis  into 
account,  but  further  believe  that  when  such  a 
solutioH  is  finally  worked  out,  it  will  be  shown 
that  more  or  less  empirical  rules  are  still  the 
best  for  practical  use.  The  present  trouble  is 
that  there  are  too  few  of  the  latter.  In  order  to 
have  a  firm  foundation  upon  which  to  build 
them,  numerous  carefully  conducted  and  fully 
discussed  experiments  are  essential.  It  is  to  be 
hoped  that  many  others  will  enter  this  field 
and  that  all  those  possessing  relevant  data  will 
communicate  it  to  the  profession  through  your 
columns  or  in  the  discussions  by  the  engineer- 
ing societies. 

Yours  truly,  E.  P.  OooDRicit. 

New  York,   May  4. 


The  Penimore  Sui-phite  Mill. 

Sir:  In  the  issue  of  your  paper  of  the  30th 
ulto.,  you  published  a  description  of  the  Union 
Bag  &  Paper  Company's  plant  near  Sandy  Hill, 
N.  Y.,  under  the  heading  The  Fenimore  Sulphite 
Mill.  In  this  article  it  is  stated  that  the  steel 
work  for  the  buildings!  was  supplied  by  the 
Penn  Bridge  Company.  This  is  not  a  corr->ct 
Btatement  of  the  fact,  for  in  reality  the  steel 
work  was  supplied  to  the  Grace  &  Hyde  Com- 
pany by  the  Fort  Pitt  Bridge  Works,  of  Pitts- 
burg, Pa.  We  trust  you  will  kindly  make  a  note 
of  this  correction  in  an  early  issue  of  The  En- 
gineering Record. 

Yours  truly.  Port  Pitt  Bridoe  Works. 

New  York,  May  2. 


May  14,  1904. 
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The  Extent  of  the  Electrically-Operated  Sec- 
tion of  the  New  York  Central  Railroad. 


A  good  deal  of  surprise  has  been  expressed 
from  time  to  time  concerning  tlie  extent  of  the 
lines  which  the  New  Yorl<  Central  &  Hudson 
River  Railroad  Company  proposes  to  equip 
electrically.  The  reason  for  this  surprise  is 
doubtless  to  be  found  in  the  lack  of  knowledge 
of  the  peculiar  nature  of  the  problem  of  han- 
dling the  traffic  centering  at  the  Grand  Central 
Station.  An  attempt  to  operate  a  portion  of  its 
trains  by  steam  within  the  limits  of  Greater 
New  York  would  unquestionably  prove  unsat- 
isfactory to  some  of  the  patrons  of  the  road 


and  sooner  or  later  result  In  legislation  com- 
pelling the  company  to  move  all  its  trains  elec- 
trically. Moreover,  when  the  problem  is  care- 
fully considered,  it  will  be  seen  that  there  is 
really  little  difference  between  the  operation  of 
the  suburban  trains  and  the  through  trains  by 
electric  means,  certainly  not  enough  difference 
to  warrant  the  company  in  making  different 
terminals  for  these  two  classes  of  service. 

The  suburban  service  of  the  company  is  cap- 
able of  enormous  development.  It  is  acknowl- 
edged by  officials  of  the  company  that  the 
drawbacks  of  travel  immediately  north  of  the 
Grand  Central  Station  have  retarded  the  growth 
of  the  Borough  of  the  Bronx  and  the  district 
beyond.  Now  that  the  company  has  been  re- 
quired by  law  to  use  electricity  for  suburban 
service  south  of  the  Harlem  River,  and  very 
likely  might  be  compelled  to  do  so  as  far  north 
as  Yonkers  and  Mount  Vernon,  it  is  natural 
that  the  electric  equipment  should  be  extended 
so  far  as  there  is  any  likelihood  of  building  up 
a  good  suburban  business.  It  would  not  be 
good  business  to  comply  with  the  legal  require- 
ments and  do  nothing  more.  A  study  of  the 
■  topography  of  this  district  will  show  there  is 
little  opportunity  for  obtaining  adequate  sites 
for  electric  and  steam  junction  points  south  of 
Croton  and  North  'White  Plains.  A  study  of 
the  suburban  business  of  the  company  will 
show  similarly  that  this  traffic  reaches  prac- 
tically to  these  two  points.  At  the  present  time 
it  is  by  no  means  so  well  developed  as  it  should 
be.  but  with  the  smaller  units,  more  frequent 
trains,  greater  speed  and  freedom  from  smoke 
and  gases  which  electric  apparatus  will  insure, 
there  can  be  no  question  about  the  rapid  de- 
velopment of  this  attractive  territory  immedi- 
ately north  of  the  city.  It  would  be  manifestly 
a  short-sighted  policy  to  stop  the  electric  equip- 
ment of  the  lines  south  of  Croton.  and  there 
are  probably  good  reasons  for  extending  it  as 
far  north  as  Peekskill.  Croton  being  as  far 
south  as  there  is  a;iy  reason  for  placing  the 
limit  of  the  suburban  district,  it  naturally  fol- 
lows that  from  an  operating  point  of  view  any 
attempt  to  change  the  method  of  hauling  su- 
burban trains  south  of  Croton  and  North  White 
Plains  would  be  a  mistake.  To  handle  these 
trains  partly  by  steam  locomotives  and  partly 
by  electricity  would  involve  a  change  of  cars 
or  switching  movements  which  would  nullify 
to  some  extent  the  advantages  of  electric 
equipment.  It  would  tend  to  check  in  particu- 
lar the  long-distance  passenger  and  freight 
business  which  will  be  the  most  remunerative 
portion  of  the  traffic  inside  the  proposed  elec- 
trical territory.  From  an  operating  point  t)f 
view  it  is  essential  to  give  as  good  service  as 
possible  to  the  very  limits  of  the  suburban  dis- 
trict, for  the  returns  from  this  service  are 
greater  than  those  from  the  passengers  and 
freight  nearer  the  Grand  Central  Station.  More- 
over, the  introduction  of  frequent,  comfortable 
and  rapid  trains  to  the  limits  of  the  proposed 
territory  will  have  a  marked  tendency  in  re- 
stricting competition  from  street  railway  com-  , 
panles. 

The  through-train  service  would  naturally  be- 
gin at  the  limits  of  the  electric  suburban  dis- 
trict. As  before  mentioned,  it  is  not  good  policy 
to  run  steam  cars  over  electrically-equipped 
lines  north  of  New  York.  Not  only  will  the 
smoke  and  gases  from  the  steam  locomotives 
prove  undesirable,  but  the  cost  of  maintaining 
terminal  stations  for  main-line  trains  south  of 
Croton  and  North  White  Plains  will  become  un- 
avoidable with  such  an  arrangement.  The  sav- 
ing in  the  cost  of  these  terminals  will  go  some 
way  toward  offsetting  the  expense  for  electric 
locomotives  for  the  long  runs  from  Croton  and 
North  White  Plains.  Furthermore,  the  land  for 
terminals    farther    south    will    be    difficult    to 


acquire,  particularly  in  a  shape  well  adapted  for 
terminal  purposes.  The  manufacturers  of  elec- 
trical locomotives  give  satisfactory  assurance 
that  their  equipment  can  handle  heavy  loads  at 
high  speeds,  so  that  the  length  of  electric  haul 
will  have  no  efiect  on  the  schedule  of  through 
trains.  In  addition  to  these  considerations, 
there  is  the  manifest  desirability  of  pleasing  the 
public  by  dispensing  entirely  with  the  use  of 
steam  within  the  electric  suburban  district. 


Increasing  the  Efficiency  of  the  Rotary  Kiln. 

There  have  been  a  number  of  articles  In  this 
journal  of  late  concerning  the  efficiency  of  the 
rotary  kiln.  It  will  be  recalled  by  those  who 
have  kept  in  touch  with  cement  burning  In 
this  country  for  the  past  ten  or  twelve  years 
that  this  type  of  kiln  was  never  seriously 
attacked  by  its  opponents  on  the  ground  of 
impracticability,  but  It  was  often  asserted  that 
it  was  not  a  good  apparatus  to  employ  on  ac- 
count of  its  excessive  demands  on  the  coal  pile. 
In  the  early  days  when  oil  was  used  as  a  fuel 
and  certain  features  01  the  construction  and 
use  of  the  rotary  type  were  not  mastered  there 
were  some  users  of  the  dome  kiln  who  were  not 
disposed  to  acknowledge  that  the  new  type  was 
even  practicable,  but  it  was  mainly  on  the 
ground  of  its  high  fuel  expense  In  operation 
that  it  was  regarded  with  distrust.  Even  at 
the  present  time,  when  it  has  been  settled  that 
the  rotary  kiln  really  saves  money  to  its  users, 
it  is  still  the  weak  feature  of  a  cement  plant, 
and  it  is  not  surprising  that  operators  are  en- 
deavoring to  secure  a  greater  output  from  It 
for  the  same  amount  of  fuel. 

Elsewhere  in  this  issue  there  is  a  very  inter- 
esting paper  by  Mr.  H.  S.  Spackman.  giving 
an  analysis  of  some  investigations  to  ascertain 
the  thermal  efficiency  of  the  rotary  kiln.  The 
value  of  these  investigations  lies  in  the  sug- 
gestions they  afford  for  an  improvement  in  the 
process  of  burning  as  conducted  at  present.  Mr. 
Spackman  has  done  good  work  in  showing  how 
closely  the  experiments  of  Professors  Richards 
and  Carpenter  and  the  theoretical  analysis  of 
Professor  Newberry  agree  among  themselves. 
It  is  most  gratifying  to  observe  that  the  data 
furnished  by  the  work  of  these  experts  are  so 
harmonious  as  lO  leave  little  doubt  concerning 
the  general  distribution  of  losses  of  heat  In 
burning. 

It  seems  evident  that  the  great  source  of  loss 
is  the  excessive  amount  of  air  admitted  to  the 
kiln.  The  remedy  for  this  which  many  man- 
agers have  introduced  is  the  lengthening  of  the 
kiln,  so  that  the  heated  air  and  gases  will  give 
up  more  of  their  heat  before  they  pass  into 
the  stack.  The  lengthening  of  the  kiln  results 
in  the  exposure  to  these  gases  of  more  raw 
materials  and  consequently  gives  them  more 
work  to  do.  There  is  little  question  but  what 
it  increases  the  output  of  clinker  per  pound  of 
coal,  and  it  is  the  direction  in  which  most 
practical  men  have  been  working;  in  fact,  so 
far  as  The  Engineering  Record  is  aware,  it  is 
the  only  direction  in  which  any  improvements 
have  been  suggested  regarding  the  kiln  itself. 
The  utilization  of  the  waste  gases  in  the  boiler 
plant  of  the  works  is  a  different  proposition. 

Mr.  Spackman  suggests  that  equally  good  re- 
sults might  be  obtained  by  reducing  the  amount 
of  air  admitted  to  the  kilns.  He  apparently 
does  not  consider  that  so  much  air  must  enter 
as  most  cement  burners  now  admit.  In  other 
words,  he  suggests  that  the  way  to  prevent  the 
losses  of  heat  due  to  an  excess  of  air  is  to  re- 
duce the  excess  to  the  minimum  needed  to 
produce  a  good  clinker.  This  is  a  proposition 
worthy  of  careful  consideration  by  experienced 
manufacturers,  because  in  the  present  condi- 
tion of  the  industry,  when  it  is  absolutely  nee- 
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to  r«dac«  all  the  costs  of  making  cement 
to  the  absolute  mijiimum.  It  is  the  least  expen- 
sire  of  the  proposed  remedies. 

There  is  one  feature  of  this  suggestion,  how- 
•Tvr,  which  renders  it  impracticable  for  appli- 
cation in  the  large  number  of  wet  mills '  in 
operation  west  of  the  AUeghenies.  In  the  wet 
prooees,  in  which  the  kilns  are  charged  with 
a  alanr  containing  a  large  amount  of  water. 
it  is  absolutely  essential  to  use  an  excess  of 
air,  because  the  only  way  to  carry  off  the  moist- 
ure in  the  kiln  is  to  employ  air  in  excess.  In 
the  studies  of  the  heat  losses  in  kilns  up  to 
ta«  present  time  no  attention  has  been  paid,  at 
\mat  in  the  published  records  of  such  work, 
to  these  wet-process  kilns  which  combine  in 
one  long  cylinder  the  two-fold  duty  of  dryer 
and  clinker  burner.  Some  very  interesting  ex- 
periments along  this  line  have  been  made  in 
BUchigan  mills,  and  it  is  to  be  hoped  that 
eventually  some  account  of  them  can  be  pub- 
lished. It  is  evident  that  in  such  plants  the 
remedy  stiggested  by  Mr.  Spackman  cannot  be 
employed  because  there  it  is  necessary  to  em- 
ploy a  greater  quantity  of  air  than  is  custom- 
ary in  the  Lehigh  district 

In  calling  special  attention  to  Mr.  Spack- 
man's  work  The  Engineering  Record  would 
also  suggest  the  advisability  of  some  scientific 
work  by  the  Association  of  Portland  Cement 
Manufacturers  along  this  line.  Just  at  present 
a  large  number  of  kilns  are  idle  or  are  kept 
running  more  in  the  hope  of  good  things  to 
come  than  any  present  indications  on  the  order 
books  of  their  owners  of  nice  profits  in  the  im- 
mediate future.  The  Association  might  well 
emulate  the  Society  of  German  Portland  Ce- 
ment Manufacturers  in  its  scientific  work,  and 
conduct  a  series  of  practical  tests  of  the  ther- 
mal efficiency  of  one  of  these  kilns,  distributing 
the  results  to  its  members  when  they  are  com- 
piled. The  expense  of  thoroughly  good  scien- 
tific work  along  this  line  would  be  considerable, 
but  if  it  were  diviaed  among  the  members  of 
tne  Association  it  would  be  quite  small,  prob- 
•oly  less  than  fifty  dollars  apiece.  It  would  be 
difficult  to  name  any  one  feature  of  cement 
manufacture  which  could  better  occupy  the  As- 
sociation just  now.  At  the  present  time  the 
investigation  of  steam  boiler  furnaces  has 
reached  a  degree  of  accuracy  surprising  to 
those  who  have  not  kept  in  touch,  with  the 
work  that  Is  being  done,  and  the  investigation 
of  a  rotary  kiln  can  be  carried  out  along  just 
the  same  lines  and  with  the  same  apparatus 
The  experiments  ought  to  be  made  on  both  a 
dry  kiln  and  one  running  on  slurry,  but  If  the 
expense  of  this  would  be  too  great  at  least  a 
dry  kiln  should  be  carefully  tested. 


Two  Chicago  Engineering  Problems. 

Chicago  now  has  under  consideration  two 
engineering  problems  of  a  high  order.  The 
first  of  these  is  the  reconstruction  of  the  street 
railway  tunnels  under  the  Chicago  River,  and 
the  second  Is  the  construction  of  the  drainage 
canal  of  the  Calumet  district.  The  lowering 
of  the  river  tunnels  is  a  problem  which  has 
been  imminent  for  a  number  of  years.  It  was 
strongly  advocated  by  the  city  authorities  be- 
fore they  bad  the  municipal  ownership  bee  in 
their  bonnets,  but  since  they  obtained  virtual 
control  of  the  street  railways,  it  Is  noticeable 
that  their  ardor  in  the  matter  of  lowering  the 
tunnels  has  materially  abated.  The  Chicago 
River  is  one  of  the  most  imiwrtant  harbors  of 
the  United  States.  The  water-bom  freight  en- 
tering and  leaving  Chicago  Harbor  every  year 
Is  something  enormous.  For  a  long  time  the 
annual  reports  of  the  United  States  engineer 
ofllcer  In  charge  of  river  and  harbor  works  at 
Chicago  have  contained  a  statement  that  fur- 


ther improvements  of  the  river  for  purposes 
of  navigation  were  limited  by  the  depth  of 
water  over  the  tunnels.  At  the  present  time 
there  are  many  vessels  engaged  in  the  Great 
Lakes  traffic  which  cannot  use  the  river  on  ac- 
count of  their  draft.  From  time  to  time,  ves- 
sels ground  on  the  roofs  of  the  tunnels,  and 
there  can  be  no  question  but  what  their  present 
location  is  a  considerable  restriction  on  naviga- 
tion. The  importance  of  increasing  the  depth 
of  water  has  E^rown  greater  since  the  opening 
of  the  drainage  canal,  for  the  current  passing 
through  the  river  has  been  increased  by  the 
flow  through  that  artificial  waterway.  The  ob- 
jections to  the  lowering  of  the  tunnels  are 
based  wholly  on  the  expense  of  such  work  and 
the  temporary  inconvenience  to  passengers 
In  the  cars  running  across  the  river.  Any  in- 
crease in  the  length  of  the  approaches  to  the 
tunnels  will  be  very  expensive,  'or  owners,  of 
adjoining  property  have  been  able  in  the  past 
to  collsct  large  hums  as  damages  for  the  con- 
struction of  such  approaches. 

The  manner  in  which  the  work  will  be  car- 
ried out  remains  at  the  present  time  uncertain 
It  will  be  a  difficult  problem  in  any  case. 
Various  methods  have  been  suggested,  such  as 
the  blowing  up  of  the  present  tunnels  and  the 
construction  of  others  at  different  streets,  the 
construction  of  new  tunnels  below  the  old  onfls 
by  using  the  latter  as  caissons  in  which  to 
work,  and  the  extension  of  the  approaches  and 
the  use  of  regular  caissons  for  the  subaqueou.J 
work.  The  depth  to  which  the  tunnels  are  to 
be  sunk  must  be  such  as  to  "render  navigation 
free,  easy  and  unobstructed."  The  work  is  to 
he  done  in  a  manner  satisfactory  to  the  Chief 
of  Engineers  of  the  Army,  and  Colonel  O.  H. 
Ernst  is  now  investigating  the  subject.  Xtter 
his  recommendations  have  been  made  and  the 
Secretary  of  War  has  finally  approved  the  depth 
to  which  the  tunnels  must  be  lowered,  tne  work 
will  have  to  be  done  within  "a  reasonable  time" 
or  the  city  must  pay  a  fine  of  |10,000  for  each 
month's  delay.  The  difficulty  of  the  work  is 
enhanced  by  the  fact  that  lowering  the  tun- 
nels without  changing  the  location  of  their 
portals  will  increase  the  grades  in  the  ap- 
proaches so  greatly  that  heavily-loaded  trolley 
oars  will  probably  be  unable  to  ascend  them  by 
their  own  power.  While  there  are  various  de- 
vices for  helping  out  cars  on  heavy  grades  they 
are  all  more  or  less  clumsy  in  operation,  and 
their  use  on  roads  subject  to  very  heavy  traffic 
is  of  problematical  value. 

The  second  undertaking  is  the  construction 
of  the  drainage  canal  for  the  Calumet  district, 
for  which  $12,000,0000  was  authorized  by  the 
last  legislature.  Its  purpose,  like  the  main 
drainage  canal,  is  to  drain  the  sewage  and  flood 
waters  away  from  Lake  Michigan  and  thereby 
keep  the  lake  free  from  pollution  and  available 
as  a  source  of  water  supply.  The  work  will  be 
done  by  the  Trustees  of  the  Chicago  Sanitary 
District,  who  have  decided  to  obtain  a  strip  of 
land  1,000  feet  wide  running  almost  due  west 
from  Blue  Island  to  the  Sag.  Chief  Engineer 
Randolph  recommends  a  cross-section  in  earth 
of  70  feet  on  the  bottom  with  side  slopes  of  5 
on  3,  and  in  rock  a  width  of  90  feet  with 
vertical  sides.  These  cross-sections  are  believed 
to  be  ample  for  a  flow  of  approximately  250,- 
ijOO  cubic  feet  ot  water  per  minute  with  a  min- 
imum depth  of  22  feet.  It  is  exp<?cted  that  the 
work  will  require  about  three  ye^s  for  com- 
pletion. 

This  project  Indicates  that  thp-  Trustees  of 
the  Sanitary  District  have  llttlj  fear  that  the 
city  of  St.  Louis  will  obtain  in  Injunction  for- 
bidding the  discharge  of  tho  sewage  of  Chicago 
into  the  Illinois  River.  K  must  be  confessed, 
from  the  standpoint  of  an  unprejudiced  ob- 
server, that  the  decisio;i  to  spend  $12,000,000 


on  this  new  drainage  canal  before  the  St.  Louis 
proceedings  are  completed  seems  decidedly 
bold.  This  is  particularly  so  when  it  is  con- 
sidered that  Chicago  claims  to  be  impoverished, 
to  be  so  poor  that  certain  branches  of  munici- 
pal work  elsewhere  considered  necessary  can- 
not be  carried  on.  The  lowering  of  the  tunnels 
under  the  river,  which  Congress  has  ordered, 
will  call  for  an  expenditure  of  $2,000,000;  the 
reconstruction  of  many  of  the  Chicago  pave- 
ments, which  is  seriously  needed,  will  be  very 
expensive;  the  improvements  ot  the  water  sup- 
ply and  the  construction  of  a  high  service  flre- 
protectlon  supply  will  require  large  sums.  With 
all  these  works  demanded  by  public  necessity 
the  lot  of  the  men  who  have  to  provide  finances 
for  running  the  Chicago  municipal  government 
is  certainly  not  to  be  envied.  As  engineering 
problems,  however,  the  construction  of  the 
Calumet  canal  and  the  lowering  of  the  river 
tunnels  are  decidedly  interesting. 


Steam  Turbine  Tests  in  Commercial  Service. 


Through  the  courtesy  of  Mr.  C.  F.  Bancroft, 
superintendent  of  motive  power  and  machinery 
of  the  Old  Colony  Street  Railway  Company, 
there  have  been  made  public  the  extracts  print- 
ed on  another  page  of  this  issue,  from  a  report 
of  investigations  and  tests  of  a  two-stage  500- 
kilowatt  Curtis  steam  turbine.  This  is  run- 
ning at  the  company's  Newport  power  station, 
and  was  tested  during  January  and  February 
of  this  year.  The  report  was  written  by  Mr. 
George  H.  Barrus,  who  conducted  the  tests 
jointly  for  the  railway  company  and  for  the 
General  Electric  Company.  The  Newport  sta- 
tion is  the  first  plant  of  the  Old  Colony  Street 
Railway  Company  to  be  equipped  with  motive 
power  of  this  character,  and  the  leading  object 
of  the  trials,  it  is  understood,  so  far  as  the  rail- 
way company  was  concerned,  was  to  obtain 
through  a  disinterested  expert,  a  diagnosis,  so 
to  speak,  of  the  whole  turbine  subject.  This, 
it  was  hoped,  would  guide  the  company  in  the 
selection  and  installation  of  engines  for  their 
remaining  plants,  over  thirty  in  number,  some 
of  which  were  about  to  be  renewed.  The  object 
noted  is  one  which  appe  is  to  the  entire  elec- 
tric power  station  interest,  and  it  is  believed 
the  report  is,  for  this  reason,  of  the  greatest 
value.  One  thing  which  makes  the  work  ef 
special  interest  and  Importance  is  that  it  was 
conducted  on  a  turbine  actually  operating  in 
station  service,  and  some  of  the  tests  were 
made  with  variable  commercial  loads,  showing 
not  only  the  economy  of  the  turbine  in  steam 
consumption,  but  also  in  coal  consumption,  th^ 
latter  covering  the  coal  required  for  all  ifte 
auxiliaries  in  a  complete  working  plant  as'well 
as  by  the  turbine  itself.  One  of  the  Int^esting 
features  of  the  work  was  the  investigation  of 
the  economy  of  the  independent  superheater 
with  which  the  plant  is  fitted  and  the  economy 
of  the  turbine  using  superheated  steam  referred 
back  to  the  coal  pile.  These  and  the  other 
questions  were  investigated  by  Mr.  Barrus  in 
the  most  thorough  and  comprehensive  manner, 
and  It  is  greatly  to  be  regretted  that  the  com- 
plete detail  report  covering  all  of  them  cannot 
be  published. 

The  main  feature  of  the  report  of  Interest  to 
engineers  and  owners  of  power  plants  is  the 
economy  of  the  turbine  compared  with  that  of 
high  class  reciprocating  engines,  and  the  re- 
sults obtained  by  Mr.  Barrys  furnish  conclusive 
data  regarding  this  most  vital  point.  The  best 
reciprocating  engine  plant  of  which  we  have 
data  requires  1.2  pounds  of  coal  per  Indicated 
horse-power  per  hour  (It  so  happens  that  this 
was  also  one  of  Mr.  Barrus's  tests)  ;  this  Is  the 
plant  of  the  Grosvenor  Dale  Mills,  where  the 
steam  consumption  was,  in  round  numbers,  12 
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pounds  per,  indicated  horse-power  per  hour. 
The  steam  here  was  slightly  superheated,  and 
It  would  be  proper  probably  to  place  the  con- 
sumption of  dry  saturated  steam  In  such  an 
engine  at  12.5  pounds  per  indicated  horse-power 
per  hour.  Reducing  this  to  the  equivalent  for 
electrical  horse-power  in  a  direct-driven  gener- 
ator, in  whiCii  85  per  cent,  of  the  Indicated 
horse-power  delivered  from  the  engine  is  de- 
livered by  the  generator,  we  have  14.76  pounds 
per  electrical  horse-power  per  hour,  or  19.84 
pounds  per  kilowatt  hour,  as  representing  the 
best  practice  of  the  time  for  reciprocating  en- 
gines. It  will  be  seen  that  the  turbine  result, 
19.78  pounds  per  kilowatt  hour,  using  dry  sat- 
urated steam,  is  fully  its  equal. 

At  half  load  the  comparison  is  much  more 
favorable  to  the  turbine.  There  are  not  many 
data  for  such  loads  on  reciprocating  engines, 
tilt  It  is  not  far  out  of  the  way  to  take  14 
pounds  per  indicated  horse-power  per  hour  as 
representing  the  best  economy  obtainable  at 
half  load  in  the  type  of  engine  referred  to.  In 
this  case  the  efficiency  of  the  generator  drops 
to  70  per  cent.,  for  the  friction  losses  remain 
constant,  and  we  have  30  pounds  per  electrical 
horse-power  per  hour  and  26.81  pounds  per  kil- 
owatt hour.  The  turbine  at  half  load  gave 
21.38  pounds  per  kilowatt  hour.  Under  half 
loads,  then,  the  turbine  Is  20.3  per  cent,  more 
«conomical  than  the  reciprocating  engine. 

These  comparisons  retfer  to  the  two-stagr 
type  of  turbine.  It  is  understood  that  turbines 
■with  a  greater  number  of  stages  of  expansion 
are  more  economical  than  the  two-stage  ma- 
chine, and,  this  being  the  case,  there  seems  to 
be  no  doubt  that  the  present  status  of  the  tur- 
bine for  electric  station  work  Is  at  least  abreast 
of  the  best  reciprocating  engine.  If  it  is  not  al- 
ready in  the  lead. 


The  Effect  of  Meters  on  the  Consumption  of 
Water. 


In  connection  with  the  studies  for  supplying 
Pittsburg  with  filtered  water  the  engineers  of 
the  project  have  pretty  generally  recognized 
that  the  enormous  and  wasteful  consumption 
■of  water  made  it  necessary  to  estimate  on  a 
much  larger  filtration  plant  than  was  required 
for  the  legitimate  demands  of  a  community  of 
the  size  of  the  Smoky  City.  A  larger  plant, 
of  course,  means  larger  first  cost  and  larger 
maintenance  expenses,  although  perhans  -act  in 
direct  proportion.  Hence  an  important  part 
of  their  task  has  been  to  find  an  acceptable  way 
for  reducing  the  consumption  from  the  253 
gallons  per  capita  per  day  rate,  which  obtained 
as  th  1  average  during  1903  for  the  twenty-three 
wards  of  the  city  supplied  by  the  municipal 
works,  to  a  quantity  which  the  experiences  of 
other  communities  show  to  be  more  reasonable. 
Tnat  an  effective  way  for  accomplishing  the 
desired  result  exists,  has  existed  for  years  and 
has  been  repeatedly  used  with  success  is  a  mat- 
ter of  record.  But  to  make  the  oft-tried  remedy 
acceptable  to  the  oflJcials  and  voters  of  certain 
municipalities  taxes  the  engineers'  ingenuity 
and  patience. 

The  campaign  against  wastefulness  has  been 
fought  with  much  persistency  in  Pittsburg,  and 
Mr.  Morris  Knowles,  the  chief  engineer  of  the 
Bureau  of  Filtration,  has  been  especially  in- 
dustrious in  collecting  from  a  great  many 
places  Information  relating  to  the  results  se- 
cured by  the  Introduction  of  water  meters.  A 
portion  of  the  great  mass  of  data  which  he 
has  reduced  to  diagrammatic  form  and  read- 
able statement  is  printed  elsewhere  in  this 
paper.  A  detail  study  of  the  chart  showing 
the  effects  of  meters  in  various  cities  is  inter- 
esting. It  seems  to  contain  some  contradic- 
tions, although,  to  be  sure,  more  information 


than  can  be  plotted  on  such  a  diagram  Is  needed 
for  an  intelligent  understanding  of  the  ups  and 
downs  of  the  lines  of  some  communities. 

The  very  evident  effect  of  the  placing  of 
meters  on  any  considerable  percentage  of  the 
water  service  pipes  of  a  city,  especially  if  they 
be  put  on  services  discerningly  selected,  is  clear- 
ly indicated  by  the  general  tendency  of  the 
majority  of  the  lines.  Although  different  men 
might  plot  the  curve  of  general  average  ten- 
dency somewhat  variously,  it  appears  that  Mr. 
Knowles'  curve  shows  qualitatively,  if  not  with 
absolute  accuracy  as  to  numerical  values,  the 
efficacy  of  meters  in  lowering  the  per  capita 
consumption.  It  is  interesting  to  observe  how 
steep  the  first  part  of  the  curve  is,  indicating 
that  a  very  large  proportion  of  the  saving,  in 
the  majority  of  cases,  is  effected  by  the  meters 
installed  upon  the  first  30  per  cent,  of  the  serv- 
ices. 

There  are  a  number  of  lines  on  the  diagram, 
however,  which  show  an  increase — in  some 
cases  a  great  Increase — In  the  per  capita  con- 
sumption of  water  with  increases  in  the  num- 
ber of  meters.  More  particular  knowledge  of 
personal  local  conditions  would  doubtless  ex- 
plain many  of  these  apparent  contradictions  of 
the  general  experience.  Mr.  Knowles,  In  a 
statement  to  Director  Bigelow,  of  the  Depart- 
ment of  Public  Works,  sets  forth  an  explanation 
for  this  tendency  to  Increase  of  consumption  in 
spite  of  an  increase  in  number  of  meters,  in  the 
desire  of  the  Inhabitants  of  some  wealthy  and 
prosperous  cities  to  use  water  more  freely  even 
if  It  costs  more.  Attention  is  also  drawn  to  the 
fact  that  In  many  places,  after  there  has  been  a 
reduction  in  consumption  due  to  the  liberal  in- 
troduction of  meters,  if  the  Installing  of  meters 
has  not  been  kept  up  the  consumption  goes 
back  to  the  former  rate  or  Increases.  This  ap- 
parently leads  to  the  conclusion  that  In  order 
to  continue  the  reduction  of  the  per  capita  con- 
sumption, or  even  to  keep  it  at  a  low  figure 
once  attained.  It  Is  necessary  to  keep  on  adding 
meters  in  greater  and  greater  proportion. 


Notes  and  Comments. 


The  Slip  op  Pumps  at  places  like  Harrlsburg, 
where  the  water  occasionally  carries  large 
quantities  of  sand,  slack  and  culm,  can  hardly 
be  appreciated.  Mr.  Charles  A.  Hague  was  re- 
cently retained  to  test  a  new  pumping  engine 
at  that  place  and  preparatory  to  the  run  took 
out  of  the  valve  chambers  about  two  cartloads 
of  such  materials.  After  the  test  had  been 
run  for  twenty-four  hours  he  again  examined 
the  chambers  and  found  one  of  thQ  suction 
valves  entirely  adrift  on  account  of  the  damage 
to  Its  fastenings  by  the  cutting  action  of  the 
sand.  The  estimation  of  the  consumption  of 
water  in  sucn  a  place  by  means  of  the  plunger 
displacement  will  manifestly  yield  results  as 
accurate  as  the  newspaper  reports  of  the  Russo- 
Japanese  war. 


The  Demolition  of  Old  Works,  often  affords 
some  excellent  illustrations  of  the  value  of 
methods  of  construction,  and  sometimes  shows 
that  some  features  of  old-time  practice  at  which 
the  younger  generation  is  inclined  to  look 
askance  are  of  unexpected  worth.  For  ex- 
ample. It  is  often  claimed  that  coal  tar  pitch 
is  a  poor  material  for  waterproofing.  To  such 
a  claim  the  condition  of  the  waterproofing  of 
the  old  Park  Avenue  tunnel  north  of  the  Grand 
Central  Station  in  New  York  gives  a  pretty 
strong  negative  answer.  This  work  consists 
of  tarred  felt  and  coal  tar  pitch,  and  was  laid 
thirty-two  years  ago,  when  less  material  and 
skill  were  employed  than  at  the  present  time. 
A  portion  of  it  has  been  recently  torn  out  In 
the  course  of  the  improvements  of  the  New  York 


Central  road  and  It  was  found  to  be  unchanged 
in  every  way.  This  experience  is  In  a  line  with 
that  of  some  pavements  which  are  mentioned 
in  Mr.  Tillson's  well-known  book  on  the  sub- 
ject. In  fact  The  Engineering  Record  has  been 
assured  by  contractors  with  a  large  experience 
in  paving  that  coal  tar,  properly  selected  and 
treated,  was  a  better  material  than  asphalt 
for  both  pavements  and  roofing.  As  these  con- 
tractors were  In  a  position  to  use  either  asphalt 
or  coal  tar  with  equal  facility  and  economy 
their  statements  made  a  considerable  Impres- 
sion at  the  time,  which  Is  recalled  by  the  con- 
dition of  this  old  waterproofing  on  the  tunnel 
mentioned. 


The  Water  Meter  has  been  attracting  atten- 
tion In  the  city  council  of  Cleveland,  which 
recently  passed  an  ordinance  making  their  vise 
optional  for  domestic  consumers.  Maybr 
Johnson  has  vetoed  this  bill  for  this  reason: 
"There  is  no  way  justly  to  determine  what 
consumers  should  pay  for  water  except  by  me- 
ters, and  the  change  proposed  by  this  ordi- 
nance abandons  an  attempt  already  carried 
to  a  very  successful  issue  to  establish  justice 
in  the  payment  of  water  rates.  The  records 
of  the  department  to  date  show  that  10  per 
cent,  of  the  consumers,  under  the  old  flat  rate, 
were  paying  a  grossly  Inadequate  amount, 
while  90  per  cent,  were  bearing  an  unjustly 
high  burden  by  paying  for  more'  water  than 
they  used.  The  policy  of  this  ordinance  is  to 
allow  the  wasteful  10  per  cent,  of  the  con- 
sumers to  return  to  the  old  flat  rate,  and  pay 
less  than  their  share,"  If  the  ordinance  were 
to  become  a  law,  he  predicts  that  it  would  soon 
become  necessary  to  spend  over  two  million 
dollars  in  extensions  of  the  water-works  plant 
and  to  put  In  service  again  an  old  pumping  sta- 
tion drawing  its  supply  from  a,  dangerous 
source.  His  arguments  are  certainly  sound, 
and  even  those  people  who  do  not  sympathize 
with  some  of  his  financial  doctrines  must  ac- 
knowledge that  after  the  city  has  spent  the 
money  for  meters  for  a  very  large  proportion 
of  the  services  in  the  city  it  is  ridiculous  to 
lose  the  benefit  from  their  introduction. 


The  Sulphate  of  Coppeb  Cube  for  excessive 
numbers  of  bacteria  In  a  reservoir  is  rncom- 
mended  by  Dr.  George  T.  Moore,  of  the  U.  S. 
Department  of  Agriculture.  For  a  number  of 
years  he  has  been  investigating  the  growth 
of  algffi  in  water  and  experimenting  with  dif- 
ferent chemicals  to  discover  some  means  of 
preventing  the  growth  of  this  low  form  of 
plant  life.  Free  chlorine,  sulphur  dioxide,  sil- 
ver salts,  magnesium  sulphate,  various  oxylates 
and  other  substances  were  tried,  only  to  be 
abandoned  for  one  cause  or  another.  Finally 
copper  sulphate  was  discovered  to  be  best  suited 
for  the  purpose,  and  it  is  claimed  that  by  the 
use  of  50  to  60  cents  worth  of  this  salt  for 
every  million  gallons  of  water  in  a  reservoir 
all  known  types  of  algae  can  be  killed  without 
affecting  the  potability  of  the  water.  It  is  also 
claimed  that  the  typhoid  bacillus  is  very  sensi- 
tive to  this  solution,  and  that  a  few  parts  of  the 
sulphate  In  100,000  parts  of  water  will  effectu- 
ally free  it  from  typhoid  and  cholera  germs  in 
three  or  four  hours.  Without  in  any  way  dis- 
paraging the  value  of  these  studies  it  may  be 
safely  asserted  that  until  the  proposed  remedy 
has  been  tried  a  number  of  times  on  a  large 
scale  the  managers  of  water-works  will  do  well 
to  place  no  reliance  on  its  practical  value.  The 
condition  of  water  in  a  deep  reservoir  makes 
it  hardly  possible  to  secure  a  uniform  distri- 
bution of  the  sulphate  through  the  contents  of 
such  a  basin,  even  assuming  that  the  chemical 
will  have  the  effect  on  a  large  scale  that  the 
laboratory  experiments  Indicate. 
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The  Fifth  Begiflient  Armory,  Baltimore. 

One  of  the  largest  buildings  in  Baltimore  is 
the  new  brick  and  steel  armory  on  Hoffman 
Street  for  the  Fifth  Regiment.  Maryland  Na- 
tional Guard.  It  occupies  the  whole  of  a  354- 
foot  3-inch  by  284-foot  6-inch  lot.  and  has  re- 
cently been  completed  at  a  cost  of  about  $425.- 
000.  inclusiTe  of  1125.000  for  the  lot.  The  struc- 
tnre  forms  a  two-story  hollow  square  with  mas- 
■Ive  outer  walls  and  a  large  drill  hall  with  an 
arched  roof  occupying  the  whole  of  the  center 
court.  The  space  between  the  outer  walls  and 
those  of  the  drill  hall  is  about  40  feet  wide  on 
both  sides  of  the  building  and  27  feet  wide  at 
the  ends.  It  is  partitioned  into  rooms  from 
20  to  50  feet  wide — used  for  administration,  re- 
ception, staff  and  board  rooms,  for  officers  and 
company  rooms,  corridors,  toilet  rooms  and  a 
larce  gymnasium.  Underneath  these  rooms 
there  are  stables  for  the  ambulance,  store- 
rooms, a  reception  room,  a  pistol  range,  a  300- 
foot  rifle  range  and  rooms    for  coal    storage. 
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riveted  connections  and  are  braced  together 
in  pairs  with  longitudinal  struts  and  diagonal 
members,  as  indicated  iu  the  general  diagram. 
The  drill  room  has  an  estimated  seating  ca- 
pacity of  16,000  persons,  exclusive  of  the  pro- 
posed gallery  12  feet  above  the  floor  which  will 
surround  it  on  all  sides  and  have  a  capacity  of 
4,000  people. 

The  framework  is  made  entirely  of  medium 
steel  except  the  lattice-bars,  rivets  and  lateral 
rods,  which  are  of  soft  steel,  all  conforming  to 
the  standard  speciflcations  of  the  American 
Association  of  Steel  Manufacturers.  The  roof 
is  proportioned  for  a  live  load  of  30  pounds  to 
the  square  foot  of  the  vertical  projection  of  its 
surface,  due  to  wind  pressure,  and  for  a 
snow  load  of  2  to  30  pounds  per  square  foot  of 
horizontal  projection  of  the  upper  six  panels  on 
each  side  of  the  roof,  no  floors  or  other  weights 
being  suspended  from  the  trusses.  Unit 
stresses  were  allowed  as  follows:  In  tension, 
plates  and  shapes  16,000  pounds  per  square 
inch,    lateral    rods    23.000    pounds    per    square 
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T-shaped  cross-sections  were  re4uired  over  all) 
door  and  window  openings,  except  where  the- 
latter  were  arched.  In  other  respects  the 
specifications  corresponded  in  general  to  ad- 
vanced standards  for  bridge  and  structural  steel 
work. 

The  main  trusses  are  wholly  within  the  drill 
hall  except  the  horizontal  tie  bars  which  con- 
nect their  end  hinges  under  the  floor.  The 
truss  is  divided  into  twenty-seven  panels  by 
radical  members.  Between  them  the  top  and 
bottom  chords  are  chords  of  circular  curves 
with  radii  of  111  feet  8  11/32  inches  and  91  feet 
10  inches,  respectively.  The  centers  of  these 
arcs  are  respectively  17  feet  2  11/32  inches  and 

5  feet  4  Inches  below  the  floor  level.  The 
floor  level  is  1  foot  6  inches  above  the  centers 
of  the  end  pins.  The  angles  included  between 
the  radial  web  members  of  the  truss  vary  from 

6  degrees  58  minutes  and  50  seconds  to  7  de- 
grees 32  minutes  and  49  seconds.  The  top 
top  chord  is  intersected  by  verticals  98  feet  10 
inches  each  side  of  the  center  at  points  35  feet 
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heating  plant  and  other  purposes.  The  outer 
walls  are  of  solid  brick  masonry  with  stone 
facing  and  trimmings,  and  are  paneled  with 
triangular  buttresses  about  25  feet  apart  which 
form  baatlona  pierced  with  narrow  slits  for 
rifle  men.  The  level  top  of  the  wall  forms  a 
parapet,  between  which  and  the  walls  of  the 
drill  shed  there  is  a  horizontal  platform  over 
the  Becond-etory  roof  which  ha«  sufficient  area 
to  parade  the  entire  regiment. 

The  most  interesting  structural  features  of 
the  armory  are  in  the  drill-hall  roof  which 
covers  an  unobstructed  floor  area  about  199 
feet  wide  and  293  feet  2  inches  long  in  the  clear. 
Thia  space  is  spanned  by  ten  three-hinge  arch 
tmsaes,  which  divide  the  space  into  nine  in- 
termediate panels  of  26  feet  9  inches,  and  two 
end  iMuiels  of  26  feet  214  inches.  The  chords 
of  the  trasses  are  arcs  of  eccentric  circles,  as 
shown  in  the  strain-sheet  diagram.  The  rise 
of  the  intrados  is  88  feet  and  the  total  height 
fttm  grade  to  the  top  of  the  steel  work  is  about 
105  feet  7  inches.    The  trusses  are  made  with 


inch ;  in  compression,  columns  13,750  pounds  — 

577  h,  lateral  struts  17,190  —  720  ii,  where  L 
R  K 

is  the  length  in  feet  and  R  is  the  least  radius 
of  gyration  in  inches.  Members  subjected  to 
longitudinal  and  transverse  loading  are  pro- 
portioned to  sustain  the  algebraic  sum  of  the 
combined  stresses.  Shearing  stresses  allowed 
per  square  incn  are:  pins  11,000  pounds, 
rivets  10,000  pounds,  web-plates  7,500  pounds; 
bearing  stresses,  pins  22,000  pounds,  rivets 
20,000  pounds,  shapes  16,000  pounds.  For 
lateral  connections  unit  stresses  are  allowed  to 
be  25  per  cent,  greater  than  the  above.  Bear- 
ing plates  are  proportioned  to  reduce  the  pres- 
sure on  the  masonry  to  250  pounds  per  square 
inch.  It  was  required  that  the  second  coat  of 
paint  should  be  applied  not  less  than  ten  days 
and  not  more  than  thirty  days  after  the  first 
field  coat.  If  an  interval  of  more  than  sixty 
days  elapsed  between  the  encasing  of  the  steel 
work  and  the  second  coat  of  paint,  a  third  coat 
of  paint  was  required.     Cast-iron  lintels  with 


above  floor  level.  The  truss  conforms  to  these- 
lines  and  the  end  vertical  posts  thus  provided 
are  flush  with  the  inner  faces  of  the  drill-hall 
walls.  The  chords  are  made  with  trough- 
shaped  rectangular  cross-sections  built  with 
pairs  of  10  and  12-inch  channels  and  IG  or  18- 
inch  cover  plates,  and  all  web  members  are 
pairs  of  angles,  as  indicated  in  the  strain 
sheet.  All  connections  except  the  hinge  joints 
are  field-riveted,  and  each  semi-truss  was  as- 
sembled at  the  shops  in  four  sections,  but  the 
members  were  most  of  thera  shipped  separ- 
ately with  the  connection  plates  shop-riveted 
to  the  webs  of  the  chord  channels.  The  chords- 
were  spliced  with  pairs  of  web  plates,  which 
also  serve  for  diagonal  connections  at  every 
panel  point,  and  the  ends  of  their  channels- 
were  mitered  and  planed  to  accurate  bearing. 
Bent  plates  cover  the  outside  flanges  of  the 
chord  channels  at  every  joint. 

The  inner  flanges  of  both  chords  and  the 
outer  flanges  of  the  top  chords  are  latticed 
with  flat  bars  riveted  together  at  Intersections. 
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JUl  web  members  are  made  of  pairs  of  angles 
Bpaced  9%  inches  apart  in  the  clear  and  lat- 
ticed together.  The  ends  form  jaws  engaging 
the  connection  plates  at  chord  splices.  The 
crown  sections  of  the  trusses  were  shop-riv- 
eted in  2V^  panel  lengths,  as  shown  in  the  de- 
tail. The  top  and  bottom  chords  are  extended 
by  inclined  struts  from  Uo  and  I.o  to  the 
■center  point  C,  where  the  stresses  converge  to 
the  crown  hinge.  This  is  made  with  a  3-inch 
pin  having  half  holes  in  the  reinforcement 
plates  and  full  holes  in  jaw  plates  which  pro- 
ject from  both  semi-trusses  and  lock  them  to- 
gether. 

The  lines  of  the  top  and  bottom  chords  are 
continued  across  the  center  panel  by  false 
members  which  are  connected  to  the  trusses  at 
uo  and  Lo  with  bolts  in  slotted  holes  which 


on  ordinary  expansion  rollers  with  riveted  bed 
plates  having  longitudinal  bearing  strips  and 
guide  ribs  for  the  rollers.  The  shoe  webs  pro- 
ject beyond  their  reinforcement  plates  to  make 
full  pin  holes  locking  them  to  the  correspond- 
ing jaw  plates  of  the  trusses. 

The  pins  engage  the  ends  of  the  horizontal 
ties,  which  are  made  with  pairs  of  8-inch  chan- 
nels riveted  together  back  to  back.  They  are 
in  sections  about  32  feet  long  and  are  spliced 
with  web  and  flange  plates,  as  indicated  in  the 
detail.  Each  truss  is  surmounted  by  one  bent 
of  the  ventilator  framework  51  feet  wide  over 
all,  which  rises  about  10  feet  above  the  top 
chord.  It  is  made  with  pairs  of  2x2y2-inch  and 
3x2V2-ineh  angles  riveted  to  gusset  plates  and 
flange-connected  to  the  roof  trusses.  The 
trusses    are    braced    together    by    wall    struts 


spans  of  nearly  26  feet  and  are  lattice-girders 
with  their  depths  varied  to  correspond  with 
the  lengths  of  the  radial  members  of  the  trusses 
to  which  they  are  connected.  The  ends  of  the 
top  flanges  have  short  vertical  angles  field- 
riveted  to  the  webs  of  the  top  chords,  and  both 
top  and  bottom  flanges  have  horizontal  con- 
nection plates  riveted  to  the  flanges  of  the 
top  and  bottom  chords. 

The  lateral  rods  in  the  planes  of  the  top 
chords  of  the  roof  trusses  cross  two  panels  of 
the  purlins.  They  are  single  sleeve-nut  rods 
engaging  pins  through  horizontal  or  inclined 
jaw  plates  riveted  to  the  top  chords  of  the 
trusses.  Where  they  intersect  the  intermedi- 
ate purlins  they  are  discontinued  and  engage 
four  pins  in  horizontal  jaw  plates  riveted  to 
vertical  webs  offsetting  them  about  12  inches 


Baltimore    Armory    Drill    Shed,    Showing    Roof  Trusses  and   Main  Columns  in    End   Wall. 


allow  them  longitudiiial  motion  due  to  the  ex- 
pansion and  contraction,  which  produces  a 
maximum  rise  and  fall  of  about  H  inch  In  the 
crown  pin.  The  top  chord  members  UoC  are 
X-braced  together  by  pin-connected  diagonal 
rods  which  continue  the  lateral  bracing  of  the 
top   chord    panel   from   one   semi-truss   to   the 

•other.  The  lower  ends  of  the  trusses  have 
rectangular  closed  box  sections  made  with 
solid  plates  about  6  feet  high  and  8%  feet 
wide  riveted  to  the  webs  of  the  chord  chan- 
nels. Between  these  plates  the  end  sections 
of  the  chords,  converge  to  the  lower  pins, 
which  engage  riveted  shoes  like  those  for  or- 
dinary bridge  trusses.     These  shoes  are  fixed 

•  at  one  end,  and  at  the  other  end  are  seated 


and  purlins  in  every  longitudinal  panel,  as  in- 
dicated by  the  diagram  of  the  side  elevation. 
Alternate  panels  have  additional  wall  struts 
making  the  trusses  form  alternate  towers  and 
open   panels. 

The  wall  struts  are  lattice-girders  from  2  to 
3  feet  deep,  which  are  flange-connected  to  the 
webs  of  the  vertical  members  of  the  trusses. 
In  the  lower  panels  the  wall  struts  are  replaced 
by  longitudinal  beams  intended  to  carry  the 
future  gallery  floor.  The  ends  of  these  beams 
are  kneeebraced  by  pairs  of  3x3-inch  angles 
riveted  together  to  make  T-shaped  cross-sec- 
tions and  having  their  ends  bent  to  engage  the 
flanges  of  the  beams  and  the  webs  of  the  truss 
members.    The  intermediate  purlins  have  clear 


below  the  top  flanges  at  the  center  points,  as 
shown  in  the  detail.  The  purlins  in  the  end 
panels  of  the  roof  are  similar  to  the  intermedi- 
ate ones,  except  that  they  are  somewhat  short- 
er and  have  differences  in  their  supports  on 
the  gable  walls,  where  part  of  them  are  seated 
with  riveted  pedestals  on  the  brickwork  and 
others  are  riveted  to  the  columns. 

The  gable  walls  are  built  of  brick  with  a  steel 
framework  of  columns  and  struts,  as  shown  in 
the  diagram.  The  columns  have  single  wide 
webs  and  a  pair  of  intermediate  vertical  angles, 
and  were  shipped  In  two  sections  each  field- 
riveted  with  web  splice-plates.  Their  upper 
ends  are  connected  by  deep  inclined  struts 
somewhat  resembling  the  roof  trusses  in  gen- 
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«r»l  oQtUne.  but  ditfering  from  Uiem  in  their 
dotalls.  Their  top  flanges  are  made  with  a  15- 
inch  I-beam  having  a  pair  of  3x3-inch  angles 
riret«d  to  the  center  of  the  web  on  one  sido, 
I  glTlng  considerable  stiffness  against  trans- 
flexure.  The  bottom  flange  Is  made  sim- 
ilarly with  a  15-inch  channel  and  a  pair  of 
continuous  angles.  The  angles  in  both  flanges 
are  separated  sufllcientlr  to  receive,  between 
the  vertical  legs,  the  connection  plates  for  the 
web  members,  which  consist  of  single  and 
double  3x3-inch  angles. 

The  columns  are  .braced  at  about  their  mid- 
dle points  by  light  horizontal  lattice-girders 
about  3  feet  deep  in  the  planes  of  the  walls. 


Part  Plon  of  Top  Brodng. 


of  trusses  were  erected  complete  by  an  aver- 
age force  of  about  thirty  men  In  four  days. 
The  erectors  were  followed  by  several  gangs 
which  assembled  the  secondary  members  and 
drove  the  field  rivets  with  pneumatic  ham- 
mers. The  erection  of  the  drill-shed  roof  was 
accomplished  in  about  forty  working  days  by 
an  average  total  force  of  fifty  men. 

In  each  panel  the  purlins  support  two  inter- 
mediate lines  of  6xl0-lnch  rafters  which  are 
bolted  to  the  top  fianges.  These  carry  3x6- 
inch  horizontal  wooden  sub-purlins  2  feet  apart 
to  which  is  nailed  the  sheeting  of  1%-inch 
boards  laid  close,  parallel  to  the  roof  trusses. 
Over  the  roof  trusses  there  are  pairs  of  4x10- 


Messrs.  Wyatt  &  Nolting,  Baltimore,  were 
the  architects  of  the  building,  and  Messrs.  R. 
C.  Sandlass  and  T.  M.  Kellogg,  associated, 
were  consulting  engineers.  Messrs.  Adams  & 
Schwab  were  the  engineers  for  the  electric  and 
heating'  systems,  and  the  American  Bridge 
Company,  Mr.  Paul  L.  WiJlfel,  chief  engineer, 
was  the  contractor  for  the  structural  steel 
work,  which  was  built  at  the  Bdgemore  plant. 


An  English  Scherzer  Rolling-Lift  Bridge. 

A  small  highway  bridge  has  recently  been 
completed  over  Barking  Creek,  England,  which 
has  a  center  span  of  the  Scherzer  type  of  roll- 
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The  total  weight  of  the  structural  steel  in  the 
armory  la  about  1,000  tons,  and  the  weight  of 
a  BtncU  main  tmas,  exclusive  of  the  ventilator 
frame,  la  about  34  tons.  The  trusses  were 
arected  with  two  traveling  cranes,  each  con- 
stating of  a  tower  about  30  feet  square,  with 
two  booma.  The  gable  columna  were  set  first 
and  secured  with  guy  lines;  then  the  truss 
next  to  gable  was  erected  and  braced  to  gable 
columns,  the  travelers  moving  backward  and 
aettlng  the  next  tmas  and  panel,  and  bo  on  to 
completion.  The  purlins,  struts  and  braces  be- 
tween the  tmaaes  were  handled  by  light  boom 
derrlcka  on  top  of  the  travelers,  and  one  pair 


inch  rafter  beams  which  form  projecting  ribs 
and  divide  the  convex  surface  into  panels  cor- 
responding with  the  framework.  The  ribs  are 
covered  with  galvanized  Iron  and  the  sheet- 
ing between  them  is  tinned  and  painted.  The 
lantern  roof  Is  made  with  1%-lnch  sheeting 
carried  on  3x8-lnch  rafters  about  1^  feet  apart, 
which  are  supported  at  the  eaves,  ridge  and 
at  Intermediate  points  by  purlin  I-beams.  The 
sheeting  is  tinned  and  painted,  and  the  glazed 
vertical  sides  of  the  lantern  are  nearly  covered 
with  fixed  sash  about  4  feet  square.  The  flat 
roofs  over  the  other  portions  of  the  building 
are  sheathed  and  covered  with  felt  and  slag. 


ing  bascule,  said  to  be  the  first  example  In  Eng- 
land. The  bascule  span  has  a  clear  opening  of 
45  feet  and  is  made  with  two  plate-girders  18 
feet  apart  on  centers,  carrying  a  wagon  road 
and  street  car  tracks.  At  one  end  of  each 
girder  there  is,  tangent  with  the  lower  flange,  a 
braced  framework  carrying  about  270  degrees 
of  a  circular  flange  20  feet  in  diameter,  on 
which  the  girder  is  revolved  vertically.  The 
heel  of  this  curve  engages  a  track  on  the  ad- 
jacent span,  which  has  two  plate  girders  21  feet 
4  inches  apart  attording  clearance  for  the  bas- 
cule girders  between  them.  On  the  center  of 
the   45-foot   tracK-span    there   is   an   operating: 
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tower  which  contains  a  pair  of  electric  motors 
geared  to  a  horizontal  transverse  shaft  over  the 
roadway,  to  which  are  lieyed  a  pair  of  grooved 
drums,  one  in  the  plane  of  each  bascule  girder. 
At  the  rear  of  the  tower  there  is  on  each  side, 
a  very  steep  groved  track  curved  to  conform  to 
the  varying  moments  of  the  moving  bascule  so 
that  the  counterweight  which  it  supports  shall 
always  approximately  balance  the  weight  of  the 
bascule  span.  The  counterweight  consists  of 
iron  ballast  in  a  rectangular  horizontal  trans- 
verse steel  box  with  a  large  roller  at  each  end 
engaging  the  curved  track.  A  link  on  each 
roller  axle  receives  both  ends  of  a  steel  rope,  the 
bight  of  which  takes  several  turns  around  one 
of  the  drums,  and  then  passes  around  a  groove 
in  the  upper  part  of  the  circular  frame  at  the 
heel  of  the  bascule  girder  on  the  river  side  of 
which  It  engages  a  sheave  adjustably  connected 
by  a  vertical  screw  to  the  main  girder.  The 
heel  of  the  bascule  is  anchored  to  the  approach 
span  with  a  number  of  steel  cables,  but  no  men- 
tion is  made  of  rack  teeth  in  the  heel  bearing  or 
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in  the  horizontal  track,  which  ia  made  with  a 
pair  of  angles. 

The  bridge  can  be  opened  or  closed  in  less 
than  2  minutes  at  a  cost  of  $.02  for  electric 
power,  and  hand  gear  is  provided  by  which  it 
may  also  be  operated.  The  tower  is  about  33 
feet  high  and  20  feet  square,  and  Is  of  riveted 
construction  with  members  made  of  pairs  of 
channels  and  T-bars.  The  5-foot  plate-girders 
are  of  the  ordinary  English  construction  with 
vertical  web-stlftener  angles  bent  at  both  ends 
to  horizontally  engage  the  flange  plate.  The 
lower  flanges  are  reinforced  by  a  pair  of  angles 
riveted  together  back  to  back  with  their  hori- 
zontal legs  engaging  the  flange  cover  plates  and 
with  vertical  web  plates  riveted  between  their 
outstanding  flanges  and  projecting  below  them 
to  receive  the  field-riveted  connections  to  the 
ends  of  the  floorbeams,  thus  carrying  all  the 
floorbeam  loads  through  the  head  of  the  rivets. 
The  floorbeam  connection  is  specially  com- 
mended in  the  published  description  as  "A 
sound  method  of  suspending  cross-girders." 
The  two  river  piers  and  the  abutments  are  made 
with  cast-iron  hollow  piles  filled  with  concrete. 
They  are  made  in  several  sections  joined  to- 
gether with  hub  and  spigot  Joints  filled  with 
lead,   but   not  calked. 

Mr.  Gerald  Baker  was  the  engineer  of  the 
bridge,  which  was  built  for  a  contract  price  of 
about  $66,000  and  was  described  and  fully  il- 
lustrated in  a  recent  issue  of  "Engineering." 
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The  Harlem  Siver  Tunnel  of  the  New  York 
Rapid  Transit  Railroad. 

Th«  doable  Urmcka  of  the  eaat-alde  line  of. 
the  New  York  Hapid  Transit  Railroad  are  car- 
ried under  the  Harlem  River  near  Lenox 
ATenue  in  a  twin-tube  cast-iron  tunnel  about 
C40  feet  long  which  has  a  maximum  depth  of 
about  48  feet  from  the  bottom  of  the  invert  to 
mean  high  water  level.  It  forms  a  i>art  of  sec- 
tion 9  of  division  3  and  is  joined  at  both  ends 
to  a  reinforced  concrete  construction  with  an 
ordinary  horae-ahoe-ahape  crosa-aection.  The 
axis  of  the  tunnel  is  a  tangent  in  horizontal 
projection  and  consists  of  two  3  per  cent,  grades 
united  by  a  vertical  curve  in  the  center.  The 
roof  of  the  tunnel  is  about  at  the  original  level 
of  the  river  oottom  at  the  deepest  point.  The 
soil  is  soft  mud,  underlaid  by  rock,  the  surface 
of  which  Is  close  to  the  tunnel  at  the  west  end 
and  dips  to  a  great  depth  at  the  east  end.  The 
tide  has  an  average  rise  and  fall  of  about  6  feet 
and  a  maximum  current  sometimes  as  great  as 
4  miles  an  hour.  The  line  of  the  tunnel  inter- 
sects one  of  the  pile  rest  piers  of  an  adjacent 
swing  bridge  and  it  was  prohibited  to  obstruct 
more  than  half  of  the  river  at  once. 

The  special  conditions  and  the  very  shal- 
low depth  at  which  the  tunnel  is  located  made 
its  construction  difficult,  and  special  methods 
have  been  developed  for  it  which  are  of  unusual 
interest  on  account  of  the  novel  features  in- 
Tolved  and  the  success  so  far  attained.  These 
methods  and  the  details  of  the  tunnel  construc- 
tion have  already  been  described  and  illus- 
trated, as  the  work  progressed,  In  The  Engi- 
neering Record  of  August  22,  September  5,  De- 
cember 19  and  December  26,  1903.  Since  the 
appearance  of  the  last  article,  considerable 
progresa  has  been  made  in  the  construction  of 
the  second  half  of  the  tunnel  by  a  special  meth- 
od therein  described  which  at  that  time  was 
only  proposed,  and  the  present  article  describes 
the  continued  development  of  the  plant  and  the 
ezecntion  of  the  work.  The  completed  tunnel 
Is  shown  in  cross-section  in  the  issue  of  Sep- 
tember 5,  1903,  and  consists  of  two  intersecting 
cast-iron  cylinders  of  15  feet  clear  radius  which 
are  separated  by  a  vertical  diaphragm.  They 
are  made  in  rings  6  feet  long  composed  of  sev- 
eral segments  bolted  together  through  inside 
flanges  and  are  imbedded  in  a  rectangular  mass 
of  concrete  with  the  upper  comers  cut  otf.  The 
inside  is  also  plastered  with  concrete  finished 
flush  with  the  Inner  edges  of  the  flanges  so  as 
to  make  a  smooth  cylindrical  surface. 

The  first  half  of  the  tunnel  from  the  shore 
to  the  middle  of  the  river  was  built  under  pneu- 
matic pressure  in  a  caisson  formed  in  a  dredged 
trench  by  driving  and  bracing  heavy  sheet  pile 
walls  and  covering  them  with  a  solid  timber 
deck  or  roof  platform  sunk  to  place  on  their 
upver  edges.  Underneath  this  roof  the  excava- 
tion was  completed,  the  cast-iron  shell  was  as- 
sembled and  the  concrete  was  placed.  This 
method  Involved  the  use  of  sheet  piling  for  the 
side  and  end  walls  which  extended  above  the 
flnlshed  top  of  the  tunnel.  Mr.  D.  D.  McBean, 
one  of  the  contractors,  designed  and  success- 
folly  conducted  this  novel  method  of  construc- 
tion with  the  approval  of  the  chief  engineer 
of  the  Rapid  Transit  Railroad  Commissioners.  It 
occurred  to  him,  during  the  construction  of  this 
part  of  the  tunnel,  that  a  considerable  economy 
might  be  effected  If  the  upper  ends  of  the  sheet 
piles  could  be  saved,  and  in  studying  the  possi- 
MUtiea  he  devised  a  modification  of  the  system 
which  essentially  consisted  of  the  substitution 
of  the  npj>er  half  of  the  permanent  Iron  and 
concrete  tunnel  rtmctnre  for  the  temporary 
timber  roof  and  side  walls  above  the  springing 
line.    The  rerlaed  method  was  simply  to  dredge 


the  tunnel  excavation  nearly  to  sub-grade  and 
to  build  in  the  trench  permanent  side  walls  of 
sheet  piles  extending  up  only  to  the  springing 
line  of  the  tunnel.  On  these  walls  and  on  tem- 
porary end  walls  or  bulkheads  the  upper  half 
of  the  tunnel  structure  is  to  be  sunk  to  form 
the  roof  of  a  stationary  pneumatic  caisson,  in 
the  bottom  of  which  the  excavation  will  be  com- 
pleted between  the  sheet  piling  walls,  the  con- 
crete will  be  laid  and  the  cast-iron  shell  seg- 
ments assembled  to  form  the  lower  half  of  the 
tunnel  Joining  the  upper  portion  and  complet- 
ing the  structure. 

In  accordance  with  this  plan,  a  temporary  pile 
dock  was  built  from  the  shore  to  the  end  of  the 
completed  half  of  the  tunnel,  enclosing  a  space 
about  39  feet  wide  and  300  feet  long,  which  Is 
surrounded  by  a  working  platform  or  dock  20 
feet  wide  on  each  side  enclosing  the  site  of 
the  remaining  portion  of  the  tunnel  from  the 
end  of  the  completed  half  to  the  end  of  the 
shore  section  of  the  subway.  Rows  of  perma- 
nent foundation  piles  were  driven  here  as  re- 
quired and  supported  horizontal  submerged 
timber  frames,  which  served  as  guides  for  the 
accurate  aligmment  of  the  sheet  piles  in  the  side 
walls.    The  latter  were  of  special  construction. 


any  injury  or  distortion  to  the  cutting  edge 
at  the  point.  They  were  easily  withdrawn  by  a 
six-part  tackle  operated  by  a  hoisting  engine. 
'1  he  wooden  piles  had  an  average  penetration  (<t 
at>out  18  feet  on  the  east  side  of  the  river  and 
were  cut  off  about  40  feet  below  mean  high 
water  by  an  ordinary  circular  saw  mounted  on 
a  vertical  shaft.  The  piles  covered  a  longi- 
tudinal distance  of  about  38%  inches  each. 
They  were  planed  on  all  sides  and  were  so  ac- 
curately driven  that  in  a  length  of  about  300 
iset  there  was  an  average  clearance  of  only 
about  1/50  inch  between  the  theoretical  widths 
of  the  piles.  They  were  driven  by  a  G,000-pound 
special  hammer  falling  6  feet,  and  In  many 
cases  the  penetration  for  the  last  10  feet 
averaged  only  %  inch  for  each  blow  of  the 
hammer. 

After  the  piles  had  been  braced  and  cut  off 
under  water,  a  pontoon  35  feet  wide,  106  feet 
long  and  12  feet  deep  was  built  over  the  center 
line  of  the  tunnel  at  the  shore  end  between  the 
construction  docks.  It  was  very  simply  con- 
structed with  12xl2-inch  transverse  timbers  4 
feet  apart  ou  centers  to  which  were  spiked  the 
Ix? 2-inch  longitudinal  bottom  planks  and  the 
4x61nch  vertical  side  timbers.     The  sides  were 


Assembling  Upper  Half  of  First  Section  of  Tunnel  Tubes   in   Pontoon. 


made  of  heavy  12xl2-inch  timbers  65  feet  long 
bolted  together  in  sets  of  three  and  driven  by  a 
special  machine  which  traveled  on  rails  laid  on 
the  working  platform,  as  indicated  in  the  gen- 
eral cross-section  of  the  tunnel  trench  and 
dock. 

In  order  to  assure  the  accuracy  of  driving  the 
sheet  piles  and  to  be  able  to  remove  boulders  and 
other  obstacles  that  might  be  encountered,  a  set 
of  four  steel  pilot  piles  60  feet  long  were  first 
driven  adjacent  to  the  last  wooden  pile.  Three 
of  them  were  then  withdrawn,  leaving  a  space 
in  which  the  wooden  pile  was  placed  and  driven 
to  a  somewhat  greater  depth.  The  pilot  piles 
were  driven  with  the  pile-driver  ram  aided  by 
a  150-pound  hydraulic  jet  carried  down  through 
the  center  of  the  pile.  When  any  large  boulder 
or  other  obstruction  was  encountered  which  the 
pilot  pile  could  not  displace,  a  hole  was  drilled 
in  it  and  it  was  dynamited.  The  pilot  piles 
were  built  as  shown  in  the  accompanying  detail 
and  were  driven  without  the  use  of  any  fol- 
lower, cushion  or  other  protection  to  the  head. 
After  considerable  service,  a  close  inspection 
failed  to  reveal  any  battering  of  the  heads  or 


sheathed  with  3-inch  planks,  which,  with  the 
bottom  planks,  were  calked.  On  the  12xl2-inch 
transverse  timbers,  three  rows  of  4xl2-lnch 
longitudinal  timbers  were  spiked.  On  the  floor 
of  this  pontoon  were  laid  16xl6-lnch  transverse 
timbers  8  feet  apart  on  centers;  on  them  along 
the  center  line  were  laid  a  row  of  longitudinal 
10xl6-inch  timbers,  and  two  rows  of  16xl6-inch 
timbers  6  feet  3  Inches  from  the  center  line. 
Between  these  longitudinal  timbers  the  2-inch 
plank  flooring  is  spiked  to  the  16xl6-inch  under- 
lying transverse  timbers,  as  indicated  by  the 
general  cross-section. 

The  center  diaphragm  and  skewback  pieces 
of  the  cast-iron  tunnel  lining  were  first  set 
and  then  the  other  segments  were  bolted  on  to 
complete  the  arches,  ring  after  ring  being  added 
until  the  shore  end  section  84  feet  long  was 
completely  assembled.  The  rods  and  braces 
shown  in  the  cross-section  were  added  to  secure 
the  temporary  floor,  brace  it  against  upward 
pressure  and  tie  the  arch  segments  firmly  to- 
gether. On  account  of  the  grade  and  the  vertical 
curve,  the  tunnel  shell  is  to  be  constructed  In 
three  sections  about  84  feet,  90  feet  and  90  feet 
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in  length  and  sunk  separately,  although  the  con-  torlor  concrete  was  then  fillPrt  over  the  shell,  as  was  loaded  with  timber  which  helped  to  bal- 
tractor  would  have  piepared  to  build  it  all  in  indicated  in  the  cross-section,  virtually  consplet-  last  and  trim  it,  but  floated  off  and  obviated  the 
a  single  section  if  i.ha  axis  had  been  horizontal,      ing  the  upper  half  of  the  tunnel.    The  pontoon      necessity  of  handling  It  when  the  pontoon  was 


The  skewback  sections  of  the  shell  are  made  of 
special  design  with  a  wide  horizontal  flange 
stiffened  by  vertical  transverse  webs.  To  the 
under  side  of  this  flange  is  bolted  a  steel  plate 
38  inches  wide  with  a  vertical  flange  on  the 
outer  edge.  After  the  shell  was  thus  completely 
assembled,  both  ends  of  the  semi-tubes  were 
closed  by  vertical  transverse  diaphragm  plitos 
%  inch  thick  bolted  with  tar  paper  between 
the  flanges  of  the  segments  of  the  last  two  rings. 
Access  was  provided  to  the  Interior  by  ar- 
ranging segments  of  the  shell  plates  so  that 
they  could  be  unbolted  and  removed.    The  ex- 


scuttled  and  sunk  several  feet  so  as  to  submerge 
the  lower  part  of  the  tunnel  roof  shell  until  its 
buoyancy  arrested  its  further  motion  and  It  re- 
mained stationary.    One  end  of  the  pontoon  was 
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than  removed  and.  the  latter  was  drawn  out 
from  under  the  tunnel  so  as  to  be  ready  for  the 
construction  of  the  next  section.  E^ach  6-foot 
rinc  of  the  tunnel  roof  shell  weighs  about  41,000 
pounds  and  is  covered  with  about  618  cubic  feet 
of  concrete.  The  calculated  weight  of  the  steel. 
concrete  and  timber  comprising  the  total  struc- 
ture handled  was  about  50  pounds  per  linear 
foot  less  than  its  total  displacement.  The  es- 
timated buoyancy  was  overcome  by  loading 
kww  ston^  on  top  of  the  concrete  so  as  to  give 
it  A  KlwWng  weiglit  and  enable  it  to  be  posi- 
tively controlled  by  suspending  tackles.  These 
were  attached  to  the  vertical  eye-bolts  shown  in 
th*  uuaa  auction  and  to  transverse  beams  sup- 
ptwtsd  on  the  tops  of  the  dock  piles. 

On  May  5  the  tunnel  was  lowered  in  about  an 
hoar,  to  within  abotit  2  inches  of  the  required 
position,  while  air  was  gradually  pumped  into 
it  to  decrease  possible  leakage  through  the 
false  floor  and  to  equalise  the  pressure  on  the 
latter.  Fine  vertical  wires  were  carefully  ad- 
justed on  the  center  line  of  the  tunnel  at  each 
end  and  were  aligned  by  a  transit  Longi- 
tudinal and  transverse'  tag  lines  were  attached 
to  the  tunnel  and  a  diver  was  sent  down  at  the 
shore  end  in  the  space  beyond  the  bulkhead  dia- 
phragm under  the  loose  ring  of  shell  segments. 
All  being  in  readiness,  the  tunnel  was  pulled 
longitudinally  until  it  was  in  contact  with  the 
Bliore  section  and  was  moved  transversely  until 
the  Instrumental  alignment  was  perfect,  whv^n 
additional  weight  was  placed  on  the  roof  and 
it  was  lowered  to  final  position  by  16  men 
slacking  off  on  the  16  tackles.  The  unbalanced 
weight  was  so  small  that  one  tackle  would  have 
been  strong  enough  to  suspend  It.  The  guide 
angles  on  the  wide  horizontal  flange  plates  en- 
gaged the  edges  of  the  sheeting,  on  which  the 
roof  came  to  bearing  in  exact  position.  The 
diver  bolted  the  end  flanges  of  the  tunnel  shell 
to  the  corresponding  ones  of  the  shore  tunnel 
and  the  hole  through  which  he  emerged  was 
closed  by  the  shell  segment.  The  condition  is 
therefore  such  that  air  pressure  can  be  put  on 
and  the  water  expelled  to  allow  men  to  enter 
and  cot  away  the  diaphragm  plate  close  to  the 
shell. 

At  the  time  tnis  description  was  written  the 
work  had  not  progressed  beyond  this  point.  It 
was  intended  to  drive  drift-bolts  through  holes 
in  the  horizontal  skewback  plates  and  into  the 
tops  of  the  sheet  piles  by  means  of  long  rods 
passing  through  vertical  pipes  left  In  the  con- 
crete for  the  purpose.  After  the  three  sections 
of  tube  tops,  aggregating  264  feet,  are  sunk  to 
position,  the  bottom  of  the  dredged  trench, 
which  is  now  4  or  5  feet  below  the  temporary 
floor,  will  be  excavated  as  in  an  ordinary  pneu- 
matic caisson.  The  lower  part  of  the  shell  and 
concrete  will  then  be  built  up  to  complete  the 
tunnel,  and  the  bracing  and  foundation  piles 
will  be  cut  away  to  clear  the  interior  as  the 
work  progresses.  The  upper  halves  of  the  90- 
foot  adjacent  sections  of  the  tunnel  will  be  built 
In  the  pontoon,  sunk,  connected  In  about  ten 
days  each  and  the  river  end  of  the  third  section 
will  be  Joined  to  the  bulkhead  in  the  middle 
of  the  river  which  closes  the  half  of  the  tunnel 
which  was  built  by  the  original  process. 

The  1:2:5  concrete  used  on  this  work  is 
made  with  Giant  Portland  cement  and  screened 
gravel  from  %  inch  to  2  inches  in  diameter. 
It  is  mixed  by  a  2V4-yard  Carlin  cubical  mixer 
which  is  located  on  a  scow  alongside  the  dock 
and  delivers  to  a  2^-yard  steel  bucket.  The 
mixer  Is  served  by  two  stiff-leg  derricks  which 
deliver  the  sand,  gravel  and  cement  from  at- 
tendant barges.  The  concrete  bucket  is  passed 
along  the  dock  and  dumped  wherever  required 
In  the  pontoon  by  several  stiff-leg  derricks  with 
76  and  80-foot  booms,  which  are  seated  at  tn- 
terrals  on  the  working  platform  of  the  dock. 


These  derricks  handle  all  of  the  shell  segments 
and  other  materials;  they  laid  the  300  cubic 
yards  of  concrete  on  top  of  the  first  section  of 
the  shell  in  about  8  hours. 

In  the  middle  of  the  river  where  the  third 
section  of  this  half  of  the  tunnel  will  join  the 
tunnel  from  the  opposite  shore,  there  will  be  a 
space  about  25  feet  long  between  the  last  ring 
of  that  half  of  the  tunnel  and  the  end  of  the 
section  now  to  be  built.  This  space  is  partly 
occupied  by  the  bulkhead  closing  the  end  of  the 
tunnel  and  is  provided  with  sheet  pile  walls, 
bracing  and  a  timber  deck  like  that  used  on  the 
west  side  of  the  river.  The  '/4-lnch  transverse 
diaphragm  plate  which  will  close  the  west  end 
of  the  last  section  of  this  tunnel,  will  project 
about  5  feet  above  the  roof  of  the  tunnel  so  that 
when  the  latter  Is  sunk  to  position,  it  will  lie 
in  the  plane  of  the  outer  face  of  the  existing 
timber  bulkhead  and  will  form  a  facing  for  it 
A  diver  will  secure  it  to  the  bulkhead  with 
three  rows  of  horizontal  spikes  and  with  bolts 
through  a  horizontal  flange  on  the  upper  edge 
which  engages  a  plate  in  the  timber  deck.  This 
plate    will    form    a    permanent    connection    be- 


The  Troitsky  Bridge,  St.  Petersburg. 

In  1891  the  municipality  of  St.  PetersbuiR 
decided  to  build  an  important  highway  bridge 
across  the  Neva,  and  designs  were  invited  from 
all  engineers  regardless  of  their  nationalities. 
In  October,  1892,  sixteen  plans  were  received 
from  Russian,  French,  German,  Belgian  and 
Swedish  engineers.  No  action  was  then  taken 
on  them,  but  in  June,  1894,  the  Committee  o£ 
Awards  announced  that  the  design  submitted 
by  the  Societe  de  Construction  des  Batignolles 
was  the  most  satisfactory,  and  recommended 
the  city  to  award  them  the  contract.  The  com- 
mittee wished  to  adopt  a  Russian  design,  and 
one  was  presented  by  Mr.  Sangourski,  which 
was  rejected  In  189G,  and  a  new  commission 
appointed  who  finally  adopted  the  Batignolles 
design. 

The  Troitsky  bridge,  as  the  structure  is 
called,  crosses  the  Neva  at  Souvaroff  Place 
near  Fort  Peter  and  Paul  and  the  Troitsky 
Church.  The  total  length  is  1,575  feet  and  the 
width  over  all  Is  about  79  feet.  It  has  two 
10-foot   sidewalks  and   a   59-foot  roadway  with 


Harlem   River  Tunnel:     Upper  Half  of  Shell  with  Ends  Closed;  Crown  Section  Open  for  Diver. 


tween  this  section  of  the  tunnel  and  the  con- 
necting portion  which  will  afterwards  be  built 
under  the  timber  deck,  in  the  place  where  the 
bulkhead  now  stands.  The  diaphragm  will  be 
stiffened  by  a  4x4-inch  flange  angle  around  each 
end,  and  will  be  spiked  to  the  sheet  piles  on 
both  sides.  It  will  be  made  in  several  pieces 
spliced  with  double  cover  plates  and  will  have  a 
rectangular  opening  Into  each  tube  of  the  tun- 
nel. The  position  of  the  16xt6-inch  needle- 
beams  under  the  tunnel  roof  has  been  very 
carefully  located  to  clear  the  caps  of  the  founda- 
tion piles  and  the  transverse  braces  of  the 
sheet  piling. 

Mr.  William  Barclay  Parsons  is  the  chief  en- 
gineer of  the  Rapid  Transit  Railroad  Commis- 
sioners, and  Messrs,  McMullen  ft  McBean  are 
the  contractors  for  the  work  here  described. 
Mr.  Robert  Melvln  is  the  superintendent  In 
charge,  and  Mr.  E.  B.  Maylor  is  the  resident 
engineer  for  the  contractors. 


Direct  Telephone  Communication  between 
Liverpool  and  Paris  was  established  for  the 
first  time  April  10,  It  is  stated  by  a  European 
contemporary. 


two  street  car  tracks  in  the  center.  At  one  end 
there  is  a  swing  bridge  turned  by  an  electric 
motor  operating  a  sprocket  chain  coiled  around 
the  roller  track.  It  has  a  center  pier  69  feet 
in  diameter  and  two  openings  of  84  feet  in 
the  clear.  Adjacent  to  it  there  are  five  fixed 
spans  with  center  lengths  of  189.7,  269.7,  341.2, 
269  and  284  feet,  respectively,  with  a  masonry 
arch  approach  at  the  end  opposite  the  swing 
span.  The  corresponding'  clear  openings  for 
the  different  spans  are  170.6,  249.3,  282.2,  249.3 
and  170.6  feet.  Five  of  the  river  piers  have 
caisson  foundations,  and  the  abutments  and 
the  other  river  piers  are  built  on  piles. 

The  superstructure  has  eight  lines  of  riveted 
deck  trusses.  The  top  chords  are  horizontal  ex- 
cept for  a  slight  inclination  to  secure  the  grade 
or  camber,  which  is  continuous  and  forms  a 
circular  arc  of  large  radius  intercepted  between 
the  abutments.  The  bottom  chords  of  all  of 
the  fixed  spans  are  arcs  of  circles.  The  center 
span  is  a  three-hinged  spandrel-braced  arch 
with  the  trusses  made  continuous  over  the 
piers  and  projecting  as  coimterbalancing  canti- 
lever arms  to  support  the  ends  of  short  sus- 
pended trusses  In  the  intermediate  spans.    The 
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end  spans  are  also  three-hinged  spandrel-braced 
arches,  each  of  which  transmits  its  thrusts  to 
the  abutment  masonry  at  one  end  and  at  the 
other  end  is  made  continuous  over  the  pier 
and  projects  beyond  it  with  cantilever  exten- 
sions like  those  of  the  main  span  to  carry  the 
other  ends  of  the  suspended  trusses  of  the 
intermediate  spans.  This  combination  of  arches 
and  cantilevers  is  designed  to  reduce  as  much 
as  possible  the  horizontal  thrust  at  the  skew- 
backs  of  the  center  piers.  It  was  used  by  the 
BatignoUes  Company  for  the  Viaur  bridge  and 
has  been  patented  by  them. 

The  top  and  bottom  chords  of  all  spans  have 
rectangular  trough-shaped  cross-sections  built 
up  of  plates  and  angles  with  curved  gusset 
plates  riveted  to  the  webs  to  receive  the  ver- 
ticals and  single  diagonals.  The  lower  chords 
of  the  arch  spans  are  curved  over  the  tops  of 
the  piers,  where  they  are  tangent  to  the  seg- 
mental curves  on  each  side.  They  are  seated 
on  cast-steel  shoes  engaging  the  ends  of  the 


center  line  of  the  hinge  pin,  so  as  to  hold  them 
together,  and  at  the  same  time  enclose  the 
ends  of  the  main  pin  and  prevent  its  motion 
transversely  to  the  bridge  axis.  The  adjacent 
ends  of  the  suspended  center  span  and  of  its 
supporting  cantilever  arms  have  vertical  posts 
in  the  same  transverse  planes  and  the  center 
span  is  supported  by  pins  through  slotted  holes 
in  the  feet  of  its  vertical  end  posts  which  en- 
gage the  top  chord  end  pins  of  the  cantilever 
arms. 

The  trusses  are  connected  by  shallow  plate- 
girder  floorbeams  3  feet  apart  which  are  web- 
connected  to  the  top  chords  by  light  lattice 
struts  in  the  same  planes  which  connect  the 
bottom  chords  and  by  sway-brace  diagonals 
of  single  angles  in  the  transverse  planes  of  the 
vertical  post.  The  lower  lateral  system  con- 
sists of  X-brace  angles  and  the  top  lateral 
stresses  are  taken  up  in  the  solid  buckle-plate 
floor,  which  is  made  with  single  longitudinal 
panels  spanning  the  full  width  from  truss  to 


Harlem   River  Tunnel:      Dock  and   Derricks;   Completed  Section    of  Tubes  in  Pontoon. 


cover-plates.  The  shoe  has  a  convex  bearing 
in  a  cast-steel  seat  which  rests  on  two  cast- 
iron  bolsters,  with  horizontal  and  inclined  bases 
set  in  pockets  below  the  coping  of  the  pier. 
The  thrust  bearing  of  the  truss  in  the  shoe 
and  the  bearings  of  the  pedestal  on  the  bolster 
are  made  adjustable  with  pairs  of  steel  wedges. 
The  end  spans  have  at  both  extremities  cast- 
steel  shoes  riveted  to  the  under  sides  of  the 
lower  chords  with  half-hole  bearings  on  hori- 
zontal transverse  pins  seated  in  corresponding 
pedestals.  At  the  abutment  ends  the  pedestals 
are  movable  on  rollers  with  bed  plates  which 
are  adjustable  vertically  by  pairs  of  steel 
wedges.  At  the  river  ends  the  pedestals  are 
fixed  horizontally,  but  have  similar  vertical  ad- 
justments. 

The  crown  hinges  are  made  with  pins  having 
bearings  of  about  140  degrees  in  each  of  two 
steel  castings  with  vertical  webs  bolted  to  the 
ends  of  the  trusses.  As  the  pin  does  not  en- 
gage any  full  holes,  the  joint  cannot  transmit 
longitudinal  tension,  and  there  would  be  noth- 
ing to  prevent  the  separation  of  the  pin  bear- 
ings were  It  not  for  a  pair  of  small  eye-bars 
pin-connected  to   the  opposite  trusses  on  the 


truss.  The  plates  are  leveled  up  with  con- 
crete covered  with  asphalt  on  which  double 
thicknesses  of  planks  are  laid  to  receive  the 
wood-block  pavement.  The  sidewalk  floor- 
beams  are  supported  at  the  center  on  the 
outer  lines  of  trusses,  their  inner  ends  are 
flange-riveted  to  the  main  floorbeams  and  their 
outer  ends  form  cantilevers  connected  at  the 
extremities  by  fascia  girders.  They  are  paved 
with  flagstones  set  in  concrete  filling  over  the 
buckle  plates. 

The  decorative  features  of  the  bridge  were 
designed  with  great  care  and  submitted  for 
the  approval  of  a  commission  of  the  Academy 
des  Beaux  Arts.  The  principal  embellishment 
consists  of  obelisks  at  the  ends  of  the  bridge, 
sculptured  panels  on  the  pier  faces,  ornate 
metal  hand  rails  and  cornices  and  large  elec- 
tric candelabra  between  the  spans. 

The  spans  were  all  erected  on  shore  near 
the  bridge  site  and  were  successively  loaded 
on  pairs  of  pontoons  and  floated  to  position  on 
their  piers.  The  two  semi  spans  of  the  central 
arch,  together  with  their  cantilever  projections, 
were  first  erected  and  put  in  position,  the  long 
arms  resting  on  a  temporary  pile  pier  in  the 


center  of  the  channel,  which  supported  them 
until  the  crown  hinge  joint  was  made  and  their 
adjustment  completed.  The  end  spans  were 
then  erected  and  set  on  their  piers  and  finally 
the  suspended  trusses  of  the  intermediate  spans 
were  erected. 

The  foundation  caissons  and  superstructure 
are  of  steel  and  weigh,  respectively,  2,220,000 
pounds  and  13,320,000  pounds.  The  substruc- 
ture contains  39,240  cubic  yards  of  concrete 
and  4,447  cubic  yards  of  cut  stone.  The  total 
cost  of  the  bridge  was  about  $2,800,000;  work 
upon  it  was  commenced  in  April,  1898,  and 
finished  in  November,  1902.  The  bridge  was 
illustrated  and  described  in  "Le  G^nie  Civil" 
January  23,  1904. 


Condensation    in    an    Underground    Steam 
Pipe  Line. 

Some  remarkable  figures  for  the  amount  of 
condensation  occurring  In  an  underground 
steam  pipe  line  were  obtained  this  spring  by 
Mr.  William  Wallace  Christie,  of  Paterson,  N. 
J.,  on  a  length  of  300  feet  of  4-lnch  pipe  at  the 
works  of  the  Passaic  Metal  Ware  Company, 
Passaic,  N.  J.  In  connection  with  some  im- 
provements recently  made  under  his  direction 
at  that  plant,  it  became  necessary  to  provide 
means  for  conducting  steam  some  350  feet 
from  a  detached  boiler  plant  and  It  was  de- 
cided to  run  the  steam  line  underground.  To 
learn  afterward  the  efiiciency  of  the  method  of 
insulation  adopted,  four  4-hour  tests  were  made 
on  different  days,  these  consisting  merely 
of  collecting  and  weighing  the  condensation 
formed  in  the  pipe  line  during  the  periods  in 
question. 

The  pipe  Is  inclined  upward  from  the  boiler 
house,  so  that  Its  far  end  is  4  feet  above  the 
initial  point,  or.  In  other  words,  the  pipe  Is 
sloped  upward  at  the  rate  of  16  inches  in  100 
feet.  The  pipe  is  enclosed  within  a  box  of 
1%-inch  planks,  10  Inches  square  Inside,  •*ith 
the  top  readily  removable.  The  whole,  of 
course,  rests  In  a  trench  excavated  to  receive  It. 
The  pipe  is  carried  centrally  within  the  boxing 
by  means  of  light  sheet-Iron  supports,  cut  with 
a  semi-circular  notch  for  the  pipe  and  fastened 
at  each  side  to  the  planking.  The  lumber  was 
painted  with  creosote  oil  before  nailing  and 
mineral  wool  packed  in  the  space  between  pipe 
and  planking.  The  sheet-iron  ''supports  are 
spaced  6  feet  apart  and  expansion  is  provided 
for  by  a  slip  joint  and  by  bends  at  the  ends.  At 
the  upper  end  the  boxing  is  about  1  foot  below 
ground,  and  it  is  stated  that  the  snow  over  It 
is  never  melted  during  winter  weather. 

At  the  boiler-house  end  of  the  pipe,  the  con- 
densation is  ordinarily  delivered  Into  the  boil- 
ers by  a  system  of  return  traps.  For  the  pur- 
poses of  measurement,  the  traps  were  tempo- 
rarily bypassed,  so  that  it  would  be  weighed  di- 
rectly. On  March  15,  with  the  outside  tempera- 
ture at  41  degrees  Fahr..  Mr.  Christie  says  that 
22  pounds  of  steam  were  condensed  from  1  to 
5  o'clock  In  the  afternoon;  on  March  17,  with 
the  outside  temperature  31  degrees,  23.25  pounds 
were  condensed  from  8  to  12  In  the  morning. 
On  April  8,  with  the  outside  temperature  at 
62  degrees,  18.75  pounds  were  condensed  and 
on  April  9,  with  the  outside  temperature  at  51 
degrees,  22.75  pounds.  During  all  these  tests 
the  boiler  pressure  averaged  80  pounds  by 
gauge  and  it  was  estimated  that  about  25 
boiler  horse-power  of  steam  were  transmitted. 

The  foregoing  figures  show  an  average  con- 
densation In  ihe  300  feet  of  pipe  of  5.42  pounds, 
or  0.0153  pound  per  square  foot  of  the  pipe  sur- 
face per  hour.  This  is  roughly  equivalent  to 
0.255  British  thermal  unit  per  square  foot  of  the 
pipe  surface  per  minute.  For  the  maximum 
condensation  noted,  this  figure  Is  0.275. 
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Tlie  Hew  ToA  Times  Building. 

Past  I. — OKtisjii.  Design,  Abkasokment,  Walls 

Axn  FiooBs.  FxBKFMmnxa  and  BijciriixNT. 

The  c«r«nionUl  laying  of  the  coraer  stobo 
of  the  Timee  BuUdlng  January  18.  1904.  was 
an  Intermediate  step  in  the  construction  ot 
the  lateet  and  one  of  the  most  interesting  of 
the  New  York  akyacrapers.  The  actual  con- 
struction may  be  considered  to  have  commenced 
In  January,  1903,  when  the  excavation  was  be- 
gun for  the  great  rock  pit,  rising  from  which 
there  has  l>een  built  a  steel  framework  about 
490  feet  in  height.  This  skeleton  is  being 
clothed  with  the  walls  and  floors  of  the  struc- 
ture, and  the  building  will  soon  be  in  readiness 
to  receive  its  hundreds  of  tenants  and  to  afford 
shelter  for  a  great  mechanical  and  editorial  or- 
ganisation. The  building  occupies  a  long  and 
narrow  site  enclosed  between  the  InterEection 
of  four  streets,  three  of  which  are  important 
thoroughfares  with  heavy  traffic  In  plan  it  re- 
sembles a  right-angle  triangle  with  the  vertex 
cut  off  to  make  a  20-foot  side  parallel  with  the 
58-foot  base.  The  longest  side  is  about  143  feet 
long  and  the  extreme  height  of  the  building 
above  the  curb  is  380  feet 

The  great  prominence  of  the  building,  the  fact 
that  it  occupies  an  entire  block  with  unob- 
structed street  fronts  on  all  sides  and  its  great 
height  made  the  question  of  appearance  and 
the  character  of  the  exterior  an  important  prob- 
lem. This  was  greatly  complicated  by  the  un- 
usual proportions  of  the  dimensions,  the  pe- 
culiar shape  of  the  lot  and  the  fact  that  the 
substructure  Is  Intersected  by  the  subway 
tracks  of  the  Rapid  Transit  Railroad  Company, 
which  seriously  limited  the  arrangement  of  the 
foundations  and  the  locations  of  the  main  col- 
umns, which  carry  thousands  of  tons  of  super- 
structure and  heavy  stresses  due  to  wind  pres- 
sure. The  interesting  features  of  the  excava- 
tion, foundations  and  substructure  were  de- 
scribed in  articles  printed  April  30  and  May  7. 

It  was  required  to  cover  the  entire  lot  with  a 
building  of  the  greatest  altitude  consistent  with 
these  conditions,  constructed  in  the  stiffest, 
strongest  and  most  durable  manner,  completely 
equipped  with  sanitary  and  mechanical  instal- 
lations and  presenting  a  handsome  and  imposing 
exterior.  The  purposes  of  the  building  required 
special  quarter  for  the  newspaper  staff,  numer- 
otis  offices  for  public  tenants  and  provision  for  a 
powerful  and  extensive  mechanical  plant.  To 
meet  these  conditions  it  was  determined  to  con- 
struct a  main  building  about  225  feet  high  with 
a  massive  tower  reaching  150  feet  above  Its 
roof.  To  design  this  so  as  to  secure  a  sym- 
metrical and  harmonious  exterior  was  found  to 
be  very  difficult  and  repeated  efforts  were  made 
to  find  a  motive  adaptable  to  each  of  the  four 
sides  with  their  different  angles  and  great  vari- 
ation of  dimensions.  Many  complete  elevations 
were  made  of  the  building  and  the  tower  In  or- 
der to  enable  the  design  of  each  side  to  be 
adapted  to  the  requirements  of  the  other  sides 
and  to  make  the  tower  distinct  from  the  lower 
portion  of  the  building,  while  yet  having  it  evi- 
dently Integral  with  it  The  first  three  stories 
above  the  ground  level  are  treated  as  a  base  and 
are  finished  with  Indiana  limestone.  The  re- 
mainder of  the  building  Is  faced  with  Perth 
Amtwy  glazed  brick  and  terracotta  trimmings 
with  a  sand-blast  finish  to  produce  a  dull 
matched  surface.  The  third  to  the  thirteenth 
stories  form  a  shaft,  above  which  the  remaining 
stories  of  the  main  building  are  treated  as  the 
baas  of  the  tower.  The  exterior  here  Is  very 
much  enriched  and  terminates  with  an  elaborate 
and  ornate  cornice. 

The  general  character  of  the  architecture  is 
perpendicular  Gothic,  chosen  partly  on  account 
of  the  equal  subdivisions  of  the  superstructure 


and  more  especially  because  It  was  better  adapt- 
ed to  the  varying  dimensions  of  the  long  sides 
of  the  building  and  the  four  sides  of  the  tower. 
The  next  consideration  was  to  harmonize  the 
tapering  outline  of  the  lot  and  to  secure  uulty 
between  the  tall  tower  and  the  mass  of  the 
lower  building,  which,  was  accomplished  by  the 
treatment  of  the  openings  and  the  arrangement 
of  buttresses  and  cornices.  The  steel  construc- 
tion is  emphasized  by  the  panels  between  the 
long  vertical  pilasters  in  which  the  main  wall 
columns  are  enclosed. 

Arrangement. — The  tower  will  be  chiefly  de- 
voted to  the  editorial  and  news  departments 
of  "The  New  York  Times";  the  upper  story  of 
the  main  building  will  afford  a  large  space  for 
the  compositors  and  will  be  abundantly  lighted 
by  a  clere-story  rising  above  the  main  roof. 
There  will  be  fourteen  office  floors  each  de- 
signed for  twelve  rooms  or  for  any  other  subdi- 
vision that  the  tenants  may  require.  Below  the 
street  level  It  was  necessary  to  excavate  to 
a  depth  of  about  25  feet  below  the  curb  to 
provide  for  the  Rapid  Transit  subway,  which 
occupies  a  space  about  20  feet  deep  with  a  hori- 
zontal area  equivalent  to  about  one-third  of  the 
area  of  the  main  floors  ot  the  building.  In  or- 
der to  provide  for  the  heavy  printing  presses 
and  other  machinery  where  they  would  be  en- 
tirely separate  from  the  subway  and  have  solid 
supports  Independent  of  the  steel  framework, 
the  excavation  was  carried  to  a  depth  of  about 
30  feet  below  the  subway,  and  required  the 
removal  of  approximately  25,000  cubic  yards  of 
rock. 

The  position  of  the  building  bounded  on  all 
sides  by  public  streets  secured  the  privilege  of 
sidewalk  vaults  outside  the  building  lines  and 
enabled  it  to  occupy  a  very  much  larger  area 
below  curb  level  than  above.  It  therefore  has 
dimensions  of  about  178,  108,  168  and  60  feet 
for  the  sides  of  the  three  subterranean  stories, 
thus  giving  each  of  them  a  floor  area  of  about 
16,000  square  feet,  while  the  upper  stories  have 
areas  of  6,400  square  feet.  The  space  occupied 
by  the  subway  structure  with  Its  deep  floor  and 
roof  is  included  between  the  basement  celling 
and  the  sub-basement  floor  and  cuts  off  one  end 
and  part  of  one  side  ot  those  two  stories.  The 
second  sub-basement  is  carried  down  to  give 
it  a  clear  height  ot  about  20  feet  below  the 
subway  floor  girders,  and  it  extends  over  the 
entire  area  Included  by  the  vault  walls,  and  Is 
obstructed  only  by  columns. 

The  large  presses  and  other  heavy  machinery 
are  seated  on  the  solid  rock  entirely  separate 
from  the  superstructure.  Above  the  pressroom 
there  Is  a  platform  leading  to  the  subway  sta- 
tion and  a  tunnel  to  an  entrance  on  the  opposite 
side  of  Broadway.  The  basement  contains 
rooms  intended  to  be  used  for  stores  and  shops 
adjacent  to  the  subway  station;  the  sub-base- 
ment will  be  used  for  storage  and  the  instal- 
lation of  some  of  the  mechanical  equipment  tor 
the  building,  and  the  flrst  story  will  be  devoted 
to  the  public  entrance  shops,  and  the  publish- 
ing department  of  "The  New  York  Times." 

In  the  sub-basement  the  elevator  machinery  Is 
enclosed  near  the  center  of  the  building  and  the 
remainder  of  the  floor  space,  excepting  the 
boiler-room,  forms  one  large  hall.  In  the  second 
sub-basement  there  are  permanent  enclosures 
around  a  stalr-well  and  two  elevator  shafts  and 
around  four  light  wells,  the  remainder  ot  the 
space  outside  of  the  subway  structure  being  un- 
divided. The  basement  has  several  stair  and 
elevator  Ught-well  enclosures,  besides  a  trans- 
verse hall  across  the  full  width  ot  the  south 
end  of  the  building.  The  remainder  ot  the  space 
will  be  divided  to  suit  future  requirements. 

The  flrst  floor  has  two  principal  partitions  di- 
viding It  into  large  end  rooms  and  a  central 
entrance  and  elevator  hall  about  40  feet  wide 


and  long.  The  fourteen  typical  office  floors  are 
planned  for  division  into  twelve  separate  of- 
fices when  not  otherwise  arranged  to  suit 
the  special  requirements  of  tenants.  The  four 
elevators,  stairs  and  the  public  toilet  room, 
chimney  and  pipe  shaft  occupy  a  rectangular 
hall  about  40  feet  long  and  25  feet  wide  In  the 
middle  ot  the  west  side  ot  the  building.  A  cen- 
tral corridor  about  6  feet  wide  extends  from 
end  to  end  of  each  typical  story  of  the  building 
and  the  spaces  on  both  sides  of  it  can  be  divided 
by  transverse  partitions  into  twelve  office  rooms, 
about  18  to  21  feet  long,  extending  from  the 
outer  wall  to  the  corridor.  A  single  room  20 
feet  long  occupies  the  entire  narrow  end  of 
the  building,  and  the  broad  end  is  occupied 
by  two  large  corner  rooms  and  one  small  mid- 
dle room. 

The  sixteenth  story  is  an  undivided  hall  for 
the  use  of  the  compositors  and  composing  ma- 
chinery and  is  lighted  by  windows  In  the  wall 
and  In  the  clere-story  ot  a  monitor  about  50 
feet  long  and  25  feet  wide,  which  is  located  at 
the  narrow  end  of  the  building  and  has  Its  walls 
parallel  with  the  outer  walls.  The  seventeenth 
to  the  twenty-third  stories  Inclusive  each  occupy 
the  entire  area  of  the  tower  and  have  extreme 
dimensions  ot  61  feet  8  Inches  by  58  feet  4 
inches  on  the  building  line.  They  are  served 
by  a  single  elevator  starting  at  the  sixteenth 
story  and  located  in  a  stair  shaft  which,  with 
the  smokestack  and  a  small  room,  occupy  a 
permanent  enclosure  about  18  feet  wide  and 
27  feet  long.  The  two  inner  walls  ot  this  par- 
tition contain  one  ot  the  tour  Interior  columns 
which  are  the  only  obstructions  to  the  floor 
space  in  the  tower. 

Walls,  Partitions  and  Floors. — The  vault 
walls  are  solid  red  brick  masonry  32  Inches 
thick  at  the  base  and  about  55  feet  high  up  to 
the  sidewalk  level.  They  are  self-supporting 
and  carry  three  tiers  of  floorbeams.  The  ends 
of  all  but  the  upper  tiers  have  wide  vertical 
transverse  flanges  to  give  them  bearing  against 
the  brickwork  and  enable  them  to  receive  hori- 
zontal thrust  and  transmit  it  to  the  Interior 
framework.  These  walls  are  waterproofed  with 
several  layers  of  felt  and  asphalt  and  are  backed 
with  rubble  masonry  laid  In  cement  mortar, 
filling  all  the  space  between  the  walls  and  the 
rock  excavation.  On  the  east  side  of  the  build- 
ing, where  the  rock  slopes  upwards  away  from 
the  wall,  the  wall  Is  reinforced  by  vertical  24- 
inch  I-beams  30  feet  long  built  Into  the  brick- 
work with  their  upper  ends  riveted  to  a  hori- 
zontal beam  and  their  lower  ends  bedded  in 
the  concrete  footing,  which  Is  extended  verti- 
cally and  horizontally  to  give  ample  resistance 
tor  any  external  pressure. 

The  framework  ot  the  building  Is  ot  steel-cage 
construction  practically  conforming  to  the 
standards  for  modern  railroad  bridge  work. 
Above  the  street  the  walls  are  ot  brick  30  Inches 
thick  at  the  base  and  20  Inches  thick  at  the  top 
with  stone  facing  and  terra  cotta  cornice  and 
trim,  thoroughly  anchored  to  the  steel  frame- 
work. They  are  supported  at  every  story  by 
special  girders  bracketed  out  from  the  columns 
to  carry  the  brickwork  without  any  load  from 
the  floors.  The  partitions  are  built  ot  4-Inch 
terra  cotta  hollow  blocks  laid  in  cement,  set  in 
concrete  on  the  floor  arches  and  plastered  both 
sides  with  %-Inch  ot  cement  mortar. 

The  pressroom  fioor  is  composed  ot  cinder 
concrete  from  1  to  6  feet  deep  leveled  over  the 
rock  bottom  ot  the  excavation,  enclosing  the  col- 
umn footings  and  pedestals  and  finished  with  a 
granolithic  wearing  surface.  All  other  floors 
are  made  with  terra  cotta  fiat  arches  10  Inches 
thick  up  to  spans  of  5%  feet,  above  which  they 
are  12  Inches  thick.  They  are  filled  lereled 
over  the  top  flanges  of  the  floorbeams  with  cin- 
der   concrete    and    covered    with    yellow    plno 
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flooring.  The  roof  construction  is  Bimilar  to 
tliat  of  the  floors  with  10-inch  terra  cotta  flat 
arches  filled  and  graded  wiih  cinder  concrete 
from  3  to  15  inches  thiclc  waterproofed  with 
five-ply  tar  paper  laid  in  flat  asphalt  and  cov- 
ered with  Ohio  tiles  1  inch  thiclc  laid  in  Port- 
land cement  mortar.  All  flashing  is  done  with 
20-ounce  copper  carried  16  inches  above  the  sur- 
face of  the  roof. 

Preservation  and  Fireprooflng. — Special  pains 
have  been  taken  to  protect  the  framework  of 
the  building  from  corrosion  or  other  deteriora- 
tion and  to  insure  the  preservation  and  dura- 
bility of  all  parts  of  the  structure.  The  mini- 
mum amount  of  combustible  material  has  been 
used,  and  it  is  believed  that  the  construction 
will  not  afford  material  for  a  serious  conflagra- 
tion, nor  allow  it  to  spread  through  different 
stories  of  the  building.  All  steel-work  is  thor- 
oughly painted  with  at  least  three  coats  of  red 
lead  and  linseed  oil  and  is  insulated  by  solid 
non-combustible  covering.  The  beams  and  gird- 
ers in  the  upper  stories  are  entirely  enclosed  by 
the  floor  construction,  the  exterior  columns  are 
built  solidly  into  the  walls  and  the  interior  col- 
umns are  enclosed  with  solid  fireproof  insula- 
tion. 

On-  account  of  the  great  depth  to  which  the 
structural  steel-work  is  carried  below  the  street 
surface  and  the  intimate  connection  between  it 
and  the  subway  where  there  is  a  possibility  of 
exposure  to  the  accumulation  of  gases,  addi- 
tional precautions  have  been  taken  to  guard 
against  corrosion.  All  of  the  steel-work  here 
is  plastered  to  a  thickness  of  1  inch  with  Atlas 
or  Vulcanite  Portland  cement  mortar  laid  as  the 
brickwork  was  built  up  to  enclose  it.  The  same 
protection  was  extended  to  the  deep  girders  over 
the  subway  roof.  The  interiors  of  the  box  gird- 
ers were  filled  with  grout  which  required  as 
much  as  50  barrels  of  cement  for  the  protection 
of  the  three  largest  girders. 

Up  to  10  feet  above  the  pressroom  floor  the 
interiors  of  all  columns  are  fllled  solid  with 
1:  2:  3  concrete  made  with  Atlas  Portland  ce- 
ment and  %-inch  broken  stone.  Below  the  base- 
ment floor  the  interior  columns  are  encased 
with  solid  red  brick  walls,  between  which  and 
the  steel-work  the  spaces  are  fllled  with  con- 
crete. Above  the  basement  floor  the  interior 
columns  are  enclosed  with  2-inch  hollow  tiles, 
between  which  and  the  steel  the  spaces  are 
filled  with  cement  mortar.  The  outer  surfaces 
of  the  tiles  are  finished  with  plaster  1  inch 
thick. 

The  wall  columns  are  enclosed  with  red 
brickwork,  which  is  bonded  to  the  main  wall 
and  forms  solid  buttresses  in  its  face.  The 
spaces  between  the  columns  and  the  brickwork 
are  filled  solid  with  Portland  cement.  All 
other  metal  work  is  thoroughly  enclosed  with 
some  form  of  hard-burned  fire  clay  enclosing  in- 
sulating air  spaces. 

All  doors  and  other  trim  are  of  red  oak  treat- 
ed by  the  Fireprooflne  process  and  having  the 
sectional  area  diminished  as  much  as  possible 
so  that  in  case  of  fire  and  the  possibility  of  im- 
perfect flreproofing  there  would  be  a  minimum 
of  combustible  material.  All  window  frames 
and  sash  and  all  doors  in  the  basement,  sub- 
basement  and  pressroom  and  in  the  elevator 
shaft  are  made  of  white  pine  covered  with  Kala- 
mein.  The  elevator  doors  are  glazed  with  wire 
glass  and  wooden  or  glazed  partitions  are  not 
used  in  the  building. 

Fire  protection  is  afforded  by  a  6-inch  verti- 
cal stand-pipe  reaching  to  the  roof  and  con- 
nected to  two  automatic  electric  pumps  each 
with  a  capacity  of  250  gallons  per  minute.  The 
building  is  also  equipped  with  a  complete  auto- 
matic flre  alarm  system.  The  mechanical  in- 
stallation of  the  building  is  operated  throughout 
entirely  by  electric  power,  which  will  be  derived 
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(rom  mains  Irom  thrae  different  power  housee. 
A  SOO-borae- power  battery  of  Babcock  ft  Wil- 
Wilcox  boilers  is  so  arranged  tliat  it  can  here- 
after be  modifled  for  the  development  of  steam 
power  if  necessary.  Pneumatic  pressure  will  be 
provided  to  operate  a  tube  service  and  fot  other 
purposes  and  there  will  be  a  Kenny  vacuum 
■ystejn  for  cleaning.  Water  supply  and  drain- 
ace  pipes  are  carried  in  spaces  alongside  the  col- 
uBuu  furred  out  l)eyond  the  surface  of  the  solid 
walls.  Electric  conduits  are  accessibly  run  in 
a  special  isolated  shaft  adjacent  to  the  smoke- 
stack. The  total  cost  of  the  building  is  esti- 
mated at  about  tl.300.000  exclusive  of  the  me- 
<'hyni««i  equipment  and  the  site. 

Meaara.  Cyrus  L.  W.  EidllU  and  Andrew  C. 
lIcKensie  are  the  architects  of  the  Times  Build- 
ing. Messrs.  Purdy  &  Henderson  are  the  con- 
sulting engineers,  the  George  A.  Fuller  Com- 
pany is  the  general  contractor,  the  Degnon  Con- 
tracting Company  made  the  excavation  and  the 
Carnegie  Steel  Company  furnished  the  struc- 
tural steel. 

(To  be  continued.) 


The  Mile  Rock  Steel  and   Concrete  Light- 
House,  California. 

The  Mile  Rock  light-house  and  fog-signal  sta- 
tion at  the  entrance  to  San  Francisco  Harbor, 
Cal.,  is  a  steel  and  concrete  structure  about  90 
feet  in  extreme  height  above  mean  high  water. 
It  is  designed  for  a  lantern  apparatus  of  the 
third  order  and  a  10-inch  fog  whistle,  with  the 
necessary  operating  machinery,  and  has  accom- 
modations for  three  men. 

The  light-house  is  seated  on  top  of  a  sharp 
rock  known  as  Mile  Rock,  which  originally  pro- 
jected to  a  height  of  about  20  feet  above  mean 
low  water,  with  an  irregular  contour  somewhat 
resembling  a  heart-shape  cross-section  at  the 
low  water  line.  This  rock  is  situated  in  the 
Golden  Gate  channel  three-eighths  of  a  mile 
from  the  south  shore,  and  rose  almost  vertically 
from  water  40  or  60  feet  deep,  its  high-water 
are*  being  about  1,000  square  feet.  It  is  ex- 
posed to  waves  which,  even  in  fair  summer 
weather.  Interfered  with  operations  on  it  until 
the  construction  had  been  carried  up  5  or  6 
feet  above  high-water  level.  The  tide  here  has 
a  mean  range  of  about  6  feet  and  a  very  swift 
current,  the  duration  of  slack  water  being  short. 
The  isolation  and  exposure  of  the  light-house 
made  its  construction  somewhat  difficult  and 
required  that  all  work  and  materials  should 
be  of  the  best  class  and  that  it  should  be  de- 
signed to  afford  the  greatest  strength  and  solid- 
ity. It  is  therefore  made  with  a  massive  mono- 
lithic concrete  base  34  feet  high  above  low 
water  and  a  steel  shaft  above  it.  The  top  of 
the  rock  was  leveled  at  a  height  of  about  10 
feet  above  high  water  and  about  3  feet  of  the 
sides  were  stepped  off  regularly,  as  indicated  in 
the  cross-section.  This  work  was  done  princi- 
pally by  gadding  and  by  the  use  of  very  small 
charges  of  powder  where  there  was  no  danger 
of  shattering  tt.e  permanent  rock.  The  excava- 
tion for  this  trimming  and  for  a  portion  of  the 
entrance  and  stair-well  amounted  to  approxi- 
mately 70  cubic  yards.  The  concrete  base  rests 
on  and  encloses  the  dressed  upper  surface  of 
the  rock  so  as  to  practically  form  a  ring  around 
the  top,  beyond  which  it  is  a  solid  mass  16  feet 
high  pierced  only  by  the  entrance,  stair-well  and 
fresh-water  well.  This  construction  virtually 
dowels  the  rock  into  the  light-bouse  and  affords 
a  rigid  base,  to  which  the  riveted  steel  col- 
umns of  the  superstructure  are  thoroughly  an- 
chored, thus  securing  a  structure  which  opposes 
botb  weight  and  shearing  and  bending  strength 
to  displacement  by  wind  and  waves. 

The  outline  of  the  horizontal  section  of  the. 
concrete  base  is  formed  by  two  segments  of 
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equal  ellipses  joined  by  tangent  lines  12%  feet 
long.  The  major  and  minor  axes  of  Iwth  el- 
lipses are  25  and  21  feet  long  respectively. 
The  1:  2:  4  concrete  is  made  with  cement  fur- 
nished by  the  I'nited  States  Government,  and 
was  rammed  in  4-inch  layers,  the  top  of  each 
layer  being  specially  roughened  to  make  a  per- 
fect bond.  The  concrete  was  laid  in  a  perma- 
nent steel  mould  formed  of  3-foot  courses  of  steel 
plates  %  inch  thick  and  about  8  feet  long.  The 
courses  are  made  in  alternate  large  and  small 
rings  with  telescopic  horizontal  joints  lapping 

2  Inches.  The  vertical  joints  abut  and  are  cov- 
ered with  3-inch  inside  splice  plates;  all  joints 
are  riveted.  Each  course  of  plates  was  assem- 
bled as  the  concrete  was  laid,  and  is  anchored 
to  the  concrete  by  two  courses  of  %-inch 
crooked  horizontal  bolts  12  inches  long  and  3 
feet  apart.  The  inner  ends  of  the  bolts  project 
through  a  continuous  sheet  of  expanded  metal 
parallel  to  the  shell  plates  and  12  inches  inside 
it. 

The  lower  edge  of  the  first  course  of  shell 
plates  rests  directly  on  the  surface  of  the  rock 
and  was  kept  in  place,  before  the  concrete  was 
laid,  by  1-inch  vertical  bolts  18  inches  long  and^ 

3  feet  apart,  which  were  drilled  into  the  rock 
on  alternate  sides  of  the  plate.  The  upper  part 
of  the  concrete  base  contains  a  storeroom  7  feet 
high,  with  walls  4  feet  thick.  The  thickness  of 
the  upper  part  of  the  walls  is  increased  to  6 
feet  to  make  a  curved  moulding  at  the  top  of 
the  concrete  structure  and  form  the  floor  of  a 
gallery  about  3  feet  wide  enclosing  the  lower 
story  of  the  steel  superstructure.  The  steel 
shell  terminates  at  this  point  with  a  horizontal 
3>^-inch  angle,  having  its  flanges  turned  in- 
wards, and  the  corner  rounded  to  a  radius  of 
%  inch.  The  substructure  contains  about  770 
cubic  yards  of  concrete. 

The  stair-well  is  6  feet  in  diameter  and  the 
tresh-water  cistern  is  8  feet  in  diameter  and 
10  feet  high,  with  a  reinforced  concrete  cover. 
The  entrance  passage,  4  feet  above  high-water 
level,  is  about  3%  feet  wide  and  6V4  feet  high, 
the  walls  being  protected  with  curved  flanges 
of  the  shell  plates  for  a  distance  of  about  1  foot 
at  the  outer  end.     The  entrance  is  closed  by  a 
very  heavy  door  made  with  two  thick- 
nesses of  crossed  2-inch  oak  plank.     It 
has  a   heavy   bull's-eye   window   in   a 
bronze    frame    and    has    bronze    bolts, 
hinges,  locks  and  other  trimmings  and 
a  bronze  frame  bolted  to  the  concrete. 
The  storeroom  in  the  upper  part  of  the 
substructure  has  six  windows  20  inches 
in  diameter  with  1-inch  glass  set  in  c 
heavy  bronze  frames  fitted  watertight. 

The  lower  story  of  the  steel  tower 
has  an  outline  parallel  to  and  1  foot  in- 
side that  of  the  concrete  substructure. _ 
and  is  11%  feet  high,  with  a  horizontal 
roof,  or  deck,  which  forms  an  outer  gal- 
lery around  the  base  of  the  second  and 
third  stories  18  feet  in  diameter  with 
a  combined  height  of  19  feet.  The 
fourth  story,  13  feet  4  inches  in  diam- 
eter, is  concentric  with  the  third  story 
and  is  about  8  feet  high.  The  lantern 
is  about  8  feet  9  inches  in  diameter  and 
1 1  feet  high  to  the  eaves  of  the  conical 
roof.  The  superstructure  is  made  en- 
tirely of  structural  steel  and  is  espe- 
peelally  designed  to  be  easily  accessible  for  In- 
spection, sand-blast  cleaning  and  painting. 
The  medium  steel  conforms  to  the  standard 
specifications  of  the  Association  of  American 
Steel  Manufacturers,  and  the  mill  certificate  of 
tests  was  accepted  by  the  Government. 

The  principal  framework  consists  of  four 
main  vertical  columns,  auxiliary  posts,  angle 
studding  In  the  walls,  floorbeams  and  knee- 
braces.     The    columns    consist   of    8-inch    2r,%- 
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pound  continuous  I-beams  reinforced  in  the 
lower  portion  by  pairs  of  12-inch  channels  riv- 
eted to  their  flanges  to  make  H-shaped  cross- 
sections.  They  are  seated  on  cast-iron  pedes- 
tals, anchor-bolted  to  the  concrete.  The  floors 
of  the  lower  stories  are  made  with  10  and  12- 
inch  transverse  I-beam  girders  connected  by  6- 
inch  I-beam  floorbeams,  angles  and  T-bars.  The 
upper  floors  are  made  with  transverse  longi- 
tudinal and  diagonal  I-beams  framed  together 


Sections  through  Foundation  .ind  Store  Room. 


with  their  flanges  flush.  The  ends  of  the  beams 
and  girders  are  kneebraced  to  the  vertical  I- 
beams  in  the  walls  and  to  the  main  columns 
with  %-inch  solid  plates,  giving  great  rigidity 
against  wind  stresses. 

The  engine  room  walls  have  8-inch  25%- 
pound  I-beam  posts,  and  the  upper  walls  have 
4x4-lnch  vertical  angle  studs  crimped  at  the 
ends  over  horizontal  circular  girth  angles.  The 
exterior  of  the  superstructure  is  entirely  cov- 
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Beam    Plan   of    Watch-Room    Floor. 

ered,  except  at  the  windows,  by  a  cylin- 
drical steel  shell  made  with  plates  %- 
inch  thick,  with  planed  edges  riveted 
together  with  cover  straps.       The  en- 
gine-room floor,  boat  deck  and  watch- 
room    deck    are   covered   with    14-lnch 
steel  plates  with  butt  joints,  and  cover 
plates   riveted   watertight  and   calked. 
The   other  floors  are   of  wood.       The 
light-house  is  equipped  with  a  25-foot 
wooden  derrick  boom,  tackle  and  hoist- 
ing engine  for  handling  the  boat  and 
supplies,  and  there  are  two  Hornsby- 
Akroyd  20-horse-power  oil  engines,  each  with  an 
air  compressor  of  a  capacity  of  110  cubic  feet 
per  minute  to  operate  the  10-inch  fog  whistle  at 
a  pressure  of  70  pounds.     The  air  pressure  will 
be  used  for  operating  the  hoisting  engine,  and  a 
small  pump  which  supplies  sea  water  for  cooling 
the  engines  and  for  flushing  purposes.  The  steel 
superstructure    was    completely    assembled    at 
the   shops  and  match-marked  before   shipment 
to  the  site.    Most  of  the  rivets  used  in  the  work 
are  %  inch  in  diameter. 

The  plans  and  specifications  were  prepared 
and  the  construction  supervised  under  the  di- 
rection of  Mr.  Thomas  H.  Handbury,  Lieuten- 
ant-Colonel, Corps  of  Engineers,  U.  S.  A.,  Engi- 
neer Twelfth   Light-house  District. 


The  Brake  Horse-Power  of  a  Gas  Bnoink 
can  be  conveniently  obtained  by  the  formula: 
A  X  S  X  N  -^  600,  according  to  a  Mr.  Sumner  at 
a  recent  meeting  of  the  Institution  of  Marine 
Engineers  of  Great  Britain,  in  which  formula 
A  is  the  area  of  piston,  presumably  in  square 
inches;  S  is  the  stroke  in  feet;  N,  the  number 
of  revolutions  per  minute,  and  600,  a  constant 
for  a  two-cycle  engine.  This  is  evidently  equiv- 
alent to  an  engine  developing  a  mean  effective 
pressure  of  55  pounds  at  every  working  stroke. 
The  constant  for  a  .our-cycle  engine  is  given  as 
400,  which  would  correspond  to  a  mean  effective 
pressure  of  165  pounds  per  square  inch. 


Mile  Rock  Lighthouse:      Sectional  Elevation  of  Tower  and  Foundation. 


Direct  Steam  Rauiatio.n  for  heating  was  re- 
sorted to  by  James  Watt  about  1784  or  1785, 
according  to  "The  Architect"  of  London.  In  a 
room  18  feet  long,  14  feet  wide  and  »^^  feet 
high  he  set  up  a  box  formed  with  two  side 
plates.  This  box,  placed  on  edge  near  the  floor, 
length  by  2%  feet  wide,  kept  apart  by  means  of 
stays  and  joined  around  the  edges  by  other  tin 
plates  of  bright  iron  tin,  about  SVi  feet  In 
was  supplied  with  a  single  steam  pipe,  serving 
both  to  supply  the  steam  and  drain  the  water. 
It  is  stated  that  the  effect  was  not  satisfac- 
tory, and  this  is  explained  as  largely  due  to 
the  comparatively  poor  radiating  qualities 
which  polished,  smooth  surfaces  have  been 
found  to  possess. 
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Die  Frascr  River  Bridge,  British  Columbia. 

Past  HI. — ^Thk  Swino  Span. 

The  S80-foot  swing  span  has  pla-cunnected 
Pntt  tmsaea  50  fe«t  deep  on  centers,  which 
com^ond  substantially  with  those  of  the  long 
flz«d  spans,  except  that  the  bottom  chords  are 
composed  of  built  members  throughout  and 
that  the  center  panel  is  only  19  feet  long  so  as 
to  bring  the  bearings  at  the  extremities  of 
transverse  girders  tangent  to  the  drum.  The 
top  chord  of  the  center  panel  is  composed  of 
four  8x1 9/16-inch  eye-bars.  The  top  and  bot- 
tom laterals,  portals  and  the  highway  and  rail- 
road floorbeams  correspond  to  those  in  the  fixed 
span,  except  that  the  end  floorbeams  are  car- 
ried directly  by  vertical  connection  plates 
flange-riveted  to  the  cover  plates  of  the  end 
posts. 

The  turntable  framing  is  very  simple,  and 
consists  of  two  double  longitudinal  plate-gird- 
ers web-connected  In  the  same  plane  so  as  to 
make  a  rectangular  frame,  which  is  seated  on 
the  upper  flange  of  the  drum.  This  is  a  single 
web  circular  plate-gtrder  48  inches  deep  and- 


20  feet  6%  Inches  in  diameter  on  the  center 
line.  It  has  a  %-inch  web  and  pairs  of  6x6x%- 
Inch  flange  angles,  and  is  reinforced  by  5x3^- 
Inch  vertical  web  stiffener  angles  nearly  3  feet 
apart.  The  centers  of  the  transverse  girders 
are  web-connected  to  a  longitudinal  anchorage 
girder  36  inches  deep  with  double  solid  webs 
about  12  inches  apart  These  webs  are  con- 
nected at  the  center  by  a  pair  of  vertical 
diaphragms  12  inches  apart,  and  between  them 
there  is  a  vertical  3-inch  bolt  30  feet  long  with 
the  nut  on  the  upper  end  bearing  on  the  cover- 
plate  of  the  girder.  This  rod  passes  through 
the  center  of  the  pivot  casting  and  its  lower 
end  engages  a  reaction  platform  built  into  the 
pier  masonry.  The  drum  is  centered  on  the 
pivot  casting  by  eight  radial  struts  which  are 
light  plate-girders  flush  with  its  lower  flange 
and  kneebraced  to  its  upper  flange.  The  inner 
ends  are  engaged  between  pairs  of  horizontal 
collar  plates  fitted  to  finished  shoulders  on  the 
pivot  casting.  The  upper  plate  is  locked  in 
place  by  a  circular  cap  tap-bolted  over  it.  The 
drum  is  supported  on  forty  cast-steel  conical 
rollers  with  their  axles  bolted  to  an  angle-iron 


fSt^cl  Spring  4'O.D.  ^"Wirz 


ring  on  a  horizontal  plate  centered  on  the 
pivot  casting.  The  rollers  are  joumaled  in  in- 
ner and  outer  rings,  which  are  respectively  made 
of  a  7x3V^-lnch  angle  and  a  9-inch  channel, 
both  being  spliced  together  in  four  sections. 
The  circular  rack  which  engages  the  operating 
pinion  of  the  turntable  is  made  in  sixteen  cast- 
steel  segments  with  vertical  webs  bolted  to 
radial  cast-steel  diaphragms  or  bracket  pieces 
which  connect  it  with  the  radial  webs  of  the 
track  segments. 

The  ends  of  the  bridge  are  lifted  by  cast- 
steel  wedges  driven  by  shafting  from  the  center 
of  the  bridge.  The  links  and  cranks  by  which 
they  are  operated  are,  in  most  cases,  made  of 
cast-steel  with  heavy  reinforcing  webs.  The 
latch  is  made  with  a  heavy  horizontal  bolt 
which  drops  into  a  socket  between  two  spring 
buffers.  These  are  arranged  with  sloping  sur- 
faces to  engage  the  bolt  and  are  adjustable 
so  as  to  oppose  a  variable  resistance  to  it  when 
they  gradually  absorb  the  inertia  of  the  mov- 
ing structure.  Each  buffer  is  a  heavy  steel 
casting  with  horizontal  flanges  engaging  a  bed 
plate  which  contains  stiff  spiral  springs  and  is 
bolted  to  the  pier  masonry. 

The  machinery  will  be  provided  with  hand 
gear  for  emergency,  but  will  ordinarily  be 
operated   by  an   electric   motor  located   above 
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Turntable     Mechaniem. 
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the  top  chords.  The  Interlocking  apparatus 
will  be  located  on  top  of  the  225-foot  span  at 
a  point  where  the  operator  can  see  all  river, 
bridge  and  land  traffic.  The  estimated  weight 
of  structural  steel  in  this  span  Is  1,300,000 
pounds  besides  151,000  pounds  In  the  drum  and 
operating  machinery.  The  total  weight  of 
structural  steel  in  the  bridge  is  estimated  at 
7,128,000  pounds,  exclusive  of  that  in  the  timber 
trestle.  The  159-foot  spans  weigh  344,000 
pounds  each,  the  380-foot  fixed  span  weighs  1,- 
577,000  pounds  and  the  225-foot  span  weighs 
1,470,000  pounds,  leaving  910,000  pounds  for  the 
plate-girder  spans  and  steel  bents. 

The  bridge  was  designed  by  Messrs.  Waddell 
&  Hedrick,  consulting  engineers,  Kansas  City, 
Mo.,  who  inspected  its  manufacture  and  super- 
vised its  erection.  The  Dominion  Bridge  Com- 
pany, Montreal,  Mr.  Phelps  Johnson,  manager, 
built  and  erected  the  superstructure,  and 
Messrs.    Armstrong,    Morrison    &    Balfour,    of 
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Water  Consumption  at  Pittsbui^    and    the 
Probable  Effect  of  Metering. 

Much  information  regarding  the  consumption 
of  water  In  various  cities  of  the  United  States 
has  been  collected  in  connection  with  the  recent 
estimates  for  a  filtration  plant  for  the  city  of 
Pittsburg,  Pa.,  and  special  interest  attaches  to 
this  Information  on  acount  of  its  being  com- 
piled with  the  view  of  showing  as  well  as  might 
be  the  relation  between  the  per  capita  consump- 
tion of  water  and  the  Installation  of  meters. 
In  connection  with  a  presentation  of  this  in- 
formation, advantage  may  also  be  taken  of  the 
opportunity  to  present  a  statement  of  the  con- 
ditions affecting  the  per  capita  consumption  of 
water  In  Pittsburgh.  Although  these  condi- 
tions differ  considerably  from  those  of  most 
cities.  It  Is  believed  that  the  compilation  of 
statistics  presented  herewith  can  be  relied  on 
to  show  at  least  the  general  tendency  of  tne 
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Vancouver,  were  the  contractors  for  the   sub- 
structure. 


The  Oiling  of  the  Road  Bed  of  the  San  Fran- 
cisco, Oakland  &  San  Jose  electric  railway,  to 
lay  the  dust,  prevent  the  growth  of  vegetation 
and  to  serve  as  a  means  for  uniting  the  rock 
ballast  into  a  firmer  mass,  Is  accomplished  by 
means  of  an  ordinary  tank  car  fitted  with  a 
special  device.  Two  3-inch  pipes,  hung  by 
swivel  joints,  so  that  they  may  be  lifted  to  clear 
obstructions,  are  connected  to  the  tank  to  sup- 
ply oil  both  in  the  center  of  the  track  and  be- 
yond the  rails.  Each  of  these  pipes  is  drilled 
with  5/16-inch  holes  on  %-lnch  centers  for  the 
discharge  of  the  oil,  except  for  a  distance  of  6 
inches  over  each  rail.  In  order  that  oil  may  not 
come  in  contact  with  the  rail  itself.  The  ar- 
rangement gives  a  12-foot  stream  of  oil,  and 
three  oilings  are  sufficient  for  a  year. 


infiuence  of  meters  on  consumption,  as  well  as 
to  emphasize  certain  characteristic  features 
which  often  attend  the  installation  of  meters. 
The  information  from  which  the  following  notes 
have  been  taken  was  prepared  during  the  past 
nine  months,  by  Mr.  Morris  Knowles,  chief  en- 
gineer of  the  Bureau  of  Filtration,  in  connec- 
tion with  estimates  for  filtration  projects  re- 
ported to  Mr.  B.  M.  Bigelow,  director  of  the 
Department  of  Public  Works. 

In  determining  the  present  and  probable  fu- 
ture per  capita  consumption  at  Pittsburg,  the 
population  has  been  estimated  by  taking  as  a 
basis  the  figures  given  in  the  1890  and  1900 
census  reports.  The  population  for  1903  has 
been  estimated  both  from  the  increase  in  popu- 
lation from  1897  (date  of  police  census)  to  1900, 
and  also  from  an  Investigation  of  the  increase 
in  the  school  census  and  of  the  building  per- 
mits.    The  population  of  wards  1  to  23    (that 


portion  of  the  city  except  ward  37,  lying  be- 
tween the  Allegheny  and  Monongahela  Rivers) 
has  increased  at  the  rate  of  4.9  per  cent,  per 
year  from  1900  to  1903,  and  starting  with  the 
population  of  1900  an  increase  of  40  per  cent 
in  ten  years  has  been  used  to  obtain  the  esti- 
mates for  this  portion  of  the  city  alone  up  to 
1930,  as  shown  on  one  of  the  accompanying 
diagrams. 

The  population  of  wards  24  to  36  and  38, 
known  as  the  South  Side,  has  not  been  increas- 
ing as  rapidly  as  the  rest  of  the  city,  especially 
as  the  East  End  district;  so  that  taking  the 
entire  city  into  consideration,  the  increase  In 
population  has  bee»  going  on  at  the  rate  of  40 
per  cent,  in  ten  years  since  1900.  The  ratio 
adopted  by  Mr.  Knowles  for  the  purposes  of  the 
estimate  Is  35  per  cent,  for  each  ten  years  up 
to  1930,  starting  as  before  with  1900  as  a  basis. 
The  population  of  wards  1  to  23  and  37  was 
given  in  the  1900  census  report  as  241,569,  and 
that  of  the  South  Side  as  80,047,  making  a  total 
population  for  1900  of  321,616.  For  1930  the 
estimated  population  of  wards  1  to  23  and  37 
is  685,000,  and  for  wards  24  to  36  and  38,  125,- 
000,  making  a  total  of  810,000. 

It  may  be  stated  here  that  the  commission 
composed  of  Messrs.  A.  M.  Miller,  John  W. 
Hill  and  Rudolph  Hering,  in  their  report  to 
the  Finance  Committee  of  the  City  Council, 
dated  February  27,  1904,  has  assumed  a  much 
lower  rate  of  increase  in  population  than  that 
just  given,  its  estimate  of  the  least  and  greatest 
population  being  as  follows: 

Year.  Wards  1—23  and  37. Wards  24—36  and  38. 

1900  (census).                       241,569  80,047 

1910  318,000  to  327,491  92,072  to    98,000 

1920  392,000  to  432,903  105,900  to  116,000 

1930  474,000  to  557,956  121,814  to  132,500 

1940  560,000  to  701,132  140,113  to  150,000 

1950  645,000  to  838,815  161,239  to  168,000 

The  total  quantity  of  water  delivered  to  that 
portion  of  the  city  north  of  the  Monongahela 
River  (except  ward  37)  has  been  derived  from 
the  records  of  the  Brilliant  pumping  station. 

The  machinery  at  this  station  is  all  modern, 
of  the  crank  and  fiy  wheel  type  and  in  good 
condition,  so  that  it  is  doubtful  if  much  of  the 
large  per  capita  consumption  can  be  charged 
to  inaccuracy  of  measurement  due  to  slip  of  the 
pumps,  etc.  The  average  daily  consumption 
for  1903  was  67,374,635  gallon?  and  the  maxi-" 
mum  72,764,020  gallons,  an  increase  of  8  per 
cent,  over  the  average.  The  ratio  of  increase 
of  maximum  pumpage  over  the  average  at  Bril- 
liant station  has  varied  during  1896  to  1903 
from  28  to  8  per  cent.  This  ratio  has  been 
low  in  recent  years,  due,  evidently,  to  lack  of 
sufficient  pumping  machinery;  for  during  Jan- 
uary of  the  present  year,  when  a  iiew  pumping 
engine  was  installed,  it  Increased  to  about  25 
per  cent.  The  ratio  of  increase  for  the  pump- 
age  Into  the  Bedford  Basin  from  1899  to  1902 
has  varied  from  24  to  13  per  cent.,  averaging  20 
per  cent.  After  a  careful  study  of  these  data 
and  those  of  many  other  cities  in  this  respect, 
the  ratio  of  25  per  cent,  was  adopted  by  Mr. 
Knowles  for  the  purpose  of  estimates  for  the 
future. 

Accurate  data  upon,  the  total  consumption  of 
water  for  the  South  Side  (supplied  by  a  private 
company)  have  not  been  obtainable,  but  it  is 
thought  to  be  about  17,000,000  gallons  per  day, 
or  a  little  more  than  200  gallons  per  capita. 
The  consumption  in  the  37th  ward,  which  is 
not  at  present  supplied  from  the  city  works, 
has  been  estimated  at  less  than  the  rest  of  the 
city  because  meters  are  generally  used  there. 
The  total  consumption  for  the  whole  city,  as 
determined  by  these  various  factors,  averages 
at  present  somewhat  over  90,000,000  gallons  per 
day.  The  per  capita  consumption  for  1903  for 
the  present  municipal  water  district  (wards  1 
to  23)  Is  253  gallons  per  day.    On  one  of  the 
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aeoompanyloK  diacramk  ar«  sliown  graphically 
tiM  paat  and  future  population  and  consump- 
tion of  water  aa  estimated  by  Mr.  Knowlea  for 
varloua  oondltlona.  This  diagram  was  dated' 
September  11,  1903,  ana  the  curves  for  the 
probable  results  of  metering  were  prepared  ou 
the  aaaumptlon  that  metering  would  be  begun 
in  1904  and  that  40  per  cent,  of  all  services 
would  be  metered  in  1906,  and  all  services  me- 
tered br  1910. 

The  other  diagram,  showing  the  effect  of 
meters  on  the  use  of  water,  which  was  dated 
January  25.  1904,  was  prepared  by  Mr.  Knowles 
and  Mr.  A.  B.  Shepherd,  from  data  received  in 


(the  original  waa  Z*'>x'ii)  inches)  (or  publication. 
The  line  A  B  C  is  simply  an  average  line  show- 
ing the  general  tendency.  The  line  J  N  O  shows 
the  predicted  results  for  Pittsburgh  starting 
with  the  present  quantity  of  253  gallons  per  in- 
habitant and  continuing  under  the  best  pos- 
sible metered  conditlona  and  good  restrictive 
and  Inspection  methods.  The  line  J  K  L  shows 
the  predicted  results  for  Pittsburgh  under  prob- 
able attainable  conditions,  with  an  increase  in 
Ihe  use  of  meters  of  about  13  per  cent,  per  year. 
The  following  extracts  relating  to  this  dia- 
gram have  been  taken  from  a  statement  pre- 
pared by  Mr.  Knowles  for  Director  BIgelow  of 


first  ten  per  cent.  haB  been  metered,  it  may  be 
talcen  as  a  general  concluHion  that  in  order  to 
iieep  the  consumption  down  to  the  point  thus 
obtained,  it  will  be  necessary  to  keep  on  add- 
ing meters  in  greater  and  greater  proportion. 
This  is  seen  upon  the  diagram  by  the  lines  rep- 
resenting Hartford,  Duyton,  Lawrence  and 
Sioux  City. 

In  many  places  it  will  be  seen  that  after  there 
has  been  a  reduction  in  consumption  due  to  the 
liberal  introduction  of  meters,  if  this  has  not 
been  kept  up,  the  consumption  goes  back  to 
former  figures  or  even  increases  to  greater 
(luantitles    than   previously   obtained.    This   i.s 
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replies  to  letters  which  were  -sent  to  all  cities 
in  the  United  States  having  a  population  of 
25,000  or  more.  Answers  were  received  from 
107  places,  and  the  results  for  74  of  these  were 
plotted  on  the  original  diagram.  It  was  found 
ImpoMible  to  plot  them  all,  because  of  the  con- 
fuaed  appearance  that  would  result,  and  as 
many  places  remained  stationary  either  In  the 
number  of  services  metered  or  In  the  consump- 
tion per  Inhabitant,  only  a  few  of  these  latter 
were  shown.  The  numtier  of  places  has  been 
Htm  further  curtailed  in  the  accompanying  dia- 
gram because  of  the  necessary  reduction  In  size 


the  Department  of  Public  WorkH,  under  date  of 
.January  25,  1904.  It  Is  still  true  that  the  gen- 
eral tendency  is  downward,  with  an  increase  in 
the  use  of  meters,  1.  e.,  llie  use  of  water  is  less. 
There  are,  however,  some  notable  exceptlonB, 
especially  among  the  wealthy  and  prosporouB 
cities.  The  first  ten  per  cent,  of  neivlces  me- 
tered shows  a  greater  reduction  than  when  any 
subsequent  number  is  Introduced  to  the  same 
proportion.  This  la  probably  due  in  part  to 
education  and  discussion,  and  also  to  the  prob- 
ability that  the  first  meters  were  placed  upon 
the  worst  wasters  of  water.  However,  after  the 


noticed  in  Detroit,  Yonkers  anil  OolumbuH  prior 
to  1900.  In  many  places,  also,  an  increase  in 
the  use  of  meters  does  not  teem  to  be  sufficient 
to  offset  the  Increased  demand  for  water,  aa 
may  be  seen  in  Washington,  Sandusky  and  Paw- 
tucket. 

Of  all  the  cities  on  the  diagram,  those  the 
most  nearly  comparable  to  Pittsburgh  are  Co- 
lumbus and  Cleveland,  since  1901.  The  former 
has  increased  during  that  time  Its  per  cent,  of 
services  metered  from  33.3  to  63.4,  and  the  lat- 
ter from  6  to  41.2  per  cent.,  or  an  average  in- 
crease of  33   per  cent.     The   reduction   per  in- 
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habitant  in  the  former  case  is  'rom  165  to  142 
gallons  per  day,  and  in  the  latter  case  from 
168  to  147.  The  reduction  In  each  case  being 
about  in  the  same  i)roportion,  the  slope  of  the 
two  lines  on  the  diagram  does  not  differ  mate- 
rially. 

The  line  JKL  on  the  diagram  shows  the 
probable  result  for  Pittsburgh  with  an  Intro- 
duction of  meters  fully  as  rapid  as  has  been 
accomplished  in  Columbus  and  Cleveland.  It 
will  be  seen  that  the  slope  of  this  line  is  fully 
as  great  as  either  the  line  for  Columbus  or  for 
Cleveland,  and  the  upper  part  of  the  Pittsburgh 
line  is  even  steeper.  While  it  does  not  reach 
to  so  low  a  figure  in  the  same  number  of  years 
as  at  either  Cleveland  or  Columbus,  it  must 
be  remembered  that  the  starting  point  is  very 
much  higher  and  among  the  highest  figures  In 
the  world.  It  may  also  be  noticed  that  at  cer- 
tain points  the  Pittsburgh  line  is  not  higher 
than  the  corresponding  point  for  Birmingham 


the  large  per  capital  consumption  of  water  at 
the  present  time  in  Pittsburgh  may  doubtless 
be  charged  to  leaks  in  the  older  lines  of  water 
pipes,  a  loss  which  will  not  be  changed  at  all 
by  the  introduction  of  water  meters,  and  can 
only  be  corrected  from  time  10  time  as  the  leaks 
are  discovered,  upon  tapping  the  mains  for  new 
service  pipes,  and  then  only  in  degree.  This 
loss  can  only  be  remedied  by  laying  bare  the 
old  pipes  and  going  over  the  joints,  a  proposi- 
tion which  could  not  be  seriously  considered. 
"In  making  our  estimate  on  the  probable  re- 
duced consumption  of  water,  by  reason  of  the 
general  introduction  of  water  meters,  we  do 
not  believe  it  safe  to  assume  the  per  capita  con- 
sumption of  water  at  less  than  200  gallons  per 
day  for  Pittsburg,  and  160  gallons  per  day  for 
the  South  Side.  Upon  this  basis  the  works 
recommended  at  the  present  time  would  be  suf- 
ficient until  1918,  1.  e.,  no  additions  will  be 
required   for  the  works  before  that  date,  pro- 


mended  only  up  to  66-foot  spans.  Channel  or 
I-beam  stringers  must  be  used  and  must  be  web- 
connected  on  one  side  to  a  full-length  vertical 
web-stiffener  angle  and  to  another  vertical  angle 
on  the  opposite  side  which  is  short  enough  to 
clear  the  stronger  flanges.  The  shapes  from 
which  web  members  of  lattice  girders  are  built 
must  be  connected  by  tie  plates  rather  than 
long  continuous  rows  of  rivets,  but  I-beams  are 
especially  recommended  for  such  members  and 
latticing  is  prohibited  in  them.  It  is  consid- 
ered that  pin  bearings  and  roller  beds  are  ad- 
vantageously combined  for  short  span  bridges 
by  supporting  their  ends  on  single  rollers.  Offi- 
cial tests  are  made  with  two  85-ton  locomotives 
followed  by  39-ton  tenders  and  26-ton  cars. 
Counters  are  proportioned  for  a  50  per  cent,  in- 
crease of  this  load.  Wind  pressures  are  as- 
sumed at  51  pounds  and  30.7  pounds  per  square 
foot  for  unloaded  and  loaded  spans  respectively. 
The  maximum  unit  stresses  for  mild  steel  vary 
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J,K,L    Pittsbwyh,  predicted  results  under  probable  attainable  conoliftons, 
inc.reas9  of  meters    13 percent  pery^arr. 

J  ,N  ,0     Pittsburgh,  prwiictecl  results  under  best  possible  conditions  - 
of  m»ierinq   and  inspection. 
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Diagram    Showing    the    Effect    of    Meters    on    the  Use  of  Water  in  Various  Cities. 
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and  Sandusky.  It  does  not  appear,  therefore, 
that  the  rate  predicted  for  Pittsburgh,  when 
plotted  upon  this  diagram,  in  its  relation  to 
other  places  in  the  country,  is  too  conservative 
for  it  at  least  provides  for  more  water  than  It 
is  reasonable  to  expect  will  be  called  for.  This 
point  is  important,  as  some  of  the  daily  press 
think  provisions  for  one-half  or  one-third  of 
the  present  purpose  will  be  sufficient  within  a 
few  months  after  beginning  to  install  meters. 

Regarding  the  reduction  of  water  waste  by 
the  introduction  of  meters,  Messrs.  Miller,  Hill 
and  Hering  state:     "A  material  percentage  of 


vided  the  introduction  of  meters  is  carried  out 
as  recommended  in  the  report  of  the  Filtration 
Commission  of  January,  1899,  which  recom- 
mendation we  cordially  approve." 


Pbussian  Steel  and  Iron  Railroad  Bridges 
are  regulated  by  a  code  of  instructions  issued 
nine  years  ago  by  the  minster  for  public  works 
and  recently  revised.  According  to  "The  En- 
gineer," London,  the  first  requirement  is  that 
all  bridges  shall  be  built  of  masonry  except  in 
cases  where  it  is  Impracticable  or  absolutely 
disadvantageous.      Plate    girders    are    reconi- 


from  5.4  to  6.3  tons  per  square  inch,  when  wind 
pressure  is  included  or  excluded  in  66-fool 
spans,  to  7  and  8  tons  respectively  for  660-foot 
spans.  These  stresses  are  reduced  10  per  cent, 
for  welded  members.  A  sliding  scale  is  also 
provided  for  the  values  of  rivet  shears  which 
are  taken  at  10  per  cent,  less  than  the  unit 
stresses  where  wind  pressure  Is  neglected.  The 
writer  asserts  that  American  engineers  have 
built  numerous  plate-girder  spans  up  to  150  feet 
long.  To  the  best  knowledge  of  this  journal 
spans  of  about  131  feet  are  maximum  here,  and 
these  are  very  rare. 


Heating   and   Ventilating  a    Works 
Building. 


Office 


An  instructive  example  of  good  practice  $n 
the  proTlsions  for  heating  and  ventilating  the 
type  of  detached  office  building  forming  part  of 
the  modern  industrial  establishment  is  pre- 
sented in  the  accompanying  illustrations.  They 
show  the  general  characteristics,  together  with 
some  details,  of  the  plant  that  has  been  installed 
for  the  administration  building  of  the  American 
Bridge  Company,  at  Ambrldge,  Pa.  It  will  be 
remembered  that  in  the  latter  part  of  last  year 
and  in  the  early  issues  of  the  present  volume  an 
extended  series  of  articles  was  presented,  cover- 
ing chiefly  the  structural  details  of  the  shop 
buildings  and  some  of  the  special  machinery  de- 
signed for  them.  The  class  of  heating  plant 
that  has  been  installed  in  this  office  building  Is 
that  in  which  direct  radiation  is  depended  on 
for  heating,  but  mechanical  ventilation  is  pro- 
vided for,  with  a  circulation  of  the  warm  air 
under  pressure — that  is,  on  the  plenum  system 
— so  that  the  air  within  the  building  is  at  a 
Blight  pressure  above  that  of  the  atmosphere, 
thereby  tending  to  offset  the  inleakage  of  cold 
air  through  the  walls  and  openings.  In  the  fol- 
lowing account  some  reference  will  be  made  to 
the  figures  underlying  the  calculation  of  the  sys- 
tem. As  indicated  in  the  detail  sketches,  there 
Is  a  device  for  washing  the  air,  in  accordance 
with  a  practice  that  is  now  in  vogue  in  parts 
of  Pennsylvania  where  the  air  is  more  or  less 
charged  with  smoke.  The  indirect  heaters  are 
of  a  special  design  and  intended  to  receive  cold 
water  during  summer  for  cooling  the  air  sup- 
ply. 

The  building  is  a  three-story  and  basement 
structure,  H-shape  in  plan,  with  a  court  at  both 
the  front  and  rear,  each  66x100  feet  in  size. 
The  ground  area  of  the  building  proper  is  ap- 
proximately 19,000  square  feet  and  the  cubic 
contents  are  900,000  cubic  feet  Each  of  the 
wings  are  approximately  45  feet  in  width,  as  is 
also  the  connecting  part  of  the  letter  H,  and  on 
the  first  fioor  there  is  a  corridor  running 
through  the  center  of  each  wing  as  well  as 
through  the  center  portion,  with  offices  on  both 
sides.  The  two  stories  above  are  devoted  largely 
to  drafting  rooms  and  are  undivided,  except  for 
superintendents'  offices  at  each  end  of  the  con- 
necting pavilion.  The  basement  is,  of  course, 
partly  given  up  to  the  mechanical  apparatus  of 
the  plant  The  walls  of  the  building  are  of 
brown  paving  brick  and  the  roof  is  flat,  cov- 
ered with  concrete.  The  floors  are  of  rein- 
forced concrete  construction. 

In  laying  out  the  plant  it  was  found  that 
some  2,800  square  feet  of  heating  surface  In 
boiler  capacity  would  be  required  and  It  was 
decided  to  install  four  boilers,  each  of  which 
has  737  square  feet  heating  surface.  The  build- 
ing is  symmetrical  with  respect  to  the  center 
line  across  the  connecting  pavilion,  and  It  was 
decided  that  the  plant  for  both  heating  and 
ventilating  could  best  be  divided  into  two  parts, 
for  the  two  symmetrical  halves.  Two  of  the 
boilers  were  accordingly  placed  In  one  part  of 
the  basement  and  the  other  two  in  a  corre- 
sponding position  In  the  other  side.  For  venti- 
lation a  change  of  air  four  times  per  hour  was 
determined  on,  and  this  meant  for  the  part  of 
the  building  to  be  ventilated  directly,  a  supply 
of  about  43,000  cubic  feet  of  air  per  minute.  In 
the  decision  to  divide  the  plant  Into  two  parts, 
two  fans  were  finally  considered,  giving  a  mini- 
mum length  of  ducts  and  flues  to  serve  its  cor- 
responding portion  of  the  structure.  It  will 
thus  be  seen  also  that  the  boiler  plants  supply 
the  radiating  service,  both'dlrect  and  indirect, 
with  a  minimum  length  of  piping.  Each  half 
Is  Independent  of  the  other,  Woth  as  to  steam 
piping  and  to  air  ducts,  but  in  the  event  of  tem- 
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porary  disability  of  the  one  section,  the  other 
section,  largely  through  the  circulation  of  air, 
could  be  depended  on  to  heat  the  whole  build- 
ing temporarily  to  some  extent 

Taking  up  first  the  beating  apparatus,  the 
system  for  half  the  building  only  will  be  con- 
sidered. The  two  boilers  are  of  the  water-tube 
type  known  as  the  Wharton-Harrison  safety 
boiler,    made   by    the   Harrison    Safety   Boiler 
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radiation,  under  severe  weather  conditions.  If 
each  square  foot  of  direct  radiation  is  rated  at 
250  British  thermal  units  per  hour,  it  will  be 
seen  that  this  is  equivalent  to  the  condensation 
of  2,750  pounds  of  steam  per  hour  in  the  entire 
system  served  by  the  two  boilers.  The  evapora- 
tion of  this  amount  of  steam  is  again  equivalent 
to  the  unit  evaporation  of  1.9  pounds  per  square 
foot  of  heating  surface  in  the  boilers  per  hour. 


I'Pipts  Pvforafed  an  Top 
mth  ^'HcJm,  spaced  4* apart- 
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Arrangement  of  One  of  the  Blower  Units 


Part  Plan  of  tlie  Basement 
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Works,  and  each  has,  as  stated,  737  square  feet 
of  heating  surface.  Their  grate  area  Is  21.25 
square  feet.  Indicating  a  ratio  of  heating  to 
grate  surface  of  34.6  to  1.  Each  boiler  is  com- 
posed of  five  sections  of  tubes.  The  grates  are 
of  the  herring-bone  pattern  of  7/lG-lnch  square 
mesh.  Each  pair  of  boilers  is  set  in  a  single 
battery.  The  total  amount  of  direct  radiation 
connected  to  one  pair  of  boilers  is  approxi- 
mately 3,825  square  feet  and  the  total  amount 
of  Indirect  heating  surface  is  about  1,200  square 
feet.  Assuming  the  latter  is  equivalent  in  its 
capacity  to  condense  steam  to  six  times  as  much 
direct  radiation,  each  boiler  may  be  regarded  as 
required  to  supply  11,000  square  feet  of  direct 


The  pair  of  boilers  supplies  a  6-inch  main 
steam  line  which  is  carried  around  the  base- 
ment as  shown  in  the  part  plan  of  the  basement 
floor.  The  radiation  on  the  first  floor  and  the 
small  amount  in  the  basement  story  are  sup- 
plied from  a  separate  system  of  pipes  from  that 
feeding  the  radiation  on  the  second  and  third 
floors.  Generally  the  one-pipe  system  Is  em- 
ployed. For  the  two  upper  floors  each  supply 
riser  feeds  radiation  on  both  sides  of  it  and  the 
condensation  is  returned  through  return  risers, 
draining  the  adjacent  radiators.  In  other  words 
the  supply  and  return  risers  alternate  around 
the  outside  walls  of  the  building,  each  supply 
riser  distributing  to  radiation  on  both  sides  of 
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it  on  each  floor,  and  each  return  riser  receiving 
the  water  from  radiation  on  both  sides  of  it  on 
each  floor.  The  blowers  are  driven  by  electric 
motors,  supplied  with  current  from  the  central 
power  station  built  for  the  works,  and  low  pres- 
sure steam  can  thus  be  carried,  with  a  return  of 
condensation  by  gravity. 

The  office  building  is  on  the  opposite  side 
of  the  P.  P.  W.  &  C.  Railway  from  the  works, 
and  it  was  not  considered  expedient  to  con- 
duct steam  for  the  distance  required,  and  it 
was  partly  for  this  reason  that  the  separate 
boilers  were  installed  in  this  building.  There 
are  a  few  direct  radiators,  which  are  of  the 
cast-iron  loop  pattern,  some  wall  radiators  un- 
der the  windows  in  the  smaller  rooms,  each  of 
these  consisting  of  two  sections  of  radiator, 
each  of  7  square  feet  of  surface,  but  the  direct 
radiation  is  mainly  composed  of  1^-inch  pipe 
colls  with  return  bends.  The  condensation  from 
the  indirect  coils  collects,  of  course,  at  a  level 
too  low  to  be  delivered  into  the  boilers  by  grav- 
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normal  delivery  Into  the  building  of  43,000  cubic 
feet  of  air  per  minute,  without  any  special 
means  for  the  extraction  of  the  air,  beyond  the 
points  of  egress  that  always  exist  in  such  a 
building,  except  that  there  are  two  disk  exhaust 
fans,  for  creating  an  outflow  from  a  blueprint- 
ing room  and  the  toilet  rooms,  the  amount  of  air 
so  removed  being  approximately  11,000  cubic 
feet  per  minute. 

The  fresh  air  blower  outfit  is  of  the  type  in 
which  the  heating  coils  are  on  the  blast  side. 
The  location  of  the  blower  is  indicated  in  the 
accompanying  engravings.  Each  is  arranged  to 
receive  air  through  three  adjacent  basement 
windows,  which  are  fitted  with  galvanized  iron 
screens  made  of  No.  10  wire  with  lV4-inch  mesh. 
These  can  be  closed  by  metal-covered  shutters 
swung  inside  of  the  windows  and  operated  with 
a  chain  and  pulley.  Each  blower,  which  has  a 
three-quarter  steel-plate  housing  with  a  blast 
wheel  6  feet  in  diameter,  is  belt-driven  from  a 
lO-horse-power  Westinghouse  motor.  By  means 
of  rheostats  and  starting  boxes  each  unit  is  ar- 
ranged for  operating  at  four  speeds,  namely: 
160,  200,  240  and  280  revolutions  per  minute.  It 
is  at  the  speed  of  200  revolutions  that  each 
blower  is  counted  on  to  deliver  under  the  exist- 
ing conditions  the  normal  amount  of  air,  that  is. 
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Part   Plan  of  the  Second   Floor;    Detail  of 
Air  Drying   Apparatus. 


ity,  and  for  these  a  No.  2%  Quimby  rotary 
pump,  direct-connected  to  a  1-horse-power  West- 
inghouse motor,  is  provided  for  each  of  the  two 
blower  outfits.  These  pumps,  it  may  be  said  in 
passing,  are  controlled  by  a  No.  1  Kleley  pump 
govern  ar  connected  to  the  returns  from  the  in- 
direct heaters  in  such  a  way  as  to  make  and 
break  the  circuit  to  the  pump  motor,  as  occasion 
demands.  The  direct  radiation  is  depended  on 
for  heating,  as  already  stated,  and  the  total 
amount  shows  a  ratio  of  building  contents  to 
radiation  of  118  to  1.  On  the  basis  of  the  vol- 
umes in  the  first,  second  and  third  stories,  these 
ratios  are  104,  116.5  and  109  to  1. 
TUe  tentllaUng  apparatus  provides  for  tlie 


21,500  cubic  feet.  The  blowers  were  built  by 
the  Buffalo  Forge  Company  and  are  of  their 
standard  design  for  this  class  of  work.  In  the 
discharge  from  the  blower  is  placed  the  washing 
device  and  to  protect  this  against  freezing,  a 
tempering  coil  Is  interposed  between  the  blower 
and  the  washer. 

The  tempering  coil  consists  of  one  section  of 
1-inch  pipe  coil,  30  pipes  wide,  4  pipes  deep  and 
6  feet  high,  presenting  all  told  about  240  square 
feet  of  heating  surface.  Beyond  the  washing 
apparatus  is  the  main  heater,  which  comprises 
four  sections  of  coils  of  the  same  dimensions 
as  the  tempering  coil  or  a  total  of  960  square 
feet  of  surface.     These  colls  are  designed  to 
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warm  the  air  for  delivery  Into  the  rooms  at  a 
temperature  of  70  to  80  degrees  Fahrenheit. 
In  construction,  these  so-called  coils  are  un- 
usual. Instead  of  groups  of  single  pipes 
screwed  into  a  common  base,  each  1-incb  pipe 
has  within  it  a  separate  ^-inch  pipe,  and  the 
common  base  has  two  compartments,  one  over 
the  other.  The  %-inch  pipes  are  screwed  into 
the  top  of  the  lower  compartment,  that  is,  in  the 
partition  between  compartments,  passes  upward 
through  the  upper  compartment  and  is  open  at 
the  top.  Each  of  the  1-inch  pipes  encloses  the 
smaller  pipe,  is  screwed  into  the  top  of  the 
upper  compartment  and  is  capped  at  the  top. 
The  inner  pipe  does  not  quite  reach  the  closed 
top  of  the  outer  pipe,  and  the  steam  admitted 
into  the  lower  compartment  passes  from  the 
tops  of  the  %-inch  pipes  into  the  1-inch  pipes, 
whence  the  condensation  is  mainly  collected  in 
the  upper  compartment  and  drained  off.  The 
walls  and  partition  of  the  base  are  %  inch 
thick,  except  the  top,  which  is  %  inch  thick,  and 
both  chambers  are  8%  inches  wide;  the  steam 
chamber  is  3%  inches  high  and  the  return 
chamber,  3  inches. 

The  air-washing  apparatus  includes  a  device 
for  drying  the  air.  The  washer  consists  of  a 
brass-wire  screen  of  %  inch  square  mesh  set  in 
a   brass   channel   frame,   at  an  angle  of  2214 
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degrees  with  the  perpendicular.  It  extends 
from  the  bottom  to  the  top  of  the  chamber  be- 
tween tempering  and  heating  coils,  so  that  all 
air  must  pass  through  it.  At  a  distance  of  12 
inches  behind  the  screen  are  five  1-inch  pipes 
equally  spaced,  as  indicated,  each  of  these  hav- 
ing a  row  of  1/16-inch  holes  4  inches  apart 
along  the  top.  One  end  of  each  of  these  pipes  is 
capped,  while  the  others  are  connected  to  a  1%- 
inch  pipe  header  outside  of  the  casing.  An  elec- 
trically-driven Quimby  pump,  capable  of  han- 
dling 500  gallons  per  hour,  delivers  into  the 
header.  A  pan  is  provided  under  the  washer  to 
collect  the  water  and  this  can  be  drawn  off  and 
connected  to  the  suction  ot  tlte  pump  for  use 
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over  and  orer  again.  The  dryer,  placed  tx-yonrt 
the  washer,  consists,0f  a  system  of  baffle  plates 
constructed  of  No.  20  galvanized  iron.  As  indi- 
cated in  an  accompanying  detail,  the  plates  are 
set  at  an  angle  of  45  degrees  with  the  direction 
of  the  air  flow  so  that  the  air  passing  througli 
them  has  to  take  a  xigzag  course  and  water  is 
caught  by  the  hooked  edges.  Theru  are  eight 
rows  of  these  baffle  plates  and  the  width  of  the 
casing  is  6  feet  6»4  inches  so  that  there  are 
about  twenty-six  plates  in  each  row  across  the 
air  duct,  or  over  two  hundred  baffle  plates  alto- 
gether. The  water  caught  by  them  drains  also 
to  the  water  pan  to  which  the  pump  suction  Is 
connected. 

The  run  of  air  ducts  is  a  -oroparatively  sim- 
ple one.  Air  is  supplied  to  the  first,  second  and 
third  Ftories  only.  As  shown  in  the  part  base- 
mcnt  plan,  the  main  duct  delivers  to  nine  dif- 
ferent flues.  Three  of  these  conduct  the  air  to 
one  of  each  of  the  three  floors,  one  flue  for  the 
forward  part  of  the  corresponding  wiug,  the  sec- 
ond for  the  rear  part  of  that  wing  and  the  third 
for  the  corresponding  half  of  the  connecting 
pavilion.  The  part  plan  of  the  first  Door  is 
typical  of  the  duct  systems  for  the  other  floors. 
Each  flue  terminates  into  a  ceiling  duct  which 
is  carried  along  the  center  line  of  the  portion 
to  be  supplied  and  pairs  of  outlets  branch  from 
this  duct  with  more  or  less  flaring  outlets  to 
which  registers  are  fixed.  The  air  distributing 
systems  in  the  wings  on  the  second  and  third 
floors  differ  from  that  on  the  first  in  that  there 
are  ten  outlets  instead  of  nine,  but  all  are  14 
inches  square.  If  an  allowance  for  an  increase 
in  volume  is  made  for  the  rise  in  temperature 
of  the  air  after  its  passage  through  tha  heaters, 
it  will  be  found  under  the  normal  condition  of 
fan  operation  that  the  velocities  in  the  main 
ducts  in  the  basement  are  about  1,600  feet  per 
minute,  that  the  flue  velocities  average  about 
7(K)  feet  per  minute  and  that  the  discharge 
through  the  registers,  allowing  25  per  cent,  of 
the  gross  opening  for  the  grill-work  of  the  regis- 
ters, takes  place  at  about  320  feet  per  minute. 
The  variation  in  the  proportions  of  the  ducts  as 
the  branches  are  taken  from  them  is  indicated 
in  the  drawings. 

For  summer  operation  an  interesting  provis- 
ion has  been  made  for  pumping  cold  water 
through  the  pipe  coils  of  the  steam  heaters  for 
cooling  the  air  discharged  over  them  by  the 
blower.  Their  construction  by  which  the  cir- 
culation can  be  made  positive  has  already  been 
described.  This  water  is  to  be  delivered  by  the 
house  pump,  the  water  entering  the  system 
through  a  T  provided  for  that  purpose  in  thn 
steam  pipe  and  leaving  it  at  the  return  line  from 
each  heater  at  a  point  between  the  cut-oft  valve 
and  the  heater.  This  cooling  arrangement  is  cal- 
culated to  produce  a  reduction  of  6  to  10  de- 
grees in  the  temperature  of  the  air.  In  view  of 
the  fact  that  the  scheme  has  not  yet  had  an  ex- 
haustive test,  the  following  theoretical  consid- 
eration will  be  of  Interest.  The  cooling  of  21,- 
600  cubic  feet  of  air  per  minute  through  6  de- 
grees will  require  the  abstraction  from  the  heat 
ronUined  In  the  air  of  2,350  British  thermal 
units  over  one  minute.  This  is  equivalent  to 
the  absorption  by  the  heater,  now  used  as  a 
cooler,  with  its  960  square  feet  of  surface,  of 
2.44  thermal  units  per  minute  per  square  foot. 
If  it  is  assumed  that  the  air  is  cooled  C  degrees 
from  an  outside  temperature  of  80  degrees,  the 
mean  temperature  of  the  air  while  passing  by 
the  outside  of  the  pipes  is  77  degrees.  If  again, 
for  the  purposes  of  this  calculation,  it  is  as- 
sumed that  the  water  enters  the  pipe  coils  at 
50  degrees  and  passes  out  at  65  degrees,  the  rise 
in  temperature  will  be  15  degrees,  giving  the 
water  a  mean  temperature  of  57%  degrees.  The 
difference  In  temperature  between  the  water 
and  the  air  Is  thus  19%  degrees,  so  that  if  a 


cooling  action  of  6  degrees  Is  realized,  the  cool- 
ing coils  will  abstract  7.5  thermal  units  per 
hour  per  square  foot  per  degree  difference  of 
temperature.  Again,  the  amount  of  water  which 
heated  15  degrees,  will  absorb  2,350  thermal 
units  in  a  minute  is  156.6  pounds  or  19  gallons. 
Similarly  it  can  be  shown  that  for  10  degrees 
cooling  of  the  air  the  pipe  coil  surface  would 
have  to  absorb  3,980  thermal  units  per  minute 
or  14  thermal  units  per  minute  per  square  toot 
per  degree  and  that  the  corresponding  amount 
of  water  would  be  32  gallons.  Of  course,  those 
figures  assume  an  parts  of  the  pipe  cooling  sur- 
face in  more  or  less  active  participation. 

The  exhaust  system  is  comprised  in  two  30- 
inch  disk  fans  in  the  attic  of  the  building  draw- 
ing from  flues  and  discharging  into  the  atmos- 
phere through  a  32-inch  Emerson  ventilator  in 
each  case.  One  of  these  fans  is  located  over  the 
connecting  pavilion  where  it  takes  care  of  the 
exhaust  from  the  toilet  rooms  located  at  the 
stairways,  while  the  other  Is  over  one  of  the 
wings,  at  the  top  of  the  28x30-inch  flue  drawing 
air  from  a  blueprint  room  in  the  corresponding 
section  of  the  basement.  Each  of  these  fans  is 
direct-connected  to  a  motor  and  normally  run 
at  a  speed  of  400  revolutions  per  minute. 

The  plans  for  the  heating  and  ventilation  of 
the  office  building  were  laid  out  by  the  Thomp- 
son-Starrett  Company,  of  New  York,  under  the 
supervision  of  Mr.  James  Christie,  mechanical 
engineer  of  the  American  Bridge  Company. 


Some   Operating   Figvires    of   a   New   York 
Office  Building. 

Some  figures  relating  to  the  operation  of  a 
New  York  office  building  have  been  received 
from  Mr.  J.  D.  Wilson,  Jun.  Am.  Soc.  M.  E.,  of 
New  York.  The  data  give  the  cost  of  operation, 
with  a  statement  of  the  general  conditions  ob- 
taining, and  allow  for  some  interesting  calcu- 
lations with  respect  to  the  elevator  plant.  The 
building  in  question  is  one  having  112,000 
square  feet  of  rentable  floor  space  and  is  19 
stories  in  height  besides  a  basement,  which  is 
given  over  to  the  mechanical  plant. 

The  scope  of  the  mechanical  plant  may  be  in- 
dicated in  general  terms  as  follows:  The 
steam-generating  equipment  comprises  three 
water-tube  boilers  having  an  aggregate  heating 
surface  of  6,070  square  feet  and  a  grate  surface 
of  1 48  square  feet,  or  a  ratio  of  heating  to  grate 
surface  of  41  to  1.  The  electric  lighting  ma- 
chinery is  divided  into  four  units  employing 
high-speed  direct-connected  engines  and  having 
a  total  rated  output  of  300  kilowatts.  The  ele- 
vators are  of  the  hydraulic  type  and  three  com- 
pound duplex  steam  pumps  are  provided  for 
pumping  the  water,  which  is  maintained  at  125 
pounds  pressure.  One  of  two  of  the  pumps, 
16x29x13x18  inches  in  size,  is  ordinarily  suffi- 
cient, and  the  third  pump  is  14x20x1014x10 
Inches  in  size.  There  is  a  refrigerating  plant 
for  furnishing  iced  water  throughout  the  build- 
ing and  this  is  of  the  ammonia  absorption  type, 
utilizing  exhaust  steam  and  delivering  the  cir- 
culating water  for  use  in  the  hot-water  plumb- 
ing system.  There  is  a  10x7x10  duplex  steam 
house  pump,  a  fire  pump,  two  duplex  boiler 
feed  pumps,  a  pump  for  the  blow-off  tank  and  so 
on,  and  a  600-hor8e-power  feed-water  heater. 
The  electric  plant  has  a  connected  load  of  ap- 
proximately 7,600  16-candle-power  equivalents; 
and  there  are  six  passenger  elevators,  as  will  be 
explained. 

The  average  dally  coal  consumption  is  8  tons 
of  No.  2  buckwheat  anthracite.  The  cost  of 
power,  based  on  two  years'  experience,  and  in- 
cluding coal,  water,  supplies  and  wages, 
amounts  to  about  40  cents  per  square  foot  of 
rentable  floor  area  per  annum,  and  all  other 
expenses,  including  the  elevator  service,  clean- 


ing, general  upkeep  and  superintendence, 
amount  to  50  cents  per  square  foot  of  rentable 
floor  space  per  annum,  making  the  total  cost 
89.5  cents  per  square  foot  per  annum.  These 
ngures,  it  should  be  emphasized,  cover  insur- 
ance, taxes,  water  rent  and  maintenance,  as 
well  as  the  general  operating  expenses. 

The  elevators  are  of  the  vertical  hydraulic 
type,  six  in  number,  and  are  roped  to  the  hy- 
draulic pistons  in  the  ratio  of  6  to  1.  They 
run  at  a  speed  of  500  feet  per  minute,  with  a 
hydraulic  pressure  of  125  pounds  per  square 
inch,  as  stated,  and  have  a  total  lift  or  travel 
of  217  feet.  Five  of  the  cylinders  are  14M! 
inches  in  diameter,  while  the  sixth  is  16  inches. 
The  cars  average  450  round  trips  per  day  of  10 
hours.  With  the  ratio  of  6  to  1,  it  will  be  found 
that  the  pistons  in  the  cylinders  ha,ve  a  com- 
plete travel  of  36.16  feet,  and  the  total  dis- 
placement of  pressure  water  for  the  six  ele- 
vators is  256.7  cubic  feet  per  trip.  As  they 
average  45  trips  per  hour,  the  hourly  displace- 
ment of  water  is  11,550  cubic  feet.  As  this 
water  must  be  raised  to  a  pressure  of  125 
pounds  by  the  elevator  pump,  or  against  a  head 
equivalent  to  288  feet,  the  horse-power  repre- 
sented by  this  work  is  found  to  be  105  horse- 
power. The  maximum  power  demand  as  rep- 
resented by  all  six  elevators  moving  at  the  max- 
imum speed  of  500  feet  per  minute  is,  by  a  simi- 
lar calculation,  323  horse-power.  There  are 
three  pressure  tanks  serving  the  elevators,  of 
an  aggregate  cubic  contents  of  942.5  cubic  feet, 
so  that,  not  counting  the  pipe  lines  connecting 
the  tanks,  the  largest  of  which  is  losated  at 
the  roof,  tne  volume  of  all  six  of  the  operating 
cylinders  is  27  per  cent,  of  the  tank  capacity. 

On  the  basis  of  450  round  trips,  each  of  the 
cars  travels  37  miles  per  day  or  222  car-miles 
daily  for  the  whole  plant.  An  average  of  12,000 
persons  are  carried  per  day,  which  is  between 
4  and  5  per  trip.  Each  car  has  a  platform 
area  of  36  square  feet  and  the  elevator  well  for 
the  six  cars  occupies  about  272  square  feet  or 
3.1  per  cent,  of  the  total  area  of  the  typical 
floor,  including  outside  walls.  On  the  basis  of 
the  total  rentable  floor  area,  one  elevator  is  in- 
stalled for  18,700  square  feet,  which,  if  regarded 
as  distributed  over  the  nineteen  stories,  is  1,000 
square  feet  per  floor  per  elevator. 

As  to  the  lighting  plant,  the  average  load  is 
600  amperes,  while  the  maximum  is  1,800.  As 
each  lamp  takes  0.43  ampere,  the  latter  figure 
is  equivalent  to  4,180  lamps  of  16  candle-power, 
or  55  per  cent,  of  the  total  possible  or  so-called 
connected  load.  The  average  load  stated  is  70 
kilowatts  of  23.4  per  cent,  of  the  rated  output 
of  the  generating  plant,  and  the  maximum  is 
210  kilowatts  or  70  per  cent. 


Coal  Consumption  in  Centrai.  Stations  was 
referred  to  at  some  length  in  a  recent  issue  of 
the  "Electrician"  of  London.  At  the  Man- 
chester Bloom  Street  electric  works  an  equip- 
ment of  the  Babcock  &  Wilcox  boilers,  having 
a  total  heating  surface  of  5,140  square  feet  and 
the  superheating  surface  sufficient  to  raise  the 
steam  temperature  90  degrees  Fahr.,  showed  a 
result  on  a  three-hour  test  at  full  load  of  2.31 
pounds  of  coal  per  kilowatt-hour.  The  coal  was 
a  mixture  of  washed  slack  and  pea  coal,  of  a 
calorific  value  of  13,900  British  thermal  units 
per  pound.  Over  a  period  of  twelve  months 
the  coal  consumption  per  kilowatt-hour  was  3.8 
pounds,  at  a  load  factor  of  20  per  cent.,  and  the 
cost  amounted  to  0.25  cent  per  kilowatt-hour. 
The  official  test  of  the  1,800  kilowatt  units  at 
this  station  with  saturated  steam  showed  a 
steam  consumption  of  19.8  pounds  per  pound 
of  coal;  with  superheated  steam  having  90  de- 
grees of  superheat  the  result  was  16.75  pounds. 
This  indicates  a  difference  in  favor  of  super- 
heating of  16  per  cent. 
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Foundations  for  the  Sturtevant  Hotel,  New 
York  City. 


The  Sturtevant  Hotel,  at  Broadway  and 
Twenty-ninth  Street,  New  York,  has  street 
fronts  of  105  and  180  feet  and  a  steel  cage 
framework  thirteen  stories  high.  The  cellar 
excavation  is  about  26  feet  deep  below  the  curb 
and  was  chiefiy  in  rock,  although  some  of  it 
was  loose  and  shaky  and  some  earth  and  gravel 
were  encountered,  especially  on  the  Twenty- 
ninth  Street  side,  where  sheet  piles  were  driven 
to  retain  it  and  braced  by  inclined  shores.  Most 
of  the  rock  required  blasting,  and  a  locomotive 
boiler  was  installed  and  furnished  steam  for 
seven  Ingersoll-Sergeant  drills.  As  the  site  is 
in  a  congested  business  and  theater  district 
special  precautions  were  observed,  very  light 
charges  of  explosives  were  used  and  the  blasts 
were  protected  by  rope  mats  and  timber  covers. 
Adjacent  to  the  neighboring  buildings  the  rock 
was  cut  away  in  vertical  faces  close  to  their 
footings,  where  rows  of  holes  were  drilled  close 
together  and  as  near  as  possible  to  the  face 
of  the  wall,  so  that  the  rock  could  be  split  off 
easily  with  the  least  possible  disturbance  to 
the  foundations. 


sidered  more  advantageous  than  loading  the 
rock  into  buckets  and  emptying  them  into 
wagons  in  the  street,  because  it  saved  the 
wagons  from  the  impact  of  large  masses  of 
stone  falling  out  of  the  bucket  and  also  en- 
abled the  men  to  pack  the  stones  and  get  larger 
loads  than  could  have  been  dumped  from  buck- 
ets. The  wagons  endured  the  strains  of  lifting 
by  their  wheels  without  injury,  and  the  only 
trouble  occurred  when  proper  care  was  not  ex- 
ercised in  securing  the  light  movable  pieces  or 
when  the  wagons  were  allowed  to  swing  against 
something.  The  accompanying  picture  shows 
a  wagon  suspended  from  the  derrick-boom  when 
it  was  swinging  so  much  that  the  photograph 
was  badly  blurred  and  the  wheels  are  invisible. 
All  of  the  adjacent  buildings  had  compara- 
tively shallow  foundations  under  their  walls 
next  the  excavation  and  were  underpinned 
with  new  brick  footings  carried  down  from  10 
to  15  feet  to  sound  rock,  but  not  to  the  full 
depth  of  the  new  cellar.  The  underpinning  was 
done  in  alternate  sections,  which  were  so  nar- 
row that  the  brick  walls  above  them  arched 
across  the  opeenigs  and  were  self-supporting 
without  the  necessity  for  needlebeams,  none  of 
which    were   used.     The   erection   of   the   1,770 


The    Duties    of  the  Isthmian   Canal   Com- 


mission. 


Hoisting   a  Loaded   Wagon  with   a    Boom   Derrick  from   the   Excavation. 


At  the  commencement  of  work  the  spoil  was 
removed  by  wagons  driven  down  an  incline 
into  the  pit,  but  as  the  excavation  became  deep- 
er this  method  was  abandoned  and  the  wagons 
were  handled  in  and  out  by  two  guyed  derricks 
which  commanded  the  whole  area  of  the  lot. 
The  horses  were  unhitched,  the  wagon  tongue 
was  secured  and  a  couple  of  short  chains  were 
passed  through  a  shackle  on  the  lower  block 
of  the  hoisting  tackle.  Both  ends  of  one  chain 
were  hooked  to  the  tops  of  the  wheels  on  one 
side  of  the  wagon,  both  ends  of  the  other  chain 
were  hooked  to  the  tops  of  the  other  two  wheels 
and  the  wagon  was  lifted  bodily  from  the 
street,  swung  over  the  required  position  in  the 
pit,  lowered  to  the  bottom,  loaded  and  lifted 
back  into  the  street.  This  method  saved  time 
and  enabled  much  larger  loads  to  be  handled 
than  could  have  been  taken  if  the  wagons  were 
hauled  up  an  incline  unless  a  hoisting  engine 
had  been  employed  for  that  special  service.  By 
this  method  there  was  no  obstruction  from  a 
long  incline  and  no  trouble  to  maintain  and 
constantly  extend  it,  and  the  method  was  con- 


tons  of  structural  steelwork  was  commenced 
before  the  rock  excavation  was  completed,  and 
was  accomplished  by  three  guyed  derricks  with 
45-foot  beams  which  commanded  the  whole  area. 
Messrs.  Clinton  &  Russell  are  the  architects  of 
the  building,  and  the  general  contract  was  let 
to  the  George  a.  Fuller  Company,  Mr.  L.  R. 
Barras  superintendent  in  charge. 


The  Specific  Heat  of  Si'i'ekiieated  Steam. 
to  which  reference  was  made  in  these  columns 
in  noting  the  experimental  work  now  being 
conducted  by  the  National  Physical  Laboratory 
at  Teddington,  England,  was  Investigated  over 
an  extended  range  of  temperature  in  1876  by 
Professor  Weyrauch,  of  Stuttgart,  Germany.  It 
may  not  be  generally  known  that  at  this  date 
he  advanced  a  proof  that  the  specific  heat  at 
constant  pressure  was  not  constant,  but  accord- 
ing to  his  studies  followed  a  formula  for  which 
the  following  is  an  equivalent:  c  =  0.4237 -)- 
0.0002099t,  In  which  c  is  the  specific  heat  at 
constant  pressure  and  t  is  the  temperature  of 
the  steam  in  degrees  Fahrenheit. 


The  President  decided  this  week  that  the 
Isthmian  Canal  Commission  shall  be  under  the 
War  Department  instead  of  the  Department  ct 
State.  This  decision  was  doubtless  due  to  the  suc- 
cess of  the  War  Department  in  administering 
affairs  in  the  Philippines  and  to  its  many  years 
of  experience  in  the  execution  of  river  and  har- 
bor improvements.  Although  the  Commission 
will  report  to  the  War  Department,  it  will  have 
almost  autocratic  powers  in  the  canal  zone,  as 
is  Indicated  in  the  following  note  from  the 
President  defining  its  duties: 

"First — To  make  all  needful  rules  and  regula- 
tions for  the  government  of  the  zone  and  for 
the  correct  administration  of  the  military,  civil 
and  judicial  affairs  of  its  possessions  until  the 
close  of  the  LVIIIth  session  of  Congress. 

"Second — To  establish  a  civil  service  for  the 
government  of  the  strip  and  construction  of  the 
canal,  appointments  to  which  shall  be  secured 
as  nearly  as  practicable  by  a  merit  system. 

"Third — To  make  or  cause  to  be  made  all 
needful  surveys,  borings,  designs,  plans  and 
specifications  of  the  engineering,  hydraulic  and 
sanitary  works  required,  and  to  supervise  the 
execution  of  the  same. 

"Fourth — To  make  and  cause  to  be  executed 
after  due  advertisement  all  necessary  contracts 
for  any  and  all  kinds  of  engineering  and  con- 
struction works. 

"Fifth — To  acquire  by  purchase  or  through 
jjroper  and  uniform  expropriation  proceedings, 
to  be  prescribed  by  the  commission,  any  private 
lands  or  other  real  property  whose  ownership 
by  the  United  States  is  essential  to  the  exca- 
vation and  completion  of  the  canal. 

"Sixth — To  make  all  needful  rules  and  regu- 
lations respecting  an  economical  and  correct 
disbursement  and  an  accounting  for  all  funds 
that  may  be  appropriated  by  Congress  for  the 
construction  of  the  canal,  its  auxiliary  works 
and  the  government  of  the  canal  zone;  and  to 
establish  a  proper  and  comprehensive  system  of 
bookkeeping  showing  the  state  of  the  work,  the 
expenditures  by  classes  and  the  amounts  still 
available. 

"Seventh — To  make  requisition  on  the  Secre- 
tary of  War  for  funds  needed  from  time  to  time 
in  the  proper  prosecution  of  the  work  and  to 
designate  the  disbursing  officers  authorized  to 
receipt  for  the  same. 

"The  inhabitants  of  the  isthmian  canal  zone 
are  entitled  to  security  in  their  persons,  prop- 
erty and  religion  and  in  all  their  private  rights 
and  relations.  They  should  be  so  informed  by 
public  announcement.  The  people  should  be 
disturbed  as  little  as  possible  in  their  customs 
and  avocations  that  are  in  harmony  with  prin- 
ciples of  well  ordered  and  decent  living. 

"The  municipal  laws  of  the  canal  zone  are  to 
be  administered  by  the  ordinary  tribunals  sub- 
stantially as  they  were  before  the  change.  Po- 
lice magistrates  and  justices  of  the  peace  and 
other  officers  discharging  duties  usually  devolv- 
ing upon  these  officers  of  the  law  will  be  contin- 
ued in  office  if  they  are  suitable  persons.  The 
Governor  of  the  zone,  subject  to  approval  of  the 
commission,  is  authorized  to  appoint  tempo- 
rarily a  judge  for  the  canal  zone,  who  shall  have 
the  authority  equivalent  to  that  usually  exer- 
cised in  Latin  countries  by  a  judge  of  a  court 
of  first  Instance;  but  the  Isthmian  Canal  Com- 
mission shall  fix  his  salary  and  may  legislate 
respecting  his  powers  and  authority,  increasing 
or  diminishing  them  in  their  discretion,  and 
also  making  provision  for  additional  or  appel- 
late judges,  should  the  public  interest  require." 

General  Davis,  of  the  Commission,  has  been 
appointed  governor  of  the  canal  zone,  and  will 
be  its  chief  executive. 
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Tests   of  Steam   Turbines  at    the  Newport 

Station  of  the  Old  Colony  Street 

Bailway. 


The  steam  turbine  equipment  at  the  Newport 
Station  of  the  Old  Colony  Street  Railway  Com- 
pany was  briefly  described  in  this  journal  on 
October  10  of  last  year.  One  of  the  turbines, 
which  are  of  the  Curtis  type,  has  been  tested 
for  the  railway  company  by  Mr.  Geo.  H.  Bar- 
ms, who  had  the  co-operation  of  Messrs.  Rich- 
ard H.  Rice  and  A.  R.  Dodge,  of  the  General 
Electric  Company.  Tests  were  made  with 
various  conditions  of  load  and  with  and 
without  superheat,  some  of  which  are 
summarized  in  the  accompanying  diagrams. 
Trials  were  also  made  with  regular  commer- 
cial runs,  and  the  steam  consumption  per  kilo- 
watt-hour under  such  conditions  was  ascer- 
tained by  careful  determinations  of  the  total 
condensation  and  of  the  load.  The  builders  of 
the  turbine  sets  call  particular  attention  to  the 
records  of  operations  under  commercial  loads. 
The  wattmeter  records  indicate  incessant  fluc- 
tuations, with  an  average  sudden  variation  of 
about  100  kilowatts  under  an  average  load  of 
only  253  kilowatts  in  one  test  and  421  kilowatts 
In  another.  In  the  flrst  of  these  cases  the  aver- 
age steam  consumption  per  kilowatt-hour  was 
only  22.38  pounds  and  In  the  second  case  20.7 
pounds.  The  following  statements  concerning 
the  trials  are  quoted  from  Mr.  Barrus'  report: 

"At  the  request  of  your  Mr.  C.  F.  Bancroft, 
superintendent  of  motive  power  and  machinery, 
and  with  the  co-operation  of  the  General  Elec- 
tric Company,  I  have  made  a  number  of  tests 
on  one  of  the  Curtis  steam  turbines  installed 


the  guarantee  of  20  pounds.  At  half  load,  the 
consumption  of  dry  steam  was  21.38  pounds  per 
kilowatt-hour,  which  is  7  per  cent,  better  than 
the  guarantee  of  23  pounds.  These  results,  ex- 
pressed in  terms  of  electrical  horse-power  devel- 
oped, are  respectively,  14.76  pounds  and  15.95 
pounds  per  electrical  horse-power  per  hour. 

"Mechanical  Operation. — The  turbine  and  gen- 
erator ran  at  all  times  without  "undue  heating, 
undue  noise,  or  vibration,"  as  called  for  by  the 
contract.  During  the  period  covered  by  my 
examination  and  tests,  one  of  the  turbines, 
which  carried  tne  reg^ular  load  of  the  station, 
was  in  operation  continuously  night  and  day, 
and,  so  far  as  I  am  aware,  it  was  at  no  time 
shut  down  on  account  of  imperfect  mechanical 
operation.  In  my  examination  of  the  turbine, 
both  external  ana  internal,  I  discovered  no  sign 
of  undue  wear  of  the  parts,  or  of  deterioration, 
and  I  detected  no  evidence  tending  to  show 
that  the  turbine  would  prove  in  practice  to  be 
an  unreliable  source  of  electric  power. 

"Regulation  of  Speed. — The  variation  of  speed 
from  no  load  to  full  load  was  15  revolutions 
per  minute,  or  eight-tenths  of  1  per  cent.,  which 
is  1.2  per  cent,  better  than  the  guarantee  of  2 
per  cent,  the  normal  speed  at  full  load  being 
1,845  revolutions  per  minute.  The  momentary 
variation  of  speed  at  full  load  was  30  revolu- 
tions per  minute,  or  1.6  per  cent,  and  when 
carrying  the  variable  commercial  load  of  the 
station  it  did  not  exceed  40  revolutions  per 
minute,  or  2.1  per  cent. 

"Voltage  Regulation. — The  voltage  fell  from 
2,480  volts  at  no  load  to  2,232  volts  at  full  load, 
when  the  speed  was  1,815  revolutions  per  min- 
ute, and  the  field  current  was  constant.     This 


1,408  pounds  per  hour,  or  14  per  cent,  of  that 
consumed  at  full  load.  With  the  variable  com- 
mercial load  of  the  station,  which  ranged  from 
333  kilowatts  to  114  kilowatts,  and  averaged 
253.2  kilowatts,  the  steam  consumption  was 
22.38  pounds  of  dry  steam  per  kilowatt-hour. 
When  the  commercial  load  was  augmented  by  a 
constant  rheostat  load,  bringing  the  average 
up  to  421.9  kilowatts,  the  consumption  of  dry 
steam  was  20.7  pounds  per  kilowatt-hour. 

"Superheated  Steam. — With  a  superheating  of 
150.5   degrees  at  the  throttle  valve,  and  175.2 
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last  year  in  the  power  plant  of  your  Newport 
station,  and  tests  of  the  boilers  and  other  ap- 
paratus of  the  plant  with  the  object  of  de- 
termining whether  the  guarantee  provisions  of 
the  turbine  contract  in  the  matter  of  per- 
formance and  economy  of  steam  consumption 
are  fulfllled;  and  with  the  further  object  of 
ascertaining  flrst,  the  economy  of  the  turbine 
with  other  loads  than  those  pertaining  to  the 
guarantee,  and  with  variable  commercial  loads, 
both  with  dry  saturated  and  with  superheated 
steam,  and  second,  the  economy  of  the  turbine 
baaed  on  coal  consumption  as  well  as  steam  con- 
sumption, together  with  the  fuel  economy  of 
the  boiler  plant  as  a  whole,  and  I  beg  to  sub 
mit  my  conclusions  as  follows: 

"Economy  Ouaranteea. — At  full  load  the  tur- 
bine consumed  19.78  pounds  of  dry  steam  per 
kUowatt-bonr.  which  la  1  per  cenC  better  than 


reduction  is  248  volts,  or  10  per  cent.,  which 
is  the  precise  limit  specified  in  the  guarantee. 

"Temperature  of  Generator. — The  highest  tem- 
perature reached  by  any  part  of  the  generator 
after  a  run  of  8  hours  with  a  load  of  660  kilo- 
watts was  38  degrees  Centigrade  above  the  tem- 
perature of  the  room,  which  is  2  degrees  better 
than  the  40  degree  limit  specified  in  the  con- 
tract. The  rise  in  temperature  after  2  hours' 
run  with  a  load  of  764  kilowatts  was  also  38 
degrees  Centigrade  above  the  temperature  of 
the  room,  which  is  17  degrees  better  than  the 
55  degrees  named  in  the  guarantee. 

"Additional  Economy  Tests  with  Dry  Steam. 
— At  50  per  cent,  overload,  the  steam  consump- 
tion was  20.22  pounds  per  kilowatt-hour;  at 
three-fourths  load,  20.69  pounds;  at  one-fourth 
load,  27.85  pounds;  and  with  no  load  save  the 
condvnsar    aoxlUarles,    ih«    consamptlon    waa 


degrees  at  the  superheater,  the  steam  consump- 
tion at  full  load  was  17.79  pounds  per  kilowatt 
hour,  which  is  10.1  per  cent  less  than  the  19.78 
pounds  consumed  with  dry  saturated  steam. 
When  the  superheating  was  increased  to  289.6 
degrees  at  the  throttle  valve,  and  334.4  degrees 
at  the  superheater,  the  steam  consumption  at 
full  load  was  15.91  pounds  per  kilowatt-hour, 
which  is  19.6  per  cent,  less  than  the  consump- 
tion with  dry  saturated  steam. 

"Coal  Economy  with  Commercial  Load. — When 
one  of  the  turbines,  carrying  the  commercial 
load  of  the  station,  which  averaged  253.2  kilo- 
watts, or  about  half  load,  was  operated  inde- 
pendently with  one  of  the  boilers,  the  boiler  be- 
ing fed  through  the  economizer  by  one  of  the 
steam  pumps  of  me  station,  taking  steam  from 
the  same  boiler,  the  superheater  being  out  of 
aervlc*.  the  tx>tal  consumption  of  dir  ooal  tax 
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all  purposes  on  a  15-hour  run  amounted  to  2.5 

pounds  per  kilowatt-hour,  and  the  cost  of  this 

coal  at  J4.05  per  ton  of  2,240  pounds  was  0.47 

cent  per  kilowatt-hour." 

Summary    of    Commercial    Runs. 

Jan.  l."..  .Ian.  26, 

Duration,  hours    12.22  15 

Total  coal   wet.  lbs 13,517  10,206 

Moisture  In  coal,  per  cent 3.1  6.4 

Water  evaporated,  lbs 127,267  102,846 

Drip    witlidrawn    from    steam     pipe 

per   liour,    lbs ....  46 

Moisture  by  calorimeter,  per  cent.  . .          3.05  2.1 

Total  steam  to  turbine,  lbs 110,084  86,833 

Steam  per  hour  to  turbine,  lbs 9,008.6  5,789 

Dry  steam  per  hour  to  turbine,  lbs.     8,733.8  5,667 

Load  by  polyphase  meter,  kw 407.0  234.7 

Load  on  auxiliaries  (average),  kw..          14.9  18.5 

Total  load  average,  kw 421.9  253.2 

Dry  steam  per  kilowatt-hour,  lbs...          20.7  22.38 

Dry  coal  per  kilowatt-hour.   lbs....          2.54  2.51 


A  Meter  Plant  with  Automatic  Metered  By- 
Pass. 


A  meter  installation  of  more  than  ordinary 
interest  has  recently  heen  put  in  by  the  city 
of  Webster  Groves,  Mo.,  under  the  direction  of 
Mr.  William  H.  Bryan,  consulting  engineer,  St. 
Louis,  from  whom  the  following  information 
has  been  obtained:     Webster  Groves  is  situated 


f6^J-Beamsl5* 


chinery,  basins,  filters  and  mains,  by  which  the 
water  is  delivered  to  each  municipality  at  its 
city  limits.  The  length  of  pipe  line  necessary 
to  reach  Webster  Groves  is  about  20  miles. 

It  being  impracticable  to  use  Are  engines,  it 
was  necessary  to  secure  fire  protection  by  direct 
pressure  from  the  distributing  mains.  This 
made  it  imperative  that  the  friction  losses  be 
reduced  in  every  possible  way,  so  as  to  provide 
maximum  pressures  at  all  points  on  the  pipe 
line  system.  The  latter  was  put  in  by  the  city, 
and  was  some  ten  miles  in  length,  being  12,  10, 
8,  6  and  4  inches  in  size,  with  77  double-dis- 
charge fire  plugs.  The  city's  requirements  for 
water  were  in  many  respects  peculiar.  Prac- 
tically the  entire  demand  came  from  residences; 
there  is  not  a  factory,  steam  boiler,  railroad 
tank  nor  office  building  in  the  city.  From  mid- 
night to  morning  the  consumption  would  be 
very  small. 

The  contract  between  the  city  and  the  sup- 
plying company  provided  for  the  measurement 
of  water  by  meters  of  mutually  satisfactory 
type,  provided  with  approved  calibrating  ap- 
paratus. When  the  design  of  meter  plant  was 
taken  up  some  apparently  Insurmountable  ob- 
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Plan    and    Sectional    Elevation    of    Water     Meter   Station    at   Webster   Groves,    Mo. 


just  west  of  St.  Louis.  While  the  distance  be- 
tween the  passenger  stations  on  the  Missouri 
Pacific  and  'Frisco  Railroads  is  about  eight 
miles,  the  space  separating  the  western  limits 
•of  St.  Louis  from  the  eastern  limits  of  Webster 
Groves  is  only  about  a  mile.  Webster  Groves 
is  wholly  a  residential  city,  made  up  of  large 
places  owned  principally  by  persons  doing  busi- 
ness in  St.  Louis.  The  population  is  about 
5,000;  area,  four  square  miles;  length  of  opened 
streets,  about  40  miles.  The  topography  is  roll- 
ing, with  elevations  varying  between  80  feet 
and  225  feet  above  St.  I.,ouis  City- directrix  (or- 
dinary high  water  in  the  Mississippi  river). 
There  is  a  rise  westward  of  about  80  feet  be- 
tween tho  passenger  stations  of  the  two  cities. 
The  growth  of  this  city  has  long  been  re- 
tarded by  the  scarcity  of  good  water,  no  supply 
being  available  near  at  hand.  In  1902  a  con- 
tract was  entered  Into  with  a  company  which 
proposed  to  build  a  pumping  plant  on  the  Mis- 
souri river,  some  16  miles  distant  by  air  line. 
This  company  also  secured  contracts  for  a 
number  of  other  municipalities  in  St.  Louis 
■County,  and  has  since  put  in  a  system  of  ma- 


stacles  were  encountered.  The  city  desired  the 
meters  to  be  of  such  a  type  as  would  interpose 
the  least  resistance  at  maximum  flow  of  water 
for  fire  streams.  The  company  insisted  that 
they  be  of  a  pattern  that  would  register  accur- 
ately the  minimum  flows  between  midnight  and 
morning.  A  delay  lasting  several  months  re- 
sulted, during  which  time  correspondence  was 
had  with  all  the  leading  meter  manufacturers 
of  the  country.  Investigation  showed  that 
those  meters  which  interposed  the  least  resist- 
ance at  large  flows  were  not  accurate  at  small 
flows,  while  those  meters  which  were  accurate 
over  a  wide  range  of  capacity  Interposed  resist- 
ance which  would  have  killed  the  pressure  for 
fire  purposes. 

A  solution  was  finally  reached  by  the  adop- 
tion of  an  automatic  valve  proposed  by  Mr.  J. 
A.  Tilden,  general  manager  of  the  Hersey  Man- 
ufacturing Company  of  South  Boston,  Mass. 
The  final  approved  design  is  shown  in  the  ac- 
companying sketch. 

A  meter  house  of  concrete,  with  steel  I  beams 
in  the  roof,  was  built  under  the  street  level. 
In  this  the  12-lnch  main  made  an  offset.     On 


cross  lines,  set  at  45  degrees.  In  order  to  re- 
duce friction,  were  placed  openings  for  five 
meters,  three  4-inch — two  to  go  In  now — and 
two  6-inch — one  to  go  in  now.  The  two  4-lnch 
meters  were  of  the  Worthlngton  type,  selected 
on  account  of  their  accuracy  over  a  wide  range 
of  flows.  The  6-inch  meter  is  of  the  Hersey 
"Torrent"  type,  selected  on  account  of  its  low 
resistance  and  accurate  registration  at  high 
flows.  On  the  inlet  side  of  the  Hersey  meter 
was  placed  the  6-inch  automatic  valve,  built  by 
the  Hersey  Manufacturing  Company,  of  the  type 
described  in  The  Engineering  Record,  Octo- 
ber 31,  1903.  This  valve  consists  of  an  or- 
dinary double-seated  gate  with  its  stem  extend- 
ing into  an  upper  bronze  cylinder,  in  which  it 
is  connected  to  a  weighted  brass  piston  pro- 
vided with  leather  cup  packing.  From  the  inlet 
side  of  the  valve  there  is  an  opening  into  the 
upper  cylinder  underneath  the  piston.  From 
the  outlet  side  a  connection  extends  Into  the 
space  above  the  piston.  This  valve  Is  so  ar- 
ranged as  to  open  at  any  desired  predeter- 
mined difference  of  pressure.  In  the  present  in- 
stance five  pounds.  So  long  as  the  pressure  Is 
the  same  on  both  sides  of  this  valve,  the  weight 
of  the  piston  and  valve  keeps  It  closed.  When 
a  difference  of  pressure  occurs  the  reduced  re- 
sistance above  the  piston  causes  the  valve  to 
open. 

In  practice  the  operation  is  as  follows:  All 
ordinary  consumption  passes  through  the 
Worthlngton  meters  and  is  accurately  regis- 
tered, the  Torrent  meter  being  stationary. 
When  a  large  demand  for  water  occurs,  as  tor 
instance  when  a  flre  hydrant  is  opened,  there 
follows  a  drop  of  pressure,  which,  if  It  reaches 
or  exceeds  five  pounds,  opens  the  automatic 
valve,  and  buch  additional  water  as  is  needed 
passes  through  the  Torrent  meter,  the  difference 
in  pressure  being  held  at  five  pounds.  When 
the  pressure  returns  to  normal  by  the  cessation 
of  the  large  demand — by  the  closing  of  fire  hy- 
drants for  instance — the  automatic  valve  closes, 
and  the  ordinary  flow  is  again  through  the 
two  4-inch  meters. 

Other  interesting  points  about  this  design  are 
the  provision  for  future  meters,  the  construc- 
tion of  a  calibrating  tank  and  connections,  the 
relief  valve  and  the  drain  to  the  street  gutter. 
There  is  a  pressure  gauge  so  cross  connected 
as  to  permit  readings  from  both  sides  of  each 
meter,  to  approximately  measure  losses  of  pres- 
sure. The  pressure  carried  at  this  point  is 
about  97  pounds,  which  will  throw  flre  streams 
over  ordinary  buildings  anywhere  on  the  lines. 
No  strainers  are  provided  In  front  of  the  me- 
ters, as  the  water  has  been  settled  and  filtered. 
The  registers  are  of  the  direct  type,  reading  In 
gallons,  this  system  being  employed  also  on  all 
consumers'  meters  throughout  the  city. 

Shady  Avenue,  on  which  the  plant  is  located, 
has  a  considerable  down  grade  eastward,  per- 
mitting the  drain  to  discnarge  at  street  level 
a  short  distance  away.  The  location  under  the 
street  is  unfortunate,  but  no  other  plan  was 
practicable.  The  plant  has  now  been  in  service 
some  six  months,  and  has  given  entire  satisfac- 
tion. 


The  Boiler  Plant  of  the  power  station  of  the 
Cleveland  &  Southwestern  Traction  Company, 
at  Carlisle,  0.,  includes  three  500-horse-power 
Heine  water-tube  boilers,  each  having  a  Schmidt 
superheater  superimposed  on  it  and  forming 
part  of  the  setting.  There  are  dampers  by 
which  the  amount  of  gases  allowed  to  flow 
through  the  superheater  may  be  regulated. 
There  are  also  openings  in  the  side  walls  of 
the  boilers  leading  from  a  point  near  the  bridge 
wall  to  the  superheater,  so  that  the  hot  gases 
■nay  be  taken  directly.  Each  superheater  Is 
designed  to  give  75  degrees  of  superheat. 
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What  Constitates  Seasonable  TTniformity  in 
Municipal  Accounts  and  Beports? — ^n. 

A  |iap«r  read  before  the  National  MuDicipal  League 
ty  Mr.  V.  A.  ClerelaDd,  of  Uaskins  &  Sells,  New  Vork. 


Vniformity  in  Principles  of  Accounting. — Th 
application  of  schedules  ot  uniform  classifica- 
tion to  a  complete  system  of  accounts  and  fin- 
ally the  evolution  and  statement  of  principles 
of  uniformity,,  requires  that  we  first  ascertain 
the  categories  of  classification  common  to  muni- 
cipal accounting.  Accounts  being  devised  as 
an  aid  to  clear  thinlcing  about  the  affairs  of  a 
city,  the  discernible  uniformity  that  may  exist 
must  have  reference  to  the  elements  of  common 
interest  in  administration. 

As  before  suggested  we  have  to  deal  with  a 
corporation,  a  legal  entity  with  sovereign  pow- 
ers and  proprietary  rights,  the  purpose  of 
whose  creation  is  to  render  service  to  the  com- 
munity, but  which  can  exercise  powers  only 
through  ofScers  and  agents  equipped  with  the 
physical  means  necessary  to  make  them  effec- 
tive. This  corporation,  therefore,  so  far  as  its 
business  is  concerned,  has  two  distinct  rela- 
tions, the  one  being  with  respect  to  its  own  pro- 
prietorship (its  assets  and  its  liabilities),  the 
other  being  the  business  aspect  of  its  operations 
(the  corporate  income  and  expenses). 

Reflecting  these  two  relations,  there  have 
grown  up  two  distinct  systems  of  account, 
either  of  which  may  be  used,  and  either 
of  which  may  be  complete.  The  most 
primitive  of  these  is  what  is  known  as  a  single 
entry  system;  it  attempts  to  exhibit  in  form  of 
final  statement  one  relation  only,  that  of  Asset 
and  Liability.  That  is,  in  a  single  entry  sys- 
tem of  account,  its  final  summaries  are  set  up 
in  what  is  known  as  a  balance  sheet,  or  an  ex- 
hibit of  present  proprietary  conditions.  The 
other,  known  as  the  double  entry  system,  at- 
tempts not  only  to  state  relations  of  asset  and 
liability,  but  also  to  give  a  classified  summary 
of  operations.  Before  we  attempt  to  outline  a 
scheme  of  uniformity  of  accounting,  therefore. 
It  is  necessary  to  decide  as  to  which  of  these 
two  systems  of  account  will  be  used.  And  this 
in  turn  must  again  be  decided  by  appeal  to  cor- 
porate purposes. 

Administrative  Problems  Common  to  Munici- 
palities.— What  are  the  administrative  interests 
common  to  municipalities?  Are  statements  re- 
flecting corporate  conditions  in  terms  of  asset 
and  liability  sufficient?  What  are  the  prob- 
lems about  which  both  electors  and  responsible 
municipal  officers  must  exercise  discretion? 
Generally  speaking,  there  are  two  classes  of  ad- 
ministrative problems  pertaining  to  the  man- 
agement of  every  public  corporation:  (1)  The 
citizen,  in  his  judgment  of  the  administration, 
and  the  controlling  officer,  in  the  performance 
of  his  duty,  wish  to  know  whether  or  not  the 
corporation,  as  an  agent  of  general  welfare,  has 
rendered  the  best  service  of  which  it  is  capable 
at  the  least  possible  cost;  (2)  and,  it  being 
necessary  as  a  corporation  to  own  properties 
and  intrust  its  funds  and  equipment  to  its  offi- 
cers and  agents,  all  parties  in  interest  desire 
to  know  whether  or  not  this  proprietorship  has 
been  protected  against  misuse  and  infidelity  of 
officers.  To  supply  the  data  essential  to  intelli- 
gent judgment,  therefore,  a  complete  double 
entry  system  of  accounts  is  nelcessary. 

From  this  we  may  proceed  to  a  consideration 
of  the  essentials  common  to  a  double  entry  sys- 
tem. Accounts  being  a  method  of  collecting, 
classifying  and  co-ordinating  business  data,  we 
look  to  the  adequacy  of  means.  A  complete  sys- 
tem of  accounts  would  require  that  every  trans- 
action be  recorded.  This  should  be  done  by  the 
person  in  charge  if  possible,  at  least  by  the 
bureau  or  department,  in  which  the  transaction 
arises.    A  chronological  record  of  events  kept 


in  each  department,  however,  could  be  of  little 
use  to  anyone.  To  utilize  this  record  and  to 
adapt  it  to  the  purposes  of  control,  the  various 
transactions  must  be  classified,  and  having  been 
classified,  they  must  then  be  brought  into  state- 
ments of  final  account  in  a  central  office.  Both 
the  "original  entry"  and  the  first  "classifica- 
tion" must  take  place  in  the  department;  from 
this  the  classified  result  is  reported  to  the  cen- 
tral office.  The  items  contained  in  this  classi- 
fied report  must  be  "posted"  to  the  central  or 
controlling  accounts.  Tne  classification  of  con- 
trolling accounts,  therefore,  must  determine  the 
classification  of  the  detailed  transactions  of  de- 
partments. 

We  now  come  to  the  classification  of  the  con- 
trolling accounts.  These  being  organized 
around  the  two  general  administrative  cate- 
gories; viz.:  "Municipal  proprietorship"  and 
"municipal  economy,"  within  these  two  general 
categories  there  are  also  some  common  inter- 
ests which  require  uniformity  in  statements. 
The  relations  of  economy  are  determined,  (1) 
by  comparison  of  expenses  with  income  pro- 
vided and  (2)  by  comparison  of  expenses  with 
the  statistics  of  service  performed.  This  not 
only  introduces  us  into  the  categories  of  ex- 
pense and  income,  but  also  into  the  other 
branch  of  the  Committee's  investigation,  viz.: 
physical  and  operative  statistics. 

Common  Classification  of  Income  and  Ex- 
penses.— Confining  ourselves  to  the  accounting 
side  of  the  problem,  all  cities  derive  their  in- 
come for  the  support  of  government  from  about 
the  same  sources,  viz.:  from  taxes,  licenses,  and 
miscellaneous  fees  of  departments,  etc.  Organ- 
izing accounts  of  income  accruing  for  the  use  of 
a  city  during  a  fiscal  period  according  to 
sources,  we  have  a  common  basis  for  the  classi- 
fication of  revenues.  Statements  of  taxes  are 
taken  from  the  tax  levies;  licenses  may  be 
taken  from  license  register;  and  the  miscellan- 
eous fees,  etc.,  are  reported  from  the  several 
bureaus  and  departments.  For  the  statement 
of  miscellaneous  revenues,  the  schedules  of  the 
League  would  form  a  common  basis  for  classifi- 
cation. The  expenses  are  also  recorded  in  the 
office  of  the  Comptroller  in  the  form  of  expense 
vouchers,  etc.,  or  are  reported  from  the  depart- 
ment. Here  again  the  schedules  of  the  League, 
based  on  administrative  relations  common  to 
municipalities,  may  serve  as  a  guide;  and  such 
a  classification  would  be  of  the  highest  utility, 
it  may  even  be  said,  is  absolutely  necessary  to 
getting  at  relations  of  economy  of  administra- 
tion when  reduced  to  cost  of  units  of  service  by 
comparison  with  the  operative  statistics. 

Common  Basis  for  Classification  of  Asset  and 
Liability  Accounts. — One  of  the  most  important 
proprietary  relations  of  a  public  corporation 
and  one  whicn  involves  a  problem  most  serious 
to  the  officer  as  well  as  the  citizen,  is  that  of 
ability  of  the  government  to  meet  its  maturing 
obligations.  A  proper  accounting  of  this  rela- 
tion requires  a  classification  of  assets  and  liabili- 
ties in  such  manner  that  the  properties  Intended 
as  equipment,  or  for  continued  use  in  the 
business,  may  be  segregated  and  set  apart  from 
assets  to  which  the  city  may  look  as  a  means  of 
payment.  Quite  as  important,  also,  is  a  classi- 
fication of  liabilities  in  such  manner  that  the 
current  or  maturing  liabilities  may  be  distin- 
guished from  those  long  time  obligations  that 
are  not  a  current  charge.  These  relations  hav- 
ing been  set  up,  judgment  as  to  the  ability  of 
the  government  to  meet  Its  maturing  obliga- 
tions requires  that  the  current  liabilities  be 
compared  with  the  assets  available  to  meet 
them.  The  classification  of  the  current  asset 
and  liability  accounts  should  be  similar  In  the 
accounts  of  cities,  for  the  reason  that  the  assets 
are  derived  from  similar  sources,  and  the  con- 
tractural  and   legal   liabilities  are   similar   in 


kind.  If  such  comparisons  are  to  be  made, 
therefore,  there  must  be  uniformity  in  the  gen- 
eral controlling  accounts  of  current  asset  and 
liability. 

The  long  time  liabilities  are  usually  incurred 
for  purposes  of  equipment  or  permanent  im- 
provement. The  general  classification  of  equip- 
ment used  by  the  cities  being  the  same,  uni- 
formity in  the  controlling  accounts,  both  of 
bonded  debt  and  of  the  permanent  asset  ac- 
counts, follow,  and  in  the  schedule  of  the 
League  may  be  found  a  common  outline  as  well 
as  a  common  nomenclature.  In  conclusion,  it 
may  be  said  that  whatever  be  the  difference  in 
forms  of  records  used  for  "original  entries"  of 
transactions  in  the  various  bureaus  and  depart- 
ments, common  administrative  interests  and 
purposes  of  control  would  suggest  a  common 
<  assification  of  the  general  controlling  accounts 
of  municipalities,  not  primarily  as  a  iu<!ans  o.' 
brir.giug  the  records  of  one  city  into  comparison 
with  those  of  another,  but  as  an  e  sential  to  en- 
lightened conduct  of  its  own  affairs. 

Departmental  Accounts  Showing  Relations 
of  Fidelity. — We  turn  now  to  the  accounts  of 
special  officers  and  departments,  in  which  the 
prime  purpose  Is  to  insure  official  fidelity.  Aside 
from  the  fact  that  a  department  record  is  an 
integral  part  of  a  general  system,  and  for  this- 
reason  the  truth  of  departmental  records  is  es- 
sential to  intelligent  controlling  summary,  the 
officer  entrusted  with  properties  or  funds  must 
also  render  an  account  of  his  stewardship.  One 
of  the  most  important  of  these  departmental 
records  reflecting  relations  of  fidelity  is  that 
kept  of  the  municipal  treasury.  So  far  as  the 
general  asset  and  llbaillty  statement  is  con- 
cerned, no  return  is  needed  except  that  of  "bal- 
ances on  hand;"  to  this  end  no  classification  is 
necessary  except  that  the  "current  cash"  be  re- 
turned separate  from  the  "cash  obtained  from 
bond  sales  for  permanent  improvements,"  etc. 
But  from  the  point  of  view  of  official  fidelity,  a 
statement  of  "receipts"  and  "disbursements" 
should  be  made  which  will  reflect  the  transac- 
tions pertaining  to,  and  the  final  condition  of 
each  fund  kept. 

In  this,  I  am  somewhat  at  variance  with  those 
who  "have  attempted  to  use  the  cash  book  as  the 
central  record  of  municipal  account,  and  even 
with  the  use  that  has  been  made  of  the  sched- 
ules of  the  League  in  many  cities;  in  some  ot 
these,  receipts  and  disbursements  are  reported 
according  to  a  classification  of  revenues  and  ex- 
penses, irrespective  of  Treasury  funds  created. 

Classification  of  Cash  Receipts. — For  admin- 
istrative purposes  money  received  should  be 
shown  by  the  Treasurer  in  his  report  according 
to  the  sources  from  which  these  receipts  have 
been  derived.  Money  is  not  revenue.  Money 
is  an  asset.  It  may  be  derived  from  "taxes  re- 
ceivable" or  "accounts  receivable"  or  from 
"judgments  receivable,"  from  sales  of  bonds  or 
other  "credit  contracts  payable,"  or  from  the 
sales  of  properties.  The  receipt  usually  has  a 
direct  relation  to  an  asset  or  liability  account. 
The  Treasurer,  therefore,  in  his  classification  of 
receipts  and  for  the  purposes  of  making  his  re- 
port, should  have  direct  reference  to  the  sources 
from  which  the  money  came.  The  common 
sources  of  money  receipt  is  the  common  basis 
for  the  one  side  of  the  Treasurer's  report. 

The  Classification  of  Dislursements. — When 
money  is  received,  it  is  entered  directly  to  the 
credit  of  a  fund  to  which  that  particular  class 
of  receipt  has  been  apportioned,  or  it  goes  into 
the  general  fund  of  the  Treasury,  from  which 
appropriations  are  made.  The  books  of  a  Treas- 
ury should  be  kept  with  respect  to  the  funds 
created,  and  the  disbursements  from  each  par- 
ticular fund  should  be  separately  stated.  These 
funds  are  created  by  appropriation.  There  is 
absolutely  nothing  gained  by  trying  to  show  on 
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the  books  of  tue  Treasury  the  purpose  for  which 
a  payment  is  made.  This  summary  is  made  on 
tne  boolvs  of  the  Comptroller  in  entering  up  the 
warrants  and  vouchers  to  the  "expense"  ac- 
count, or  "asset"  or  "liability"  accounts  affected. 
The  Treasurer  knows  nothing  about  "expenses," 
"assets"  and  "liabilities."  He  knows  only 
"money,"  "money  funds"  appropriated,  and  the 
order  or  warrant  of  a  duly  qualified  officer  for 
the  payment  of  "money."  The  common  basis 
for  uniformity  in  classification  of  disburse- 
ments will  be  found,  therefore,  in  the  similarity 
of  funds  carried  as  a  result  of  municipal  ap- 
propriation. 

Such  may  be  stated  as  the  common  principles 
wnich  lie  at  the  foundation  of  any  system  de- 
vised which  we,  as  a  Committee,  may  hope  to 
have  adopted  by  municipalities.  Such  uniform- 
ity as  may  come  into  the  accounts  of  cities  must 
come  for  the  same  reason  that  there  is  uniform- 
ity in  the  human  anatomy,  or  in  the  conclusions 
reached  by  the  human  mind  when  reasoning 
from  common  premises  assumed,  it  must  come 
as  a  result  of  the  device  adopted  being  adapted 
to  the  purposes  and  ends  of  municipal  organiz- 
ation and  administration. 

The  Form  of  Comptroller's  Report. — Looking 
on  the  problem  that  confronts  the  Committee, 
and  recognizing  that  the  character  of  the  ac- 
counts must  be  governed  by  the  Comptrolling 


A  ftuarry  Railway. 

The  accompanying  illustrations  show  a  rail- 
way recently  installed  in  the  quarry  of  a  ce- 
ment company  by  Arthur  Koppel,  of  New  York. 
In  such  quarries  it  has  been  found  by  experi- 
ence that  light,  portable  tracks  have  marked 
advantages  over  heavier  lines,  because  the  men 
will  move  them  to  the  faces  as  shifting  is  neces- 
sary. When  the  track  consists  of  heavy  ties 
and  rails  and  requires  considerable  work  every 
time  it  is  changed,  the  quarry  hands  are  pronB 
to  leave  it  in  one  place  and  waste  much  of  their 
time  in  handling  the  stone  an  unnecessarily 
long  distance.  The  cut  shows  how  close  to  the 
breast  the  tracks  in  this  particular  quarry  are 
kept. 

The  rails  used  are  25-pound  sections  spiked 
to  wooden  ties  where  the  line  is  permanently 
located,  and  16-pound  sections  on  steel  ties  for 
the  portable  track.  The  latter  is  made  in  250- 
pound  sections  which  can  be  moved  about  with- 
out trouble,  and  is  provided  with  both  9  and  15- 
foot  switches  and  curves  of  12  and  30  feet 
radius. 

Ih  this  quarry  there  are  used  thirty  1%-yard 
steel  cars  dumping  to  either  side.  The  gauge 
is  23%  inches.  They  are  fitted  with  roller 
bearings  which  decrease  not  only  the  traction 
required  to  haul  them  but  also  the  amount  of 


Atlantic  City  Water- Works. 

The  peculiar  location  of  Atlantic  City,  N.  J., 
and  of  its  sources  of  water  supply  give  rise  to 
some  unusual  troubles,  which  are  mentioned  in 
the  annual  report  of  the  Board  of  Water  Com- 
missioners. By  reference  to  a  general  descrip- 
tion of  the  city's  water  works  printed  in  this 
journal  August  22,  1903,  and  a  map  accompany- 
ing that  article,  it  will  be  seen  that  the  whole 
territory  is  at  an  elevation  but  slightly  above 
high  tide  level  and  is  exposed  to  ocean  winds. 

On  April  15,  last  spring,  a  hard  northeast 
storm  drove  the  tide  back  on  the  meadows  to 
the  canal  conveying  water  from  the  Absecon 
reservoir  to  the  pumping  station,  and,  although 
the  sides  of  the  several  flumes  had  been  hur- 
riedly raised,  the  salt  water  overflowed  every 
one  of  them.  The  tide  water  reached  nearly  tc 
the  level  of  the  water  In  the  reservoir  Itself  so 
that,  to  avoid  their  floating  off  by  the  back- 
pressure, it  became  necessary  to  nail  the  waste 
gates  to  their  seats.  The  tide  gates  prevented 
the  inflow  of  salt  water  to  the  canal  basin,  but 
the  swamp  water  rose  so  as  to  find  free  access 
to  it.  Fortunately,  by  clo^ng  gates  at  each  end 
of  the  canal  and  draining  it  at  low  tide,  the  salt 
water  was  kept  out  of  the  supply. 

During  the  summer  the  water  department  be- 
gan the'  raising  and  strengthening  of  the  reser- 


Light   Portable  Railway  Tracks  In  the  Quarry  of  a  Cement  Company. 


purpose,  it  was  thought  that  the  first  classifica- 
tion concerning  which  agreement  should  be 
reached  is  that  which  pertains  to  the  central  or 
controlling  accounts.  But  since  the  purpose  of 
the  controlling  accounts  is  that  of  obtaining 
summaries  of  results  which  are  needed  by  citi- 
zens and  officers  in  responsible  positions,  it  Is 
esteemed  that  consideration  of  the  form  of 
statement  of  the  Comptroller's  report  should  be 
first  obtained. 


lubricant  needed.  The  bearings  are  dust  proof. 
These  cars  have  been  supplied  for  many  other 
purposes,  both  in  industrial  establishments  and 
on  contracting  work. 


A  Refuse  Destructor  at  Burnley,  England, 
was  described  in  a  recent  issue  of  the  "Me- 
chanical Engineer,"  of  London.  With  a  six 
days'  test  the  average  weight  of  refuse  burned 
per  square  foot  of  grate  per  hour  was  52  pounds, 
and  the  average  weight  of  water  evaporated  per 
pound  of  refuse  was  2  pounds.  The  steam  pres- 
sure averaged  150  pounds,  and  feed-water  tem- 
perature ranged  from  50  to  180  degrees.  A  re- 
generator is  used  to  heat  the  air  for  combustion 
to  about  350  degrees,  instead  of  heating  feed 
water.  The  temperature  in  the  chimney  flue 
beyond  the  regenerator  was  650  to  940  degrees. 
For  a  period  of  about  51  days  1,536  tons  were 
burned,  620,900  gallons  were  evaporated,  an 
average  of  1.5  pounds  of  water  was  obtained 
per  pound  of  fuel  and  the  labor  cost  of  burn- 
ing was  21.2  cents  per  ton. 


Oil  Separation  by  Electricity  has  been 
accomplished  by  Messrs.  Davis  &  Perrett 
of  London,  according  to  the  "Electrical  En- 
gineer" of  that  city.  The  water  is  passed 
through  a  wooden  tank  12  feet  long,  30  inches 
wide  and  27  inches  deep,  and  flows  in  parallel 
streams  through  three  compartments  into 
which  the  tank  has  been  divided.  The  flow  of 
water  takes  place  betweeen  iron  electrodes, 
maintained  at  50  volts  potential  between  ad- 
jacent plates,  or  150  volts  across  the  three  in 
series.  When  the  plant  was  handling  2,000  to 
3,000  gallons  of  water  hourly  It  is  said  that  a 
reduction  of  1.07  to  0.01  grain  of  oil  per  gallon 
was  effected  with  apparently  20  amperes. 


The  Fuel  Co.st  of  Lighting  Stations  was  re- 
cently discussed  in  the  "Mechanical  Engineer" 
of  London  by  Mr.  W.  H.  Roy.  The  average 
cost  of  43  so-called  provincial  non-condensing 
stations.  Irrespective  of  the  relative  amount  of 
kilowatt-hours  sold  by  each,  was  2.1  cents  per 
kilowatt-hour,  and  for  59  provincial  stations 
operating  condensing  was  1.88   cents. 


voir  embankment  by  day-work.  This  will  per- 
mit a  higher  level  to  be  carried  in  the  reservoir 
and  will  avoid  tne  danger,  that  has  existed  here- 
.tofore,  of  overflowing  the  embankment  during 
floods.  When  the  Improvements  are  completed 
the  old  waste  gates  will  be  abandoned. 

Analysis  of  water  from  the  Absecon  Creek 
supply  made  by  Mr.  William  R.  Copeland, 
chemist  and  Bacteriologist  to  the  Philadelphia 
water  department,  showed  that  the  chlorine, 
free  ammonia,  and  oxygen  consumed  were 
rather  high  for  surface  waters,  but  this  can  be 
explained  very  readily.  As  Absecon  lies  near 
the  coast,  the  storms  blowing  off  the  sea  carry 
salt  Inland  for  several  miles  and  deposit  chlor- 
ide of  soda  on  the  watershed.  Moreover,  the 
whole  territory  is  evidently  an  old  sea  bottom 
and  the  sand  beneath  the  soil  undoubtedly  con- 
tains chlorine  from  that  source.  In  regard  to 
the  ammonias  and  oxygen  consumed.  It  might 
be  said  that  those  tests  are  made  to  determine 
how  much  organic  matter  the  water  contains. 
And  in  view  of  the  fact  that  the  water  contains 
a  large  amount  of  vegetable  matter  drawn  from 
the  cedar  swamp,  the  ammonias  and  oxygen  con- 
suming material  undoubtedly  came  from  that 
source.  So  far  as  the  hardness  of  the  water  is 
concerned,  it  may  be  said  that  the  water  In  the 
canal  at  Absecon  is  unusually  soft. 
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In  connection  with  .the  new  driven  well  sup- 
ply described  in  the  article  previously  men- 
tioned, a  4-inch  test  well  was  driven. 

The  most  striking  feature  of  the  water  drawn 
from  the  test  well,  next  to  its  lack  of  yellow 
color,  lay  in  the  amount  of  carbonic  acid  con- 
tained. If  such  spring  water  is  run  through 
lead  (and  pernaps  tin-lined)  pipes  there  is  no 
doubt  but  that  the  free  carbonic  acid  in  the 
water  would  attack  the  piite  and  dissolve  out 
some  of  the  metal.  Lead  pipe,  therefore,  should 
not  be  used  to  convey  the  well  water. 

Rodents  have  been  a  source  of  annoyance  In 
a  number  of  instances,  especially  by  their  dig- 
ging through  the  banks  of  the  canal  and  other 
earth  embankments.  The  most  serious  accident 
from  this  cause  occurred  about  8.30  P.  M..  June 
13,  when  the  dam  of  the  Bargalntown  mill  pond, 
belonging  to  the  department,  gave  way.  prob- 
ably due  to  the  burrowing  of  muskrats  near  the 
waste-gates.  A  gap  46Vb  feet  wide  on  top  and 
14  Hi  'eet  below  the  level  of  the  roadway  at  its 
greatest  depth,  was  formed,  entirely  draining 
the  pond.  As  there  was  no  pressing  necessity 
for  the  use  of  either  pond  or  road  repairs  were 
temporarily  deferred. 

The  3,000,000-gallon  d'Aurla  pumping  engine 
installed  during  1902,  in  the  Absecon  pumping 
station,  was  olBcially  tested  in  January  last 
year.  A  view  of  this  engine  was  reproduced 
with  the  article  of  August  22.  1903.  which  also 
contained  a  description  of  it.  The  following 
statement  of  the  official  trial  is  taken  from  the 
water  board's  report.  The  test  was  made  in 
two  parts.  In  the  first,  comprising  ten  hours, 
the  engine  was  run  under  conditions  approx- 
imating those  laid  down  in  the  specifications. 
In  the  second,  comprising  two  hours,  the  engine 
was  run  by  the  engineer  under  ordinary  work- 
ing conditions.  The  following  are  the  essential 
data  and  results  of  the  two  tests  as  deten- 
mined: 

Steam     pressure  —  corrected— 10-hoar  test.  2-hour  test. 

lbs 88.6  79.3 

Motstare  In  steam,  per  cent..  . .  3.5  3.25 

Water  from  condenser,  lbs....  19.910  3,488 
Water  condensed  from  vacuum 

pump,    lbs 1,215  163 

Water  from  drips,  lbs 101  21 

Water,  toUI.  lbs 21,235  3.672 

Steam  for  feed  pumps,  Iba none  none 

Water  from  separator,  lbs 133  27 

Water  unaccounted  for,  lbs....  1,794  441 

Water  fed  to  boilers.  lbs 23,162  4,140 

Water    eqairalent    of    beat    to 

feed,  lbs 1.292  189 

Water    chargeable    to    engine, 

lb* 19,943  3,483 

Tenperatnre    water    in    pump 

well    46° 

Temperature  to  condenser. . . .  50°  51* 

Temperature  of  feed 115°  117° 

Displacement,  en.  ft 193,936  34,202 

Dtscbarge  by  Venturl,  cu.  ft. . .  190.000  33,500 

Slip,  per  cent.   2.02  2.05 

Suction      lift,      measured      to 

plungers,    feet 15.4  1.5.4 

Suction,  by  manometer,  feet..  .  1S.6  15.1 

Preasore,    feet 104.0  99.0 

ToUI  lift,  feet 119.06  114.1 

Capacity,  gals,  per  24  hours. .    3,411,000  3,007.000 

Duty  per  1,000  lbs.  steam,  foot 

pounds    71,100.000  68,500,000 

Duty    corrected    for    3^     per 

cent,  moisture  In  steam ....  73,679.000  70,984,000 

Home  Power — Hteam  End 91.5  77.3 

Water  EhJd 78.2  65.9 

By  gauge  pressure 73.1  60.0 

Efflciency — Steam      End,      per 

cent 85.4  86.3 

Water   End,   per  cent 93.6  91.1 

Total.  i>er  cent 80.0    '  78.6 

Steam  per  H.  P.  bour.  lbs 21.8  22.54 

Steam  per  H.-F*.  Hour  accounted 

for  by  earda,  lbs 15.2  14.68 

Loss  by  condensation  and  leak- 
age, per  cent 30.8  85.0 

Feed  water  was  measured  by  passing  through 

three  %-incb  Trident  meters  in  tandem.     All 

water  from  condensers  and  drips  was  weighed 

and  the  moisture  in  steam  was  measured  by  a 

throttling  calorimeter.     Mr.  Kenneth  Allen  is 

the  engineer  and  superintendent  of  the  Atlantic 

City  water  works. 


Discussion  of  Published  Data  on  the  Thermal 

Efficiency  of  the  Rotary  Kiln,  and  Possible 

Seduction  of  Fuel  Requirement. 


A  Ojie-Car  Street  Raitwat,  owned  by  the 
State  of  North  Dakota  at  Bismarck,  transports 
the  members  of  the  Legislature  to  and  from  the 
Capitol. 


It)-  Henry  S,  .S|)aoliaian.  M.  Am.  Soc,  .M.  K. 

Does  the  minimum  consumption  of  fuel  In 
the  rotary  kiln  now  obtained  in  good  practice, 
i.  e.,  85  to  95  pounds  of  coal  per  barrel  of  ce- 
ment produced,  represent  the  maximum  work 
ing  efficiency  of  the  kiln?  Or  can  the  thermal 
efficiency  be  increased,  either  by  a  modifica- 
tion of  its  general  proportion  and  detail,  in- 
creasing the  ratio  between  the  length  and  the 
diameter  and  reducing  the  air  admitted  to  the 
kiln,  thus  utilizing  in  the  kiln  itself  a  greater 
proportion  of  the  heat  generated,  or  by  the  re- 
covery of  and  utilization,  outside  of  the  kilns, 
of  the  heat  now  carried  off  by  the  waste  gases 
and  discharged  with  the  clinker,  crediting  the 
amount  of  heat  so  saved  to  the  fuel  consump- 
tion of  the  kiln? 

Unfortunately,  in  considering  this  question, 
few  data  are  available.  During  the  past  ten 
years  upward  of  45.000,000  barrels  of  Portland 
cement  have  been  produced  in  the  rotary  kiln, 
yet  we  have  to-day  practically  no  definite 
knowledge  of  what  actually  occurs  inside  the 
kiln.  The  various  steps  in  the  process  by 
which  the  raw  material,  consisting  principally 
of  carbonate  of  lime,  silica  and  alumina,  is 
transformed  into  a  homogeneous  clinker,  are 
largely  matters  of  surmise. 

What  are  the  temperatures  actually  pro- 
duced in  the  different  parts  of  the  kiln,  and 
what  are  the  temperatures  actually  required? 
What  is  the  amount  of  heat  given  off  by  the 
chemical  combination  of  the  lime  with  the 
silica  and  alumina?  By  what  successive  steps 
Is  the  heat  utilized?  In  what  form  and  man- 
ner are  the  chemical  elements  combined  in 
the  clinker  itself?  None  of  these  questions  can 
be  definitely  answered,  and  any  theoretical 
calculation  of  the  thermal  efflciency  of  the 
rotary  kiln  must  be  largely  based  on  hypo- 
thetical assumptions. 

Yet.  with  each  kiln  installed,  the  cement 
maker  in  practice  must  answer  these  ques- 
tions, and  to  aid  in  making  this  decision,  what 
data  are  available.  The  papers  known  to  the 
writer  treating  of  this  subject  can  be  counted 
on  the  fingers  of  one  hand,  and  of  these,  three 
only  bear  directly  on  the  subject  under  con- 
sideration, two  of  which  are  of  very  recent 
date.  The  papers  referred  to  are:  "Fuel  Con- 
sumption in  Portland  Cement  Burning"  by  S 

B.  Newberry,  "Cement  and  Engineering  News," 
July,  1901.  "The  Thermal  Efficiency  of  a  Ro- 
tary Cement  Kiln"  by  Jos.  W.  Richards,  "The 
Journal  of  the  American  Chemical  Society," 
January,  1904.  "Test  of  a  Process  for  Utilizing 
Waste  Heat  from  Rotary  Cement  Kilns"  by  R. 

C.  Carpenter,  "Sibley  Journal  of  Engineering," 
March,  1904. 

Prof.  Newberry's  paper  is  baaed  on  theoreti- 
cal calculations  and  assumptions  only;  Dr. 
Richards'  on  a  test  made  by  him  of  a  rotary 
kiln  in  the  plant  of  the  Dexter  Cement  Com- 
pany, Nazareth,  Pa.:  and  Prof.  Carpenter's  on 
a  twelve-hour  test  of  two  kilns  in  the  works 
of  the  Cayuga  Lake  Cement  Company,  near 
Ithaca.  As  Indicated  by  the  title.  Prof.  Car- 
penter's test  was  Intended  primarily  to  deter- 
mine the  efflciency  of  the  boilers  attached  to 
the  kilns,  but  it  contains  valuable  data  on  the 
thermal  efflciency  of  the  kiln  itself,  and  it  is 
with  this  portion  of  the  paper  that  we  have 
most  to  do.  Unfortunately,  in  their  original 
form,  these  papers,  a  general  summary  of 
which  will  be  found  in  Table  1,  are  not  readily 
comparative,  different  units  having  been  taken 
by  each  author  as  a  basis  for  calculating  the 
work  done,  and  the  results  are  stated  In  dif- 
ferent terms;  Prof.  Newberry  using  as  a  basis 


for  his  calculations  600  pounds  of  raw  ma- 
terial; Dr.  Richards  100  kilogrammes  of  coal 
burned,  equaling  in  his  case  two  barrels  of 
cement ;  while  Prof.  Carpenter  uses  one  hour's 
run  of  two  kilns. 

In  Table  2  will  be  found  the  results  given  in 
Table  1  reduced  to  a  uniform  basis  of  British 
thermal  units  required  to  produce  one  pound 
of  clinker. 

TAHLK      1. — GENERAL     SUMMARY     OF      PAPERS 
in    NKWIfEltKY.  CARPENTER  AND  RICHARDS. 

Analimis  of  Clinker. 

Car- 
Richards,     penter.  Newberry. 

SlUoa ■J1.27  19.92  23.4      b 

Aluminum   oxide    U.42  8.22    1       ■,  s     y. 

Ferric  oxide 3.18  3.34    (       '•''     " 

Calcium   oxide    (i().70  63.34  65.6     b 

Magnesium  oxide   2.43  2.38  .7     b 

Analysis  of  Coals. 

Moisture    0.60  2.19  1.40 

Volatile  combustible  mat-  1 

ter    38.10         32.90    V   89.80  b 

Fixed  carbon   53.24         54.66    ) 

Ash    8.06  10.25  8.80  b 

Calories.  B.  T.  U.     B.  T.  U. 

Theoretical  heating  pow- 
er per  lb.  of  fuel 7,900       14,022       13,400 

General  Data. 

Size  of  kiln 6x60'        7'  &  5'  a 

6"x60' 

I'roductlon    per    hour    in 

lbs.  of  clinker 3,635         8,018  a 

Pounds  of  coal  used  to 
produce  one  barrel  of 
cement.    380    lbs 110  89  71.7 

Temperature     of      waste 

gases   in   stack 820°C     1,820°F     1,500°F 

Temperature  of  air  en- 
tering kiln    250°C         480°F  60°F 

Temperature    of    clinker 

leaving  kiln 1,200°C     2,500°F     2,500°F 

Air  supplied  to  kiln  in 
excess  of  theoretical  re- 
quirements for  com- 
plete combus.  of  coal.         132%  48%  Th'retlcal 

Summary  of  Tests. 

Heat  supplied  to  kiln — Calories.         B.  T.  U.     B.  T.  U. 

Heat     In    air    entering 

kiln    100,000       2,041,000  a 

Theoretical    heat    from 

coal  burned  in  kiln.  .     790,000     26,450,000     960,780 

Heat  of  combination  of 
the  ingredients  form- 
ing clinker    142,819       2,880,000  a 

Total    heat    supplied 

to   kiln    1,032,819     31,371,000     960,780 

Approximate  distribution  of  heat — 

Car- 
Richards,       penter.     Newberry. 
B.  T.  U.         B.  T.  U.        B.  T.  U. 
Heat  In  clinker.  ..  .     100,050       4,409,540     228,000     b 
Heat  in  chlm.  gases    676.000     14.859,8.59     356,298     b 
Heat    In   flue   dual.        2,112  a  a 

Loss    by     Imperfect 

combustion    12,248  0.00  c  a 

Evap.    of   water....         1,446  303.200       20,832 
Expulsion  of  carbon 
dioxide  from  car- 
bonates         182,690       6.789,375     344,250 

Deeomi>oslt'n  of  sul- 
phuric   anhydride  a  238,140       11,340 
Loss    by    radiation, 

conduction,    etc...       58,273       4,770,886  a 

Total    heat    ac- 
counted for.  .1,032,819     31,371,000     906,720 

Note. — "a"  Indicates  item  not  considered ;  "b"  indi- 
cates item  figured  from  data  in  paper  quoted.  Dr. 
Richards  uses  100  kilogrammes  of  coal  as  basis  for 
his  calculations,  equal  In  his  case  to  two  barrels  of 
cement,  and  all  heat  measurements  are  given  in  kilo- 
gramme calories.  I'rof.  Carpenter  uses  one  hour's  run 
of  two  kilns  as  the  basis  of  his  calculations,  and  Prof. 
Newberry  one  barrel  of  cement,  both  giving  heat  quan- 
tities In  British  thermal  units.  Figures  given  do  not 
in  all  cases  correspond  to  those  given  in  original  pub- 
lications, having  been  sub.iect  to  correction  by  the 
authors. 

"c"  No  CO  in  flue  gas. 

Disregarding  the  heat  recovered  from  the 
clinker,  or  generated  by  the  chemical  combina- 
tion of  the  materials,  and  considering  only  the 
heat  supplied  by  the  fuel,  a  study  of  these 
tables  shows  that  with  the  admission  to  the 
kiln  of  only  the  amount  of  air  theoretically 
necessary  for  combustion,  and  a  stack  temper- 
ature of  1,500  degrees  Fahr.,  2501.6  B.  T.  U.  are 
theoretically  required  to  calcine  one  pound  of 
Portland  cement  clinker  of  the  analysis  given, 
of  which  1573.8  B.  T.  U.  or  63  per  cent,  of  the 
total  number  are  expended  In  useful  work,  of 
which  593.7  used  in  heating  material  and  dis- 
charged with  clinker  are  largely  recoverable,  the 
remaining  927.8  B.  T.  U.  or  37  per  cent,  being 
carried  off  by  the  waste  gases,  showing  a  theo- 
retical efflciency  of  63  per  cent,  for  the  kiln. 
Prof.  Carpenter's  test,  made  under  conditions 
of  actual  manufacture,  shows  a  working  efflci- 
ency of  44  per  cent,  of  heat  from  fuel,  1464.1  B. 
T.  U.  being  utilized  for  useful  work.    In  com- 
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paring  these  results  it  must  be  remembered 
that  Prof.  Newberry's  calculation  Is  based  on 
the  admission  to  the  kiln  of  only  the  theoreti- 
cal amount  of  air  required  for  the  combustion 
of  the  fuel,  a  condition  hardly  obtainable  in 
practice,  and  that  no  allowance  is  made  by  him 
for  such  unavoidable  items  of  loss  as  radiation, 
conduction,  incomplete  combustion,  etc.  With 
the  admission  of  1%  times  the  theoretical 
amount  of  air,  using  otherwise  the  same  fig- 
ures, the  theoretical  requirements,  as  given  by 
Newberry,  would  be  88.2  pounds  per  barrel  of 
cement,  checking  very  closely  with  the  figures 
obtained  by  Prof.  Carpenter  with  48  per  cent, 
excess  air  of  89.4  pounds. 

TABLE      2.— A     REDUCTION     OF     TABLE     1     TO 
A  COMPARATIVE  BASIS  OF  BRITISH  THER- 
MAL INITS  PER  POUND  OF  CLINKER. 
Heat  Supplii'd  to  Kiln  Prr  Pound  of  Clinker. 

Car-         New- 
Richards,       penter.      berry. 
B.  T.  U.        B.  T.  U.      B.  T.  U. 
Heat  in  air  entering  kiln 

per  pound  of  cilnker.  .         521.6  254.5  a 

Tlieoretical  heat  from 
coal  burned  in  kiln  per 

pound  of  clinker 4.121.6         3,298.8  2,.'>02 

Heat  of  combination  of 
the  Ingredients  form- 
ing 1  pound  of  clinker 
per  pound  of  clinker 
produced    745.  359.1  a 

Total  heat  supplied 
to  kiln  per  pound 
of  clinker    5,388.2         3,912.4  2,502 

Distribution. 

Car-  New- 

Richards,       penter.         berry. 
B.  T.  U.         B.  T.  U.        B.  T.  U. 

Heat  In  one  pound  of 
clinker  discharged 
from  kiln 522.  549.9  593.7 

Heat  In  chimney  gases 
per  pound  of  clinker 
produced    3,526.9  1,853.3  927.8 

Heat  In  flue  dust  per 
pound  of  clinker  pro- 
duced     11.  a  a 

Heat  lost  by  imperfect 
combustion  per  pound 
of  clinker  produced.  63.9  0.0  a 

Heat  used  In  the  evap- 
oration of  water  per 
pound  of  clinker  pro- 
duced     7.5  37.8  54.2 

Heat  used  In  the  ex- 
pulsion of  carbon  di- 
oxide from  carbon- 
ates necessary  to 
produce  one  pound 
of   clinker    952.9  846.7  896.4 

Heat  used  in  decompo- 
sition of  sulphuric 
anhydride  per  pound 
of  clinker   a  29.7  29.5 

Heat  lost  by  radiation 
and  conduction  and 
in  other  ways  not 
considered   304.  595.  a 

Total 5,388.2  3.912.4  2,501.6 

Coal    used    in    pounds 

per  pound  of  clinker.         0.289  0.234  0.188 

Comparing  the  results  obtained  by  tests  of 
the  kilns  under  actual  working  conditions,  and 
considering  the  different  analyses  of  the  raw 
material,  we  find  they  check  closely  with  the 
exception  of  heat  lost  at  stack,  and  this  wide 
variation  is  explained  by  the  great  difference 
in  the  quantity  of  air  entering  the  kilns.  Con- 
sidering only  the  heat  generated  by  the  com- 
bustion of  fuel,  and  disregarding  that  recov- 
ered from  the  clinker  or  generated  by  chem- 
ical action,  we  find  that  from  12  per  cent,  to  17 
per  cent,  of  the  heat  generated  by  the  fuel  is 
discharged  with  the  clinker  after  it  has  done 
actual  work,  and  56  to  85  per  cent,  with  the 
waste  gases;  the  latter,  In  the  rotary  kiln  as 
usually  installed,  is  a  total  loss. 

In  the  past  year  or  two  there  l)as  been  an  en- 
deavor to  utilize  this  waste  heat  to  a  greater 
extent  in  the  kiln  itself,  by  increasing  the 
length  of  the  kilns.  Since  the  writer's  connec- 
tion with  the  cement  business,  he  has  watched 
with  interest  the  change  in  practice  affecting 
the  length  of  the  kilns.  The  rotary  kilns  first 
installed,  designed  for  burning  crude  oil,  were 
from  30  to  40  feet  in  length,  and  these  were 
gradually  increased  both  In  length  and  diame- 
ter, some  kilns  5  feet  in  diameter  by  80  feet  in 
length  being  installed  for  the  wet  process. 
With  the  general  adoption  of  powdered  coal  as 


fuel  between  1898  and  1899,  practice  settled  cement.  U  60  per  cent,  excess  air  was  admitted 
down  to  a  6x60-foot  or  7x60-foot  kiln  as  the  to  the  kiln,  which  represents  the  best  practice 
standard.  Then  came  a  slight  reaction  in  favor  of  to-day,  the  coal  consumption  would  be  0.170 
of  the  shorter  kilns,  some  plants  being  pounds  per  pound  of  cement  produced,  or  64.6- 
equipped  with  kilns  6  or  7  feet  in  diameter  and  pounds  of  coal  per  barrel.  Loss  through  radi- 
40  feet  in  length;  these  represented  the  ex-  ation,  etc.,  used  in  this  calculation  was  as- 
treme  reached  by  the  advocates  of  the  short  sumed  at  50  per  cent,  of  that  found  by  Prof. 
kilns.  Now  the  pendulum  is  swinging  in  the  Carpenter,  the  reduction  being  made  on  the  as- 
opposite  direction,  a  powerful  impetus  having  sumption  that  Improvement  in  detail  of  the- 
been  given  it  by  the  installation  in  the  works  kiln  would  reduce  this  loss. 

of   the   Edison    Portland   Cement   Company   of  Considering    next    the    taking   of    the    waste 

kilns  9  feet  in  diameter  and  150  feet  long,  and  gases  from  the  kiln  at  a  high  temperature,  and 

most  of  the   works   now   building,   or  recently  utilizing  them   for  the  generation  of  steam  ia 

built,  have  installed  kilns  running  from  80  feet  the  boiler,  we  find   by  using  the  same  general 

to  100  feet,  Edison  still  holding  the  record  with  calculations,  but  assuming  the  waste  gases  to 

his  150-foot  kilns.  be  discharged  at  a  temperature  of  1,500  degrees 

Accurate  statements  of  the  results  obtained  that  the  theoretical  heat  requirements  would 

by  this  Increase  in  length  are  not  available,  ce-  be  3,470.6  B.  T.  U.,  equivalent  to  a  coal  con- 

ment    manufacturers    generally    objecting    to  sumption  of  0.259  pounds  per  pound  of  clinker 

making   public    the    results    obtained,    fearing  produced,  or  98.4  pounds  per  barrel  of  cement, 

that   the   publication   would   result   to   the   ad-  and  that  the  waste  gases  would  carry  to  the 

vantage  of  their  competitors.    The  general  im-  boilers  1,259.0  B.   T.  U.   per  pound  of  clinker, 

pression  is  that  a  large  increase  In  production  which,    with   a   production   of   3,800   pounds  of 

coupled  with  some  reduction  in  fuel  consumed  clinker    per    hour,    or    ten    barrels   of   cement, 

has  resulted  from  this  increase  in  the  length  would  equal  4,784,200  B.  T.  U.,  which  would  be 

of  kilns.  equivalent  with   70   per  cent,   efficiency  In   the 

It    is,    however,    a    question    whether    this  boiler,  to  100  boiler  horse-power,  equal  with  an 

claimed   economy   in   fuel   consumption   is   not  evaporation  of  ten  pounds  of  steam  per  pound 

due  to  the  reduction  of  excess  air  entering  the  of  coal  to  a  saving  of  300  pounds  of  coal,  which,, 

kilhs  as  well  as  to  increase  in  length.     With  if  credited  to  the  kilns,  shows  a  coal  consump- 

the   increase   in   the   size   of  the   kilns,   and   a  tion  of  only  68.4  pounds. 

larger  production,  a  greater  amount  of  fuel  is  With  50  per  cent,  air  admitted  to  the  kiln, 

burned  in  the  kiln  per  hour,  with  little  or  no  3,872.6  B.  T.  U.  would  be  required  per  pound  of 

increase  in  the  size  of  the  openings  through  clinker,  equal  to  0.289  pounds  of  coal  per  pound 

which   the   air  enters  the  kiln.     As  is   shown  of  clinker,  or  109.8  pounds  per  barrel  of  cement, 

plainly  by  the  tables,  a  reduction  of  the  amount  The    waste    gases    would    carry    to    the    boiler 

of  air  entering  the  kilns  in  excess  of  that  re-  1,661.0  B.  T.   U.   per  pound  of  clinker,  which, 

quired    for   combustion    is    followed    by    a    de-  with  a  production  of  3,800.0  pounds  of  clinker 

crease  in  the  coal  consumed  per  barrel  of  ce-  per  hour,  would  be  6,311,800  B.  T.  U.,  equal  at 

ment  produced.     A  decrease  of  excess  air  from  an  efficiency  of  70  per  cent,  in  the  boilers  to  133 

132  per  cent,  to  48  per  cent,  showed  a  saving  of  horse-power,  which,  at  3.0  pounds  of  coal  per 

about  20  pounds  in  coal  used  per  barrel  of  ce-  boiler  horse-power,   would   equal   399.0   pounds 

ment  produced.    A  reduction  of  the  excess  air  of    coal    to    be    credited    to    the    kiln,    or    69.9 

admitted   to   the   kiln   to   the   lowest   point   at  pounds  of  coal  per  barrel  of  cement  produced, 

which    perfect    combustion    can    be    obtained  Prof.  Carpenter,  in  his  paper,  gives  the  fol- 

should   show   further   savings.     The  length   of  lowing  results  from  a  test  of  an  installation  of 

the   Ideal   rotary   kiln    would    be   theoretically  a  300  horse-power  vertical  boiler,  arranged  tO' 

that  at  which  the  waste  gases  leave  the  kiln  take  the  heat  from  two  7  and  5%   x  60-foot 

at  the  temperature  at  which  they  cease  to  do  rotary  kilns: 

energetic  work,  as  any  increase  in  length   be-  Cement  produced  per  hour  In  two  kilns,  21.2 

yond  this  point  would  only  act  in  cooling  the  barrels. 

gases.    What  this  length  should  be  to  discharge  Coal    burned    per    hour    In    two    kilns,    1,889- 

the  gases  at  400  degrees  Fahr.,  the  tempera-  pounds. 

ture  assumed  for  the  following  calculation  of  Temperature  of  feed  water,  212  degrees, 

coal  consumption  is  a  matter  of  conjecture,  but  Dry  coal  used  in  boiler  per  hour,  in  addition 

would  probably  be  between  120  and  150  feet.  to  waste  gases,  652  pounds. 

Assuming  the  raw  material  to  be  14.75  silica.  Water  per  hour  from  and  at  212  pounds,  14,- 

6.25  iron  and  alumina,  73.21  carbonate  of  lime?  034. 

2.10  carbonate  of  magnesia,  0.60  sulphur,  1.00  Boiler  horse-power  developed,  406.8. 

alkali,  and  2.00  water,  and  the  coal  to  contain  From   the   data  obtained   by  this  test,   Prof, 

moisture   1.4,  total   carbon   75.0,   hydrogen   5.0,  Carpenter  calculates  that  264  boiler  horse-power 

oxygen  8.0,  nitrogen  1.0,  sulphur   1.6,  ash   8.0,  was  produced  from  the  waste  heat,  which  would 

having  calorific   value   of  13.400   B.   T.   U.   per  be    equivalent    with    an    allowance    of    three 

pound  of  coal,  and  the  kiln  to  be  of  such  length  pounds  of  coal  per  boiler  horse-power,  to  a  sav- 

that  the  gases  are  discharged  to  the  stack  at  ing  of  792  pounds  of  coal,  which,  if  deducted 

a  temperature  of  400  degrees  Fahr.,  with  air  from  the  1,889  pounds  per  hour  burned  in  the 

supply  of  25  per  cent,  in  excess  of  the  theoreti-  kilns,  would  show  1,097  pounds  of  coal  used  to 

rai  air  requirement,  approximately  the  theoret-  produce  21.2  barrels  of  cement,  or  51.7  pounds 

ical  heat  consumption  would  be  as  follows:  of  coal  per  barrel  of  cement,   showing  appar- 

P  .J.  u.  ently  a  greater  economy  obtainable  by  the  re- 

lleatlng  0.03  lb.  water  60°  to  400° 37.4  covery  and  Utilization  of  the  heat  in  the  waste 

Heating  1.53  lb.  mix,  60°  to  1,500°,  at  0.22..       484.7  „„-,„„  ,«  ti,„  i.ii«    tv.««  v.«  <„».„„„:..„  4-i,„  i„„.w^v. 

Decomposing  1.14  lb.  carbonate  of  lime,  at  705 .      872.1  S^ses  of  the  kiln,  than  by  Increasing  the  length. 

Decomposing  0.032  lbs.  carbonate  of  magnesia  The  much   greater  economy  obtained  by   Prof. 

at  383   12.2  _             ^     ,^     j.      ,               ^      ,            ,  .         ■      .    ,, 

Decomposing  0.009  lb.  sulphur  at  1890 17.0  Carpenters  test  of  an  actual  working  installa- 

"tVoo"°^;^clflc\*ea?.%'°246\Ri;'L*ard^'.".°..'':      295.2  "'»'•  "^^'^  ^^^  calculated,  is  explainable  by  the 

Heating  0.52  lb.  carbonic  acid  gas.  60"  to  400°,  fact  that  heat  generated  bv  chemical  combina- 

at  0  24  4*^  4 

Heating  prc^ucVs' of '  combustion, '  i'so'lb.', '  60°         "'  "»"  ^nd  recovered  from  the  clinker,  has  been 

,   to  fOO°.  at  0.246 192.3  entirely     disregarded     in     these     calculations. 

Heat  lost  by   radiation 207.5  „,  ^      ^     „         A._,     .               ,  „«                   .      «  .,_ 

Richards  found  this  to  equal  30  per  cent,  of  the 

^'"®' 2.2o0.8  heat  generated  by  the  combustion  of  fuel,  and 

The   result  is  equivalent  to  0.168  pounds  of  Carpenter  18  per  cent.     These  calculations  are 

coal  of  the  analysis  assumed  per  pound  of  ce-  largely  approximate,  and  valuable  only  for  pur- 

ment   produced,   or   63.8   pounds   per   barrel   of  poses  of  comparison,  and   not  as  representing 
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accurately  the  heat  consumption  in  the  kiln, 
and  apply  only  to  Uie  dry  process.  Any  varia- 
tion in  the  analysis  of  the  raw  materials  or  the 
calorific  value  of  the  coal  affect  considerably 
the  fuel  requirement,  and  the  specific  heats 
used  in  the  calculations  are  probably  erroneous, 
being  mostly  determined  for  lower  tempera- 
tures than  those  occurring  in  the  rotary  kiln. 

Nor  must  it  be  supposed  that  the  only  thing 
necessary  to  secure  the  economies  indicated  is 
to  increase  the  length  of  the  kiln,  or  install 
boilers  at  the  stack,  for  it  is  more  than  proba- 
ble that  numerous  difficulties  will  be  encoun- 
tered in  operation.  However,  the  possible  econ- 
omy appears  great  enough  to  warrant  the  ex- 
penditure necessary  to  secure  it,  and  while 
more  or  less  disappointment  may  be  the  lot  of 
the  pioneers,  an  increase  in  length  of  the  kiln, 
or  the  installation  of  iMilers  to  recover  the 
waste  heat,  even  though  not  perfect  in  detail, 
should  result  in  considerable  economy. 

In  conclusion,  the  writer  wishes  to  express 
bis  appreciation  of  the  courtesy  of  Profs.  Car- 
penter and  Newberry,  and  Dr.  Richards  in  fur- 
nishing _data  in  addition  to  those  contained  in 
their  papers,  and  to  express  his  indebtedness 
to  Dr.  E.  W.  Lazell  for  his  assistance  in  pre- 
paring this  discussion. 


Practical  Points  in  Sewage  Disposal  Works. 


Much  research  work  of  great  value  relating 
to  the  purification  of  sewage  has  been  done  in 
this  country,  especially  by  the  engineers,  bacte- 
riologists and  chemists  of  the  State  Board  of 
Health  of  Massachusetts.  English  sanatarians, 
however,  seem  to  hold  a  prominent  place  in 
this  line  of  investigation  at  present,  as,  indeed, 
they  have  for  a  number  of  years,  and  they  seem 
now  to  be  the  leaders  in  the  practical  con- 
struction and  management  of  disposal  works. 
The  more  urgent  necessity  for  rendering  sew- 
age at  least  inoffensive  before  turning  it  Into 
their  streams,  doubtless  accounts  for  this  to  a 
considerable  degree.  In  a  paper  before  the 
Society  of  Engineers,  not  long  ago,  Mr.  Henry 
C.  H.  Sbenton  discussed  the  latest  practice  in 
sewage  disposal,  particularly  from  the  point  of 
view  of  the  engineer.  The  following  para- 
graphs are  extracted  from  his  practical  and  in- 
teresting review  of  the  field: 

There  are  two  main  stages  in  the  process  of 
sewage  disposal  which,  whatever  may  be  said 
to  the  contrary  from  a  theoretical  standpoint, 
are  practically  at  the  present  time  quite  dis- 
tinct, except  in  exceptional  cases.  The  first 
of  these  stages  is  the  removal  of  sludge  from 
the  sewage,  and  the  second  is  the  final  pu- 
rification of  the  sewage  or  effluent,  and  it  is 
quite  distinct  from  the  first  stage.  Probably 
this  is  rank  heresy  from  the  chemist's  stand- 
point It  is  well  known,  for  instance,  that  a 
considerable  amount  of  purification  may  take 
place  in  a  septic  tank.  Practically  speaking  it 
will  be  of  assistance  to  regard  the  two  steps 
as  distinct  from  each  other,  as,  however  useful 
the  purification  which  takes  place  in  a  septic 
tank  may  be,  no  one  would  think  of  using  one 
If  it  were  not  for  the  fact  that  it  will  liquefy 
sludge. 

The  author  has  made  a  careful  study  of  ex- 
isting sewage  works  In  many  parts  of  England, 
and  it  has  led  him  to  the  conclusion  that  each 
and  all  of  the  systems  he  has  mentioned  have 
their  uses,  and  it  is  not  too  much  to  say  that 
they  have  all  produced  good  results  in  certain 
caaes. 

Turning  to  details,  the  author  thinks  the 
■eptlc  tank  needs  most  consideration  as  re- 
gards the  methods  for  the  first  stage  of  sewage 
purification.    The  best    methods    of  precipita- 


tion have  been  well  thought  out  long  ago,  and 
are  not  generally  economical  or  so  suitable  for 
ordinary  works.  The  septic  tank  is  used  as 
a  preliminary  for  land  treatment,  for  filters, 
for  contact  beds,  or  for  continuously  aerating 
filters,  and  has  to  a  great  extent  replaced  the 
older  methods,  being  more  economical  and  a 
much  better  preliminary  for  the  aerobic  action 
to  follow.  There  is  not  the  slightest  doubt, 
whatever  prejudice  one  may  at  first  have  had 
against  the  septic  tank,  that  it  is  practically  a 
most  useful,  and  even  indispensable,  part  of 
the  greater  number  of  the  smaller  sewage 
works  recently  constructed.  It  is  only  fair  to 
state  that  the  idea  that  a  large  mass  of  putrid 
sewage  kept  in  a  tank  would  be  very  objec- 
tionable does  not  seem  to  have  been  borne  out 
in  practice.  Where  a  septic  tank  is  not  dis- 
turbed, there  is  practically  no  smell.  An  or- 
dinary sewage  screen  or  open  channel  full  of 
crude  sewage  at  the  top  of  the  works  will 
generally  smell  much  worse  than  any  septic 
tank.  This  fact  will  be  obvious  to  any  unpreju- 
diced person  who  Inspects  many  works.  The 
remark  does  not  refer  to  plain  open  tanks, 
which  are  sure  to  be  disturbed  by  the  wind  at 
times,  and  are,  therefore,  not  to  be  recom- 
mended. 

In  the  author's  opinion  the  dimensions  and 
details  of  construction  of  the  septic  tank  need 
careful  consideration  by  the  engineer.  At  most 
places  the  depth  does  not  exceed  7  feet,  but 
the  author  is  of  opinion  that  it  is  possible  that 
the  depth  of  7  feet  might  be  increased  with 
advantage.  It  is  very  evident  to  him  that  7 
feet  is  near  the  minimum  depth  for  a  septic 
tank,  especially  if  that  tank  is  only  lightly 
covered.  In  such  tanks  the  scum  may  at 
times  be,  say  3  feet  thick,  and  2  feet  or  3  feet 
of  sludge  may  also  accumulate,  which  would 
reduce  the  capacity  of  the  tank  to  practically 
nothing.  There  are,  however,  plenty  of  in- 
stances of  tanks  filling  up  in  this  way  and  re- 
covering, and  almost  the  whole  of  the  solid 
matters  In  sludge  and  scum  have  been  lique- 
fied. If,  however,  the  tank  were,  say,  6  feet 
deep  or  less,  it  would  probably  have  had  to  be 
emptied,  simply  because  it  had  suffered  from 
a  temporary  fit  of  indigestion,  and  this  would 
have  been  of  no  account  if  it  had  been  deeper. 
If,  for  instance,  it  had  been  10  feet  deep,  there 
would  have  been  still  4  feet  of  liquid  between 
the  sludge  and  the  scum. 

Perhaps  the  most  general  practice  at  sewage 
disposal  works  has  been  to  turn  the  old  chem- 
ical precipitation  tank  into  a  septic  tank;  such 
a  tank  is  often  5  feet  deep  at  the  inlet  end  and 
4  feet  6  inches  deep  at  the  outlet  end.  The 
first  thing  done  has  been  to  simply  let  the 
sewage  run  through  it  without  any  scum  board 
or  trapped  outlet.  Any  amount  of  solid  matter 
has  come  out  with  the  effluent,  but  a  great  deal 
has  been  liquefied  also  by  the  septic  action, 
with  the  result  that  the  amateur  engineers  of 
the  district  have  been  much  pleased  at  the  suc- 
cessful application  of  theoretical  principles, 
and  that  a  certain  definite  saving  has  been  ef- 
fected by  getting  rid  of  the  sludge  difficulty. 
The  contact  beds  or  filters,  however,  have  later 
on  become  clogged,  and  the  contact  bed  prin- 
ciple has  been  severely  blamed  in  consequence. 
Later  on  the  septic  tank — falsely  so-called — 
has  been  found  to  be  sludged  up,  and  has  had 
to  be  emptied,  and  the  district  councillors  of 
the  place  where  such  occurs  will  tell  you  that 
engineers  have  still  a  great  deal  to  learn  on 
the  subject  of  sewage  disposal. 

Such  a  tank  is  altogether  too  shallow,  and 
there  Is  no  cover  to  keep  it  from  smelling  or 
to  prevent  the  wind  breaking  the  scum.  The 
Inlet  pipe  may  break  up  the  scum  to  any  ex- 
tent, and  the  scum  may  go  off  freely  at  the 


outlet.  It  is  an  open  cesspool,  pure  and  simple. 
It  is  a  little  improved  by  the  addition  of  scum 
boards,  but  these  scum  boards  are  very  often 
far  too  shallow  to  prevent  scum  being  given 
off.  It  woui'd  be  very  much  better  if  the  scum 
board  or  outlet  pipe  were  carried  down  to  the 
middle  of  the  tank,  where  about  18  inches  of 
scum  and  the  same  amount  of  sludge  may  ac- 
cumulate in  the  tank  without  solids  passing 
away  in  the  effluent.  But  the  tank  will  never 
be  a  good  job  unless  It  has  sufficient  depth; 
this  depth  the  author  thinks  should  be  at  least 
7  feet.  This  will  allow  for  the  various  changes 
which  take  place  in  a  septic  tank,  and  a  liquid 
effluent,  free  from  solids,  will  be  the  result, 
even  if  the  scum  is  occasionally  3  feet  thick, 
and  the  sludge  also  3  feet  thick. 

The  author  had  on  one  occasion  to  remodel 
some  sewage  disposal  works,  where  the  old 
chemical  precipitation  tanks  were  re-used,  to 
form  a  septic  tank,  where  the  depth  at  the  outlet 
was  7  feet  6  inches.  After  producing  a  liquid 
effluent  for  sixteen  months  the  whole  of  the 
sludge  at  the  bottom  of  the  tank  suddenly  be- 
gan to  ferment  violently,  and  formed  such  a 
thick  scum  for  a  few  days  that  solid  matters 
were  given  off  at  the  outlet.  During  this  ac- 
tion there  was  practically  no  sludge  at  the 
bottom.  If  the  tank  had  been  made  deeper 
this  temporary  inconvenience  would  not  have 
been  experienced. 

In  the  author's  opinion  the  best  form  of  tank 
under  ordinary  conditions  is  One  covered  with 
a  light  roof.  If  the  tank  is  roofed  with  brick- 
work or  concrete,  and  is  not  carefully  ven- 
tilated, it  seems  that  there  is  danger  from  gas 
exploding  inside.  Such  cases  have  occurred, 
and  lives  have  been  lost  in  consequence. 

It  should  not  be  necessary  to  empty  the  sep- 
tic tank  often.  Mr.  Strachan,  in  his  evidence 
given  before  the  Royal  Commission,  said  he 
estimated  that  septic  tanks  filled  up  at  the 
rate  of  about  one-sixth  of  their  capacity  per 
year.  This  represents  what  should  happen.  It 
ought  to  be  possible  to  arrange  a  tank  in  such 
a  way  that  nothing  but  the  humus,  or  black 
matter  left  after  the  sewage  has  been  dealt 
with,  is  removed  from  the  tank.  Obviously  it 
is  wrong  to  take  out  organic  matter  which,  if 
left  in  the  tank,  would  be  liquefied  by  natural 
processes,  and  the  author  takes  it  that  Mr. 
Strachan  considers  that  humus  will  accumulate 
in  a  well-designed  tank  at  the  rate  of  one-sixth 
of  its  capacity  per  year.  This  may  be  rather 
an  ideal  state  of  things,  but  it  is  what  should 
be  aimed  at  in  construction  and  working. 

One  more  point  in  the  septic  tank  is  very 
important.  Again  and  again  one  sees  works 
designed  with  a  storm-water  overflow  coming 
out  of  the  septic  tank;  this  is  surely  a  mistake. 
Storm  water,  up  to  three  times  the  dry  weather 
flow  or  more,  may  well  flow  through  the  tank 
on  to  the  beds,  but  when  the  limit  is  reached 
at  which  the  overflow  comes  into  action,  there 
can  be  no  possible  advantage  in  taking  clean 
water  into  the  septic  tank  in  order  to  let  it 
overflow.  Obviously  the  common-sense  method 
is  to  let  it  overflow  out  of  the  sewer  before 
reaching  the  septic  tank.  The  contact  bed  and 
the  continuously  aerating  filter  may  well  be 
considered  together,  more  or  less  under  one 
head,  although  at  first  sight  there  would  ap- 
pear to  be  very  great  differences  between 
them.  The  aim  of  both  is  to  bring  the  sewage 
in  contact  with  the  bacteria,  and  though  they 
do  It  in  different  ways,  both  have  the  same  dif- 
ficulties to  contend  with,  and  both  are  depend- 
ent for  their  success  on  giving  sewage  *he 
right  amount  of  contact  with  bacteria.  In  the 
first  place,  neither  of  them  will  properly  deal 
with  sludge.  In  this  respect  the  contact  bed 
has  some  advantage. 
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If  there  is  plenty  of  (all,  and  the  area  is 
limited,  the  continuous  filter  or  the  contact  bed 
can  be  deepened,  and  area  may  be  thereby 
saved;  the  advantage  applies  to  both.  The 
chief  difficulty  with  which  both  the  contact  bed 
and  the  continuous  filter  have  to  contend  is  the 
accumulation  of  black  material  or  humus.  This 
material  is,  generally  speaking,  retained  in 
contact  beds  and  discharged  from  continuous 
filters,  and  there  is  no  doubt,  in  the  author's 
mind,  that  it  ought  to  be  discharged  in  both 
cases,  or  it  will  ultimately  clog  up  the  beds. 
In  the  case  of  contact  beds,  he  thinks  that  it 
might  be  desirable  to  have  some  sort  of  settling 
pit,  channel,  or  channels,  on  the  surface  of  the 
first  bed  to  intercept  it.  The  quantity  inter- 
cepted would  probably  be  small,  as  this  humus 
must  not  be  confused  with  sludge.  Sludge 
should  not  be  given  off  from  the  septic  tank  at 
all,  but  if  by  any  chance  any  comes  out,  it 
might  be  well  to  catch  it  if  the  beds  are  being 
worked  hard. 

In  the  second  place,  the  author  thinks  it 
would  be  a  good  thing  to  make  provision  for 
washing  out  the  first  contact  beds  to  some  es. 
tent  occasionally — e.  g.,  by  opening  a  large 
valve  when  the  bed  is  full,  so  as  to  create  a 
good  rush  out.  The  humus  washed  out  might 
be  caught  in  channels  on  the  second  beds,  or 
It  would  probably  remain  upon  the  surface, 
where  it  could  be  cleaned  off,  or  It  might  be 
well  to  have  a  settling  pool  or  channel  to 
catch  it  between  the  first  and  second  beds. 
These  ideas  are  perhaps  rather  more  theoret- 
ical than  practical,  as  it  must  be  years  before 
a  bed  could  accumulate  sufficient  humus  to 
clog  it  up  altogether,  and  then  It  would  not  be 
so  very  difficult  to  take  out  the  material  and 
sift  it.  In  the  case  of  the  continuous  filter,  the 
Interstices  being  very  large,  this  matter  gets 
washed  out  together  with  clinker  dust,  and  be- 
comes a  nuisance  in  the  effluent.  It  is  per- 
fectly harmless,  but  it  looks  nasty,  and  it  gen- 
erally has  to  be  intercepted  in  long  channels 
or  pools,  or  by  fine  sand  filters.  It  may  be  con- 
sidered as  a  matter  requiring  the  careful  at- 
tention of  the  engineer  in  both  cases. 

There  is  one  very  important  difference  be- 
tween the  continuous  filter  and  the  contact  be(}. 
The  contact  bed  can,  at  a  pinch,  be  overworked 
severely,  and  made  to  do  three  or  four  times 
its  ordinary  work  and  produce  at  the  same  time 
a  good  effluent,  provided  It  receives  plenty  of 
rest  afterwards.  This  cannot  be  done  with 
the  continuous  filter.  As  soon  as  the  flow 
reaches  the  point  at  which  it  begins  to  run  at 
all  quickly  through  the  filter,  purification  prac- 
tically ceases.  Such  filters  are  generally  ar- 
ranged with  a  sprinkler  which  will  not  deliver 
more  than  the  quantity  per  minute  which  the 
filter  can  purify.  Any  excess  must  overflow 
somewhere  else,  and  it  is  therefore  necessary 
to  make  sure  that  the  filters  are  not  only  able 
to  deal  with  the  daily  flow,  but  also  to  deal 
with  the  quickest  rush  of  sewage.  The  contact 
bed  might  be  filled  suddenly,  but  a  filter  of 
anything  like  the  same  area  would  need  some 
separate  storage  tank  or  other  arrangement  to 
deal  with  the  same  sudden  rush.  This  is 
one  of  the  practical  points  which  may 
sometimes  induce  the  engineer  to  use 
contact  beds  in  preference  to  filters  In 
certain  cases,  notwithstanding  the  fact 
that  a  continuous  filter  would  deal  with  the 
same  flow  and  produce  an  excellent  effluent, 
provided  the  flow  could  be  regulated  to  suit  it. 

Another  consideration  with  regard  to  the 
continuous  filter  is  the  sprinkler.  Sprinklers 
must  obviously  need  considerable  attention  to 
ensure  the  proper  delivery  of  sewage  regularly 
over  the  whole  surface  of  the  filter.  There  are 
some  admirable  sprinklers  made,  but  they  need 


a  good  deal  of  looking  after.  There  can  be 
no  doubt  that  cold  weather  must  affect  con- 
tinuous filters  in  some  degree,  and  this  re- 
mark refers  particularly  to  small  filters.  It  is 
generally  admitted  that  the  continuously  aerat- 
ing filters  should  not  be  constructed  of  a  less 
depth  than  4  feet,  and  the  author  thinks  that  it 
will  be  wise  to  make  them  deeper  than  this 
wherever  possible.  He  has  seen  very  bad  re- 
sults produced  through  making  a  filter  of  this 
kind  3  feet  deep. 

The  contact  bed  possesses  some  distinct  ad- 
vantages over  the  filter.  It  can  he  more  easily 
and  perfectly  controlled.  There  need  be  no 
difficulty  as  to  distributing  sewage  over  the  sur- 
face, seeing  that  the  whole  bed  is  filled  before 
any  effluent  is  allowed  to  escape.  There  is  not 
the  objection  of  cold  weather  affecting  It  ad- 
versely as  in  the  case  of  the  continuously  aerat- 
ing filter.  If  contact  beds  do  not  deal  with 
sludge  as  satisfactorily  as  was  at  first  supposed, 
it  is  quite  clear  that  they  have  worked  for  years 
taking  crude  sewage,  and  there  can  be  no 
doubt  that,  if  sufflcient  area  were  allowed,  they 
could  deal  with  it  well.  This  is  not,  as  a  rule, 
practically  possible,  and  so  It  has  very  often 
been  found  desirable  to  put  in  a  septic  tank,  so 
as  not  to  overwork  the  first  beds.  But  it  Is 
probable  that  the  design  of  first  beds  will  be 
perfected  in  such  a  way  that  sludge  may  be 
liquefied  more  thoroughly  on  them. 

There  has  been  a  tendency,  especially  at  ex- 
perimental works,  to  overwork  the  first  beds, 
and  then  to  call  public  attention  to  the  fact  that 
they  have  sludged  up,  without  giving  the  beds 
a  chance  to  recover.  It  Is  a  very  common  thing 
for  an  Ignorant  manager  to  let  the  surface  of 
his  beds  get  more  or  less  covered  with  black 
matter,  probably  scum  from  the  septic  tank. 
The  general  appearance  is  bad,  and  any  or- 
dinary observer  would  think  that  the  beds  were 
sludged  up.  This  probably,  is  quite  incorrect; 
the  so-called  sludge  is  black  earthy  matter 
without  smell,  which,  in  the  author's  opinion, 
should  never  have  reached  beds  which  have  to 
do  hard  work.  If  we  dig  down  1  foot  or  so  be- 
low the  surface  in  such  a  bed  we  shall  generally 
find  the  bed  much  clearer,  and  quite  without 
smell.  If  we  test  it  we  shall  very  likely  find 
its  capacity  good  in  spite  of  its  appearance.  If 
a  contact  bed  is  permanently  clogged,  this  clog- 
ging, except  in  exceptional  cases,  must  be  due 
to  either  road  grit  or  mineral  matter,  or  to  the 
humus  already  referred  to.  Road  grit  should  al- 
ways be  kept  off  beds.  The  idea  of  a  bed  get- 
ting sludged  up  with  organic  matter  does  not 
seem  worth  troubling  much  about.  It  is  never 
likely  to  happen  except  where  the  bed  is  much 
overworked,  and  if  it  does  happen  the  bed  will 
rapidly  clear  itself  if  allowed  to  rest.  It  can- 
not remain  permanently  clogged  in  this  man- 
ner. As  a  matter  of  fact,  the  difficulty  due  to 
the  clogging  of  beds  has  been  greatly  exag- 
gerated. 

Mr.  Baldwin  Latham  pointed  out,  in  evidence 
given  before  the  Royal  Commission,  that  the 
reduction  of  the  capacity  of  the  Manchester 
contact  beds  had  gone  on  to  a  certain 
extent,  and  had  then  stopped  entirely, 
indicating  that  some  of  the  solid  mat- 
ters had  been  washed  out.  These  clog- 
ging matters  were  sandy,  not  organic.  The 
depth  of  contact  beds  is  generally  from  3  feet 
to  4  feet,  but  they  can  be  made  much  deeper, 
and  shallow  beds'  can  also  be  made,  say  2  feet 
deep,  or  even  less.  Such  shallow  beds  will 
give  good  results  in  ordinary  temperatures,  but 
it  seems  likely  that  their  capacity  would  be 
seriously  reduced  in  times  of  severe  frost,  and 
it  must  be  remembered  that  the  area  of  shal- 
low beds  will  be  very  large. 
There  are  comparatively  few  works  at  the 


present  time  which  do  not  combine  two  or  more 
methods  in  the  treatment  of  their  sewage.  At 
some    very    well-known    works    near    London, 
there  is  a  large  flow  of  domestic  sewage,  and 
the  land  available  is  limited  in  area  and  uu-. 
suitable  In  character  for  the  treatment  of  sew- 
age.   The  method  adopted  is  (1)  chemical  pre- 
cipitation,   (2)    filtration    through    burnt   cl&y 
ballast  filters,   (3)  contact  bed  treatment,  aj;^^ 
(4)  lateral  filtration  through  the  surface  of.  ttie, 
clay  land  which  had  been  carefully  mixed  wlt^.f. 
ashes.    The    result    is    an    excellent   effluent,.,, 
which   actually    purifies   the   dirty   river   Into  , 
which  it  flows,  and  it  Is  very  clear  tljat  each  of. 
the  steps  mentioned,  combined  with  the  most 
careful  management,  are  necessary  to  produce 
a  flnal  effluent  at  this  place. 


Letters  to  the  Editor. 


The  Public  Libbaky  and  the  Engineeb. 

Sir:  One  of  the  most  striking  features  of  the 
twentieth  century  engineer's  work  is  its  diver- 
sity. Applied  science  touches  humanity  at 
many  points,  necessitating  the  widest  knowl- 
edge of  the  activities  of  men,  in  the  successful 
engineer.  The  specialist  In  hydraulics,  electric 
motors  or  sewerage  is  a  natural  product  of  the 
scientific  advance  of  the  last  century,  but  while 
his  particular  knowledge  must  run  in  a  deep 
groove,  he  cannot  attain  ihe  broado^  success  as 
an  engineer  without  a  fund  of  general  informa- 
tion about  other  branches  than  his  own. 

The  importance  of  keeping  in  touch  with  the 
latest  development  In  science,  theoretical  and 
applied,  cannot  be  overestimated.  The  en- 
gineering field  is  so  large  and  the  different 
branches  so  interconnected,  however,  that  this 
is  no  easy  task.  Economy  of  time  and  concentra- 
tion of  resources  are  vital.  Every  tool  which 
can  be  sharpened  for  use  must  be  pressed  into 
service. 

One  of  these  tools  is  the  public  library.  Its 
possibilities  as  an  aid  to  all  who  live  by  engi- 
neering are  almost  unlimited.  Its  realized  effi- 
ciency, alas,  is  far  below  the  standard  of  good 
practice  in  countless  instances.  It  Is  my  pur- 
pose in  this  communication  to  point  out  some 
of  the  Ways  in  which  the  public  library's  use- 
fulness to  engineers  may  be  increased. 

At  the  outset,  it  is  only  fair  to  acknowledge 
that  many  of  us  owe  more  thanks  to  tha  liber- 
ality of  the  library  than  can  be  expressed  in  a 
single  paragraph.  It  does  not  require  a  good 
memory  to  recall  the  inspiration  its  technical 
books  and  magazines  furnished  in  our  student 
days;  the  willingness  of  the  attendants  to  sup- 
ply us  with  the  library's  utmost  resources  in 
every  investigation  which  we  carried  on,  and 
the  open  handed  purchase  of  new  books  at  our 
request  by  the  librarian  himself.  There  is  little 
doubt  that  the  library  did  the  best  it  could  for 
us,  according  to  its  lights  and  means. 

It  is  one  thing  to  care  for  the  student,  how- 
ever, and  another  to  satisfy  the  requirements 
of  the  professional  engineer.  I  think  that  al- 
most every  one  who  has  had  occasion  to  use  the 
public  library  in  the  solution  of  specific  prob- 
lems arising  in  daily  practice  will  agree  with 
me  in  the  statement  that  the  majority  of  these 
admirable  institutlous  are  better  fitted  to  sup- 
ply information  upon  the  mythology  of  the 
Greeks,  the  customs  of  the  Romans  and  the 
moral  influence  of  sixteenth  century  sculpture 
than  they  are  equipped  to  give  us  the  best  pub- 
lished data  on  train  resistance,  gas  engines  or 
the  cost  of  building  masonry  dams.  I  do  not 
wish  to  undervalue  literature  and  the  fine  arts, 
nor  to  turn  the  public  library  Into  a  commer- 
cial clearing  house  of  technical  statistics,  but 
If  the  highest  efficiency  is  to  be  reached,  more 
attention  to  the  ever  increasing  demands  of  ap- 
plied science  is  Imperative. 
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Rarely  does  one  find  a  librarian  possessing 
the  slightest  enginwring  Icnowledge  of  use.  Ten 
to  one  it  will  be  impossible  to  secure  the  exact 
information  one  is  searching  for  in  a  library 
unless  one  knows  to  a  certainty  the  precise  pub- 
lication in  which  the  facts  ought  to  appear. 
Even  the  published  indices  of  engineering  liter- 
ature are  at  present  unable  to  record  in  accessi- 
ble form  all  of  the  essential  details  treated  in 
the  avalanche  of  articles  which  they  endeavor 
to  segregate.  Certainly,  the  librarian  cannot 
undertake  such  a  task,  if  he  is  to  faithfully  dis- 
charge his  duties  and  do  the  greatest  good  to 
the  greatest  number.  Far  too  often  the  valu- 
able data  desired  is  hidden  away  in  some  ob- 
scure article  or  book,  which  no  one  realizes  con- 
tains it.  The  information  may  be  in  the  library 
— if  it  could  be  found,  the  value  of  the  library 
would  be  striking  and  effective,  not  only  in 
terms  of  dollars,  but  in  time  and  broad  useful- 
ness. 

The  efBciency  of  the  public  library's  refer- 
ence department  depends  primarily  upon  two 
factors:  The  resources  at  hand,  and  the  use 
that  is  made  of  them.  I  have  touched  upon  the 
latter  first,  as  most  large  city  libraries  are  to- 
day supplied  with  some  sort  of  engineering 
books  and  periodicals.  There  are  exceptions, 
such  as  a  library  which  I  visited  a  few  weeks 
ago  in  a  manufacturing  city  of  about  40,000  in- 
habitants— a  city  famous  for  its  engineering 
establishments,  steel  works,  mills  and  industrial 
plants.  The  reading  room  was  well  supplied 
with  periodicals  which  live  by  publishing  the 
shallowest  fiction,  but  possessed  not  a  single 
copy  of  any  journal  devoted  to  the  applications 
or  theoretical  study  of  electricity. 

In  another  library,  catering  to  the  literary 
appetites  of  nearly  150,000  minds,  the  latest 
book  supplied  on  telegraphy  was  a  worm-eaten 
dusty  volume  of  the  vintage  of  the  late  seven- 
ties or  early  eighties,  illustrated  with  crude 
wood  cuts  and  awkward  drawings;  while  it  con- 
tained, of  course,  absolutely  no  hint  of  the  ex- 
istence of  either  machine  or  wireless  transmis- 
sion. The  latest  electric  railway  and  telephone 
books  were  conspicuously  absent,  while  the  sup- 
ply of  cheap  fiction  was  inexhaustible. 

Doubtless,  many  libraries  are  hampered  in 
their  usefulness  by  lack  of  funds.  No  one  real- 
izes better  than  an  engineer  the  compromises 
which  must  often  be  made  between  conflicting 
conditions,  in  attaining  definite  ends.  But  in 
these  progressive  days  there  would  seem  to  be 
but  little  excuse  for  inferiority  in  quality,  how- 
ever limited  the  quantity  may  be.  It  is  a  pleas- 
ure to  realize  that  a  few  libraries  make  special 
efforts  to  purchase  only  reliable  scientific  books 
and  periodicals,  but  the  greater  part  of  them 
have  little  conception  of  what  constitutes  an 
authoritative  work,  and  it  is  not  to  be  wondered 
at 

The  improvements  possible  in  the  services 
which  public  libraries  render  engineers  depend 
a  great  deal  upon  the  co-operation  of  engineers 
themselves.  In  these  days  of  public  spirit,  it 
Bhould  not  be  difficult  to  find  an  engineer  in 
each  of  the  great  branches  of  the  profession  In 
the  Important  cities  who  would  be  willing  and 
glad  to  advise  the  library  executives  in  regard 
to  the  purchase  of  books  and  periodicals,  with- 
out compensation,  other  than  the  satisfaction 
which  attends  public  service.  The  counsel  thus 
offered  by  a  practical  professional  man  would 
be  of  Incalculable  advantage  in  the  separation 
of  wheat  and  chaff  in  technical  literature. 
Again,  If  engineers  would  make  special  effort 
to  supply  the  public  library  In  their  home  cities 
with  one  or  more  copies  of  the  books,  articles, 
papers  and  monographs  which  they  publish,  the 
efficiency  of  the  library  would  be  increased. 

Having  briefly  considered  the  quantity  and 


quality  of  the  library's  resources,  it  remains  to 
touch  upon  the  methods  of  getting  the  most  out 
of  the  material  at  hand.  The  keystone  of  the 
whole  structure  of  successful  utilization  is  the 
index.  Some  form  of  the  card  catalog  or  peri- 
odic alphabetical  summary  of  all  engineering 
literature  is  absolutely  essential. 

At  the  present  time  the  work  of  indexing 
technical  literature  is  needlessly  carried  on  by 
many  separate  individuals.  Such  work  need  be 
done  but  once,  if  it  is  done  properly.  Perhaps 
the  index  of  the  "Engineering  Magazine"  is  as 
comprehensive  as  any  classification  now  in  oper- 
ation. In  a  purely  electrical  field,  the  'Digest" 
of  the  "Electrical  World  and  Engineer"  is  high- 
ly praiseworthy.  It  is  a  question  in  the  writer's 
mind,  however.  If  something  still  more  detailed 
is  not  worth  while.  Often  an  article  contains 
information  which  would  scarcely  be  recognized 
as  belonging  to  the  same  family  as  its  title — 
information  which  is  soon  lost  to  the  world  if 
it  is  not  classified  in  some  index.  To  carry  out 
such  an  index  as  this  would  probably  be  a  mat- 
ter of  considerable  expense,  but  if  this  expense 
were  divided  among  all  the  public  and  private 
libraries,  colleges,  engineers,  etc.,  who  would 
benefit  by  the  work,  it  would  require  but  a  nom- 
inal contribution  from  each  individual  an- 
nually. A  suggestion  of  the  methods  of  carry- 
ing out  this  work  would  be  for  all  the  subscrib- 
ers to  the  Index  to  receive  weekly  card  index 
packages  for  their  flies,  each  card  to  be  printed 
at  a  central  office,  where  ail  the  index  work  is 
done  by  experts  trained  in  each  particular 
branch  of  engineering.  Each  subscriber  would 
then  be  equipped  with  the  means  of  immediate- 
ly locating  every  published  article  and  item  of 
importance  bearing  upon  his  particular  needs, 
and  there  is  not  the  shadow  of  a  doubt  that  the 
efficiency  of  every  public  library  in  the  world 
which  had  this  service  would  be  enormously  in- 
creased. 

it  is  not  the  purpose  of  this  contribution  to 
suggest  who  shall  do  this  work,  carrying  out 
the  indexing  plan  in  greater  detail  than  any  or- 
ganized classiflcation  at  present  in  existence 
accomplishes.  Rather  is  it  the  intention  to 
have  pointed  out  a  line  along  which  there  is 
need  of  increased  efficiency.  These  are  days  in 
which  the  stoppage  of  every  form  of  industrial 
leakage  is  receiving  the  attention  of  all  those 
who  have  to  do  with  the  great  forces  of  civiliz- 
ation. "Efficiency"  is  the  battle  cry  of  the 
times,  and  waste  or  unimproved  opportunity- 
whatever  we  may  call  it — is  the  common  enemy 
of  all  progressive  men.  If  this  statement  has 
only  furnished  food  for  thought,  its  object  will 
have  been  attained.  The  improvement  of  every 
form  of  Information  mechanism  is  a  matter 
worthy  of  careful  study,  and  of  all  the  tools 
which  the  engineer  can  use  in  keeping  abreast 
of  his  profession,  the  public  library  may  truly 
be  said  to  have  the  greatest  opportunity  for 
usefulness  within  its  reach.  Co-operation  be- 
tween the  engineering  profession  and  the  li- 
brary management  will  pay  compound  interest 
on  the  investment.  The  engineer  alone  under- 
stands his  own  needs,  the  librarian  his  own 
perplexities.  A  harmonious  meeting  on  com- 
mon ground  will  clear  the  problem  of  many 
absurdities  and  pave  the  way  toward  greater 
usefulness  on  the  part  of  both  public  library 
and  engineer.    Yours  truly, 

HowABD  S.  Knowlton. 
Denver,  Col.,  May  4. 


cumference,  a  span  of  870  feet  and  will  carry 
a  10-ton  load.  This  information  is  interesting 
as  showing  an  unusual  application  of  an  old 
device,  for  your  article  indicates  that  the  only 
novelty  lies  in  the  use  of  the  cableway  as  a 
link  in  a  railway  until  the  river  can  be  bridged. 

Now  you  must  agree  that  there  is  nothing 
particularly  wonderful  about  this  cableway,  in 
span,  capacity  or  other  feature,  and  the  pur- 
pose of  this  note  is  to  suggest  that  in  such 
articles  it  would  be  of  assistance  to  your  readers 
to  have  the  novelty,  or  excuse,  on  which  they 
are  based  mentioned,  so  that  a  busy  man  can 
grasp  it  at  a  single  perusal.  In  the  case  of  the 
article  in  question  it  seemed  to  me  at  first  that 
an  enterprising  cableway  manufacturer  must 
have  suddenly  wafted  into  the  editorial  sanc- 
tum from  the  torrid  surroundings  of  the  Zam- 
besi with  a  moderate  portion  of  hot  air  which 
found  expression  in  a  nice  little  write-up.  After 
a  more  careful  reading  it  appears  that  there  is 
really  an  Interesting  suggestion,  particularly  to 
the  military  engineer,  in  the  use  of  a  cable- 
way  for  transporting  40.000  tons  of  railway  ma- 
terial needed  beyond  an  unbridged  river.  The 
above  suggestion  is  made  because  there  is  so 
much  trade  advertising  done  under  the  guise 
of  reading  articles,  that  reputable  papers  will 
certainly  flnd  it  to  their  advantage  to  avoid,  as 
in  this  case,  the  appearance  of  giving  puffs. 
Yours  truly,  C.vbtew.w. 

New  York,  May  11. 


NATUR.VL  Gas  is  employed  in  the  boilers  of 
the  plant  of  the  Union  Utility  Company,  oper- 
ating the  electric  railway  at  Morgantown,  W. 
Va.  At  a  meeting  some  time  ago  of  the  Engi- 
neer's Club  of  Philadelphia,  Mr.  W.  L.  Webb 
stated  that  the  furnaces  are  supplied  with  Kirk- 
wood  burners,  and  the  gas  is  received  at  a 
pressure  of  120  to  IBO  pounds  per  square  inch. 
Before  passing  to  the  furnace  it  is  reduced  tc 
a  pressure  of  a  few  ounces. 


Elastic  Foundations  for  steam  hammers, 
highspeed  engines  and  other  machinery  have 
been  made  in  Germany  for  some  time  by  using 
impregnated  felt  sheets  through  which  vibra- 
tions will  not  be  transmitted.  The  material  is 
now  being  introduced  in  England  by  the  Patent 
Woolen  Cloth  Company,  Elmwood  Mills,  Leeds, 
for  the  same  purpose  and  also  in  bridge  con- 
struction where  It  is  essential  to  keep  the  vi- 
bration of  passing  trains  from  reaching  ad- 
joining property.  The  material  is  stated  to  be 
a  pure  wool  felt  made  in  strips  up  to  60  inches 
in  width  and  iy2  Inches  in  thickness.  It  is  im- 
pregnated with  mineral  fats  and  its  upper  sur- 
face subjected  to  a  sort  of  preservative  pro- 
cess to  resist  datnpness. 


An  Afbican  Cabucway. 
Sir: — In  your  Issue  of  last  \yeek  you  pub- 
lished a  description  of  the  cableway  which  will 
be  employed  near  the  Victoria  Falls  Bridge 
over  the  Zambesi  River  in  Africa.  You  state 
that  it  will  have  a  main  cable  8M1  inches  in  clr- 


The  Hudson  Riveb  Tunnel  at  Morton  Street, 
New  York,  affords  an  interesting  lesson  in  the 
improvement  of  air  compressors  since  It  was 
started  thirty  years  ago,  particularly  as  Inger- 
soll-Sergeant  apparatus  has  been  used  from  the 
outset.  When  the  work  was  begun  the  ma- 
chines were  of  the  water-injection  type,  but  as 
construction  proceeded  they  were  replaced  by 
compressors  with  poppet  inlet  valves  and 
water-jacketed  cylinders.  When  the  Hudson 
Improvement  Company  resumed  operations  two- 
years  ago  a  better  equipment  was  provided. 
On  the  Jersey  shore  there  are  four  compressors, 
one  a  duplex  machine  with  16-inch  steam  cyl- 
inders, 20V4-inch  air  cylinders  and  16-inch 
stroke,  and  three  straight-line  machines  with 
22-lnch  steam  cylinders,  24-inch  stroke  and 
26%  and  2214-inch  air  cylinders.  On  the  Man- 
hattan shore  there  are  two  duplex  compressors 
like  that  on  the  other  side  and  a  straight-line 
engine  with  22-lnch  steam  cylinders,  24-incb 
stroke  and   22Vi-inch  air  cylinders. 


May  21,  1904. 
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The  Business  Side  of  Engineering. 


Elsewhere  in  this  issue  there  is  printed  the 
first  part  of  an  address  made  before  the  Uni- 
versity of  Illinois  a  short  time  ago  by  Mr.  John 
W.  Alvord.  There  are  some  readers  of  The 
Engineering  Record  who  will  find  very  little  in 
it  of  novelty,  although  they  will  doubtless  hold 
that  a  more  thorough  teaching  of  the  facts  it 
gives  would  be  highly  desirable  in  engineering 
schools.  It  was  written  with  the  advice  of  one 
of  the  most  famous  banking  houses  in  the  coun- 
try,, as  a  result  of  the  author's  experience  with 
many  young  engineers,  whose  inability  to  un- 
derstand the  business  side  of  their  work  led  to 
trials  and  tribulations.     At  this  season,  when 


so  many  young  men  are  about  to  leave  school  to 
enter  upon  the  practice  of  their  profession  tor 
the  first  time,  it  is  appropriate  to  call  their  at- 
tention particularly  to  this  contribution. 

It  is  the  civil  engineer  who  most  often  is 
open  to  the  charge  of  having  unbusiness-like 
ideas.  The  mechanical,  electrical  and  mining 
engineers  are  necessarily  kept  in  touch  at  all 
times  with  the  fact  that  their  work  is  a  mixture 
of  science  and  finance.  Whether  they  are  en- 
gaged in  making  machines  for  the  market  or 
producing  and  smelting  ores,  the  criterion  of 
the  value  of  their  work  is  the  balance  sheet. 
With  the  civil  engineer  such  a  check  is  not  di- 
rectly present  to  guide'  him.  The  choice  of  a 
pavement  is  often  recommended  on  other 
grounds  than  an  analysis  of  its  final  cost  to  the 
people  who  pay  for  it.  Bridges  are  bought  very 
often  by  methods  which  no  one  would  follow  in 
private  affairs.  Even  in  mill  architecture,  there 
is  a  tendency  to  construct  buildings  far  more 
permanent  in  character  than  the  probable  prog- 
ress of  the  industry  they  house  would  warrant. 

It  is  a  good  thing,  therefore,  that  Mr.  Alvord 
calls  attention  in  a  logical  manner  to  the  busi- 
ness side  of  engineering.  He  is  not  making 
himself  particularly  popular  when  he  says  that 
the  value  of  engineering  work  is  often  overesti- 
mated by  those  performing  it,  but  everyone  in 
positions  of  responsibility  will  agree  with  him. 
Much  engineering  work  is  underestimated  and 
very  poorly  rewarded,  but  the  people  who  do  it 
under  such  circumstances  are  alone  to  blame. 
There  is  no  law  which  has  forced  them  to  be- 
come engineers  and  none  which  makes  them 
retain  their  unprofitable  duties.  Their  very 
complaints  are  an  indication  of  their  lack  of 
business  qualifications.  It  is  praiseworthy  to 
labor  for  a  time  in  a  poorly  compensated  posi- 
tion if  by  so  doing  a  good  future  is  assured,  but 
it  is  folly  to  keep  on  giving  time  and  knowledge 
after  it  is  certain  they  will  not  be  properly  paid 
for. 

It  is  necessary  to  recognize,  however,  that 
there  are  very  few  important  positions  open  to 
the  engineer  in  which  high  technical  ability  is 
alone  needed.  Some  great  corporations  find  it 
profitable  to  carry  on  purely  scientific  work,  and 
employ  men  for  this  purpose  who  have  no  con- 
nection whatever  with  any  other  branch  of  the 
business.  In  some  of  the  German  manufactur- 
ing establishments  there  are  distinct  research 
departments  which  are  engaged  on  investiga- 
tions of  the  most  scientific  nature.  As  a  rule, 
however,  the  money  value  of  engineering  knowl- 
edge and  experience  depends  considerably  on 
the  ability  of  their  possessor  to  use  them 
promptly  and  clearly  for  some  company  or  city 
which  cares  not  a  whit  about  the  methods  fol- 
lowed in  reacning  the  results  it  wishes.  At  the 
present  time  more  than  one  engineer  is  finding 
himself  losing  ground  to  a  rival  who  very  likely 
does  not  know  so  much  but  has  the  gift  of  stat- 
ing what  he  does  know  in  compact  and  convinc- 
ing form. 

Beyond  doubt,  if  engineers  would  devote  some 
of  the  time  spent  in  writing  long  reports  to 
studying  how  to  make  those  reports  concise, 
they  would  be  gainers.  If  they  would  learn  how 
to  deal  with  business  men  in  a  business  way, 
they  would  be  better  off.  The  average  city 
councilman  does  not  care  anything  whatever 
about  the  coeflficient  of  friction  in  a  pipe  line, 
but  he  does  like  to  keep  the  meetings  of  the 
council  down  to  the  shortest  possible  limits. 
Long  reports  bore  him.  No  mill  agent  asking 
advice  about  a  new  engine  cares  whether  the 
cylinder  ratio  is  one  to  three  or  one  to  twenty; 
what  he  wishes  is  a  statement  of  the  engine  he 
ought  to  buy  and  the  reasons  for  the  choice  in 
terms  of  dollars  and  cents,  and  not  in  cylinder 
condensation  and  other  technicalities. 


These  observations  are  not  intended  to  reflect 
on  the  value  of  engineering  knowledge  of  the 
broadest  and  most  thorough  nature.  That  kind 
of  knowledge  needs  no  approval  in  an  engineer- 
ing paper.  It  is  essential  for  continued  great 
success.  But  along  with  it  must  go  the  business 
knowledge  which  makes  the  technical  informa- 
tion of  the  greatest  use.  This  is  particularly 
true  in  the  West,  where  much  work  must  be 
done  with  very  small  sums  of  money,  and  the 
engineer  Is  required  more  than  anywhere  else 
to  be  a  master  of  the  art  of  making  every  penny 
count. 


Lateral  Earth  Pressures. 


There  has  probably  been  more  written  on  the 
theory  of  earth  pressure,  since  a  "theory"  was 
first  recognized,  than  on  any  other  one  subject 
in  engineering  design  and  construction.  It  is 
one  of  the  oldest  subjects  In  engineering  litera- 
ture, although  not  the  oldest.  The  uncertainty 
as  to  the  amount  and  character  of  some  of  the 
elements  affecting  the  actual  value  of  earth 
pressure  as  found  in  engineering  work  has 
opened  a  wide  field  for  hypothesis  and  has  re- 
sulted in  a  great  number  of  theories  of  earth 
pressure  and  proposed  methods  of  computation. 
One  of  the  earliest  of  these  and  one  which  served 
for  a  long  time  a  most  useful  purpose  was  based 
on  the  "principle  of  least  resistance."  On  the 
otner  hand,  probably  the  most  rational  and 
simple  treatment  is  that  of  Kankine  which,  like 
all  other  work  of  that  master  of  engineering 
science,  is  in  the  highest  degree  scholarly  and 
characterized  by  as  great  a  degree  of  accuracy 
as  can  be  found  in  any  working  theory  of  earth 
pressure;  at  any  rate,  as  an  analytic  treatment 
of  the  general  problem  it  has  never  been  ex- 
celled as  a  working  hypothesis  for  practical  pur- 
poses. 

The  great  difficulty  encountered  in  the  appli- 
cation of  any  theory  of  earth  pressure  ever 
written  or,  it  is  not  rash  to  say,  that  ever  will 
be  written,  lies  in  the  simple  fact  that  any  an- 
alysis must  be  based  upon  certain  specific  as- 
sumptions or  data  relating  to  the  quality  of 
material  and  its  condition  in  the  actual  work, 
whereas  actual  materials  to  be  held  in  place  by 
retaining  walls  or  other  structures  vary  indefi- 
nitely both  as  to  quality  and  as  to  condition. 
The  "earth"  to  be  retained  may  vary  in  texture 
all  the  way  from  soft  mud,  almost  a  liquid,  to 
rock  fragments  which,  if  placed  with  but  little 
care,  may  be  maintained  in  mass  with  a  vertical 
face.  In  other  words,  the  materials  under  con- 
sideration may  exert  a  lateral  pressure  ranging 
from  the  greatest  possible  to  nothing.  It  is 
obvious  that  no  theory  of  earth  pressure  can  be 
made  to  cover  any  such  widely-varying  set  of 
conditions  without  the  use  of  at  least  a  corre- 
spondingly varying  empirical  factor. 

In  spite  of  these  evident  features  of  the  gen- 
eral problem  which  demand  the  most  widely  ex- 
tended experimental  observations  to  reach  any- 
thing like  a  rational  basis  for  computations  in 
any  giveij  case,  there  is  probably  no  branch  of 
engineering  design  which,  at  present,  must  be 
based  upon  so  little  adequate  experimental  data 
as  those  problems  which  involve  the  treatment 
of  earth  pressures.  It  is  not  entirely  out  of  place, 
therefore,  to  refer  again  to  the  publication 
of  such  a  paper  as  that  on  "Lateral  Earth  Pres- 
sures." by  Mr.  E.  P.  Goodrich,  in  the  March 
"Proceedings"  of  the  American  Society  of  Civil 
Engineers.  There  may  be  abundant  room  for 
variation  of  opinion  as  to  the  accuracy  of  all 
the  details  of  a  set  of  experimental  results  like 
those  set  forth  by  Mr.  Goodrich,  determined  by 
him  and  other  experimenters,  hut  there  can  be 
no  question  that  such  experimental  work  leads 
to  results  on  the  whole  of  marked  value  and 
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that  th«y  constitute  a  distinct  step  forward  in 
tliU  special  line  of  engineering  work. 

No  one  who  has  not  undertaken  to  conduct 
actual  tests  of  this  kind  realises  the  number 
and  character  of  the  dilttculttes  whii-h  l)eset  it 
and  which  must  be  avoided  if  results  are  to  be 
correct.  In  the  flrst  place  it  is  not  easy  to  de- 
termine the  actual  degree  of  moisture  in  any 
material  even  so  simple  in  character  as  sand. 
Asain.  in  any  apparatus  of  dimensions  practi- 
cable to  be  used  in  ordinary  experimental  work 
of  this  kind  it  is  almost  if  not  quite  impossible 
to  avoid  "arching  effects."  Indeed  it  is  not  al- 
together certain  that  such  effects  can  be  entirely 
avoided  in  laboratory  work.  Also,  as  pointed 
out  by  Mr.  Goodrich,  and  as  is  well  known,  the 
affect  of  applied  pressures  may  produce  ob- 
■cnrity  in  results  which  otherwise  would  be 
aaaily  interpretable.  The  same  mass  of  earth, 
•Ten  if  a  constant  degree  of  moisture  be  main- 
tained, will  exert  a  very  different  pressure 
where  fresh  in  place  from  that  which  is  exerted 
several  weeks  or  months  or  years  afterward. 

All  these  and  other  agents  or  influences  must 
be  seriously  reckoned  with  in  any  given  class 
of  material  which  can  be  called  earth.  There 
are  an  Indefinite  number  of  other  sources  of  dis- 
turbance or  obscurity  arising  from  the  various 
degrees  of  fineness  or  coarseness  of  material  or 
from  its  wetness  as  distinguished  from  damp- 
ness or  moisture.  The  observations  made  many 
yean  ago  by  Sir  Benjamin  Baker  on  actual  re- 
taining walls  with  the  material  back  of  them 
have  become  almost  classic  in  this  connection. 
He  recognized  the  fact,  also  stated  by  Mr. 
Goodrich,  that  above  a  certain  point  at  least  the 
coarser  the  material  supported  the  less  will  be 
Its  lateral  pressure.  In  the  other  direction  it 
may  be  stated,  at  least  as  a  general  truth,  that 
the  wetter  the  material  is  the  greater  will  be 
its  lateral  pressure,  and  there  is  no  question 
more  perplexing  to  an  engineer  designing  a  re- 
taining wall  to  suppori  wet  material  than  the 
determination  of  the  effect  of  the  wetness  with 
which  he  has  to  contend. 

Obrionsly  It  is  the  business  of  an  eng^ineer  in 
the  face  of  such  problems  as  these  to  settle  upon 
the  best  general  working  hypothesis  in  reach- 
ing equations  for  general  use,  and  then  make 
such  modification  of  the  empirical  quantities  en- 
tering them  as  his  best  Judgment  may  indicate 
in  order  to  meet  most  effectively  varying  condi- 
tions and  changing  materials.  It  is  gratifying 
as  well  as  relieving  to  read  one  of  Mr.  Good- 
rich's conclusions,  as  follows:  "Rankine's 
theory  of  conjugate  pressures  is  correct,  when 
the  proper  angle  of  friction  is  found,  and  prob- 
ably adaptations  of  bis  formulas  will  be  of  most 
practical  value."  This  conclusion,  we  may  ven- 
ture to  write,  is  confirmed  by  the  practical  ex- 
perience of  at  least  a  considerable  number  of 
engineers.  Rankine's  theory,  like  all  other 
theories,  contemplates  a  fine.  dry.  granular  earth 
which  is  probably  rarely  or  never  found  in 
actual  engineering  practice,  but  for  an  all  round 
working  hypothesis  and  for  a  rational  treat- 
ment of  the  forces  existing  in  masses  of  earth, 
It  is  probably  the  best  ever  written,  and  largely 
•o  both  because  of  its  general  character,  1.  e., 
freedom  from  special  limitations,  and  for  the 
reaaon  that  It  carries  an  empirical  quantity 
"the  angle  of  repose"  which  can  be  easily  and 
rationally  adapted,  at  least  with  a  fair  degree 
of  approximation,  to  a  wide  range  of  materials. 
It  is  in  this  direction  that  such  Investigations 
sa  that  of  Mr.  Goodrich  are  the  roost  valuable. 
It  Is  absolutely  essential  that  the  equations  of 
Rankine's  or  any  other  theory  be  made  applic- 
able. In  a  working  way,  to  the  exigencies  of 
practice  and  that  can  be  accomplished  most 
•imply  and  effectively  through  empirical  quanti- 
ties whose  rational  values,  based  upon  actual 


determinations,  furnish  a  safe  basis  of  action 
for  sound  engineering  Judgment. 


The  New  York  Water  Supply  Legislation, 


Two  weeks  ago  attention  was  called  to  a  bill 
awaiting  the  signiature  of  Governor  Odell,  of 
New  York,  which  was  calculated,  if  signed,  to 
set  back  seriously  the  time  of  completion  of 
needed  works  for  the  additional  water  supply 
of  New  York  city.  The  bill  has  now  been 
signed  and  already  the  political  opponents  of 
the  governor  are  denouncing  him  vigorously  for 
his  action.  A  careful  consideration  of  the  bill 
and  his  statement  of  reason  for  approving  it 
shows  that,  all  things  considered,  his  action 
may  be  beneficial  to  the  city  rather  than  the 
reverse,  provided  the  authorities  are  not  led 
away  by  the  crazy  talk  of  certain  newspapers 
into  imagining  vain  things.  As  a  matter  of 
fact,  the  governor  states  that  he  will  call  a 
special  session  of  the  legislature  provided  the 
city  cares  to  introduce  a  bill  which  will  grant 
security  to  all  vested  rights  while  repealing  the 
prohibition  to  draw  water  from  Dutchess 
county.  This  means,  it  is  safe  to  say,  that  he 
will  convene  the  legislature  if  the  city  will 
agree  to  extend  to  the  people  of  that  county  the 
same  legal  protection  which  the  State  of  Massa- 
chusetts gave  to  the  residents  on  the  catch- 
ment basins  of  the  Metropolitan  water- works. 
At  the  present  time,  the  New  York  laws  do  not 
afford  such  protection,  and  although  the  advo- 
cates of  a  veto  of  the  bill  just  signed  made  all 
sorts  of  verbal  promises  as  to  what  the  city 
would  do  for  everybody  affected  by  the  construc- 
tion of  the  works,  the  governor  intimates  very 
strongly  that  he  will  not  be  doing  his  duty  un- 
less these  promises  are  embodied  in  laws  before 
the  city  begins  to  condemn  property. 

In  approving  the  bill  which  shuts  out  New 
York  from  using  the  water  of  Dutchess  county, 
until  It  is  repealed  or  amended  in  the  manner 
he  suggests,  the  governor  expresses  his  full 
Empathy  with  the  view  that  the  needs  of  New 
York  City  are  paramount  to  those  of  any  other 
community  in  the  State.  He  does  not  deny  that 
the  plans  of  the  Advisory  Board  of  Engineers 
which  recommended  the  new  works  were  in- 
tended to  meet  every  direct  Injury  due  to  the 
works  by  providing  an  adequate  substitute. 
What  he  insists  upon  is  that  the  intentions  of 
the  engineers  and  of  the  city's  representatives, 
as  expressed  at  the  recent  hearings,  shall  be 
reduced  to  binding  laws  before  the  city  is 
given  the  right  to  utilize  any  part  of  the  waters 
of  the  county.  It  is  because  he  fully  appre- 
ciates the  Importance  of  the  statements  made 
by  Mr.  John  R.  Freeman  and  others  at  the 
recent  hearings  on  the  subject,  to  the  effect  that 
New  York  must  begin  the  construction  of  its 
new  works  at  once,  that  he  offers  to  convene  the 
legislature  for  the  passage  of  the  acts  which 
will  permit  the  undertaking  to  be  commenced. 

The  present  laws  are  insufficient  to  protect 
the  people  against  serious  indirect  loss  of  a 
nature  clearly  stated  in  the  governor's  message. 
The  drainage  basins  which  the  new  law  pro- 
tects against  the  city  have  towns  largely  devoted 
to  manufacturing,  and  upon  the  operation  of  the 
"■ills  depends  the  prosperity  of  a  large  part  of 
the  population  of  the  county.  It  is  peculiarly 
a  rural  manufacturing  county  which  the  State 
must  protect  against  indirect  as  well  as  direct 
injury.  Governor  Odell  says  he  is  satisfied  from 
the  engineers'  reports  that  the  same  safeguards 
of  the  manufacturing  interests  can  be  provided 
in  New  York  as  In  Massachusetts  and  other 
States.  The  indirect  interests  demand  special 
attention,  however.  While  the  owners  of  the 
mills  may  recover  damages  for  any  of  their 
property  or    rights    which  are    taken    for    the 


water-works,  under  existing  laws  of  the  State, 
there  are  other  forms  of  property  which  will  be 
seriously  injured  without  new  legislation..  For 
example,  the  savings  banks  of  the  county  have 
loaned  over  three  million  dollars  on  the  prop- 
erty of  operatives  and  residents  in  these  mill 
villag*  J,  which  the  present  laws  leave  without 
any  protection  in  case  the  mills  are  closed  by 
reason  of  the  construction  of  the  water-works. 
That  this  is  not  an  unfounded  tear,  the  case  of 
the  mill  village  of  (Jlenham,  in  Dutchess  county, 
is  cited.  In  the  lifetime  of  the  late  A.  T.  Stew- 
art this  village  gave  employment  to  hundreds 
of  operatives,  but  since  it  has  been  closed  the 
value  of  all  property  has  lapsed  to  practically 
nothing.  Should  the  same  thing  occur  in  ham- 
lets depending  on  mills  which  the  proposed 
works  may  close,  there  will  be  a  loss  to  the 
savings  banks  which  is  wholly  unmerited  by 
any  lack  of  business  judgment  on  their  part. 

This  view  of  the  subject  is  one  which  engi- 
neers familiar  with  the  ideas  of  justness  held 
in  other  States  and  abroad  will  approve.  It  is 
expected  that  in  all  condemnation  proceedings 
the  mill  owners  will  get  all  and  generally  more 
than  the  full  measure  of  their  rights.  But  the 
idea  that  the  laws  of  the  State  of  New  York  do 
not  protect  as  well  the  owners  of  small  indus- 
tries or  business  enterprises  is  abhorrent.  The 
governor  is  right  in  preventing  the  city  from 
proceeding  into  Dutchess  county  for  an  addi- 
tional water  supply,  until  the  laws  are  properly 
amended.  The  bill  just  signed  is  needlessly 
harsh,  but  the  offer  to  call  a  special  session  of 
the  legislature  for  the  express  purpose  of  modi- 
fying it  places  the  responsibility  of  any  further 
delay  In  the  matter  with  the  officials  of  New 
York  City.  Knowingly  or  not,  they  have  tried 
to  place  themselves  in  a  position  where  small 
savings  banks,  the  proprietors  of  small  stores, 
and  others  doing  business  in  mill  villages  and 
hamlets  on  the  catchment  basins  of  the  pro- 
posed reservoirs  and  the  rivers  now  fed  by 
them,  who  will  be  crippled  by  the  proposed 
works,  would  be  without  legal  redress.  Gov- 
ernor Odell  proposes  to  protect  these  people 
until  the  city  will  become  legally  responsible 
for  any  injury  they  receive  as  a  result  of  the 
construction  of  the  works  for  a  new  supply. 


Approximate   Calculations. 


It  is  a  perpetual  source  of  wonder  to  many 
older  engineers  that  the  technical  schools  of  the 
country  do  not  train  their  undergraduate  stu- 
dents in  approximate  methods  of  calculation. 
Fifteen  years  ago  even  the  slide  rule  was  an 
unicnown  instrument  in  most  schools,  and  it  is 
doubtful  if  its  value  is  properly  pointed  out  in 
all  of  them  to-day.  The  slide  rule  is,  however, 
an  "adventitious  aid,"  and  the  young  engineer 
is  not  properly  equipped  for  his  work  unless  he 
is  able  to  perform  many  computations  with 
greater  rapidity  than  ordinary  methods  permit. 
Perhaps  one  reason  for  this  lack  of  training  In 
such  rapid  calculations  is  to  be  found  in  an 
equally  unfortunate  failure  in  many  schools  to 
inculcate  in  the  student  an  appreciation  of  the 
value  of  time  and  of  the  folly  of  useless  work. 
The  value  of  the  work  done  by  the  average  en- 
gineer, to  himself  as  well  as  his  employer,  de- 
pends largely  on  his  application  of  the  old  adage 
about  time  being  money.  It  is  because  so  many 
do  not  recognize  the  truth  of  this  saying  that 
they  go  through  life  without  much  of  either  at 
their  own  disposal.  This  is  no  place  to  discuss 
the  methods  of  teaching  the  value  of  time,  but 
there  are  several  reasons  for  pointing  out  the 
importance  of  saving  it  by  approximate  methods 
of  calculation. 

No  small  part  of  the  calculating  required  by 
engineering  problems  is  for  results  which  must 
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be  so  modified  by  factors  of  safety  or  by  con- 
stants of  uncertain  value,  that  close  accuracy  is 
not  only  needless  but  is  deceiving.  The  engi- 
neer prides  himself  on  being  pre-eminently  a 
man  dealing  with  the  truths  of  nature,  and  he 
must  not  deceive  himself  or  his  employers  by 
the  use  of  numbers  carried  to  several  places  of 
decimals,  when  accuracy  stops  with  the  figure  in 
the  hundreds  place.  As  the  schools  now  teach 
methods  of  computing,  this  pretense  of  accuracy 
Is  more  a  matter  of  habit  than  of  intention,  but 
the  habit  itself  is  due  to  lack  of  knowledge 
which  every  undergraduate  should  possess.  In 
his  problems  he  often  has  to  multiply  together 
two  numbers  having  several  figures  each.  He 
knows  that  these  numbers  are  approximate,  and 
if  a  slide  rule  is  handy  he  obtains  the  product 
on  it  with  sufficient  accuracy  for  the  purpose  in 
hand.  But  If  the  slide  rule  is  not  available, 
probably  ninety-nine  out  of  a  hundred  young 
men  will  put  down  the  numbers  and  multiply 
them  together  in  the  usual  manner.  Now  all 
this  denotes  a  half-training  which  is  not  desir- 
able. If  such  a  computation  is  suitable  for  the 
slide  rule  it  is  equally  suitable  for  approxi- 
mate multiplication,  with  the  multiplier  In- 
verted and  only  a  portion  of  the  partial  prod- 
ucts written  down  and  added.  In  the  same  way, 
short  methods  of  division  are  not  employed.  As 
a  matter  of  fact,  there  are  many  computations 
which  require  an  accuracy  a  little  too  great  for 
the  ten-inch  slide  rule  which  are  still  within  the 
scope  of  short  multiplication  and  division,  and 
the  school  which  teaches  the  use  of  the  rule 
and  neglects  the  other  labor  and  time-saving 
system  is  doing  only  half  its  duty. 

Again,  an  engineer  often  has  to  solve  two 
simultaneous  equations  of  a  complicated  charac- 
ter. This  can  sometimes  be  done  after  consider- 
able mathematical  work  by  the  old-fashioned 
algebraic  methods.  Those  who  are  really  prop- 
erly equipped  for  their  work  rarely  attempt 
this,  however,  but  plot  the  two  curves  on  cross- 
section  paper.  Where  they  intersect  is  the 
point  whose  ordinate  and  abscissa  give  the  de- 
sired values.  This  is  really  one  of  the  most 
simple  uses  to  which  squared  paper  is  put  by 
those  acquainted  with  the  assistance  it  offers  to 
computers  not  bowed  down  by  a  sense  of  ficti- 
tious accuracy.  It  would  be  idle  to  point  out 
liere  what  more  can  be  done  by  plotting  curves 
on  such  paper,  and  by  many  other  approximate 
methods  of  obtaining  desired  results.  The  pur- 
pose of  this  article  is  simply  to  state  that  in 
this  very  busy  age  it  is  the  duty  of  the  techni- 
cal schools  to  teach  young  men  to  save  time  by 
employing  methods  of  calculation  which  are 
more  expeditious  than  multiplication,  long  di- 
vision and  the  use  of  logarithms.  These  meth- 
ods sacrifice  accuracy,  but  no  engineer  is  equip- 
ped for  his  work  until  he  is  trained  to  recognize 
the  proper  limit  of  accuracy  in  each  step  of  his 
work. 


The  Legal   Requirements   for  Storm  Water 
Sewers. 


A  suit  involving  the  capacity  of  the  Mill 
Creek  sewer  in  St.  Louis,  which  has  been  drag- 
ging its  way  slowly  through  the  Missouri 
courts,  is  of  general  interest  not  only  because 
it  relates  to  the  size  of  one  of  the  largest  sew- 
ers in  the  country,  but  also  because  it  affords 
renewed  assurance  of  the  protection  the  law 
will  give  to  reaconable  engineering  practice  in 
sewer  design.  This  enormous  drain  receives 
the  sewage  and  storm  water  from  a  district  of 
about  6,400  acres.  At  the  Mississippi  River  it 
Is  sixteen  by  twenty  feet  in  cross-section,  while 
at  Its  upper  end.  about  five  miles  distant,  it  is 
ten  feet  in  diameter.  It  was  begun  in  1864  and 
the  last  extension  was  completed  thirteen  years 


ago.  It  was  designed  to  carry  oft  a  rainfall  of 
one  inch  per  hour,  which  was  the  maximum  em- 
ployed in  good  engineering  practice  at  the  time 
it  was  planned.  It  was  originally  built  with  a 
timber  bottom  and  heavy  masonry  walls  and 
arch.  Eight  years  ago  the  side  walls  were 
found  to  have  settled  somewhat  in  one  place, 
forcing  the  timber  bottom  out  of  place  from  an 
inch  to  a  foot,  but  this  settlement  was  repaired 
as  soon  as  it  was  discovered. 

On  July  8,  1898,  there  was  the  most  severe 
storm  in  the  city  in  the  history  of  the  Weather 
Bureau.  There  was  a  maximum  rainfall  of  1 
inch  in  10  minutes,  2.56  inches  in  62  minutes 
and  5.10  inches  in  24  hours.  This  was  preceded 
the  day  before  by  a  rainfall  of  nearly  2  inches 
in  24  hours,  which  left  the  ground  in  a  condi- 
tion to  shed  the  succeeding  precipitation 
rapidly.  As  a  result  of  this  heavy  storm,  the 
sewer  overflowed,  and  the  plaintiff  in  this  case 
(Gulath  V.  City  of  St.  Louis,  77  S.  W.  Rep.  744) 
had  the  contents  of  his  store  injured.  He 
brought  suit  against  the  city  for  damages,  hold- 
ing that  it  had  neglected  to  keep  the  sewer  in 
repair  and  that  it  was  of  insufficient  capacity 
for  its  purpose,  a  fact  which  he  had  reported  to 
the  city  before  his  property  was  flooded. 

The  State  Supreme  Court  holds  that  the 
sewer  was  properly  maintained,  and  that  any 
charge  of  negligence  on  tne  part  of  the  city  was 
unwarranted.  It  also  considers  the  evidence 
conclusive  to  the  effect  that  before  the  con- 
struction of  the  sewer  the  site  of  the  store  of 
the  plaintiff  was  overflowed  "many  times"  by 
the  creek  which  occupied  the  route  of  the  pres- 
ent drain.  Since  the  latter  was  built,  there 
have  been  but  three  occasions  on  which  it  over- 
flowed, all  of  them  after  unusual  storms.  These 
facts  show  that  the  plaintiff  could  not  truthfully 
claim  that  the  construction  of  the  sewer  worked 
additional  injury  to  his  place. 

The  most  important  claim  in  his  behalf  was 
that  the  sewer  was  not  large  enough  and  should 
have  been  increased  in  capacity  after  it  was 
first  overflowed.  The  court  decides  that  experi- 
ence proved  it  was  amply  sufficient  to  meet  the 
demands  on  it  under  ordinary  conditions,  and 
that  overflow^  occurred  only  in  case  of  extraor- 
dinary storms.  Such  exceptional  storms,  "acts 
of  God"  in  legal  parlance,  need  not  be  taken 
into  account  by  the  engineer  in  designing  such 
works.  "It  would  be  strange  doctrine,"  says  the 
court,  "to  require  the  defendant  to  anticipate 
such  a  storm  as  has  never  occurred."  It  would 
substitute  guesswork  for  judgment. 

It  win  be  a  matter  of  considerable  satisfac- 
tion to  municipal  engineers  to  hear  that  the 
law  has  been  so  interpreted  in  Missouri.  No 
man  can  tell  what  the  rainfall  will  be  for  all 
time  to  come,  and  if  a  drainage  system  is  large 
enough  to  carry  oft  all  the  rainfall  of  most 
storms  it  is  manifestly  answering  its  purpose. 
To  make  it  larger  than  is  necessary  for  any 
recorded  rainfall,  or  large  enough  for  one  re- 
corded but  onCe  in  the  history  of  a  city,  is  re- 
quiring the  taxpayers  to  expend  a  large  sum  of 
money  to  prevent  an  occurrence  which  may 
never  arise.  Nobody  cares  to  contemplate  the 
flooding  of  a  cellar  with  the  overflow  from  a 
combined  sewer,  yet  it  is  illogical  to  spend 
large  sums  of  public  money  to  prevent  improb- 
able damages.  When  the  city  engineer  has  de- 
signed a  sewer  to  carry  off  all  the  drainage  that 
it  is  reasonable  to  expect  from  a  given  district, 
he  has  fully  complied  with  his  obligations. 
This  is  common  sense  and  it  is  also  law  In  most 
States.  The  authorities  of  St.  Louis  are  to  be 
congratulated  that  this  view  has  been  taken  in 
the  suit  against  them,  and  that  the  famous  Mill 
Creek  sewer,  one  of  the  landmarks  of  American 
municipal  engineering,  has  been  declared  as 
successful  in  law  as  It  is  In  service. 


Notes  and  Comments. 


Tjie  River  Surveys  of  the  U.  S.  Geological 
Survey  will  soon  prove  of  much  engineering 
and  industrial  importance.  During  last  year, 
the  hydrographic  and  topographic  branches  of 
the  bureau  surveyed  nearly  1,050  miles  of  riv- 
ers, running  levels  and  taking  elevations  of 
various  river  stages,  road  crossings,  stream 
junctions  and  other  points.  A  careful  traverse 
was  run,  using  the  compass  for  direction  and 
the  stadia  for  distance.  The  results  were  plot- 
ted on  a  map  to  the  sjale  of  1:22,500,  on  which 
were  placed  the  outlines  of  both  banks,  all  road 
intersections,  and  the  names  of  islands  and 
rapids.  The  river  bottoms  were  sketched  in  10- 
foot  contours  so  far  as  practicable.  The  width 
of  broad  fiats  and  the  character  of  their  soil  or 
rock  were  noted,  and  memoranda  on  the  charac- 
ter of  the  stream  and  its  bottom  at  sites  avail- 
able for  dams  were  recorded.  As  the  data  con- 
cerning the  discharge  of  the  various  streams 
and  their  possible  development  for  power  are 
accumulated,  it  is  proposed  to  publish  the  re- 
sults for  each  river  system  in  a  form  similar  to 
the  geologic  folios.  These  geologic  folios  are  of 
great  value  to  the  mining  interests  and  the  hy- 
draulic folios  should  have  equal  value  to  mill 
men.  ' 


The  Fire  Hazards  in  American  cities  will  be 
investigated  by  the  National  Board  of  Fire  Un- 
derwriters. From  $90,000,000  to  $100,000,000  is 
lost  annually  in  this  country  by  fire,  and  the 
leading  insurance  companies  are  convinced  that 
much  of  this  loss  could  be  prevented  without 
much  trouble  or  expense.  A  committee  of  the 
Board  has  been  appointed  which  will  define  the 
congested  district  of  cities  and  determine  their 
hazards.  A  staff  of  fire-protection  engineers  is 
now  being  organized  to  make  the  necessary  In- 
vestigations and  recommend  improvements  In 
building  laws,  water  supplies  and  fire  depart- 
ments. Technically  educated  men  are  desired 
for  this  staff,  which  is  being  organized  by  Mr. 
Herbert  Wilmerdihg,  46  Cedar  street,  New 
York.  Fire-protection  engineering  is  one  of  the 
youngest  specialties  and  has  an  important  fu- 
ture which  no  one  can  now  fully  appreciate,  it 
was  only  a  short  time  ago  that  the  fire  insur- 
ance business  was  very  much  of  a  gamble,  but 
with  the  advent  of  careful  engineering  inspec- 
tion it  has  been  slowly  developing  and  has  a 
future  in  which  the  engineer  will  play  an  im- 
portant role. 


The  Adikondack  Pibes  of  a  year  ago  are  dis- 
cussed in  an  unusually  interesting  paper  by  Mr. 
H.  M.  Suter,  of  the  U.  S.  Bureau  of  Forestry. 
Those  fires,  lasting  from  April  20  to  June  8, 
burned  over  600,000  acres  of  timber  land  and 
caused  a  direct  loss  of  $3,500,000.  About  $175,- 
000  was  spent  in  fighting  them,  and  they  were 
finally  extinguished  only  by  heavy  rains.  Their 
effect  on  several  industries  was  severe.  The 
State  has  a  fire-warden  service,  but  Mr.  Suter 
reports  that  it  is  inadequate  because  it  makes 
no  provision  for  preventing  fires,  only  for  fight- 
ing them.  A  permanent  force  of  rangers  and  a 
carefully  executed  system  of  fire  lanes  and  other 
preventative  measures  is  recommended.  The 
details  of  such  a  service  can  only  be  worked  out 
after  a  study  of  all  the  local  conditions,  but  It 
is  highly  desirable  that  the  work  should  be 
inaugurated  at  once.  This  great  timber  tract 
is  one  of  the  most  important  In  the  East,  and 
the  lack  of  proper  care  paid  to  it  by  the  State 
is  too  well  known  to  need  comment.  The 
methods  of  the  foresters  of  Europe  seem  com- 
pletely ignored  and  a  repetition  of  last  year's 
experience  may  be  expected  every  spring  until 
eflRcient  management  is  insured. 
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A  Beinforced  Concrete  Sewer  at  Wilmington, 
Delaware. 

Bj  T.  Chalklcj   Hatton.   ConsultlDC  EnflDMr. 


Durlns  the  year  1903  the  Board  of  Directors 
of  the  Street .  and  Sewer  Department  of  Wil- 
mington, Del.,  has  constructed  a  reinforced 
concrete  aewer.  some  of  the  details  of  which 
may  be  of  interest.  This  sewer  is  Icnown  as 
"Price's  Run  sewer."  is  7^436  feet  in  length, 
consisting  of  1,726  feet  of  circular  sewer  9  feet 
3  inches  internal  diameter,  2,426  feet  of  6  feet 
C  inches,  1.371  feet  of  6  feet,  804  feet  of  5  feet 
ana  64  feet  of  4  feet  9  inches  internal  diameter. 
Its  purpose  is  to  carry  to  tide  water  the  sewage 
and  storm  water  from  an  area  within  the  city 
limits  of  about  600  acres.  The  difference  in 
elevation  between  the  upper  end  and  the  outlet 
ia  38.033  feet,  maximum  grade  per  foot  is  0.0157, 
and  the  minimum  grade  is  0.00303  per  foot,  the 
latter  being  the  grade-  of  the  9-foot  3-inch 
section.  The  sewer  discharges  directly  into  the 
Brandywine  River  at  an  elevation  of  0.793  be- 
low mean  low  tide,  and  the  mean  difference  of 
the  tide  is  5.8  feet. 

The  accompanying  drawings  show  the  profile 
of  the  sewer  and  the  cross-sections  of  the  larger 
•ices.  Seven  hundred  feet  of  the  9-foot  3-inch 
section  was  built  through  a  marsh  abutting 
upon  the  river,  which  was  submerged  at  each 
high  tide  to  a  depth  of  1  to  4  feet.  The  cutting 
through  this  marsh  was  8  feet  in  depth  through 
river  silt  and  water-bearing  gravel,  and  160  feet 
was  built  through  the  old  channel  of  the  river. 
the  excavation  being  made  through  a  soft  blue 
liver  which  was  very  difficult  to  hold  in  place 
with  the  most  careful  sheathing.  One  of  the 
drawings  gives  a  cross-section  of  the  sewer 
which    was  built    through    this    marsh.     The 
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about  500  feet,  and  was  tilled  with  the  first  mud 
taken  from  the  sewer  trench.  The  cofferdam 
consisted  of  2xl2-inch  hemlock  close  sheath- 
ing driven  into  the  mud  of  the  marsh,  each 
line  of  sheathing  4  feet  apart,  held  in  posi- 
tion with  two  runner  boards  upon  each  side, 
which  were  held  by  6x6-inch  posts  driven 
upright  into  the  mud  and  top  planks  nailed 
across  the  top  to  keep  them  from  spreading. 
The  cofferdams  were  carried  about  4  feet  above 
the  highest  surface  of  the  marsh,  and  answered 
the  purpore  very  well,  except  upon  two  occa- 
sions, when  neavy  floods,  accompanied  with  ex- 
tremely high  tides,  broke  through  sections  of 
them,  the  water  carrying  the  mud  into  the 
trench  excavated,  breaking  the  heavy  ditch 
braces  and  entirely  filling  the  trench.  This 
mud  was  so  diluted  with  water  that  it  all  had 
to  be  re-excavated  with  hand  buckets,  which, 
of  course,  was  a  very  tedious  and  expensive 
work. 
When  it  is  understood  that  the  bottom  of  the 
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was  sunk  at  the  land  end  of  the  marsh,  and 
outside  of  the  line  of  excavation  over  this  well 
a  5-inch  centrifugal  pump  was  placed,  run  by 
an  electric  motor.  An  8-inch  terra  cotta  under- 
drain  was  laid  from  this  well  to  the  center  of 
tne  excavation  and  was  then  continued  through 
the  center  of  the  excavated  trench  under  the 
caps.  This  underdrain  was  one  of  the  principal 
features  of  the  work,  for  without  it  nothing 
could  have  been  accomplished,  but  keeping  it  in 
service  was  a  source  of  great  concern.  Neces- 
sarily it  was  laid  at  a  flat  grade,  nearly  level, 
as  the  grade  of  the  drain  was  opposite  to  the 
grade  of  the  sewer,  and  the  velocity  of  flow 
being  sluggish,  the  soft  mud  carried  in  suspen- 
sion into  the  drain  precipitated  on  the  bottom 
and  clogged  it  up. 

Eleven  hundred  feet  of  the  9-foot  3-inch  sec- 
tion of  sewer  was  built  where  the  cut  ranged 
from  22  to  34  feet.  The  material  excavated  was- 
hard  clay  underlaid  with  a  blue  granite,  the  lat- 
ter forming  about  one-third  of  the  material  ex- 
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Cross  Sections  of    Price's   Run   Sewer,  Wilmington,    Del. 


foundation  consisted  of  pine  piles,  from  36  to  8 
feet  in  length,  four  plies  to  each  bent,  spaced 

3  feet  10  >;^  inches  centers  and  the  bents  spaced 

4  feet  between  centers.  E^ch  bent  was  capped 
with  a  10xl2-inch  yellow-pine  cap  and  the  whole 
floored  with  3xl2-inch  hemlock  timbers  laid 
with  Joints  evenly  broken.  Upon  this  floor  the 
oon^-rete  was  laid  to  correspond  with  the  cross- 
•ection  as  mentioned. 

The  flrst  work  done  was  to  drive  the  piles,  a 
more  dlfflcult  job  than  might  at  flrst  appear,  as 
it  was  neceaoary  to  use  3  land  machine,  whereas 
twice  In  each  twenty-four  hours  a  floating  ma- 
chine would  have  been  the  proper  plant,  and  at 
such  times  work  was  suspended.  The  piles 
were  driven  to  rock  in  most  cases,  a  follower 
being  nsed  to  drive  the  pile  below  the  surface 
of  the  marsh  so  that  the  full  length  of  the 
timl>er  cofferdam  was  built  on  each  side  of  the 
center  line  of  the  sewer,  parallel  with  it  and 
about  49  feet  on  each  side,  to  keep  the  tide 
water  from  the  work.    This  cofferdam  extended 


excavation  was  2.62  feet  below  mean  low  tide  in 
the  river  and  8.42  feet  below  mean  high  tide, 
through  a  quality  of  soft  mud  which  would 
readily  pull  a  tight  rubber  boot  from  the  foot 
of  a  workman,  one  can  easily  comprehend  that 
the  construction  of  this  portion  of  the  sewer 
was  not  free  from  unusual  expense  and  diflS- 
culties.  The  trench  was  sheathed  with  2-inch 
hemlock  planks,  butted  joints,  driven  below  the 
extreme  excavation  at  all  times,  where  possi- 
ble, with  upper  and  lower  rangers  of  6x6-inch 
timbers  16  feet  long  and  cross-braces  of  6x6- 
Inch  timbers  13  feet  long,  spaced  8  feet  between 
centers.  But  even  with  this  substantial 
bracing,  which  was  very  carefully  placed,  the 
mud  slipped  and  oozed  Into  the  trench  In  nu- 
merous places,  requiring  its  rehandllng.  One  of 
the  accompanying  views  shows  the  sheathing 
and  abundance  of  water  which  had  to  be  taken 
care  of  every  time  the  main  pump  took  a  kink, 
which,  as  usual,  was  of  too  frequent  occurrence. 
Before  beginning  the  excavation  a  pump  well 


cavated.  Skeleton  sheathing  only  was  used,  the 
excavation  being  made  by  a  Carson-Lidgerwood 
cable  machine.  In  the  cross-section  of  the 
sewer  built  through  this  deep  cutting,  it  will  be 
noticed  the  thickness  of  the  sewer  at  the  crown 
is  but  8  inches,  which  is  5%  inches  less  than 
the  writer  has  been  in  the  habit,  of  using  for  a 
9-foot  diameter  arch  where  the  material  used 
was  brick.  This  thickness,  however,  has  with- 
stood the  shock  resulting  from  dumping  a  cubic 
yard  of  dirt  and  rock  from  the  cable  buckets  at 
various  heights  from  3  feet  to  10  feet,  and  the 
weight  of  25  feet  of  loose  filling,  without  any 
apparent  fracture.  Care  was  taken  to  fill  up 
the  interstices  left  in  the  sides  of  the  excava- 
tion below  the  springing  line  liy  the  removal 
of  extra  rock  or  earth,  with  broken  stones  from' 
the  trench,  or  concrete  where  the  spaces  were 
not  too  great,  so  that  the  invert  would  have  a 
firm  and  close  contact  throughout.  The  section 
through  the  marsh,  which  has  the  same  thick- 
ness of  crown,  is  above  the  natural  surface  and 
without  any  covering  of  earth.  During  the  past 
two  months  upon  two  occasions,  it  has  been 
subjected  to  the  heavy  poundings  of  tons  of  ice 
resulting  from  the  breaking  up  of  the  ice  on  the 
Brandywine  River,  and  no  damage  occurred  to 
it.  these  tests  being  a  pretty  good  illustration 
of  the  ample  strength  of  the  work. 

As  will  be  noted  by  examining  the  profile, 
some  of  the  6-foot  6-inch  and  6-foot  sections 
were  built  above  the  natural  surface  of  the 
ground,  and  in  such  places  the  cross-sections 
marked  "light  cutting"  were  used.  The  cross- 
sections  of  the  sewers  in  trenches  deep  enough 
to  cover  the  arch  are  marked  "deep  cutting." 
These  sections,  while  only  5  inches  at  the 
crown,  have  already  withstood,  without  frac- 
ture, all  the  load  they  will  be  subjected  to  at 
any  time. 

It  is  admitted  that  the  small  amount,  of  ma- 
terial used   in  the  construction  of  this  sewer 
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was  a  bold  departure  from  the  minimum 
usually  recommended  by  engineers,  especially 
in  view  of  the  fact  that  little  has  been  written 
to  instruct  the  engineer  in  the  strength  im- 
parted to  the  concrete  by  reinforcing  metal,  and 
the  writer  has  gone  into  some  detail  in  the  de- 
scription in  hope  that  his  experience  may  be 
of  some  benefit  to  the  profession  in  the  saving 
of  superfluous  material  in  future  works. 

Two  progress  photographs  of  the  6-foot  6-inch 
section  of  the  sewer  are  reproduced  for  the  pur- 
pose of  showing  the  method  of  placing  invert 
forms  and  centers  to  preserve  the  form  of  the 
sewer.  This  method  is  by  no  means  original, 
nor  may  it  be  the  best,  but  its  use  was  very 
economical  and  resulted  in  good,  smooth  worlt, 
both  inside  and  out.  The  bottom  of  the  invert 
had  to  be  smoothed  up  with  a  coat  of  plaster; 
a  few  places  at  the  springing  line  where  the 
center  did  not  come  in  close  contact  with  the 
Invert  and  the  extrados  of  the  arch  were 
washed  with  a  coat  of  thin  cement  mortar,  but 
otherwise  the  interior  of  the  sewer  was  as 
smooth  as  a  well-plastered  wall.  The  concrete 
was  well  rammed  in  between  the  inner  and 
outer  forms  in  4-inch  layers,  which  was  the 
depth  of     each   lagging,     each   lagging     being 


the  inner  surface,  its  position  being  carefully 
maintained  by  the  men  ramming,  and  with  but 
little  difficulty,  the  sheets  first  being  bent  to 
conform  to  the  radius  of  the  circle.  Each 
sheet  was  lapped,  one  mesh  over  its  neighbor, 
at  both  ends  and  sides,  but  was  not  attached  to 
it,  except  as  the  concrete  would  embed  the 
meshes  together,  except  the  top  sheet,  \yhich 
was  fastened  to  the  adjacent  sheets  with  No.  8 
wire.  This  was  done  because  walking  over  the 
center  during  the  depositing  of  the  concrete 
was  liable  to  move  the  sheet  out  of  its  proper 
place. 

The  reinforcing  metal  used  in  the  balance  of 
the  work  consisted  of  a  wire-woven  fabric  fur- 
nished by  the  Wight-Easton-Townsend  Com- 
pany, of  New  York.  This  fabric  came  in  con- 
tinuous rolls  514  feet  in  width  and  about  100 
lineal  feet  to  the  roll.  The  wire  was  a  No.  8 
gauge  with  a  No.  6  wire  for  selvage,  and  the 
mesh  was  6x4  inches.  This  fabric  was  placed 
by  first  cutting  the  sheets  to  the  required  length 
to  entirely  surround  the  sewer,  and  embedding 
it  in  the  concrete,  as  the  latter  was  placed,  in 
the  same  manner  as  was  done  with  the  ex- 
panded metal,  except  over  the  center  where,  the 
fabric   being   more   pliable   than   the   expanded 


and  0.94  cubic  yard  of  concrete  per  foot  of  9-foot 
3-inch  sewer,  the  average  cost  of  placing  the 
concrete  was  as  herewith  tabulated. 

This  cost  represents  the  total  cost  of  furnish- 
ing and  placing  the  materials  comprising  the 
sewer,  the  concrete  costing  $4.60  per  cubic  yard 
exclusive  of  setting  forms  or  supplying  the  ma- 
terial for  the  forms. 

The  cost  of  furnishing,  driving  and  cutting 
off  piles  was  30  cents  per  lineal  foot  of  piles 
leit  in  the  ground,  with  the  piles  costing  8  cents 
per  foot  delivered.  The  cost  of  excavating  in 
the  deep  cut,  including  the  rock,  has  been  $1.64 
per  cubic  yard,  including  sheathing,  underdraln- 
ing  and  pumping,  and  the  cost  of  excavating 
the  trench  through  the  marsh,  including  pump- 
ing, ditching,  cofferdams,  underdraining,  su- 
perintendence, engineering,  etc.,  has  been  $4.60 
per  cubic  yard. 

Cost  of  9  ft.  3  In.  sewer  through  marsh $32.00 

Cost  of  9  ft.  3  In.  sewer,  average  cutting  24.5  ft.  24.nO 
Cost  of  0  ft.  6  In.  sewer,  average  cutting  12  ft. .  10.00 
Cost  of  5  ft.  0  In.  sewer,  average  cutting  11.5  ft.     6.70 


The  American  Society  of  Mechanical  Engi- 
neers has  announced  its  programme  for  the 
joint  meeting  with  the  Institution  of  Mechani- 
cal Engineers,  of  Great  Britain,  at  Chicago,  May 
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Placed  as  the  concreting  progressed.  Four  ram- 
mers were  used  to  each  16-foot  section  and  the 
concrete  was  mixed  moderately  dry  to  make  the 
smoothest  work.  Whenever  a  wet  mixture  was 
placed,  small  honeycombed  places  would  result 
in   the  interior  surface. 

The  concrete  for  the  invert  consisted  of  V/>- 
Inch  stones  mixed  with  stone  dust  and  Portland 
cement,  mixed  in  the  proportion  of  one  of 
cement  and  two  of  dust  and  six  of  stone.  That 
for  the  arch  consisted  of  %-inch  stone,  dust 
and  Portland  cement,  mixed  in- the  proportion 
of  one  of  cement,  two  of  dust  and  five  of  stone. 
The  stone  was  of  blue  granite  well  selected  as 
to  size.  The  use  of  the  %-inch  stones  for  the 
arch  was  for  the  purpose  of  securing  smoother 
work,  and  also  to  use  the  output  of  the  crusher, 
but  proved  of  no  special  advantage  in  securing 
smooth  work,  for  in  the  places  where  the  1%- 
Inch  stones  were  used  the  result  was  equally  as 
satisfactory. 

The  reinforcing  metal  used  In  the  9-foot  3- 
Inch  section  consisted  of  expanded  steel,  6-inch 
mesh  No.  6  gauge,  in  sheets  8x5i/i  feet,  and  was  ' 
supplied  by  Merritt  &  Company,  of  Philadel- 
phia. A  single  layer  of  this  metal  was  placed 
around  the  sewer,  approximately  2  inches  from 


metal,  was  held  the  proper  distance  from  the 
wooden  center  by  means  of  a  number  of  2-inch 
blocks  placed  between,  which  were  removed  as 
the  concrete  was  placed.  The  fabric  has  one 
advantage  over  the  expanded  metal,  that  it  is 
all  in  one  sheet  and  can  therefore  be  placed  a 
little  more  expeditiously,  whereas  the  advant- 
age of  using  the  metal  is  that  it  is  more  rigid 
and  thus  better  maintains  its  relative  position 
in  the  concrete.  The  only  reason  for  using  both 
kinds  of  metal  was  for  the  purpose  of  testing 
each.  The  expanded  metal  was  delivered  at  a 
cost  of  4  cents  per  square  foot,  and  the  fabric 
at  2V2  cents  per  square  foot. 

Cost  of  Placing  Concrete. 

1.31   bbls.  cement,  $1.30 $1,703 

0.84   cu.   yd.   stone,   $1.21 1.016 

0.42  cu.  yd.   dust.    $1.21 508 

Labor  at   18%  cts.,  Including  foreman 987 

Setting  forms  and   metal 045 

40  sq.  ft.   of  metal,   4  cts 1.60 

Plastering    invert 07 

Cost  of  forms,  1800  ft.,  per  foot 082 

Total $6,011 

A  very  close  account  has  been  kept  of  the  dif- 
ferent items  of  the  work,  but  tor  the  purpose 
of  this  article  the  cost  of  the  concrete  will  per- 
haps be  the  essential  feature.  With  cement  at 
$1.30  per  barrel  delivered,  stone  and  dust  at 
$1.21  per  cubic  yard,  labor  18%  cents  per  hour, 


31  to  June  3.  Only  one  paper  is  promised  on  shop 
management  questions,  by  Mr.  Harrington  Em- 
erson, on  the  wages  problem.  Two  relate  to 
refuse  destructors,  by  Messrs.  George  Watson 
and  C.  Newton  Russell.  The  steam  turbine  win 
be  the  subject  of  four  papers  by  Messrs.  Francis 
Hodgkinson,  E.  S.  Lea  and  E.  Meden,  W.  L.  R. 
.  Emmet  and  Prof.  A.  Rateau.  Related  to  these 
is  a  paper  by  the  Prof.  C.  V.  Kerr,  on  "The  Po- 
tential Efficiency  of  Prime  Movers."  The  power 
plant  of  tall  office  buildings  is  to  be  discussed 
by  Messrs.  J.  H.  Wells  and  R.  P.  Bolton.  The 
remaining  papers  on  power-plant  questions  are 
as  follows :  Middlesbrough  dock,  electric  and 
hydraulic  power  plant,  by  Mr.  Vincent  L.  Ra- 
ven; the  use  of  superheated  steam  and  of  re- 
heaters  in  compound  engines,  by  Prof.  L.  S. 
Marks;  and  commercial  gas  engine  testing,  by 
Mr.  Wm.  P.  Flint.  The  remaining  papers  are 
to  be  presented  by  Mr.  Wm.  J.  Keep,  on  "Cast- 
Iron  Composition,  Strength  and  Specifications"; 
by  Mr.  Wm.  Campbell  on  "The  Effects  of  Strain 
and  of  Annealing";  by  Prof.  J.  T.  Nicolson,  on 
"Experiments  with  a  Lathe-Tool  Dynamom- 
eter"; by  Prof.  E.  A.  Hitchcock,  on  road  tests 
of  locomotives,  and  by  Prof.  W.  F.  M.  Goss,  on 
locomotive  testing  plants. 
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Important  Considerations  in  the  Designing  of 
large  Aqueducts. 

In  The  Engineering  Record  of  December  19, 
1904,  *  brief  summary  was  given  of  the  report 
of  the  commission  on  an  additional  water  sup- 
ply for  New  York  City.  Appendix  III.  to  this 
report,  from  which  the  following  extracts  are 
taken,  contains  a  discussion  on  certain  econo- 
mies in  construction  and  other  improvements 
aimod  at  in  the  design  of  the  cross-sections 
of  the  aqueduct  proposed  for  conveying  the 
additional  supply  of  water  into  the  city.  The 
aqueduct  is  intended  to  have  a  capacity  of 
about  SOO.000.000  gallons  per  day,  and.  as  lo- 
cated by  the  preliminary  surveys,  will  be  partly 
In  cat-and-cover  and  partly  in  tunnel. 

These  designs  involve  some  novel  features, 
based  partly  on  previous  works  and  partly  on 
present  studies.  The  proposed  changes  from 
existing  types  are,  however,  not  extreme,  and 
consist  of  certain  modiflcations  by  which  econ- 
omy may  be  effected  without  any  sacrifice  ot 
naeeaaary  strength  or  stability.  This  is  es- 
padally  the  ease  with  the  design  of  the  tunnel 
saetioB. 

Tbe  waterworks  tunnels  thus  far  built  have 
generally  been  costly,  averaging  double  or  more 
than  double  the  cost  of  an  equal  length  of  cut- 
and-cover  work.  The  chief  reason  for  this  has 
been  the  costliness  of  the  material  used  for 
lining  and  the  disadvantageous  arrangements 
that  haTe  been  adopted  for  excavation,  whereby 
nniMceasary  and  useless  work  was  performed 
at  a  high  cost.  In  the  Wachusett  aqueduct,  a 
considerable  length  of  tunnel  through  firm  rock 
was  left  unlined,  and  in  consequence,  built  at 
a  low  cost.  Circumstances  are  such  that  this 
method  cannot  often  be  adopted.  A  decided 
step  toward  greater  economy  in  tunnel  work 
was  made  in  the  Weston  aqueduct  by  the  use  of 
Portland  cement  concrete  as  a  tunnel  lining. 
This  material,  so  much  cOeaper  than  brick,  has 
proved  a  conspicuous  success  for  this  purpose. 
By  the  proposed  design,  the  cost  of  tunnel  work 
Is  expected  to  average  not  more  than  about 
1%  times  the  cost  of  cut-and-cover  work. 

Tbe  Weaton  aqueduct,  in  Massachusetts,  Is, 
without  doubt,  one  of  the  most  economical  of 
all  masonry  aqueducts  of  its  size  now  existing. 
It  is  almost  identical  in  general  design  with 
the  Wachusett  aqueduct,  built  in  the  same  State 
a  fair  years  before.  Prior  to  the  construction 
of  tbe  Wachusett  aqueduct  the  Sudbury  prob- 
ably represented  the  best  type  of  cut-and-cover 
aqnednct  construction  in  this  country.  Tbe 
Old  Croton  aqueduct  and  the  Cochituate  aque- 
duct were  the  pioneers,  but  both  ot  them  have 
developed  serious  structural  defects.  By  com- 
paring the  various  sections  of  aqueducts  built 
at  dltferent  times,  the  approach  to  the  horse- 
shoe type  of  section  is  noted,  which  has  become 
practically  standard.  The  gradual  introduction 
of  concrete  In  the  designs  is  also  a  matter  of 
slgnlfleanoe.  Brick  is  being  displaced  and 
rubble  masonry  has  almost  entirely  disappeared. 
In  the  Wachusett  aqueduct  brick  was  used  for 
Invert  and  side  wall  lining  in  the  cut-and-cover 
sections,  and  for  all  tunnel  lining.  Brick  was 
only  used  for  invert  and  side  wall  lining  in  cut- 
and-corer  sections  of  the  Weston  aqueduct,  but 
concrete  was  used  for  tunnel  lining. 

The  chief  reasons  for  the  retention  of  brick 
lining  are:  First — That  It  furnishes  a  hard, 
smooth  inside  surface  of  good  hydraulic  prop- 
erties. Second — That  it  Is  necessary  to  supple- 
ment the  natural  cement  concrete  or  rubble 
backing,  formerly  much  used  for  the  side  walls 
and  bottoms,  with  carefully  laid  brickwork.  In 
order  to  obtain  good  watertight  work.  Third — 
Tlie  force  of  habit,  or  perhaps  it  would  be  fairer 
to  say,  the  knowledge  gained  by  experience  that 
brick  makes  a  very  satisfactory  lining. 


All  brickwork  is  expensive,  especially  when 
occurring  in  a  four-inch  lining.  First-class 
bricklayers  and  scrupulously  careful  inspection 
are  required.  Hence  the  total  cost  of  the  small 
amount  of  brickwork  is  out  of  proportion  to  its 
actual  value.  The  use  of  the  briok,  moreover, 
necessitates  the  retention  of  the  horseshoe 
shape,  as  it  is  practically  essential  to  build  the 
side  walls  at  such  an  inclination  as  will  prevent 
the  brick  lining  from  tending  to  separate  from 
the  concrete  backing.  In  the  proposed  section 
the  brick  is  entirely  omitted,  different"  classes 
of  Portland  cement  concrete  being  used  wholly. 
It  Is  expected  that  some  economy  will  result 
from  the  entire  elimination  of  the  brick  from 
the  section,  and  an  especial  advantage  will  be 
obtained  by  substituting  work  perlormed  by 
common  labor  for  that  perlormed  by  skilled 
labor  controlled  by  labor  unions  of  uncertain 
temper. 

A  serious  objection  heretofore  to  the  use  ot 
large  monolithic  masses  of  non-reinforced  con- 
crete masonry  has  been  the  tendency  to  crack 
on  account  of  elongation  or  contraction  due  to 
temperature  changes.  With  an  aqueduct  of 
large  diameter  these  cracks  are  liable  to  cause 


joints  can  be  easily  prevented  by  lead  water 
stops  built  into  the  masonry. 

It  is  proposed  to  shape  the  arch  and  side 
walls  to  a  curve  approximating  a  parabola,  this 
shape  more  nearly  coinciding  with  that  ot  the 
true  line  of  resistance  ot  the  arch  under  work- 
ing conditions.  The  bottom  inside  corners  are 
rounded  in  order  to  distribute  the  thrust  ot  the 
side  walls  over  a  larger  area,  and  also  tor 
hydraulic  considerations.  The  inside  thus  more 
nearly  approaches  a  triangular  than  a  horse- 
shoe shape. 

The  horseshoe  type  of  tunnel  was  used  in  the 
New  Croton,  the  Weston  and  Wachusett  aque- 
ducts. In  the  Weston  tunnels  concrete  was 
used  for  a  lining,  but  in  the  other  two  aque- 
ducts, brick  backed  with  rubble.  The  Wachu- 
sett tunnel  was,  for  a  large  portion  of  its 
length,  unlined  except  paving  on  the  invert. 
The  hydraulic  qualities  of  the  unlined  tunnel 
were  found  to  be  so  poor  that  it  is  necessary  to 
run  the  aqueduct  under  a  head  in  order  to 
obtain  its  full  capacity  of  flow.  To  obtain  ttie 
same  flow  through  two  tunnels  of  the  same 
slope,  the  one  unlined  and  the  other  lined,  it 
has  been  found  to  be  necessary  to  use  a  water- 
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serious  leakage  and  even  become  a  source  ot 
danger.  Some  cracks,  due  to  this  reason,  in  the 
concrete  arch  of  an  aqueduct  recently  built, 
were  observed  to  have  a  width  of  about  %  inch. 
In  the  Wachusett  aqueduct  it  was  found  that 
in  general  transverse  cracks  occurred  in  the 
arch  at  places  where  a  day's  work  had  termi- 
nated during  construction.  In  the  Weston 
aqueduct  lead  water  stops  were  inserted  at  in- 
tervals corresponding  with  a  day's  work  in  lay- 
ing concrete,  to  prevent  leakage  at  these  points. 
It  was  noticed,  however,  that  when  an  interval 
between  these  water  stops  was  longer  than 
about  50  or  60  feet,  cracks  often  developed  be- 
tween. The  conclusion  formed  after  studying 
these  aqueducts  Is  that  a  complete  vertical 
transverse  Joint  may  judiciously  be  inserted  at 
Intervals  of  about  50  to  70  feet  in  any  concrete 
aqueduct  of  large  size.  In  forming  these  joints, 
paper  or  soft  soap  or  some  other  suitable  ma- 
terial may  be  used  to  prevent  adhesion  of  the 
newly  laid  concrete  to  that  of  the  section  al- 
ready built.  Thus  the  aqueduct  will  consist  of  a 
series  of  short  separate  lengths,  each  of  which 
win  be  practically  independent.    Leakage  at  the 


way  for  the  former  approximately  double  the- 
sectional  area  ot  the  latter,  with  tunnels  of  the- 
size  under  consideration.  By  smoothing  up  the 
rough  surface  of  the  rock  excavation  with  con- 
crete, the  total  cost  of  the  tunnel  will  be  as 
economical  as  it  the  lining  were  entirely 
omitted,  and  the  general  results  will  be  much 
more  satisfactory  tor  obvious  reasons. 

The  most  economical  section  for  tunnel  exca- 
vation, in  rock.  In  tunnels  such  as  those  under 
consideration  approximates  a  rectangular 
shape.  In  driving  these  tunnels  the  first  process, 
is  to  make  the  heading  cut  or  the  upper  portion 
ot  the  excavation,  and  it  has  been  found  by  ex- 
perience to  be  so  inconvenient  to  excavate  a 
tunnel  with  a  circular  top  that  contractors  will 
make  considerable  sacrifice  to  drive  the  head- 
ing with  practically  a  level  top.  A  sheet  show- 
ing an  actual  average  section  ot  the  rock  ex- 
cavation ot  the  Wachusett  Tunnel  as  compared' 
\Vlth  the  prescribed  line  of  tunnel  excavation 
brings  this  tact  out  prominently.  It  is  reason- 
able to  infer  that  by  adopting  a  section  ot  tun- 
nel approximating  a  rectangular  shape,  more- 
economical  unit  prices  will  be  obtained  for  ex- 
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cavation  than  with  the  circular  section,  and  it 
will  also  be  possible  to  make  a  profitable  use  of 
the  whole  section  of  excavation. 

The  hydraulic  properties  of  the  rectangular 
side  lined  tunnel  will  be  satisfactory,  and  such 
that  similar  depths  in  the  tunnel  and  the  pro- 
posed cut-and-cover  aqueduct  will  give  flows  of 
not  unduly  disproportionate  amounts.  With 
the  side  lined  tunnel  proposed,  a  skewback 
above  the  high  water  line  will  be  left  in  readi- 
ness for  the  subsequent  addition  of  a  segmental 
concrete  arch  should  it  become  necessary  at  any 
time. 

This  design  of  tunnel  does  not  essentially 
vary  in  type  under  the  different  conditions 
which  may  be  encountered  in  this  class  of  work. 
It  is  proposed  to  use  Portland  cement  concrete 
for  the  invert  and  side  walls.  At  frequent  inter- 
vals weepholes  will  be  left  at  the  bottom  of  the 
side  walls,  and  there  may  be  a  longitudinal 
drain  next  to  the  rock,  connected  with  the  weep- 
holes. By  this  means  a  head  of  water  against 
the  back  of  this  side  lining  will  be  prevented. 
Three  types  of  tunnel  are  shown  in  the  report, 
practically  identical  in  everything  below  the 
skewback.  In  the  first  the  arch  is  omitted  when 
the  cut  is  through  sound  rock;  In  the  second 
a  10-inch  arch  is  turned  in  places  where  there 
is  reason  to  suspect  future  danger  of  caving, 
although  perhaps  the  roof  may  be  quite  stable 
at  the  time  the  tunnel   is  cut;    the  third  pro- 


The  Wachusett  aqueduct  is  lined  with  brick 
for  a  depth  of  about  5  feet  and  arched  with  con- 
crete. The  bricks  were  laid  with  great  nicety, 
and  a  true  and  smooth  surface  was  obtained; 
the  concrete  arch  was  skim-coated  with  cement, 
and  finished  with  a  cement  wash  applied  with  a 
brush,  each  stroke  of  the  brush  being  length- 
wise of  the  conduit.  The  capacity  of  the  Sud- 
bury aqueduct  has  been  diminished  at  times 
13%  per  cent,  through  the  growth  of  slime  on 
the  inside  surface,  the  Cochituate  aqueduct  as 
much  as  11%  per  cent.,  and  the  Wachusett 
from  10  to  11  per  cent.  It  has  been  considered 
advisable  to  allow  for  a  diminution  of  12 1/2  Per 
cent.  In  the  carrying  capacity  of  the  open  trench 
portion  of  the  proposed  aqueduct,  as  a  safe  mar- 
gin on  this  account. 

The  lining  of  tunnels  has  been  proved  to  be 
inferior  in  hydraulic  qualities  to  cut-and-cover 
work.  The  New  Croton  aqueduct,  practically 
an  all  tunnel  aqueduct,  shows  materially  lower 
coefficients  than  the  Sudbury  or  Wachusett,  al- 
though lined'  with  the  same  material.  The 
brick-lined  portion  of  the  Wachusett  aqueduct 
tunnel  has  been  found  to  approximate  closely 
the  Croton  aqueduct  in  this  respect. 

In  making  an  allowance  for  growth  of  slime 
in  the  tunnels,  it  has  been  considered  that  the 
carrying  capacity  of  a  tunnel  which,  when  new, 
is  much  rougher  than  an  open  trench  aqueduct, 
will  not  deteriorate  so  much  as  the  latter.     It 


cover  aqueduct  and  lined  tunnel  to  about  the 
same  amount  when  foul. 

The  formation  of  slime  in  unflltered  surface 
water  takes  place  with  great  rapidity,  and  can- 
not be  prevented  or  held  much  in  check  by 
yearly  cleanings.  The  reduction  of  flows  In  the 
Sudbury,  Wachusett  and  Cochituate  aqueducts 
takes  place  very  largely  In  the  first  few  weeks 
after  cleaning,  and  reaches  a  maximum  after 
about  four  or  five  months'  use;  after  that  time 
apparently  no  appreciable  increase  takes  place. 
As  it  is  not  practicable  to  clean  and  inspect  an 
aqueduct  oftener  than  at  intervals  of  from  six 
to  twelve  months,  it  is  evident  that  the  fouling 
due  to  slime  formation  will  exist  most  of  the 
time  during  operation  to  a  greater  or  less  ex- 
tent. The  larger  and  more  serious  obstruction 
will,  however,  be  removed  or  prevented  from 
forming  at  each  annual  or  semi-annual  cleaning. 

The  appendix  from  which  these  extracts  have 
been  taken  were  written  by  Mr.  E.  G.  Hopson, 
the  department  engineer  in  charge  of  the  studies 
relating  to  the  aqueducts.  The  members  of  the 
commission  were  Messrs.  William  H.  Burr,  Ru- 
dolph Hering  and  John  R.  Freeman. 


A  Steel- Tower  Transmissio.v  Line,  100  miles 
long,  serves  for  the  support  of  conductors  from 
the  plant  of  the  Guanajuato  Power  &  Electric 
Company,  Mexico.  The  towers  weigh  1,500 
pounds  apiece  and  are  of  the  four-post  wind- 
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vides  for  a  cut  through  disintegrated,  shattered 
and  caving  rock,  and  is  built  with  heavy  timber 
supports.  The  arch  in  the  latter  case  is  18 
Inches  thick  and  is  designed  to  carry  a  load  of 
about  12  tons  per  foot. 

The  proposed  aqueducts  have  been  designed 
to  carry  500,000,000  gallons  daily  when  flowing 
at  a  depth  of  eight-tenths  of  the  inside  vertical 
diameter.  In  computing  the  discharges,  the 
formula,  V=C\/R  S,  was  used.  The  data  on 
which  chief  reliance  was  placed  were  those  ob- 
tained from  the  careful  gaugings  of  the  Wachu- 
sett aqueduct,  giving  values  of  C  corresponding 
to  hydraulic  mean  radii  of  3  and  under.  This 
curve  of  coefllclents  has  been  extended  for 
higher  values  of  R  by  paralleling  the  curve 
plotted  from  the  original  gaugings  of  the  New 
Croton  aqueduct,  and  was  adopted  for  clean 
aqueducts.  The  highest  value  of  C  from  this 
curve  is  146.5,  which  is  considerably  lower  than 
that  given  by  Kutter's  formula  for  values  of 
N  corresponding  to  a  roughness  equal  to  that 
of  the  Wachusett  aqueduct.  A  comparison  of 
the  curves  of  coefllclents  of  the  Croton,  Sud- 
bury and  Wachusett  aqueducts  and  the  Stony 
Brook  conduit,  shows  the  unmistakable  ten- 
dency of  these  curves  to  flatten  out  for  the 
higher  values  of  R,  and  also  the  danger  of  esti- 
mating with  higher  coefficients  than  those 
shown  by  the  curve  adopted. 


is  believed  that  the  growth  of  slime  inside  an 
aqueduct  retards  the  flow  by  an  action  differing 
essentially  from  that  of  a  roughly  constructed 
interior  surface.  The  flne  hair-like  filaments  of 
the  organisms  forming  the  slime,  by  an  action 
akin  to  that  of  eel  grass  on  a  larger  scale,  act 
as  a  brake  on  the  velocity  of  the  whole  prism 
of  water  without  necessarily  causing  eddies  or 
swirls  in  the  current.  On  the  other  hand, 
roughly  constructed  lining,  or  on  a  larger  scale 
a  rough  rock  surface,  will  retard  flow  by  caus- 
ing eddies  and  swirls. 

It  is  probable  that  the  formation  of  slime  on 
the  sides  of  a  rough  unlined  tunnel  would  not 
sensibly  affect  its  carrying  capacity,  already  ex- 
tremely low;  and  by  analogy,  it  seems  fair  to 
infer  that  with  a  lined  tunnel  of  considerably 
rougher  surface  than  a  cut-and-cover  aqueduct, 
the  proportionate  loss  will  be  much  less  in  the 
former  than  in  the  latter.  Mr.  Freeman  found 
that  in  the  Croton  aqueduct,  between  Goulds 
Swamp  siphon  and  Ardsley,  the  original  ca- 
pacity had  apparently  not  been  diminls^d 
more  than  4  per  cent,  after  many  years'  con- 
stant use,  although  in  the  upper  portion  of  the 
same  aqueduct  the  capacity  had  lessened  much 
more.  It  has  been  considered  sufficient  to  allow 
a  reduction  of  5  per  cent.  In  the  capacity  of 
tunnels  consequent  upon  the  growth  of  slime. 
This  will  reduce  the  coefficients  of  both  cut-and- 


mill  type  standing  40  feet  above  the  ground  on 
a  base  8  feet  square.  About  the  top  is  a  square 
wooden  platform  for  the  convenience  of  work- 
men. Each  of  the  four  legs  carries  a  3-inch 
piece  of  angle-iron  which  rests  on  the  bottom 
of  the  post  holes.  The  cross  pieces  answer 
both  as  supports  and  anchors.  Three  conduc- 
tors are  carried  in  the  usual  triangular  forma- 
tion. The  top  insulator  pin  is  screwed  on  the 
end  of  a  3-inch  iron  pipe  extending  6  feet  above 
the  top  of  the  tower,  and  the  two  others  are 
'fastened  to  two  4-inch  channels  forming  a 
cross-arm  at  the  base  of  this  pipe.  The  towers 
cost,  in  lots  of  500,  f53  apiece;  including  the 
insulators,  with  twelve  towers  per  mile,  the 
total  cost  is  $690  per  mile.  A  sag  of  7%  feet 
is  allowed  between  towers.  According  to  Mr. 
L.  A.  Sanford,  a  gang  of  six  Mexicans  assem- 
bled three  towers  daily.  As  an  average,  4  miles 
were  strung,  the  slack  pulled  up,  and  the  cables 
tied  in  at  the  insulators  in  a  day.  The  main 
cables  were  not  transposed,  but  the  telephone 
wires,  placed  about  7  feet  below  the  cross-arms, 
were  transposed  every  two  towers.  A  sag  of 
7%  feet  was  allowed  between  towers.  Two  to 
five  mules  were  used  to  pull  each  cable.  In 
rough  country  the  slack  was  pulled  up  every 
mile  and  temporarily  held  with  steel  guys.  In 
level  country  a  two-mile  pull  gave  good  re- 
sults. 
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A  Mechanical   Fihzation  Plant   for   Water- 
town,  New  York. — I. 


W«t«rlown  is  a  commiu>it7  of  about  23,000  in- 
babitants  situated  on  the  south  side  of  the 
Black  River  about  10  miles  from  its  point  of 
dlacharge  into  the  east  end  of  Lalce  Ontario. 
F\»r  orer  twenty  years  this  municipality  has 
pumped  its  water  supply  from  the  river  through 
an  intake  situated  a  short  distance  upstream 
from  the  town.  Above  the  intake  the  river 
drains  a  watershed  of  l.STT  square  miles,  flow- 
Inc  by  the  town  with  a  swift  current  due  to  the 
considerable  fall  in  its  bed.  This  water-power 
has  been  fully  developed,  and  the  water-works 
poBpa  are  driven  by  water  wheels,  forcing  the 
water  for  the  city  supply  to  a  reservoir  about 
150  feet  above  the  river  level.  The  supply  of 
water  is  drawn  from  the  river  above  the  second 
dam  upstream  from  the  pumping  station,  and 
the  city's  sewage  is  discharged  into  the  river 
some  distance  downstream  from  the  pumping 
station,  so  that  there  is  no  pollution  of  the  sup- 
ply from  the  city  sewers.  Several  towns  farther 
up  the  river,  however,  also  discharge  their  sew- 
age into  the  stream  and  there  has  resulted  a 
gradually  Increasing  degree  of  pollution. 

In  1901.  Mr.  Allen  Hazen,  of  New  York  City, 
was  retained  to  make  a  study  of  the  water-sup- 
ply situation  and  recommend  means  for  im- 
provement. He  reported  in  favor  of  a  mechani- 
cal Alter  plant  to  treat  the  water  with  the  aid 
of  sulphate  of  alumina  as  a  coagulant.  Draw- 
ings and  specifications  for  such  a  plant  were 
prepared  in  Mr.  Hazen's  office,  and  contracts 
for  the  construction  and  equipment  of  the  plant 
were  awarded  in  August,  1903.  It  was  the  in- 
tention to  have  the  filters  ready  for  service  by 
July  1,  1904,  but  delays  Incident  to  the  severity 
of  the  past  winter  have  retarded  the  progress  of 
the  work.  During  the  winter  Watertown  was 
afflicted  with  a  serious  epidemic  of  typhoid 
farar. 

This  plant  is  of  the  same  type  and  of  the 
same  general  arrangement  as  the  plant  built  by 
Mr.  Hasen  and  Prof.  Williams  at  Ithaca,  N.  T., 
and  described  in  this  journal  August  29,  1903, 
although  ditTering  in  some  respects.  Probably 
the  most  novel  feature  of  the  Watertown  plant 
is  the  design  of  the  rate  controllers  for  regulat- 
ing the  flow  of  the  effluent  from  the  filters. 
These  controllers  have  been  tested  by  experi- 
ment; the  loss  of  head  demanded  for  their 
operation  with  the  maximum  discharge  Is  only 
•  Inches,  and  they  can  operate  submerged.  The 
very  small  loss  of  head  and  the  possibility  of 
working  submerged,  that  is,  with  the  water  In 
the  filtered  water  reservoir  above  the  level  of 
the  controller,  permits  a  gravity  arrangement 
of  the  plant  As  the  head  available  is  limited 
the  use  of  other  appliances  would  have  Involved 
a  second  pumping  of  the  water.  Attention  may 
alao  be  directed  to  the  effluent  collector  and  air- 
pipe  systems  of  these  filters. 

The  filtration  plant  is  located  on  the  bank  of 
the  river  close  to  the  pumping  station.  Accom- 
panying Illnstrations  show  the  general  arrange- 
ment and  many  of  the  details.  The  plant  In- 
elndee  eight  filters,  each  having  a  capacity 
for  filtering  1.000,000  gallons  per  twenty-four 
hours;  a  coagulating  basin  divided  into  three 
sections,  holding  together  1,000,000  gallons;  a 
ftltered-water  basin  holding  800,000  gallons 
when  full  and  500,000  gallons  at  Is  usual  level ; 
a  pipe  gallery;  an  operating  house  containing 
an  office,  a  laboratory,  coagulating  apparatus, 
and  the  necessary  acceaaorles.  The  principal 
structures  are  of  reinforced  concrete. 

The  river  water  Is  conducted  from  the  Intake 
to  the  pumping  station  through  a  30inch  pipe 
line  2,600  feet  long,  which  is  being  extended 
through    the   pipe  gallery   to   the   coagulating 


basin.  The  solution  of  sulphate  of  alumina  will 
be  introduced  into  this  pipe  at  a  point  very  near 
the  beginning  of  the  extension,  and  the  water 
will  then  flow  through  a  30-inch  Venturi  meter. 
In  this  way  advantage  is  taken  of  the  mixing 
which  will  naturally  occur  in  flowing  through 
the  pipe  and  the  meter.  From  the  coagulating 
basin  the  settled  water  will  flow  back  to  the 
filters  through  another  30-lnch  pipe,  and  the  ef- 
fluent will  be  conveyed  to  the  flltered-water 
reservoir   through   a   third   30-inch    pipe.     The 


filtered  water  may,  however,  be  by-passed 
around  the  corner  of  the  reservoir  through  a 
24-iuch  pipe  connecting  Into  the  36-inch  suction 
pipo  frc*n  the  flltered-water  reservoir  to  the 
pumping  station. 

The  existing  pumps  will  be  used  for  pumping 
the  filtered  water.  There  is  abundant  water 
power  for  the  pumping.  With  the  present  ar- 
rangement of  the  station  the  pumps  work 
against  a  pressure  of  about  80  pounds  per 
square  inch  and  will  have  a  suction  lift  from 
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the  flltered-water  reservoir  of  from  8  to  21  feet, 
according  to  the  height  of  water  in  the  reser- 
voir. At  a  later  date  the  pumping  station  may- 
be remodeled  and  the  pumps  set  at  a  lower 
level,  so  as  to  reduce  the  suction  lift.  The  daily 
average  consumption  of  the  city  is  about  3,500,- 
000  gallons.  The  raw  river  water  is  highly 
colored,  but  has  practically  no  turbidity. 

The  site  selected  for  the  filtration  plant  is 
on  the  steep  slope  of  the  river  bank,  the  natural 
surface  of  the  ground  having  had  a  fall  of  nearly 
25  feet  in  the  200  feet  of  the  total  width  of  the 
plant.  There  is  but  little  soil  over  the  limestone 
rock,  so  that  practically  all  of  the  necessary 
excavation  is  in  hard  rock.  This  fact  accounts 
for  some  of  the  features  in  the  arrangement 
of  the  plant,  which  were  designed  to  economize 
rock  excavation.  The  presence  of  the  rock 
makes  it  possible  to  use  thin,  flat  concrete  bot- 
toms for  the  filter  tanks,  coagulating  basins  and 
flltrated-water  reservoir,  instead  of  the  inverted 


groined-arch  floors  so  familiar  from  the  fre- 
quency of  their  occurrence  on  earth  founda- 
tions. The  rock  Is  taken  out  as  nearly  as  prac- 
ticable to  the  required  elevations  and  after 
trimming  is  leveled  up  with  concrete.  If,  how- 
ever, any  depressions  in  the  rock  are  over  8 
inches  deep,  they  may  be  filled  to  witiiin  i 
inches  of  the  floor  surface  with  lean  concrete. 
Tiie  minimum  thicknesses  of  the  various  floors 
are  indicated  on  the  drawings. 

One  of  the  long  walls  of  the  flltered-water 
reservoir  is  practically  at  the  edge  of  the  water 
at  ordinary  stages  of  the  river  and  is  therefore 
made  very  massive  in  order  to  resist  floods  with 
their  burdens  of  ice  and  driftwood.  This  wall 
will  be  of  concrete  1  foot  thick  at  the  top,  on 
a  level  with  the  top  of  the  earth  filling  over  the 
reservoir  roof,  and  about  12  feet  thick  at  the 
bottom,  its  river  face  having  a  slope  of  1  hori- 
zontal to  1%  vertical.  The  heel  of  the  wall  is 
in  a  groove  4  feet  wide  and  1  foot  deep,  cut  into 


solid  ledge,  and  is  further  secured  by  heavy 
steel  dowels  3  feet  long,  1%  Inches  In  diameter, 
spaced  3  feet  apart  along  the  center  line  of  the 
groove  and  sunk  about  1%  feet  into  holes 
drilled  into  the  rock.  The  lower  ends  of  these 
dowels  are  split  and  wedged,  and  the  holes  In 
the  rock  are  filled  with  sulphur.  The  upper 
ends  of  the  dowels  have  large  flat  heads.  The 
top  of  the  wall  is  given  additional  security  by 
embedding  in  the  concrete  i/g-inch  twisted  steel 
rods  2  feet  apart  longitudinally,  which  are 
turned  well  down  into  the  wall  and  extend 
through  the  whole  width  of  the  adjoining  arch 
of  the  reservoir  roof.  One-man  stones  may  be 
embedded  in  the  concrete  of  this  wall  up  to  20 
per  cent,  of  the  volume  of  the  wall. 

All  the  structures  underground  are  of  con- 
crete, with  most  of  their  walls,  floors  and  roofs 
reinforced  with  steel  rods,  as  indicated  on  the 
drawings.  The  operating  floor  and  superstruc- 
ture over  the  pipe  gallery  are  of  wood.     The 
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filter  house  hAs  stone  walls  and  a  wooden  roof 
oorered  with  slate,  and  its  main  floor  is  of 
Ransome  concrete«teel  construction.  In  ap- 
pearance the  filter  house  will  correspond  with 
the  pumping  station.  All  the  concrete  for  the 
ooasulating  basins  and  the  flitered-water  reser- 
Toir  is  being  mixed  in  the  proportion  of  1  bar- 
rel of  Alpha  Portland  cement.  U  cubic  feet  of 
sand,  measured  loosely,  and  19  cubic  feet  of 
ballast,  also  measured  loosely.  For  the  filters 
and  the  coagulant-solution  tanks  the  concrete 
was  made  in  the  proportion  of  1  barrel  Portland 
cement.  8  cubic  feet  of  sand  and  14  cubic  feet 
of  ballast.  Sand  for  the  concrete  is  obtained 
from  a  bank  nearby  and  rock  taken  from  the 
excavation  is  crushed  for  ballast.  The  princi- 
pal dimensions  of  the  structures  are  shown  on 
the  drawings.  Wherever  practicable  and  eco- 
nomical the  outside  walls  are  l>eing  built 
against  the  trimmed  faces  of  the  rock  excava- 
tion. 

The  filters  are  grouped  in  two  rows  of  four 
with  the  pipe  gallery  between,  about  7  feet  of 
the  length  of  the  filters  of  each  row  being  cov- 
ered by  the  superstructure  over  the  pipe  gal- 
lery. The  remaining  portions  of  the  filters  are 
to  be  covered  by  flat  slab-and-beam  construction 
reinforced-concrete  roofs,  with  2  feet  of  earth 
filling  on  top.  sodded.  There  is  one  3-foot  diam- 
eter manhole  In  each  filter.  The  roofs  of  the 
filtered-water  reservoir  and  the  coagulating 
basin  are  of  the  groined  arch  type  so  well 
known  in  filtration  works,  with  a  minimum 
thickness  of  6  inches  at  the  crowns.  The  pipe 
gallery  is  unusually  commodious,  the  arrange- 
ment affording  easy  access  to  all  the  pipes  and 
Talves. 

The  greater  part  of  the  floor  of  the  flitered- 
water  reservoir  is  level  at  elevation  102,  but  in 
the  two  bays  nearest  the  pumping  station  it 
slopes  down  to  elevation  98.5,  forming  a  hop- 
per-shaped bottom  with  the  apex  at  the  end  of 
the  suction  main.  The  suction  main  projects 
about  3  feet  through  the  wall  and  is  set  with 
Its  bottom  as  close  as  practicable  to  the  floor. 
By  this  arrangement  it  is  feasible  to  empty  the 
reaervior  to  its  bottom  without  drawing  the 
water  below  the  top  of  the  pipe.  Both  the  inlet 
pipe  and  the  suction  pipe  are  controlled  by 
gates  inside  the  reservior,  with  indicator  posts 
standing  above  the  earth  fllllng  over  the  roof. 

The  coagulating  basin  is  divided  into  three 
quite  separate  chambers.  The  first  chamber,  10 
feet  wide,  extends  across  the  full  width  of  the 
basin  at  the  end  toward  the  filters,  and  is  desig- 
nated as  the  receiving  and  distributing  cham- 
ber, since  into  it  the  30-inch  raw-water  main 
discharges  the  water  dosed  with  the  coagulant 
solution  and  from  it  two  24-inch  pipes,  at  oppo- 
site ends,  as  shown  on  the  drawings,  distribute 
the  water  at  floor  level  to  the  other  two  cham- 
bers, in  which  the  greater  part  of  the  subsi- 
dence takes  place.  Each  subsidence  chamber 
baa  a  baffle  or  partition  wall  extending  along 
lU  center  line  from  the  wall  of  the  receiving 
chamber  to  within  10  feet  of  the  wall  at  the 
opposite  end.  This  partition  consists  of  slabs 
of  cement  plaster  reinforced  with  expanded 
metal  and  >4-lnch  twisted  rods,  supported  by 
the  middle  row  of  roof  piers,  and  reaches  from 
the  floor  to  the  springing  line  of  the  roof 
arches.  Each  end  of  eadi  slab  or  baflle  is  built 
Into  a  3x3-incb  vertical  groove  in  the  pier.  Each 
baflle  is  pierced  by  a  rectangular  hole  8  Inches 
high  and  12  Inches  wide  at  one  of  its  lower 
comers,  for  the  purpose  of  facilitating  the  re- 
moval of  the  matter  deposited  on  the  floor.  On 
one  side  of  the  baffle  partition  in  each  chamber 
Is  a  gutter  12  inches  wide  and  4  inches  deep, 
formed  in  the  concrete  of  the  floor,  which  leads 
to  a  16-Inch  cast-iron  drain  pipe  buried  beneath 
the  floor.    These  two  drains,  together  with  one 


from  the  receiving  chamber  and  another  from 
the  pipe  gallery,  are  led  to  a  drain  well  built 
against  the  outside  of  the  end  wall  of  the  coag- 
ulating basin.  From  this  well  a  24-inch  vitri- 
fied drain  pipe  leads  to  the  river. 

The  settled  water  will  be  drawn  from  the 
subsidence  chambers  through  two  24-inch  outlet 
pi|)es.  placed  close  to  the  division  wall,  with 
their  center  lines  about  IO14  feet  above  the 
floor.  These  pipes  will  discharge  into  an  outlet 
box  10  feet  wide,  12  feet  long  and  6>4  feet  deep 
inside,  made  of  concrete  and  carried  on  an 
arch  sprung  between  the  two  walls  of  the  re- 
ceiving chamber,  as  shown,  at  such  a  height  as 
to  have  the  tops  of  its  walls  at  the  springing 
line  of   the   roof   arches.     A   gate   on   each   of 


Is  made  in  flanged  sections  about  6  feet  long. 
The  interior  diameter  of  the  body  is  about  6 
inches  at  the  upstream  end;  It  increases  to  10 
inches  at  the  downstream  end  of  the  second 
length,  and  is  uniform  beyond.  The  top  Is  level 
so  that  the  slope  due  to  the  change  in  diameter 
In  the  two  sections  is  at  the  bottom.  The  moni- 
tor is  uniformly  3  Inches  square  in  cross-section 
inside. 

The  laterals  are  2-inch  extra-heavy  wrought- 
Iron  pipe  screwed  into  the  vertical  sides  of  tlie 
monitor  of  the  main  collector,  so  as  to  make 
practically  continuous  lines  across  the  filter; 
they  are  spaced  10.083  inches  center  to  center 
and  are  capped  at  their  extremities,  about  2 
inches  from  the  face  of  the  wall.     The  body  of 
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these  pipes  Inside  the  outlet  box  controls  the 
flow  from  the  subsidence  chambers.  From  this 
outlet  box  the  settled  water  enters  the  SO-inch 
main  leading  to  the  pipe  gallery.  In  the  gallery 
the  diameter  of  this  main  Is  reduced  succies- 
slvely  to  24,  20  and  16  Inches,  as  the  pairs  of 
10-inch  inlets  are  taken  off  to  supply  the  fllters 
on  the  opposite  sides  of  the  gallery. 

Each  fllter  tank  Is  21  feet  long  and  13  feet 
wide  Inside  and  has  a  total  depth  of  8%  feet 
from  the  finished  surface  of  the  floor  to  the  top 
,of  the  wall  separating  the  fllter  from  the  pipe 
gallery.  The  main  collector  is  of  cast-iron,  in 
shape  resembling  a  pipe  with  a  monitor  on  top, 
as  Indicated  by  the  large  detail  drawing,  and 


the  main  collector  is  buried  in  the  concrete 
of  the  floor,  along  the  center  line  of  the  fllter, 
so  that  only  the  monitor  projects  above  the 
floor  surface.  After  the  laterals  shall  have  been 
laid,  the  spaces  between  them  will  be  filled 
with  fine  concrete  about  3  Inches  deep,  cover- 
ing the  pipes  to  their  tops  and  leaving  exposed 
only  the  portion  of  the  top  of  each  lateral  into 
which  the  strainers  are  screwed.  The  area  of 
the  waterway  of  each  lateral  is  2.9  square 
Inches. 

The  strainers  are  of  brass  made  up  of  a  short 
tee,  the  nipple  end  of  which  screws  into  the 
top  of  the  lateral,  and  two  short  pieces  of  pipe, 
screwed    into    the   tee,    with    their   outer   ends 
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■closed.  There  are  slits  in  each  arm  of  each 
strainer,  to  admit  the  water,  but  narrow  enough 
to  exclude  the  sand.  Each  strainer  is  about 
9  Inches  long  and  is  set  at  an  angle  of  45  de- 
grees with  the  axis  of  the  lateral.  The  area  of 
the  waterway  through  the  throat  of  each  tee  Is 
0.0706  square  incli,  excepting  in  the  strainers 
at  extremities  of  the  laterals,  which  have  three 
arms,  or  tubes,  and  an  outlet  area  of  0.1018 
square  inch.  The  strainers  are  spaced  5  27/32 
inches  apart  on  centers  along  each  lateral  and 
arranged  as  indicated  in  the  detail  drawing. 

There  are  600  two-tube  and  fifty  three-tube 
strainers  connected  to  the  twenty-five  lines  or 
pairs  of  laterals  in  each  filter  bed.  The  strain- 
firs,  except  those  next  the  main  collector,  stand 
only  114  inches  over  all  above  the  tops  of  the 
laterals;  those  next  to  the  collector  are  set  7/16 
Inch  higher,  so  that  their  ends  may  project 
over  the  top  of  the  monitor.  With  this  system 
of  strainers  the  inlet  openings  for  the  effluent 
are  so  distributed  that  it  is  believed  a  very  uni- 
form fiow  of  water  through  all  parts  of  the  sand- 
bed  is  obtained. 

The  air  for  agitating  the  sand  during  the 
process  of  scrubbing  the  filters  will  be  supplied 
through  a  system  of  piping,  all  of  brass,  en- 
tirely distinct  from,  and  in  no  way  connected 
■with,  the  effluent  collectors.  A  No.  2  Root 
blower,  to  be  installed  in  the  pumping  station, 
will  force  air  under  the  required  pressure 
through  a  6-inch  cast-iron  main  extending  to 
the  farther  end  of  the  pipe  gallery.  From  this 
main  a  4-inch  branch  will  be  taken  through  the 
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openings  of  6.4  square  inches  in  each  filter;  the 
ends  of  the  tubes  are  closed.  The  total  cross- 
sectional  area  of  the  tubes  is  19.3  square  inches. 
The  center  lines  of  these  tubes  will  be  only  2 
inches  above  the  surface  of  the  concrete  filling 
between  the  collector  laterals,  which  will  be  the 
real  surface  of  the  finished  floor. 

After  the  air  system  is  finished,  three  2-inch 
layers  of  gravel  will  be  placed  in  the  bottom  of 
the  filter,  just  covering  the  3-inch  air  pipes. 
The  gravel  in  the  bottom  layer  will  pass  a 
screen  of  two  meshes  per  linear  inch  and  be 
held  on  one  of  four  meshes;  the  second  layer 
will  pass  four  meshes  and  be  held  on  eight,  and 
the  top  layer  will  pass  eight  and  be  held  on  six- 
teen. On  the  gravel  will  be  placed  to  a  depth 
of  3%  feet  sand  having  an  effective  size  of 
0.35  millimeter  and  a  uniformity  coefficient  of 
1.5  after  washing.  Sand  and  gravel  of  satisfac- 
tory quality  for  the  filters  will  be  gotten  from 
a  bank  nearby. 

Across  the  inside  face  of  the  front  wall  of 
each  filter,  just  above  the  level  of  the  sand  sur- 
face, there  is  a  gutter  12  inches  wide  formed 
in  the  concrete,  of  the  shape  indicated  on  the 
^rawings.  The  side  of  this  gutter  next  to  the 
sand  is  a  %-inch  steel  plate  bolted  to  the  face 
of  the  wall,  set  with  its  top  edge  exactly  level 
and  1  foot  above  the  sand  surface.  To  this 
plate  are  connected  two  tapering  steel  gutters 
extending  the  full  length  of  the  filter  and  having 
their  top  edges  level  at  the  same  elevation  as 
the  top  of  the  plate.  These  gutters  are  intended 
for  the  removal  of  the  dirty  water  when  the 
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"wall  of  each  filter  just  above  the  main  collector 
and  will  end  in  a  tee.  Each  way  from  this  tee, 
in  a  5-inch  recess  formed  in  the  inner  face  of 
the  wall,  will  extend  a  3-inch  pipe  to  the  center 
line  of  the  space  between  the  main  collector 
and  the  adjacent  side  wall  of  the  filter,  and 
from  an  elbow  at  each  of  these  points  a  straight 
and  level  3-inch  pipe  will  be  laid  the  full  length 
of  the  filter.  These  pipes  will  be  supported  on 
small  cast-iron  chairs  standing  on  the  concrete 
filling  between  the  laterals  so  that  their  center 
lines  will  be  about  1  foot  above  the  center  line 
of  the  main  collector,  or  514  Inches  above  the 
center  lines  of  the  laterals,  and  their  tops  will 
he  about  6  inches  above  the  surface  of  the 
concrete  filling. 

The  outlets  for  the  air  are  not  in  the  tops 
of  the  3-inch  distributing  pipes  just  described, 
but  in  their  bottoms,  thus  differing  from  the 
usual  practice  heretofore.  At  intervals  of  3.964 
Inches  close  tees  are  tapped  into  the  pipe,  and 
from  these  tees  5/16-inch  inside  diameter  tubes 
extend  horizontally  in  each  direction  perpen- 
dicularly to  the  center  line  of  the  3-inch  pipe, 
one  to  the  wall  and  the  other  to  the  center  line 
of  the  filter.  The  clearance  at  the  wall  is  14- 
inch  and  that  between  the  ends  of  the  tubes 
meeting  over  the  main  collector  is  V2  inch. 
There  will  be  sixty-three  pairs  of  tubes  con- 
nected to  each  3-Inch  pipe,  thus  making  252  of 
these  tubes  in  each  filter.  There  are  sixteen 
slots  in  each  tube  with  a  combined  air  opening 
of  .0255  square  Inch,  giving  a  total  area  of  air 


filter  is  being  washed.  They  discharge  into 
the  concrete  gutter  in  the  front  wall,  from 
which  a  10-inch  cast-iron  drain  pipe  leads 
through  the  wall  to  a  vertical  pipe  discharging 
into  the  concrete  drain  beneath  the  pipe-gallery 
floor.  The  waste  wash  pipes  for  opposite  filters 
are  combined  into  one  vertical  pipe.  The  front 
gutter  also  aids  in  distributing  the  coagulated 
water  as  it  enters  the  filter. 

(To  be  continued.) 


The  Braci.nq  of  Poles  for  Electric  Trans- 
mission lines  by  means  of  head  guys  from  one 
pole  to  another  appears  useless  as  a  protec-' 
tion  against  windstorms.  At  a  recent  meeting 
of  the  Chicago  branch  of  the  American  Insti- 
tute of  Electrical  Engineers,  the  statement  was 
made  that  a  pole  line  protected  by  head  guys 
had  entirely  gone  down  while  pole  lines  along- 
side of  It  protected  by  side  guys  had  remained 
intact. 

Gas-Enqine  Driving  op  Electrical  Machin- 
Kuy,  where  the  synchronous  operation  of  alter- 
nators is  desired,  can  be  improved  by  the  use 
of  a  turbo-alternator  set  in  parallel  with  the 
gas-engine  unit.  This  suggestion  is  made  in 
an  instructive  paper  on  power-plant  design  by 
Messrs.  C.  H.  Merz  and  W.  McLellan,  before 
the  Institute  of  Electrical  Engineers,  on  the  as- 
sumption that  the  turbine  unit  will  act  as  a 
sort  of  fly-wheel  and  steady  the  whole  system. 
They  have  adopted  the  arrangement  in  the 
case  of  a  power  station  by  them.  ■ 


A  through  plate  girder  bridge  recently  de- 
signed to  carry  the  tracks  of  the  Erie  Railroad 
over  a  street  In  Cleveland  has  a  ballasted  floor 
contained  in  wooden  troughs  between  the  gird- 
ers. The  construction  is  very  simple,  as  shown 
in  the  accompanying  sections,  and  consists,  for 
the  60-foot  spans,  of  18-lnch  55-pound  I-beams 
about  16  inches  apart  riveted  to  the  girder 
webs  and  carrying  a  solid  floor  of  tongued  and 
grooved  4-inch  creosoted  pine  planks.  Inclined 
side  planks  of  the  same  thickness  are  fltted  un- 
der the  top  flanges  of  the  girders  to  retain  the 
ballast  and  keep  it  clear  of  the  girders.  The 
upper  surface  of  the  floor  and  side  planks  and 
the  top  flanges  of  the  girders  are  waterproofed 
by  several  layers  of  tar  paper  and  hot  asphalt. 
The  floor  beams  are  set  on  grade  so  as  to  give 
the  planks  a  drainage  pitch  to  one  end  of  the 
bridge.  The  troughs  are  fllled  with  stone  bal- 
last leveled  up  to  the  tops  of  the  rails,  which 
are  about  level  with  the  cover  boards  bolted  to 
the  top  flanges  of  the  main  girders  to  protect 
the  waterprooflng  there.  The  top  flange  rivets 
are  countersunk  so  as  to  afford  continuous 
bearing  for  these  planks.  The  shorter  deck 
spans  have  the  floor  boards  just  clear  of  the 
under  side  of  the  top  flanges  of  the  main  gird- 
ers, above  which  the  ballast  is  fllled  in  con- 
tinuously from  one  track  to  the  other.  This 
bridge  has  not  yet  been  constructed,  but  is  es- 
sentially like  the  design  which  has  been  used 
for  a  number  of  years  in  some  other  places  in- 
cluding a  large  number  of  croslngs  for  the 
tracks  of  the  Chicago  &  Western  Indiana  Rail- 
road. The  design  produced  herewith  was  made 
by  the  Erie  Railroad  Company,  Mr.  M.  R. 
Strong,  bridge  section  engineer. 

There  are  a  large  number  of  wooden  floor 
bridges  of  this  cnaracter  in  Chicago,  which  dif- 
fer slightly  from  the  accompanying  illustration 
in  the  details  of  the  flooring  and  waterproofing. 
A  number  of  them  have  the  floors  calked  with 
oakum  and  covered  with  three  thicknesses  of 
Hydrex  waterproofing  felt,  which  weighs  about 
16  pounds  per  unit  of  100  square  feet.  It  is 
laid  from  the  lower  to  the  upper  end  of  the 
span,  shingle  fashion,  each  course  being  3  feet 
wide  and  extending  continuously  across  the 
floor.  Each  course  laps  24  inches  over  the 
upper  edge  of  the  preceding  course  and  Is 
flashed  up  a  few  inches  at  each  end,  where  it  is 
cemented  to  the  vertical  web  of  the  through 
plate-girder.  The  felt  is  laid  In  hot  Hydrex 
waterproofing  compound  and  is  covered  with  a 
sand  cushion  about  8  inches  thick,  which  pre- 
cedes the  stone  ballast.  The  joint  between  the 
upper  edge  of  the  flashed  felt  and  the  girder 
webl  although  thoroughly  cemented,  was  found 
to  be  the  weak  point  in  the  construction  on  ac- 
count of  the  vibrations  from  the  constant  heavy 
traffic.  It  is  now  protected  by  riveting  just 
above  it  a  horizontal  bent  strip  of  rolled  steel 
about  1/4  inch  thick.  This  strip  resembles  an 
angle  with  a  very  oblique  root  and  forms  an 
inclined  apron  covering  the  edge  of  the  felt  and 
deflecting  any  water  from  above,  so  that  it  will 
be  discharged  over  the  horizontal  portion  of  the. 
felt.  This  prevents  any  possibility  of  water 
soaking  into  the  upper  edge  of  the  flashing, 
even  if  it  becomes  loosened,  and  protects  the 
felt  there.  In  order  to  guard  against  the  pos- 
sibility of  having  the  felt  punctured  by  the 
earless  use  of  picks  and  shovels,  it  has  been 
recommended  to  cover  it  with  light  boards, 
under  the  ballast.  The  felt  and  cement  are 
put  on  the  market  by  Messrs.  F.  W.  Bird  &  Son, 
East  Walpole,  Mass.  Mr.  E.  W.  DeKnlght, 
their  New  York  representative,  claims  for  this 
type  of  floor  that  it  is  considerably  cheaper  In 
first  cost  than  an  all-steel  fioor,  that  it  leaves 
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•U  •(  tke  steel  work,  except  the  bearins.  for  the 
eraoaotad  Umber,  exposed  for  Inspection  and 
painting;  that  it  is  an  excellent  sound  deadener, 
and  that  it  affords  perfect  waterproofing. 


The  IVaser  Kiver  Bridge. 

Paw  IV.— The  226-Foot  Spas. 
The  22&-foot  span  on  the  west  side  of  the 
rlTW  has  its  center  line  in  the  axis  of  the  bridge 
and  carries  on  it  the  elevated  highway  floor, 
and  at  the  lower  chord  level  carries  two  di- 
vergent carved  railroad  tracks  which  are  117 
feet  9Vj  inches  apart  at  the  shore  end  and  have 
their  center  lines  tangent  at  the  river  end. 
To   accommodate  this  arrangement   of  tracks. 


THE     ENGINEERING    RECORD. 

river  end  by  plate-girder  floor  beams,  which,  at 
the  shore  end,  have  unusual  dimensions  and 
special  construction.  The  floor  beams  carry 
double  pairs  of  oblique  stringers,  which  are 
web-connected  to  them,  and  the  panels  between 
floor  beams  are  thoroughly  braced  with  main 
diagonals  and  secondary  systems  of  riveted 
members  to  take  lateral  stresses.  There  is  no 
system  of  horizontal  diagonal  members  to  form 
lateral  trusses  with  the  top  chords,  as  the  dis- 
tances between  the  latter  are  so  great  that  such 
members  could  not  be  advantageously  designed. 
Transverse  rigidity  is  secured  and  stability  is 
provided  for  the  main  trusses  by  stiffening  each 
top  chord  laterally,  by  connecting  them  with 
horizontal  transverse  struts  at  the  tops  of  the 
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chords  each  made  with  pairs  of  7x3i.^-inch 
angles  and  18xV4-inch  web  plates.  The  web 
members  are  pairs  of  6x4-lnch  angles,  and  all 
connections  are  riveted.  At  the  ends  opposite 
the  tops  of  the  inclined  posts  they  have  solid 
web  plates  5^^  feet  wide,  which  are  spliced  with 
portals  PP  in  the  planes  of'  the  Inclined  posts. 
Each  portal  has  one  strut  continuing  the  line 
of  the  top  chord  of  truss  E  to  a  point  near  the 
foot  of  the  Inclined  post.  It  is  made  with  four 
5x3V2-lnch  angles,  and,  with  the  zigzag  braces 
of  the  end  post,  trusses  the  latter. 

The  transverse  strut  at  the  river  end  of  the 
bridge  has  two  lattice-girders,  C  and  D,  each  of 
them  consisting  essentially  of  an  upper  trans- 
verse strut  connecting  the  top  chords  of  the 
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Fraser  River  Bridge:      End  Fioorbeam  and  Vertical  Post   of  the  Spread  Span. 


the  main  trusses  of  the  bridge  have  their  center 
lines  at  an  angle  and  are  20  feet  6  16/16  inches 
apart  at  one  end,  where  they  are  supported  on 
a  single  pier,  and  135  feet  6  Inches  apart  at 
the  opposite  end,  where  they  are  supported  on 
two  separate  piers.  The  pin-connected  Pratt 
tmaaea  correqmnd  in  most  respects  to  those  of 
the  other  spans  in  this  bridge,  except  that  they 
have  special  vertical  posts  and  built  bottom 
chords  without  eye  bars.  They  are  54  feet  deep 
on  centers  and  are  made  with  five  main  panels 
46  feet  5%  inches  long,  which  are  divided  by 
Tertlcals,  horizontals  and  sub-diagonals. 

The  lower  chords  are  connected  at  main  panel 
points  and  at  the  sub-panel  point  nearest  the 


inclined  end  posts  and  by  providing  heavy 
portal  braces,  as  shown  in  the  plan  and  cross- 
section  diagrams. 

A  lattlce-glrder  truss  11  feet  deep  and  lO*^ 
feet  from  the  center  line  of  the  main  truss  is 
braced  to  the  latter  with  transverse  and  zigzag 
members  so  as  to  form,  with  the  top  chord  of 
the  latter,  a  horizontal  truss  designed  to  resist 
the  calculated  wind  pressuro.  The  tranverse 
struts  connecting  the  main  trusses  at  both  ends 
are  made  up  of  pairs  of  lattice-girders  thor- 
oughly braced  together  in  the  horizontal  planes 
of  their  top  and  bottom  chords.  The  longitu- 
dinal trusses  EE  which  give  lateral  rigidity  to 
the  main  trusses  have  T-shaped  top  and  bottom 


horizontal  trusses  and  kneebraced  from  its 
center  point  to  the  lower  chords  of  the  trusses. 
Both  girders  have  solid  web  plates  at  the  ends 
which,  in  girder  D,  are  extended  to  connect 
with  the  main  trusses.  The  girders  are  con- 
nected by  zigzag  braces  in  the  planes  of  the 
top  and  boltom  chords.  The  strut  at  the  shore 
ei.3  has  two  girders  A  and  B  braced  together 
with  zigzag  members  in  the  planes  of  the  top 
and  bottom  chords,  so  as  to  virtually  make  a 
skeleton  rectangular  tube.  The  main  girder  A 
has  heavy  T-shaped  flanges  made  with  pairs  of 
7x3M!-inch  angles  and  18xV4-inch  web  plates. 
The  web  members  are  pairs  of  5x3%-inch  angles 
and  all  connections  are  riveted.    At  the  ends 
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the  top  and  bottom  flanges  are  connected  by 
%-lnch  web  plates  about  14  feet  long,  which 
connect  to  the  stiffening  trusses  B  and  to  the 
main  trusses.  Girder  B  is  connected  to  the 
stiffening  trusses  only  and  is  made  much 
lighter.  Each  flange  is  made  with  a  pair  of 
6x4-inch  angles  and  the  web  members  are  pairs 
of  5x3i^-inch  angles.  Both  girders  have  hori- 
zontal top  flanges  and  tapered  bottom  flanges, 


which  reduce  the  depth  from  11  feet  at  the 
ends  to  8  feet  6  Inches  at  the  center.  The 
lower  chord  panel  points  of  the  longitudinal 
girders  BE  are  kneebraced  with  pairs  of  angles 
which  engage  transverse  connection  plates  on 
the  vertical  members  and  extend  to  the  top 
chords  and  to  connections  near  the  centers  of 
the  vertical  posts,  thus  rigidly  bracing  the  bot- 
tom of  the  longitudinal  truss. 


The  bottom  laterals  are  arranged  so  as  to 
make  angles  of  about  45  degrees  with  the 
trusses.  Most  of  them  are  pairs  of  10-inch 
channels  from  28  to  40  feet  long,  approx- 
imately, with  their  flanges  turned  Inwards  and 
connected  by  tie  plates.  The  ends  are  fleld- 
rlveted  to  horizontal  connection  plates  engag- 
ing the  trusses,  floor  beams  and  stringers. 

The  lower  chord  pin  at  the  shore  end  of  each 
truss  engages  the  center  special  vertical  post 
about  131^  feet  high,  which  is  pin-connected 
at  the  bottom  with  a  riveted  pedestal  on  rollers 
and  cast-iron  bed  plates  similar  to  those  de- 
scribed for  the  other  spans.  The  vertical  post 
has  a  rectangular  cross-section  built  up  with 
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four  web  plates  and  sixteen  chord  angles.  In- 
chidiBC  the  bent  angles  which  are  field-riveted 
to  it  over  the  floor  beam  connection.  The  pin 
through  the  foot  of  this  post  engages  the  lower 
end  end  of  an  inclined  strut  reaching  to  the 
foot  of  the  nearest  sub-vertical  post  and  serv- 
ing as  a  tcneebrace  to  stiffen  the  post  and  pre- 
vent any  rocker  action.  Vertical  post  L8  Vi 
baa  a  qiecial  rectangular  cross-section  and  vir- 
tually consists  of  two  plate  girders  with  their 


webs  perpendicular  to  the  axis  of  the  bridge. 
The  lower  part  of  It  Is  continued  to  51^  feet 
below  the  center  of  the  lower  chord  pin  and 
receives  the  flange  connection  to  the  lower  part 


of  the  floor  beam.  This  floor  beam  is  12i^  feet 
deep  and  4  feet  wide  with  double  webs  which 
are  notched  -to  clear  the  lower  chord  pin.  Ver- 
tical post  LG  U6  is  similar  to  L8  U8,  except 
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that  it  is  lighter  and  does  not  project  below 
the  lower  chord.  It  is  made  with  two  built 
channels  having  17-inch  webs  and  oxSV^-incb 
flange  angles.  In  the  lower  part  of  the  post 
the  channels  have  double  flanges  on  the  inside 
to  receive  the  outer  vertical  rows  of  rivets  in 
the  double-web  floor  beam.  Vertical  post  L4  U4 
is  similar  to  L6  U6,  but  is  still  lighter  and 
carries  a  double-web  floor  beam  8  feet  2  inches 
deep  and  3  feet  wide  over  all,  which  has  every 
corner  of  the  web  notched  to  clear  the  chord 
pins  and  has  the  end  sections  of  the  web  pror 
jecting  above  the  top  flanges  to  lengthen  the 
connection  to  the  vertical  post. 

The  other  vertical  posts  and  sub-verticals, 
the  horizontals  and  the  diagonols  are  of  or- 
dinary construction,  as  indicated  in  the  gen- 
eral elevation.  The  connections  of  web  mem- 
bers at  the  center  of  the  middle  panel  are  all 
mitered  and  are  field-riveted  between  a  pair  of 
55x%-inch  connection  plates  61  inches  long  that 
engage  both  flanges  of  all  intersecting  members. 
The  end  posts  and  top  chords  are  of  ordinary  . 
rectangular  through  sections  with  reinforced 
web  plates  and  double  top  flange  angles  and 
filler  plates  under  the  bottom  flange  angles,  as 
indicated  in  the  detail  of  the  cross-section. 
The  end  posts  are  spliced  just  below  the  middle 
pin,  where  there  are  double  plates  shop-riveted 
to  the  webs  and  flanges  of  the  lower  section  of 
the  member  to  form  jaws  receiving  the  upper 
section  which  is  field-riveted  to  them.  The 
bottom   chord   is   made   throughout   with   two 
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nected  by  the  top  cover  plate,  bottom  latticing 
and  by  a  pair  of  vertical  transverse  diaphragms 
near  each  end,  as  shown  in  the  detail.  These 
diaphragms  are  in  the  planes  of  gusset  plates 
which  project  from  the  shore  side  of  the  floor 
beam  to  form  a  double  web  bracket  with  an  I- 
beam,  making  a  pocket  in  which  the  pedestals 
for  the  first  span  of  the  approach  girders  are 
seated,  as  previously  described.  This  fioor- 
beam  was  assembled  complete  in  the  bridge 
shop  yard  and  all  joints  were  carefully  reamed 
and  match-marked.  Afterwards  they  were 
taken  apart  and  the  flange  angles,  cover  plates 
and  web  sections  were  shipped  separately,  so 
that  all  splices  and  all  flange  connections  were 
field-driven,  involving  a  great  amount  of  rivet- 
ing at  the  site.  This  floor  beam  has  a  total 
weight  of  about  180,000  pounds,  and  its  great 
dimensions  and  peculiar  construction  were  very 
impresive  when  it  was  assembled  at  the  shops. 
The  detail  given  of  one  end  shows  the  charac- 
teristic construction,  which  corresponds  with 
the  rest  of  the  floor  beam. 

Floor  beam  L8  L8  resembles  LIO  LIO,  but  is 
only  about  112  feet  long.  The  ends  are  notched 
to  clear  the  lower  chords  of  the  trusses,  above 
and  below  which  they  are  flange-connected  to 
the  vertical  post.  At  the  ceter  there  is  a  con- 
nection for  the  longitudinal  plate  girder  K,  in 
the, plane  of  which  there  is  a  diaphragm  con- 
necting the  webs  of  both  girders.  Just  below 
this  diaphragm  there  was  a  pair  of  horizontal 
diaphragms  in   the   planes  of  the   outside  con- 
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built  channels  connected  on  the  top  and  bottom 
flanges  with  tie  plates  and  angle-iron  lattice 
bars.  The  chord  is  spliced  with  double  web 
and  flange  plates  shop-riveted  to  one  section 
and  fleld-riveted  to  the  other. 

The  most  interesting  members  in  the  bridge 
are  the  enormous  floor  beams  which  support 
the  track  stringers  from  the  divergent  trusses. 
Floor  beam  Lll  LIO  at  the  shore  end  is  nearly 
134  feet  long  over  all  and  is  essentially  a  double 
plate-girder  12i^  feet  deep,  with  two  7/16-inch 
webs  2  feet  7  inches  apart  on  centers.  Each 
girder  has  two  8x8/16-inch  angles  in  each 
flange.  The  top  flange  has  a  single  full  length 
48x9/1 6-inch  cover  plate  field-riveted  to  both 
girders.  The  bottom  flanges  each  have  two 
separate  18-inch  cover  plates,  which  extend  to 
within  about  10  and  13  feet  ,of  the  ends.  The 
bottom  flanges  of  the  girders  are  connected  by 
3x%-inch  intersecting  lattice-bars  and  by  end 
tie  plates,  all  fleld-riveted  in  place.  The  webs 
are  made  in  sections  from  84  to  110  inches 
long,  stiffened  in  the  middle  with  single  ver- 
tical 5x3x%-inch  crimped  angles  on  each  side. 
The  ends  of  the  web  plates  are  faced  and  are 
spliced  by  pairs  of  cover  plates  and  stiff ener 
angles,  as  shown  in  the  detail.  At  the  upper 
and  lower  flanges  these  splice  plates  are  made 
longer  to  contain  additional  rivets.  The  splices 
in  the  flange  angles  are  staggered  and  are  made 
with  8x8x%-inch  cover  angles  4  feet  7  inches 
long. 

The  two  girders  of  each  floor  beam  are  con- 


nection plates,  between  which  the  lower  lateral 
braces  are  fleld-riveted.  This  floor  beam  was 
also  shipped  with  the  flange  plates  and  angles 
and  the  web  sections  separate,  and  all  fleld- 
riveted  together  in  place. 

Floor  beam  L6  L6  is  about  86  feet  loAg  and 
8  feet  4  inches  deep  over  all.  It  has  two  webs 
2  feet  7  inches  apart  on  centers  and  is  made 
with  8x8-inch  flange  angles.  Each  girder  has 
three  18-inch  bottom  flange  reinforcement  plates 
and  the  top  flanges  have  three  48-inch  cover 
plates,  from  44  to  65  feet  long.  The  bottom 
flanges  are  latticed  together  and  the  ends  of 
the  girders  are  notched  to  clear  the  lower 
chords,  and  have  their  webs  extended  above  the 
top  flanges  to  give  long  connections  on  the 
vertical  posts  similar  to  those  in  ordinary  rail- 
road bridge  floor  beams.  Each  girder  was  made 
in  two  sections  with  web  and  flanges  spliced  by 
field-riveted  cover  plates  and  cover  angles. 
The  four  main  pieces  and  the  top  flange  cover 
plates  were  shipped  separately,  and  the  total 
weight  of  the  floor  beam  was  about  110,000 
pounds. 

Floor  beam  L4  L4  is  about  65  feet  long  and  8 
feet  4  inches  deep  over  all.  It  is  similar  to 
floor  beam  L6  L6  and  has  two  7/16-lneh  webs 
23  inches  apart  on  centers.  The  flanges  are 
made  with  6x6x%-inch  angles  and  are  rein- 
forced on  the  bottom  with  separate  12i^-inch 
plates  and  on  the  top  with  36-lnch  plates  riveted 
to  both  girders.  This  girder  was  shop-riveted 
throughout,  and  weighed  about, 62,000  pounds. 
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Floor  beam  L2  L2  is  a  single-web  plate  girder 
about  40  feet  9  inches  long  with  a  98x7/16-inch 
web  and  8x8x%-inch  flange  angles  reinforced 
by  two  18xll/16-inch  top  and  bottom  plates. 
Pairs  of  long  track  stringers  which  reach  from 
floor  beam  to  floor  beam  resemble  plate-girder 
spans  and  have  a  uniform  depth  of  71  inches. 
They  are  made  with  the  top  chord  composed  of 
four  6x6-inch  angles  without  cover  plates  and  a 
bottom  chord  made  with  two  6x6-inch  angles 
and  two  16-lnch  cover  plates.  The  details  of 
these  girders  correspond  to  those  illustrated 
for  the  approach  spans.  They  are  connected  to- 
gether by  sway-brace  frames  and  by  zigzag  top 
lateral  angles  riveted  to  the  lower  angles  in 
the  top  flanges.  The  main  system  of  bottom 
lateral  diagonals  is  riveted  to  the  lower  flanges 
of  the  girders  at  intersections.  The  ends  of 
the  girders  are  beveled  and  are  field-riveted 
through  the  flanges  of  their  vertical  web  stif- 
fener  angles  to  the  floor  beam  webs  in  the 
usual  way. 

The  bridge  was  designed  and  Its  erection  su- 
pervised by  Messrs.  Waddell  &  Hedrick.  Kansas 
City  Mo.  The  Dominion  Bridge  Company, 
Montreal,  Mr.  Phelps  Johnson,  manager,  was 
the  contractor  for  its  fabrication  and  erection. 


A  Durable  Wooden  Bridge  Floor. 

The  Clarissa  street  bridge  in  Rochester,  N. 
Y.,  is  slightly  skewed  and  carries  a  highway, 
two   street-car  tracks   and   two   sidewalks  over 
the  tracks  of  the  Erie  Railroad,  where  switch- 
ing engines  are    frequently    passing    and   the 
structure  is  exposed  to  the  exhaust  and  other 
gases   from   them.     The   bridge  originally  con- 
sisted of  four  24-inch   plate   girders  31"^    feet 
long  over  all  supported  at  both  ends  on  abut- 
ment walls  28  feet  apart  in  the  clear  and  car- 
rying 8-inch  I-beam  floor  beams.     It  was  found 
necessary  to  reconstruct,  enlarge  and  strengthen 
It,  and  the  abutments  were  extended  and  the 
old  girders  were  separated,  the  two  each  side 
of  the  center   being  moved  out  equally  until 
each  inner  girder  was  14  feet  2  inches  from 
the  center  line  of  the  bridge.    Two  new  24-inch 
90-pound  I-beams  were  then'  placed  between  the 
old  girders  and   parallel  to  them,  each  beiug 
5  feet  10  inches  from  the  center  line.     The  new 
girders   were     connected     by    12-inch     I-beams 
about  8  feet  apart  in  line  with  the  old  8-inch 
I-beams   connecting  the   old   girders.     This  ar- 
rangement provided  new  and  heavier  supports 
for  the  carriage  road  and  street-car  tracks  and 
left  the  old  light  girders  and  beams  to  carry 
the   sidewalk,    as   indicated   in   the   half  cross- 
section.     I-beams  from   the  old  structure  were 
also  used  as  longitudinal  joists  under  the  road- 
way and  the  sidewalks  were  carried  on  wooden 
joists  blocked  up  from  the  floor  beams.    The 
roadway  platform  was  decked  with  a  solid  floor 
of   4xlO-inch   creosoted   pine  planks,   on  which 
was  laid  a  waterproof  course  of  heavy  tar  pa- 
per and  the  standard  asphalt  pavement.    This 
work  was  done  in  December,  1897,  and  a  recent 
letter  from  Mr.  E.  A.  Fisher,  city  engineer,  to 
Mr.   M.   R.   Strong,  engineer    of    bridges,   Erie 
Railroad   Company,   states  that   the   bridge   is 
now  in  excellent  and  satisfactory  condition,  the 
floor  not  having  been  renewed  since  built. 


Ax  Illuminated  Map  of  the  United  States 
40x25  feet  in  size,  forms  the  central  feature  ot 
the  exhibit  of  the  Electric  Storage  Battery 
Company,  of  Philadelphia.  It  is  intended  to 
show  the  location  of  the  1,700  battery  installa- 
tions made  by  this  company.  Each  one  is  in- 
dicated by  a  spot  of  isinglass  about  1  inch  in 
diameter.  Red  lights  are  for  railway  plants; 
blue  lights  for  Edison  plants;  white  lights  for 
telephone  and  telegraph;  green  lights  for  iso- 
lated plants. 
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The  Hew  York  Times  Building. 

Pakt    II. — Gkkekai.    Desiok    of    Fbamework, 
Laads    axo    8n«aiiM.    Reuvtion    or    Sub- 

<iTSl-CTVRS    10    SCBWAT,    COLVMX    GKUXAGES 

A.\D  Puas. 
The  basement  floor  Is  proportioned  for  a  live 
load  of  150  pounds  per  square  foot  and  the  sub- 
tasement  for  250  pounds.  All  other  floors  have 
M  pounds  live  load,  and  all  floors  have  a  dead 
load  of  85  pounds  per  square  foot,  except  where 
special  provision  is  made  for  machinery  in  the 
gallery  of  the  16th-floor  composing  room  and 
for  future  loads  in  the  tower,  which  were  as- 
sumed to  be  equal  to  double  the  ordinary  floor 
loads.  The  columns  are  proportioned  as  Is 
enstomary  in  New  York  for  a  full  floor  load  in 
the  upper  story  and  for  a  diminution  of  5  per 
cent  In  each  succeeding  floor  load  downward 
antil  only  50  per  cent,  of  the  maximum  lower 
story  loads  are  considered  to  be  transmitted  to 
the  columns  from  the  lowest  floors.  The  total 
•tsel  weight  of  the  building  is  about  3,000  tons. 
The  foundation  pressures  are  limited  to  the 
maximum  load  of  275  pounds  per  square  inch 
allowed  on  the  concrete  footings.  Wind  pres- 
sure is  calculated  at  the  greatest  intensity 
which  it  is  possible  for  the  building  to  sustain, 
that  is,  it  is  assumed  to  be  sufficient  to  just 
overturn  the  building  by  revolution  around  the 
lee  foundation.  This  is  about  equivalent  to  a 
uniform  pressure  of  20  pounds  per  square  foot 
over  the  whole  of  the  exposed  vertical  surface, 
and  thus  falls  short  of  the  30  pounds  per  square 


level,  was  determined  within  narrow  limits  by 
architectural  considerations.  The  general  ar- 
rangement is  at  the  intersection  of  eight  trans- 
verse and  four  longitudinal  lines,  one  of  the  lat- 
ter extending  only  across  three  of  the  transverse 
lines  at  the  wide  end  of  the  building.  One  lon- 
gitudinal line  is  parallel  to  Broadway  and 
makes  an  acute  angle  with  the  transverse  lines. 
The  other  longitudinal  lines  are  parallel  and 
make  right  angles  with  the  transverse  lines. 
This  arrangement  provides  panels  from  about 
18Vi  to  2:14  feet  long  and  from  17  to  21%  feet 
wide  on  column  centers.  From  the  second  to 
the  sixteenth  stories,  inclusive,  the  beam  plans 
are  very  simple,  with  single  20-inch  I-beam 
transverse  girders  and  12-inch  I-beam  longltu- 


sive,  and  is  maintained  absolutely  independent 
of  the  framework  of  the  building.  No  portion 
of  the  subway  is  supported  by  the  building  and 
no  portion  of  the  building  is  supported  by  or 
connected  to  the  subway.  These  conditions 
made  it  absolutely  Impossible  to  carry  all  of  the 
columns  of  the  superstructure  down  to  the  bot- 
tom of  the  second  sub-basement  or  press  room, 
which  was  excavated  under  the  subway,  the  lat- 
ter passing  like  an  overhead  bridge  through  the 
lower  part  of  the  building.  This  condition  was 
met  by  virtually  treating  the  steel  framework 
in  two  portions,  one  of  them  being  a  substruc- 
ture reaching  from  the  bottom  of  the  excava- 
tion to  street  level.  This  substructure  was  pro- 
vided  In   some   places   with   an   upper   deck  of 
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Typical     Foundations  for  Subway   and   Times    Columns. 


Th«  Times   Building,    New    York;    Horizontal   Section  below  Street  Level,  Sections  of  Substructure,    and    Foundations  for   Columns. 


bwt  nominally  required  by  the  Building  De- 
partment, bat  which  it  Is  manifestly  impossible 
to  attain  in  a  building  of  this  character.  The 
columns  are  proportioned  for  maximum  stresses 
of  11,.500  pounds  per  square  Inch  and  13,000 
pounds  per  square  inch  in  the  lower  and  upper 
storlea,  respectively,  for  dead  loads.  Unit 
■treawa  50  per  cent  greater  are  allowed  for  pro- 
portioning the  additional  section  required  to 
provide  for  the  vertical  components  of  wind 
strains.  I-beams  and  riveted  girders  are  pro- 
portioned for  maximum  flange  stresses  of  16,000 
and  14,000  pounds  per  square  inch,  respectively. 
The  building  has  twenty-flve  lines  of  main 
colnmns,  the  location  of  which,  above  street 


dinal  beams  connected  to  the  centers  of  the  col- 
umn faces  and  supporting  the  floor  arches.  The 
walls  are  carried  by  plate  girders  and  channels 
at  every  story,  the  former  being  made  to  form 
an  essential  part  of  the  wind  bracing.  Special 
construction  is,  of  course,  Involved  in  the  roof 
and  tower  framing  and  below  the  street  level, 
where  provision  had  to  be  made  for  the  subway 
structure.  This  passes  diagonally  through  the 
narrow  end  of  the  building,  where  it  extends 
nearly  from  the  basement  celling  to  the  sub- 
basement  floor,  and  has  four  curved  tracks  with 
a.  supreme  right  of  way  absolutely  prohibiting 
any  obstruction  to  their  alignment. 
The  subway  structure  is  wide,  deep  and  mas- 


masslve  girders  arranged  so  that  they  could  re- 
ceive the  sixteen-story  columns  of  the  super- 
structure in  Intermediate  positions,  and  thus 
make  the  location  of  the  latter  practically  inde- 
pendent of  the  position  of  the  substructure  col- 
umns. In  this  way  the  columns  below  street 
level  could  be  placed  so  as  not  to  obstruct  the 
tracks  of  the  Rapid  Transit  Railroad  Company 
or  Interfere  with  the  construction  of  its  subway 
and  yet  allow  the  columns  above  street  level 
to  conform  to  the  required  outlines  of  the 
building. 

This  arrangement  was  somewhat  complicated 
and,  of  course,  Involved  considerable  extra  ex- 
pense.   It  was  effected  by  the  use  of  a  number 
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of  extremely  heavy  girders  of  special  con- 
struction and  interesting  details.  In  the  wide 
end  of  the  building  the  construction  is  regular 
throughout  and  the  columns  are  continuous 
from  the  foundations  to  the  roof.  In  the  narrow 
end  of  the  building  where  the  subway  inter- 
sects the  framework  of  the  building,  the  former 
consists  of  a  rectangular  steel  and  concrete  tube 
about  16  feet  high  and  60  feet  wide,  supported 
on  a  horizontal  platform  built  of  massive  longi- 
tudinal and  transverse  girders  from  4  to  7  feet 
deep  and  supported  on  thirteen  columns  abcut 
24  feet  high  within  the  limits  of  the  Times 
Building,  as  described  in  The  Engineering  Rec- 
ord of  May  7. 

The  subway  girders  are  connected  by  massive 
concrete  slabs  through  which  holes  were  left  for 
the  columns  of  the  Times  Building  in  such  posi- 
tions as  would  clear  the  traffic  through  the  sub- 
way. These  were  situated  on  the  center  lines 
of  the  regular  rows,  but  were  not  in  line  with 
the  longitudinal  rows  of  columns,  and  the  spaces 
were  limited  to  a  width  of  about  60  inches.  As  • 
some  of  these  columns  were  required  to  support 
loads  of  2,000,000  pounds,  it  involved  extremely 


tions  made  with  a  web,  four  large  flange  angles 
and  two  cover  plates,  and  have  extended  caps 
and  bases.  The  latter  are  seated  on  I-beam 
grillages  enclosed  in  the  tops  of  solid  concrete 
pedestals.  In  order  to  prevent  the  possibility 
of  transmitting  vibrations  from  the  subway  to 
the  building,  these  pedestals  are  seated  on  cush- 
ions of  sand  6  inches  thick,  which  is  solidly 
tamped  into  pockets  cut  in  the  solid  rock.  The 
top  of  the  sand  is  covered  by  a  layer  of  con- 
crete over  the  bottom  of  the  pit,  which  seals  it 
and  encloses  the  pedestals.  The  columns  in  the 
Times  Building  have  foundations  made  with 
single  and  double  courses  of  heavy  granite 
blocks  set  in  cement  mortar  on  the  solid  rock. 

Where  the  Times  columns  were  very  close  to 
those  for  the  Rapid  Transit  subway,  their  foun- 
dations were  made  separate,  as  shown  in  the 
detail  for  pier  22,  which  is  similar  to  pier  G. 
The  special  columns  which  carry  the  triple  gir- 
ders have  their  pedestals  supported  on  grillages 
which  distribute  the  load  over  the  granite  pier, 
the  latter  being  made  long  and  narrow  so  as  to 
clear  the  subway  pier.  This  construction  is  well 
illustrated  in  the  foundations  for  column  13  and 


A  Large  IJnited  States  Brick  Store  House. 

storehouse  A,  which  is  now  being  built  for 
the  United  States  Government  at  the  Rock 
Island  Arsenal,  111.,  is  a  three-story  and  attic 
fireproof  brick  and  steel  building  with  which 
considerable  pains  have  been  taken  to  secure 
simplicity,  rigidity  and  durability  of  construc- 
tion. It  has  extreme  dimensions  of  about  90x234 
feet,  and  consists  of  a  90x60-foot  central  part 
and  two  60x87-foot  symmetrical  wings  with 
their  longitudinal  axis  intersecting  at  right 
angles  the  longitudinal  axis  of  the  center  part 
which  is  separated  from  the  wings  by  solid  fire 
walls  in  the  planes  of  its  outer  longitudinal 
walls,  thus  making  three  interior  rooms  In  each 
story.  The  self-sustaining  outer  walls  are  of 
red  brick  with  stone  and  terra  cotta  trimming, 
and  have  interior  piers  or  buttresses  bonded 
into  their  brick  work  to  inclose  the  steel  wall 
columns  which  support  the  floor  and  roof  loads, 
and  are  fllled  solid  with  mortar  slushed  into 
all  interstices.  The  stories  vary  from  about 
11  to  13  feet  in  height,  making  the  side  walls 
54  feet  high.     The  roof  is     pitched  both  ways 
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heavy  cross-sections  and  unusual  details,  which 
resulted  in  interesting  construction.  The  col- 
umns for  the  building  pass  continuously 
through  both  floor  and  roof  of  the  subway  and 
support  on  their  caps  four  special  triple-web 
transverse  girders  carrying  the  columns  for  the 
upper  seventeen  stories.  These  girders  are  sup- 
ported on  the  columns  which  are  there  marked 
with  letters  and  carry  the  superstructure  col- 
umns which  are  designated  by  the  numbers 
8,  9,  7,  10,  6,  23,  11,  22  and  12.  The  other  col- 
umns are  continuous  from  foundation  to  roof 
and  have  no  special  relation-  to  the  complica- 
tions of  the  subway  construction.  The  arrange- 
ment of  the  columns  and  the  relative  position 
of  the  subway,  together  with  the  space  which  it 
occupies  within  the  limits  of  the  Times  Build- 
ing, are  clearly  shown  by  the  small-scale  plan 
and  section  diagrams.  From  these  it  Is  seen 
that  in  both  corners  at  the  north  end  of  the 
building  it  was  impossible  to  carry  the  upper- 
story  columns  directly  to  their  foundations. 
One  of  them,  column  9,  and  intermediate  wall 
column  11,  are  carried  on  the  overhanging  ends 
of  cantilever  girders,  and  the  columns  8,  10,  11, 
12  and  23  are  carried  by  the  girders  at  points 
intermediate  between  the  substructure  columns. 
The   subway   columns   have   H-shape   cross-sec- 
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the  adjacent  subway  column  No.  3,  both  of 
which  are  seated  on  grillages.  The  subway 
column  grillage  consists  of  a  pair  of  24-lnch 
I-beams  about  9  feet  long,  which  are  embedded 
completely  in  the  concrete  pedestal  with  a  2x12- 
foot  base  supported  on  a  sand  cushion  enclosed 
by  the  solid  rock  and  the  concrete  floor.  The 
Times  grillage  consists  of  two  tiers,  each  having 
five  24-inch  I-beams  about  15'/i  feet  long  bolted 
together  with  cast-iron  separators  and  connected 
by  riveted  diaphragms  at  the  ends  of  both  tiers 
and  the  center  of  the  top  pier.  The  spaces  be- 
tween the  beam  webs  are  fllled  solid  with  con- 
crete, and  concrete  is  plastered  around  the  out- 
sides  to  completely  encase  them  and  the  pedes- 
tal they  support. 

Messrs.  Cyrus  L.  W.  Eidlitz  and  Andrew  C. 
McKenzie  are  the  architects,  and  Mr.  W.  B. 
Bamford  and  Mr.  Paul  Gemelin,  of  their  staff, 
are  respectively  general  superintendent  in 
charge  of  the  building  and  chief  draftsman. 
The  designing  of  the  structural  steel  was  done 
in  the  New  York  office  of  Purdy  &  Henderson. 
(To  be  continued.) 


from  the  axis  of  each  part  of  the  building,  thus 
making  four  gables  and  four  valleys  where  the 
wings  intersect  the  main  parts. 

The  floors  and  roof  are  supported  on  four 
main  rows  of  columns  parallel  with  the  longi- 
tudinal axis  of  the  wings.  Two  of  these  rows 
are  In  the  side  walls  of  the  wings  and  there 
are  two  more  short  rows  of  four  columns  each, 
parallel  to  them  In  the  end  walls  of  the  center 
part  of  the  building.  The  columns  are  from 
about  14  to  19  feet  apart  longitudinally,  mak- 
ing sixteen  transverse  rows,  and  the  main  rows 
are  from  about  15  to  20  feet  apart.  The  columns 
have  H-shape  cross-sections  made  with  a  pair  of 
10-inch  channels  connected  by  a  9-lnch  web  and 
four  4x3-inch  angles  in  the  basement  and  first 
story  and  having  the  webs  and  angles  omitted 
in  the  second  and  third  stories.  The  columns 
are  spliced  2  feet  above  the  floor  line  with  both 
web  and  flange  cover-plates,  one  pair  being  shop- 
riveted  to  one  section  and  fleld-riveted  to  the 
other,  and  the  other  pair  being  field  and  shop- 
riveted  in  the  reverse  order  so  as  to  make 
double  Jaw  plates.     The  feet  of  the  columns 
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have  tence  anglM  on  all  sides  countersunk- 
rtTM«d  to  steel  base  plates  seated  on  cast-iron 
pedestals  on  the  foundation  piers.  The  floors 
are  supponed  on  transverse  plate  girders  with 
S4xV,-inch  webs  and  4x5x9  16-lnch  flange  angles 
»mA  by  IS-inch  longitudinal  I-beams  web-con- 
aacted  to  them  about  6Vj  feet  apart.  At  the 
•waiia  tk«  floor  is  carried  on  15-inch  channels 
ludep^ent  of  the  brick  work.  The  pitched 
roof  is  carried  by  lO-ineh  I-beam  rafters  about 
7  feet  apart  and  has  a  12-inch  I-beam  at  the 
ridge,  at  each  valley  and  on  top  of  the  interme- 
diate rows  of  columns.  The  rafters  are  seated 
on  the  horizontal  beams  with  cast-iron  beveled 
pedestals  and  are  connected  to  the  hips  with 
bant  web  platea  All  beams  and  girders  are 
oeoiieet«d  to  the  columns  with  vertical  web 
ancles  and  have  their  lower  flanges  seated  on 
horixontal  Sinch  angle  clips. 

The  interior  columns  are  fllled  solid  with 
1:4:7  Portland  cement  stone  concrete.  They 
are  plastered  outside  with  cement  mortar  in 
which  are  set  4-inch  hollow  tile  flreprooflng 
blocks  with  rounded  comers.  The  vertical  sur- 
faces of  these  tiles  are  plastered  and  each  col- 
umn is  protected  to  a  height  of  6  feet  above  the 
floor  lines  by  \x2-inch  vertical  oak  strips  2 
inches  apart  which  are  secured  by  three  IVi- 
Inch  horizonUl  bands  of  No.  12  iron.  The  floor- 
beams  and  channels  have  their  webs  protected 
by  hollow  brick  skewback  pieces  with  exten- 
sions to  receive  the  dovetailed  horizontal  strips 
protecting  the  lower  flanges.  Between  the  skew- 
backs  there  are  segmental  hollow  brick  end-con- 
struction arches  with  a  uniform  rise  of  15 
inches.  The  arches  are  leveled  up  with  1:3:5 
Portland  cement  cinder  concrete  in  which  are 
embedded  3x4-inch  beveled  pine  nailing  strips 
16  inches  apart  to  receive  the  wooden  floor  sur- 
face. The  under  sides  of  the  floor  arches  have 
a  plaster  finish  and  one  panel  of  every  floor  is 
subjected  to  a  test  load  of  2,000  pounds  per 
square  foot  over  the  entire  surface. 

The  rafters  carry  flat  arches  of  hollow  tile 
with  skewback  pieces  protecting  the  rafter 
beams  similar  to  the  detail  described  for  the 
floor.  Cinder  concrete  2Vj  inches  thick  covers 
the  tops  of  the  arches  and  the  upper  flanges  of 
the  rafters  and  forms  a  bed  for  the  slates  which 
are  laid  on  asphalt  building  paper  weighing  40 
pounds  per  square  and  are  nailed  to  2>/jx2-inch 
wooden  strips  bedded  in  the  concrete.  The 
plate-girders,  ridge  and  valley  beams  and  other 
I-beams,  not  enclosed  by  skewback  tiles,  have 
their  webs  and  lower  flanges  protected  by  rec- 
tangular hollow  brick  or  tile  and  their  upper 
flanges  enclosed  by  cinder  concrete. 

The  ridge  is  laid  with  an  oak  core  bolted  to 
the  top  flange  of  the  ridge  beam  and  having 
both  sides  rebated  to  receive  the  upper  edges  of 
the  slates.  It  is  covered  with  copper  flashing 
secured  by  copper  nails  with  their  heads  sol- 
dered. Part  of  the  ceiling  in  the  third  story 
consists  of  3-inch  solid  tiles  supported  on  3x2  %■ 
inch  horizontal  T-bars  18  inches  apart  and  plas- 
tered on  the  under  side  with  cement  mortar  on 
expanded  metal  lathing.  The  elevator  shaft  has 
6-Inch  hollow-tile  partitions  laid  in  cement  mor- 
tar and  plastered  both  sides.  The  door  jambs 
are  of  2-lnch  wood  bolted  to  angle  Iron  frames 
and  covered  with  No.  26  galvanized  iron,  which 
is  also  used  to  cover  the  elevator  doors. 

The  stairs  are  made  with  cast-iron  risers  and 
treads  and  have  steel  I-beam  and  channel  gird- 
ers and  string  pieces.  In  some  cases  the  webs 
of  the  latter  are  protected  on  the  outside  with 
hollow  tile  and  are  fllled  in  solid  with  concrete 
against  the  surface  of  the  brick  walls.  The  cor- 
nice is  made  with  hollow  terra  cotta  blocks  with 
the  ends  of  their  webs  built  into  the  wall  and 
anchored  to  horizontal  channels  and  angles  pro- 
vided for  the  puri>08e.    At  the  eaves  there  is  a 
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special  cornice  construction  with  the  uppej 
course  of  blocks  set  out  from  the  wall  to  leave 
space  for  the  gutter  which  is  lined  with  copper 
laid  on  a  bed  of  cement  mortar  pitched  to  the 
leader  pipes.  All  of  the  hollow  brick  used  for 
arches  and  for  the  protection  of  the  steel  work 
is  semi-porous  tile  made  from  fire  clay  having 
50  per  cent,  of  silica  and  mixed  with  coal  or 
sawdust  before  burning.  The  exterior  and  In- 
terior webs  are  %-inch  and  %-inch  in  thickness 
and  the  tiles  are  tied  together  where  necessary 
to  galvanized  Iron  clamps.  The  specifications 
show  the  principal  details  of  construction  and 
are  signed  by  S.  E.  Blunt,  lieutenant-colonel. 
Ordnance  Department,  U.   S.  A.,  commanding. 


Extensions  of  the  Brooklyn  Sewerage  Sys- 
tem; Sixtieth  Street  Sewer. 

Among  the  important  sewers  mentioned  in 
the  article  printed  April  16,  in  which  there  was 
made  a  brief  enumeration  of  the  main  trunk 
sewers  in  the  southerly  part  of  Brooklyn,  Is 
the  Sixty-fourth  Street  sewer.  A  full  detailed 
description  of  the  Interesting  construction 
methods  used  In  driving  the  difficult  tunnel  for 
this  15-foot  and  14-foot  diameter  sewer  was 
published  in  the  issues  of  this  journal  of  No- 
vember 21  and  28  and  December  5,  1903.  Like 
the  Ninety-second  Street  sewer,  recently  de- 
scribed, the  Sixty-fourth  Street  sewer  dis- 
charges Into  the  Narrows  of  New  York  Bay. 
This  sewer  Is  continued  eastward  by  other  sec- 
lions  under  different  names  to  a  total  length  of 
a  little  more  than  7  miles. 

The  section  of  this  trunk  sewer  next  eastward 
from  the  Sixty-fourth  Street  tunnel  is  known  as 
the  Sixtieth  Street  sewer  and  extends  through 
Sixtieth  Street  from  Fourteenth  Avenue  to 
Nineteenth  Avenue  and  through  Nineteenth 
Avenue  from  Sixtieth  Street  to  Fifty-seventh 
Street.  It  comprises  15  linear  feet  of  13ya-foot 
circular  brick  sewer,  connecting  to  the  tunnel, 
4,015  feet  of  13-foot  sewer  and  660  feet  of  12- 
foot  sewer,  besides  short  pieces  of  78-inch,  36- 
inch  and  30-lnch  brick  sewers  forming  the  con- 
nections to  secondary  trunk  sewers  already 
built  in  the  streets  and  avenues  crossed  by  the 
main  sewer.  The  36  and  30-lnch  sewers  have 
egg-shaped  cross-sections,  but  the  78-lnch  sewer 
Is  circular.  The  grade  of  the  main  sewer  is  at 
a  uniform  rate  of  0.000565. 

The  Sixtieth  Street  sewer  is  being  built 
wholly  in  open  cut,  although  the  trench  is  very 
deep,  the  maximum  depth  being  about  43  feet 
and  the  minimum  depth  34  feet.  Because  of 
this  great  depth  to  the  main  sewer,  short  sup- 
plementary pii)e  sewers  will  be  laid  above  It  be- 
tween the  successive  manholes  so  as  to  receive 
the  house  and  catch-basin  connections.  These 
short  pipe  sewers  will  enter  the  manholes  of 
the  main  sewer,  as  shown  in  the  drawing  of  a 
manhole  reproduced  in  the  issue  of  May  7.  For 
the  most  part  the  work  on  this  section  has  been 
easy  and  straightforward,  differing  from  that 
for  an  ordinary  small  brick  sewer  principally 
in  magnitude. 

All  three  sizes  of  the  main  sewer  are  made 
with  four  rings  of  brickwork  laid  In  Portland 
cement  mortar,  with  substantial  brick  haunch 
walls  carried  up  plumb  on  the  sides  to  a  level 
3  feet  above  the  springing  line.  The  thickness 
of  the  brickwork  at  the  springing  line  is  uni- 
formly 24  inches.  The  haunch  walls  are  each 
5  feet  thick  at  the  bottom,  and  the  space  be-, 
tween  them,  beneath  the  outside  ring  of  the 
brickwork  of  the  sewer  barrel,  is  fllled  with 
Portland  cement  concrete  formed  into  a  cradle 
to  fit  the  outside  of  the  barrel.  This  concrete 
lias  a  minimum  thickness  of  4  inches  at  the 
bottom.  The  sewer  is  built  upon  a  platform  8 
Inches  thick  made  of  two  layers  of  4x8-lnch 
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spruce  planks  laid  flat,  the  planks  In  the  lower 
layer  being  placed  transversely  and  those  in  the 
upper  layer  longitudinally,  close  together. 

The  trench  as  far  as  It  has  been  excavated, 
and  3,300  feet  of  the  total  4.690  feet  have  al- 
ready been  dug,  has  cut  through  the  character- 
istic deposits  of  this  part  of  Long  Island,  the 
upper  12  to  15  feet  being  ordinarily  through 
coarse  gravel  and  the  lower  part  of  the  trench 
through  medium  to  coarse  sharp  sand.  Much 
of  this  sand  is  of  good  enough  quality  to  be 
used  for  the  mortar  and  concrete,  so  that  It  has 
been  unnecessary  to  procure  sand  for  these  pur- 
poses from  any  other  place. 

Work  was  begun  at  Sixtieth  Street  and  Four- 
teenth Avenue  in  November,  1902,  and  in  order 
to  expedite  construction  another  trench  was 
opened  in  October,  1903,  at  the  upper  end  of 
this  section,  at  Nineteenth  Avenue  and  Fifty- 
seventh  Street.  It  is  expected  that  the  two  por- 
tions of  the  sewer  will  meet  about  September  1. 
The  excavating  is  being  done  with  the  aid  of 
two  Carson-Lldgerwood  trench  machines  of  300 
feet  span,  having  1-cubic-yard  steel  buckets. 
Under  favorable  circumstances  each  machine, 
with  a  gang  of  about  60  men,  has  handled  375 
cubic  yards  of  earth  in  a  10-hour  day;  the  aver- 
age quantity  handled  has  been  not  far  from 
250  cubic  yards  per  day.  The  operations  have 
been  so  conducted  that,  as  a  rule,  only  one  of 
the  700-foot  blocks  between  two  avenues  has 
been  closed  to  travel,  but  the  trench  is  so  wide 
and  the  quantity  of  material  to  be  handled  so 
great  that  the  block  in  which  work  is  in  prog- 
ress is  necessarily  pretty  completely  obstructed 
so  far  as  vehicular  travel  is  concerned.  An  ac- 
companying illustration  shows  the  general  ar- 
rangement of  the  work. 

With  the  materials  and  depths  of  trench  ob- 
taining on  this  section,  of  course  every  foot  of 
the  trench  has  to  be  very  carefully  and  strongly 
sheeted  and  braced  through  its  whole  depth. 
For  the  sheeting  three  tiers  of  2-inch  spruce 
planks  In  16-foot  lengths  are  used  and  are 
driven  back  of  4x9-inch  rangers  spaced  3',!'  feet 
apart  vertically.  The  cross  braces  are  6x8-inch 
timbers  placed  one  at  each  end  of  each  pair  of 
rangers  and  one  between  the  ends,  so  that  they 
are  spaced  8  feet  apart.  Long  practice  in  this 
class  of  trenching  has  made  the  men  skilful  and 
the  sheeting  and  bracing  is  so  well  done  that  it 
gives  an  engineer  pleasure  to  see  it.  Only  or- 
dinary hand  methods  are  employed,  but  the 
work  is  accurately  executed.  The  usual  pro- 
cedure is  to  open  a  piece  of  trench  36  to  40  feet 
long  at  a  time,  carrying  down  bulkheads  or 
cross  sheeting  at  each  end.  The  sand  and 
gravel  is  taken  out  in  benches  about  12  feet 
long,  being  shoveled  directly  into  the  buckets  of 
the  excavating  machine.  Of  course  the  bench 
next  to  the  previously  finished  portion  of  the 
trench  is  kept  the  lowest.  When  the  proper 
depth  is  reached  the  bottom  is  carefully  trim- 
med to  the  sub-grade  for  the  timber  foundation 
platform. 

The  sewer  is  built  by  successive  stages  in 
lengths  of  18  to  20  feet.  When  a  portion  of  the 
trench  has  been  dug  nearly  to  grade,  the  bulk- 
head between  it  and  the  finished  portion  is  re- 
moved and  a  section  of  foundation  platform  is 
placed  directly  on  the  carefully  leveled  sand  or 
gravel.  On  this  platform  or  grillage  the  two 
haunch  walls  are  then  built,  usually  the  same 
day  that  the  platform  is  laid,  up  to  the  spring- 
ing line.  The  next  day  a  grade  spike  is  driven 
by  the  engineer's  field  party  Into  the  forward 
end  of  this  section  of  grillage,  after  it  has  been 
under  the  load  of  the  haunch  walls  over  night 
at  least.  A  profile  board  is  then  set  over  the 
spike  and  the  concrete  cradle  placed  and  formed 
ready  to  receive  the  brickwork  of  the  invert. 
The  haunch  walls  and  Invert  concrete  having 
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been  built,  on  succeeding  days  the  bricldayers 
build  the  invert  up  to  the  springing  line  and 
then  turn  the  arch.  By  following  this  order  of 
operations  the  various  classes  of  men  are  each 
constantly  kept  busy  and  the  work  moves 
smoothly  and  steadily  forward  by  regularly  ro- 
tating stages.  For  the  barrel  of  the  sewer,  mor- 
tar rpade  of  1  part  Reliance  Portland  cement 
and  2  parts  sand  is  used,  but  for  the  haunch 
walls  the  proportions  are  1  to  3.  The  sides  of 
the  haunch  walls  are  built  directly  against  the 
trench  sheeting.  All  the  sheeting  and  the 
braces,  excepting  the  lowest  brace,  which  is  be- 
low the  level  of  the  top  of  the  arch,  are  left  in 
place  to  within  about  2  feet  of  the  street  sur- 
face. The  sheeting  and  bracing  require  approxi- 
mately 2,300,000  feet  board  measure  of  lumber 
and  the  foundation  planking  or  grillage  about 
680,000  feet  board  measure. 

Water  has  caused  but  little  trouble  so  far  in 
the  construction  of  the  Sixtieth  Street  sewer  ex- 
cepting in  the  block  between  Fifteenth  and  Six- 
teenth avenues,  where  a  vein  of  gravel  was  en- 
countered which  yielded  water  so  freely  that 
two  5-inch  Cameron  steam  pumps  were  required 


in  advance  of  the  sewer  work.  Beneath  the 
tracks  additional  heavy  diagonal  braces  were 
used  in  the  trench.  The  crossing  was  made  suc- 
cessfully, witliout  accident  and  without  inter- 
ruptions to  railroad  traffic.  The  settlement  of 
these  girders  after  nine  months  is  1%  inch. 

The  connections  with  the  lateral  trunk  sew- 
ers are  made  in  most  instances  at  manholes  of 
the  design  described  and  illustrated  in  the  ar- 
ticle printed  May  7,  known  as  type  A,  or  at 
manholes  of  type  B.  On  this  section,  however, 
the  thickness  of  the  brickwork  of  some  parts  of 
the  type  A  manholes  is  somewhat  less  than  that 
shown  in  the  drawings  with  the  article  men- 
tioned. The  type  B  manholes  are  built  up  from 
the  crown  of  the  sewer  arch,  with  walls  12 
inches  thick  for  the  lower  10  feet  and  8  inches 
thick  above.  The  top  of  each  type  B  manhole 
is  circular,  25  inches  in  diameter  inside,  and 
the  bottom  is  elliptical,  4  feet  long  and  3  feet 
wide  inside. 

At  Nineteenth  Avenue  the  main  sewer  turns 
from  Sixtieth  Street  into  the  avenue  with  a  90- 
degree  bend  of  100  feet  radius,  and  at  this  point 
connection   is   made   with   the   78-inch   circular 


A  Difficult  Piece  of  Road  Building. 

I'rom     a    lepon    by    J.     J.     Albertson,     Atlantic 
County   Engineer,    to   Henry   I.    Hudd,   Koad   Commis- 
sioner of  New  Jersey. 


Brooklyn  Sewers:      Contractor's  Plant  and  Method  of  Working  In    Sixtieth  Street. 


to  handle  it.  In  the  remaining  portion  of  the 
trench,  up  to  the  date  of  this  writing,  there  has 
scarcely  been  water  enough  at  any  point  to  re- 
quire even  bailing. 

In  this  same  block  between  Fifteenth  and 
Sixteenth  avenues  the  two  tracks  of  the  Mon- 
tauk  division  of  the  Long  Island  Railroad  were 
crossed  at  an  angle  of  about  30  degrees,  the 
railroad  at  the  place  of  crossing  being  on  a 
curve  and  the  trench  being  20  feet  wide. 
These  tracks  carry  a  heavy  freight  traffic  as 
well  as  many  passenger  trains  and  required  to 
be  very  securely  supported  across  the  trench. 
For  this  purpose  the  employes  of  the  railroad 
company  placed  beneath  the  tracks  three  steel 
plate  girders  about  5%  feet  deep  and  57  feet 
long,  spaced  12  feet  apart,  the  two  outer  girders 
being  about  4  feet  outside  of  the  outer  rails.  It 
was  the  intention  to  support  the  ends  of  these 
girders  on  pile  bents,  but  the  gravel  was  so  hard 
at  this  place  that  it  proved  impracticable  to 
drive  piles  at  some  points  and  so  timber  grill- 
ages were  substituted.  On  the  girders  10x16- 
Inch  ties  were  placed,  and  every  fourth  tie  was 
braced.    These  supports,  of  course,  were  placed 


brick  sewer  coming  down  Sixtieth  Street.  In 
order  to  avoid  a  thin  and  consequently  weak 
groin  in  the  masonry,  a  short  bend  was  made 
in  the  78-inch  sewer  just  before  it  reached  the 
13-foot  sewer  so  that  the  smaller  sewer  is  nearly 
normal  to  the  outside  of  the  curve  of  the  larger 
sewer.  At  the  intersection  the  Inverts  of  the 
two  sewers  are  at  the  same  elevation.  This 
method  affords  a  much  stronger  and  simpler 
construction  although  from  the  point  of  view  of 
hydraulic  considerations  it  may  not  seem  so 
correct  a  form  of  junction  theoretically.  Con- 
nections of  this  type  have  been  made  at  other 
places  in  the  Brooklyn  sewers  and  experience 
has  shown  that  no  trouble  is  caused  at  such 
points. 

As  stated  in  preceding  articles,  the  work  on 
the  extensions  of  the  Brooklyn  sewerage  system 
is  being  done  under  the  general  supervision  of 
Mr.  Henry  R.  Asserson,  M.  Am.  Soc.  C.  E.,  chief 
engineer  of  sewers  for  the  Borough  of  Brook- 
lyn. Mr.  George  W.  Martin  is  the  division  en- 
gineer in  immediate  charge  of  construction  of 
the  Sixtieth  Street  sewer,  and  Mr,  J.  J.  Creem, 
of  Brooklyn,  is  the  contractor. 


The  old  adage,  "There  is  nothing  new  under 
the  sun,"  may  be  true,  but  there  are  many  new 
applications  of  old  principles,  and  we  are  try- 
ing one  in  building  a  road  across  the  salt 
meadows,  between  the  solid  land  at  Pleasant- 
ville  and  the  sand  bar  on  which  is  located 
America's  greatest  seaside  resort,  Atlantic 
City. 

Two  generations  ago  the  idea  of  a  highway 
over  these  flats  was  never  entertained.  The 
first  railroad  charter  contemplated  a  terminus 
at  the  west  edge  of  the  meadows.  It  was 
granted  for  the  Camden  and  Absecon  railroad, 
which  was  afterward  extended  over  the  more 
solid  portion  of  the  meadow  surface  to  the 
island  of  Atlantic  City.  The  railroad  ties  were' 
laid  on  the  stiff,  floating  sod,  with  scarcely  any 
ballast.  The  storm  tides  were  allowed  to  ebb 
and  flow  over  the  tracks,  frequently  interfering 
with  travel  for  days.  The  increasing  weight 
of  modern  locomotives  and  the  uncertainty  of 
the  storm  tides  convinced  the  railroad  manage- 
ment that  they  must  dispense  with  this  floating 
railroad  and  have  a  solid  foundation.  The  lat- 
ter could  only  be  obtained  by  an  earth  fill  of 
sufficient  size  to  displace  the  soft  mud  under 
the  sod.  This  has  been  accomplished  within 
the  last  few  years,  at  an  enormous  expense, 
even  to  the  railroad  company,  which  owns  its 
equipment  for  transporting  the  sand.  The 
county,  not  owning  such  equipment,  had  to  de- 
vise a  new  application  of  the  old  principle  of 
hydraulic  dredging,  which  has  been  In  use  near 
Atlantic  City  in  land  development  schemes  for 
years,  and  with  very  satisfactory  results. 

Before  we  could  build  a  road  a  right  of  way 
had  to  be  obtained.  Upon  this  point  a  lively 
controversy  sprang  up.  Many  years  ago  there 
had  been  built  a  corduroy  road  from  Pleasant- 
ville  to  Atlantic  City.  This  structure  in  reality 
floated  upon  the  mud,  which  from  time  to  time 
settled  in  places.  This  necessitated  the  eleva- 
tion of  the  road  surface  by  gravel  from  the 
mainland,  'ihls  method  was  very  expensive, 
and  the  toll  roadbed  had  a  very  doubtful  exist-, 
ence  until  the  county  and  State  built  the  mag- 
nificent road  from  Camden  to  the  meadow 
shore.  This  brought  thousands  of  conveyances 
to  the  toll  road,  which  now  began  to  pay  hand- 
somely, the  charge  for  a  double  team  being 
sixty  cents  for  the  round  trip.  The  value  of  the 
toll  road  appreciated  rapidly.  The  owners  did 
not  want  to  sell  a  good  investment  for  less  than 
the  capitalization  on  its  earnings,  neither  did 
they  want  a  free  State  and  county  road  as  a 
competitor  until  they  first  disposed  of  the  toll 
road,  which  was  far  below  the  standard  re- 
quired by  the  public,  being  submerged  by  every 
storm  tide.  After  much  discussion  the  ques- 
tion was  finally  disposed  of  by  the  sale  of  the 
toll  road  to  a  trolley  company.  Then  all  in- 
terests were  united  in  securing  a  parallel  right 
of  way  and  urging  a  new  boulevard  on  broader 
lines  than  could  have  been  developed  had  the 
narrow,  old  toll  road  been  purchased.  Routes 
were  quickly  surveyed  and  the  most  feasible 
adopted.  We  were  favored  in  our  location  by 
deciding  upon  a  line  to  the  south  of  the  rail- 
road embankment,  thereby  securing  protection 
from  the  northeast  storm  tides.  Much  of  the 
right  of  way  was  cheerfully  donated,  but,  as  is 
always  the  case,  there  were  some  obstruction- 
ists. These  were  quickly  overcome  by  court 
proceedings  and  the  public  was  ceded  a  right 
of  way  100  feet  wide  for  one  of  the  most  im- 
portant projects  ever  attempted  in  our  highway 
building. 

Soundings  were  taken,  and  we  found  the  mud 
varied  in  depth  from  6  to  28  feet,  the  surface 
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of  which  was  a  floating  sod,  varying 
1  to  4  feet  in  thicluiess,  below  which  was 
a  semi-liquid  mud.  restlns  upon  hard  pan.  The 
Utter,  in  a  few  plac««,  wu  only  4  feet  thick. 
Below  this  was  another  almost  unfathomable 
atr&tttm  of  soft  mud.  We  depended  upoh  the 
first  layer  of  hard  pan  to  support  our  structure. 
It  was  necessary  to  pile  our  bridge  approaches. 
TiMM  piles  were  put  down  with  water  jet  and 
kMUDsr  Gomtiined.  At  the  depth  of  28  feet  the 
arat  raslataaoe  was  met  At  35  feet  this  was 
gone,  and  the  pile  with  weight  of  hammer  sank 
Indefinitely,  so  we  stopped  at  the  depth  of  about 
30  feet  This  seemingly  bottomless  pit  extended 
for  only  a  short  distance,  and  was  doubtless 
the  bed  of  a  stream  many  centuries  ago.  We 
usually  struck  a  solid  bed  of  sand,  gravel  or 
clay,  of  various  thicknesses,  at  the  depth  of 
from  10  to  20  feet  below  high  tide. 

After  locating  our  road  line  we  built  sod 
banks.  &  feet  6  Inches  high,  12  feet  wide  at  the 
base  and  2  feet  wide  at  the  top.  with  the  grow- 
ing-grass side  out  The  inside  edges  of  the  sod 
hanks  are  60  feet  apart  We  took  the  sod  for 
this  purpose  from  between  the  banks.  The  en- 
closed space  was  afterward  filled  with  pumped 
sand.  We  purposely  avoided  taking  sod  from 
the  outside,  not  w^ishing  to  weaken  the  crust, 
which,  in  several  places,  was  lifted  by  the  dis- 
placement brought  about  by  the  settling  of  the 
pumped  sand.  As  the  sand  settled  it  pushed 
the  mud  sideways,  until  it  reached  an  equili- 
brium or  the  sand  rested  upon  the  hard  pan. 
The   settlement   was  entirely   deiendent   upon 


ers  at  a  depth  of  about  40  feet  is  breaking  red 
cedar  logs  into  pieces.  These  are  discharged 
through  the  pipe  with  the  water  and  sand,  thus 
clearly  demonstrating  that  this  very  land  was 
once  above  the  surface  of  the  ocean,  long 
enough  to  have  produced  a  forest,  and  was  af- 
terward so  quickly  submerged  that  the  timber 
did  not  have  time  to  decay  before  it  was  cov- 
ered with  the  best-known  wood  preserver.  This 
is  the  last  and  by  far  the  most  expensive  link 
in  the  great  highway  across  the  State  from 
Philadelphia  to  the  sea. 


Heating  and  Ventilating  the  Minnesota  State 
Capitol. 

Warming  a  building  by  a  supply  of  air  dis- 
tributed according  to  the  plenum  system,  has 
been  developed  into  an  interesting  plant  in  the 
Minnesota  State  capltol.  Here  there  are 
4,000,000  cubic  feet  which  are  heated  largely 
by  means  of  the  air  supply;  this  is  delivered 
at  a  rate  sufficient  to  provide  ventilation  In 
terms  of  about  four  changes  hourly,  practically 
the  only  direct  radiation  being  such  as  was  In- 


tric  cables  in  the  tunnel.  Some  photographs 
covering  these  points  were  received  too  late  to 
appear  in  the  description  in  question,  but  as 
supplementary  to  the  line  engravings  of  the 
former  article,  they  are  herewith  reproduced. 

The  Capitol  building  is  a  three-story  struc- 
ture above  a  basement,  which  Is  also  given  up 
to  various  State  offices  and  departments.  It 
extends  east  and  west,  with  its  front  facing 
the  south,  and  at  the  rear  has  a  large  wing,  giv- 
ing the  building  an  extreme  depth  at  the  center 
of  225  feet.  The  extreme  length  of  the  building, 
from  west  to  east,  is  430  feet.  Above  the  center 
of  the  building  rises  a  dome  covering  a  rotunda 
in  the  center  of  the  building.  The  general  ar- 
rangement of  the  building  is  Indicated  in  the 
accompanying  part  plan  for  the  second  floor. 
This  rotunda  is  surrounded  on  all  four  sides 
at  the  different  stories  by  the  corridor,  and  on 
both  the  east  and  west  sides  of  it  are  the  main 
stairways  through  the  building.  On  the  first 
floor,  beyond  each  of  the  main  stairways,  is  a 
corridor,  known  as  the  east  corridor,  in  the 
east  end  of  the  building,  and  as  the  west  cor- 
ridor in  the  west  end  of  the  building,  and  in 
the  northern  wing  there  Is  also  a  wide  thor- 
oughfare known  as  the  northern  corridor,  and 
on  both  sides  of  these  various  corridors  are 
different  rooms  along  the  outside  walls  of  the 
building.  As  shown  in  the  second  floor  plan, 
the  west  end  of  the  building  is  given  over  to 
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the  quantity  and  density  of  the  underlying 
mud.  As  the  sand  was  pumped  in  the  settle- 
ment continued.  When  the  bed  of  sand  was  6 
feet  above  the  level  of  the  meadow  the  weight 
was  sufficient  to  displace  all  the  mud,  and  we 
had  a  foundation  equal  to  that  of  the  railroads 
and  at  a  much  less  cost  Over  the  salt  ponds, 
where  there  was  no  sod  for  banks,  we  substi- 
tuted hard  pine  bulkheads,  at  a  cost  of  $4.50 
per  linear  foot.  After  the  sand  fill  was  made 
and  thoroughly  settled  the  roadway  was  given 
the  proper  curvature  and  finished  with  a  coat- 
ing of  gravel.  It  is  hoped  that  later  we  shall  be 
able  to  cover  It  with  crushed  stone.  Both  sides 
of  the  road  are  to  be  protected  by  a  substantial 
railing. 

The  sand  from  the  State's  riparian  lands  un- 
der the  adjoining  bay  and  thoroughfare  was 
pumped  through  wrought-iron  pipes  for  a  dis- 
tance of  one-half  mile  or  more.  The  sand  is 
mixed  with  about  90  i)er  cent,  of  water,  which 
Is  discharged  when  required  from  the  end  of 
the  pipe,  the  sand  settling  and  the  water  run- 
ning back  into  the  bay. 

The  agitation  at  the  lower  end  of  the  suck- 


stalled  to  offset  the  comparatively  large  cool- 
ing power  of  the  skylights.  In  connection 
with  the  air  supply,  provision  has  been 
made  for  washing  the  air  by  means  of  water 
sprays,  and  for  drying  It  afterward  to  regulate 
the  degree  of  humidity,  and  the  system  in- 
cludes a  central  receiving  well  and  pump,  by 
which  the  wash  water  Is  circulated  over  and 
over  again.  Owing  to  the  fact  that  the  build- 
ing contains  several  large  rooms  where  num- 
bers of  people  congregate,  a  study  of  the  pro- 
portions of  the  plant  will  be  of  interest. 

It  will  be  recalled  that  the  Minnesota  State 
capltol  has  already  been  the  subject  of  an  ar- 
ticle In  The  Engineering  Record,  of  April  16. 
In  that  connection  the  power  generation  and 
transmission  to  the  Capltol  building  only  were 
discussed,  the  power  plant  being  in  a  detached 
building  connected  to  the  main  structure  by 
means  of  a  comparatively  long  tunnel  driven  at 
a  considerable  depth  underground.  Among  the 
features  of  the  power  equipment,  as  there  de- 
■  scribed,  were  the  provision  and  arrangement  of 
mechanical-draft  equipment  In  the  boiler  room 
and  the  method  of  carrying  pipe  lines  and  elec- 


the  Senate  Cjamber.  The  northern  room  Is 
occupied  by  the  House  of  Representatives,  and 
the  east  end  of  the  building  contains  the  Su- 
preme Court.  All  these  rooms  rise  through  the 
third  story.  The  exterior  of  the  Capltol  Is 
shown  in  an  accoiipanylng  reproduction  of  a 
photograph,  looking  south,  with  the  House  of 
Representatives'  winfe  in  the  foreground. 

For  heating  the  bu.iding  it  was  decided  to 
divide  the  plant  into  fi>e  portions,  one  for  sup- 
plying the  House  of  Rejresentatives'  wing  and 
four  for  the  main  builcing,  two  at  each  end. 
The  four  units  for  the  naln  building  are  lo- 
cated symmetrically  with  respect  to  the  build- 
ing center  line,  as  Indicated  in  one  of  the  dia- 
grams. So  far  as  general  design  is  concerned, 
all  of  the  blower  units  are  aid  out  on  the  same 
plan.  Each  has  the  heateii  on  the  discharge 
side  of  the  blower,  but  the  alr-washlng  device 
Is  placed  on  the  suction  side,  and  a  tempering 
coil  has  been  set  up  in  front  if  the  air-washers, 
both  because  the  air  dlstrlbitlng  system  In- 
cludes a  run  of  tempered  air  lucts,  and  also  to 
prevent  freezing  of  the  washng  device.  The 
washing   device   comprises   a  group   of   water 
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sprays  and  a  set  of  drying  tubes  laid  beyond 
them,  these  fitted  with  helical  guides  to  give 
the  air  a  rotary  motion  to  separate  the  water 
by  the  action  of  centrifugal  force.  In  general 
the  tempered  air  ducts  from  the  blower  units 
are  only  provided  for  the  larger  rooms,  such  as 
the  Senate  Chamber  and  the  House  of  Repre- 
sentatives, where  it  is  essential  that  means  be 
at  hand  for  keeping  down  the  temperature  of 
the  incoming  air.  The  rest  of  the  rooms,  as  a 
rule,  receive  air  that  is  warmed  by  the  heater. 
All  rooms  in  the  building,  except  corridors, 
hallways  and  the  like,  are  equipped  for  the 
automatic  control  of  the  temperature  by  means 
of  thermostats.  In  the  case  of  the  smaller 
rooms,  these  thermostats,  one  for  each  room, 
control  of  the  damper  of  the  hot  air  outlet.  In 
the  case  of  the  Senate  Chamber  there  are  three 
thermostats,  two  on  the  main  floor  and  one  in 
each  gallery,  these  controlling  the  air  inlet;  in 
the  House  of  Representatives  seven  thermo- 
stats, three  on  the  main  floor,  one  in  each  side 
gallery  and  two  in  the  rear  gallery,  and  in  the 
Supreme  Court  two  thermostats  on  the  main 
floor.  In  these,  of  course,  the  thermostats  con- 
trol the  mixing  of  the  tempered  and  hot  air. 
The  accompanying  detail  of  the  sub-base- 
ment shows  the  arrangement  of  the  ventilating 
outfit  for  the   north,   or  House  of  Representa- 


The  blower,  like  those  in  the  four  other 
groups,  is  a  three-quarter  housing  steel  plate 
blower  having  a  wheel  9  feet  in  diameter  and 
44  inches  wide  at  the  periphery.  They  are  all 
of  the  double-inlet  style,  and  are  all  built  with 
a  single  discharge  outlet,  with  the  exception  of 
the  one  in  question,  which  has  a  double  dis- 
charge. They  were  built  by  the  B.  F.  Sturte- 
vant  Company,  and  each  is  driven  by  belt  from 
a  25-horse-power  motor.  At  a  speed  of  145  rev- 
olutions per  minute  they  are  calculated  to  de- 
liver 45,000  cubic  feet  per  minute,  and  are 
intended  to  operate  without  noise,  at  a  speed 
of  160  revolutions  when  necessary. 

It  will  be  seen  that  the  normal  delivery 
of  the  fan  corresponds  to  a  velocity  of  1,250 
feet  per  minute  through  the  tempering  coils, 
and  of  910  feet  through  the  drying  tubes,  or 
1,650  feet  per  minute  if  the  helical  motion  is 
considered.  Forty-five  cubic  feet  of  air  per  min- 
ute are  passed  per  square  foot  of  the  tempering 
coil  surface.  Further  calculations  would  indi- 
cate that  with  the  given  amount  of  air  all 
passed  through  the  tempering  coil  and  raised 
to  50  degrees  Fahrenheit,  some  2,500  British 
thermal  units  are  transmitted  per  hour  per 
square  foot  of  the  heating  surface.  It  should 
be  stated  that  where  partitions  were  necessary 
to  enclose  the  suction  chamber,  spray  chamber 
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tives'  wing.  The  air  enters  as  shown  and  passes 
through  the  tempering  coil.  The  coil  consists 
of  a  double  group  of  the  ordinary  1-inch  steel 
pipe  coils,  each  group  consisting  of  two  2-row 
sections  and  two  4-row  sections.  They  present, 
all  told,  about  1,000  square  feet  of  surface,  and 
the  total  free  area  through  the  section  was  re- 
stricted by  the  specifications  to  2,600  square 
inches,  or  5,200  square  inches  for  the  double  ar- 
rangement of  the  coils. 

In  the  spray  chamber,  immediately  beyond 
the  tempering  coil,  are  thirty,  spray  nozzles  dis- 
tributed across  the  path  of  the  air  flow.  The 
spray  chamber  has  a  floor  of  concrete  flve  inches 
thick,  forming  a  drip  pan,  which  slopes  to  a 
return  drain.  While  this  same  thickness  of 
concrete  has  been  spread  over  the  floors  of  the 
suction  and  fresh  air  chambers,  in  the  spray 
chamber  it  is  depressed  8  inches  all  around. 
Each  of  the  dry  boxes,  so-called,  contains  forty 
conical  tubes  10  feet  long.  16  inches  in  diame- 
ter at  the  spray  end,  and  14  inches  in  diameter 
at  the  suction  end.  The  helical  ribs  inside  of 
these  tubes  are  given  four  complete  revolutions 
in  the  length  of  the  tube.  There  are  small  drip 
holes  on  the  lower  side  to  allow  the  separated 
water"  to  reach  the  drip  pan. 


and  air  intake,  the  expanded  metal  type  of  con- 
struction on  channel  iron,  with  cement  coating 
on  both  sides,  was  employed.  Doors  opening 
into  these  are  made  of  pine,  but  covered  on  both 
sides  with  galvanized  iron. 

The  heater  coils  are  of  the  same  size  as 
the  tempering  coils,  and  consist  of  two  double 
rows  of  eight  sections,  four  rows  deep,  giving 
to  each  heater  a  depth  of  sixteen  pipes  in  the 
direction  of  the  air  flow.  Each  heater  has 
about  8.000  linear  feet  of  linen  pipe,  or  about 
2,6(10  square  feet  of  surface.  The  arrangement 
of  connections  to  and  from  the  heaters  is  shown 
in  an  accompanying  drawing.  It  was  felt  that 
provision  ought  to  be  made  for  admitting 
high-pressure  steam  into  the  coils,  especially 
to  tide  over  an  unusually  heavy  drop  in  the 
temperature  and  for  other  reasons,  and  the 
heating  apparatus  throughout  the  plant  is  fur- 
nished with  steam  traps  on  the  return  connec- 
tions. There  is  one  steam  trap  for  each  pair 
of  sections,  but  each  trap  is  provided  with  a 
by-pass,  which  is  ordinarily  used. 

The  system  employed  for  distribution  of  the 
air  is  that  of  carrying  ducts  in  each  story  over 
a  suspended  ceiling  in  the  corridors.  The  air 
is  largely  carried  upward  through  the  structure 


in  separate  flues  for  each  story,  with  the  flues 
grouped  together  in  a  comparatively  large 
shaft  left  for  that  purpose.  The  location  of 
these  flues  is  indicated  on  the  accompanying 
drawings  for  the  system  supplying  the  north 
wing.  Each  of  the  other  systems  supplies  a 
group  of  flues  which  are  assembled  in  a  shaft 
located  back  of  the  adjacent  main  stairway. 
At  the  ceiling  of  each  story  the  corresponding 
flue  opens  into  the  suspended  ceiling  duct,  and 
this  is  carried  in  opposite  directions  in  short 
flues  or  direct  register  openings,  as  the  case  may 
be,  in  the  rooms  on  either  side.  This  method 
of  distribution  is  indicated  on  the  part  plan  of 
the  second  story.  Each  of  these  blower  units 
also  supplies  a  flue  which  is  carried  upward  in 
the  hollow  interior  of  the  piers  of  the  central  ro- 
tunda. Throughout  there  are  volume  dampers 
where  branches  leave  the  main  duct,  and,  as 
already  stated,  there  is  an  automatic  regulating 
damper  at  each  hot  air  outlet  into  the  room,  ex- 
cepting those  discharging  into  the  corridors  and 
smaller  public  places,  which  are  not  provided 
with  automatic  damper  regulation.  Ducts  more 
or  less  exposed  are  covered  with  asbestos  paper. 

The  exhaust  system  is  a  combination  of  me- 
chanical and  natural  ventilation,  part  of  the 
rooms  being  exhausted  through  the  medium  of 
fans,  while  the  rest  are  exhausted  through  the 
tendency  of  the  air  to  rise  from  its  warmth 
and  from  the  pressure  behind  it.  The  exhaust 
fans,  of  which  there  are  flve,  one  corresponding 
to  each  fresh  air  blower,  mainly  connect  to 
rooms  on  the  basement  and  first  stories,  and 
they  are  located  in  the  basement,  so  that  the 
air  withdrawn  from  the  rooms  passes  backward 
to  the  fans  before  It  Is  finally  delivered  into 
the  atmosphere.  The  four  exhaust  fans  corre- 
sponding to  the  four  blowers  for  the  main 
building,  have  wheels  4%  feet  in  diameter,  with 
a  21-inch  width  at  the  periphery,  while  the 
fifth  fan  has  a  wheel  five  feet  in  diameter,  and 
a  peripheral  width  of  24  inches.  They  are  motor 
driven,  the  four  from  714  horse-power  motors, 
and  the  fifth  from  a  7  horse-power  motor.  They 
all  discharge  into  the  spaces  left  in  the  dome 
structure,  which,  as  already  mentioned,  is  util- 
ized for  the  carriage  of  a  number  of  fresh  air 
flues. 

At  the  roof  line  the  discharge  from  these 
building  flues  are  collected  and  passed  out 
through  four  36-inch  ventilators,  one  from  each 
of  the  shafts.  The  location  of  these  ventilators 
is  shown  in  an  accompanying  diagram  intended 
to  indicate  the  general  dimensions  of  the  build- 
ing, and  the  location  of  the  blowers  and  fans, 
this  apparatus  being  in  the  basement,  and  also 
the  points  of  egress  for  the  more  or  less  vitiated 
air,  these  located  on  the  roof.  All  told  there 
are  seventeen  ventilators  scattered  over  the  roof 
and  of  these  nine  discharge  air  from  various 
toilet  rooms,  so  that  these  are  cared  for  Inde- 
pendently of  the  rest  of  the  building.  Besides 
the  four  ventilators  mentioned,  which  pass  air 
from  the  lower  stories  of  the  main  building, 
there  are  two  16-inch  ventilators  lor  the  north 
wing  which  are  connected  to  the  system  venti- 
lating rooms  underneath  the  House  of  Rep- 
resentatives, and  there  are  two  24-inch  venti- 
lators which  discharge  air  from  the  House  of 
Representatives  itself.  The  rest  of  the  air  from 
the  main  building  is  allowed  to  escape  Into  the 
attic,  and  thence  through  four  so-called  copper 
ventilators,  also  indicated  in  the  diagram.  Vent 
flues  leading  from  the  upper  two  stories  into 
the  attic  are  comparatively  large  in  size,  and 
the  spaces  over  suspended  corridor  ceilings  are 
ample  for  conducting  air  from  the  various 
rooms  to  these  flues.  Of  course  the  larger 
amount  of  air  is  circulated  through  the 
Senate  chamber,  the  House  and  the  Court-room. 
The  heat  registers  in  rooms  controlled  by  the 
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automatic  regulators  are  without  valves,  while 
the  vent  registers  have  a  ventilating  damper 
behind.  This  consists  of  a  series  of  light  rods 
behind  the  register  face,  having  a  light  curtain 
of  No.  12  gossamer  hung  from  them  so  that  the 
preaaure  in  the  room  shall  cause  them  to  open 
into  the  vent  flue,  but  a  pressure  of  cold  air 
from  the  vent  due  shall  close  them  against  the 
register  fac«,  as  might  happen  when  the  blowers 
are  shut  down.  The  ventilating  monitors  for 
the  outflow  of  air  from  the  building  attic  are 
aach  designed  to  give  a  free  area  of  flow  of  40 
•qoare  feet.  Each  is  built  of  16-ounce  copper 
on  a  wrooght-iron  frame,  has  four  vertical  sides 
enclosing  a  space  of  5x9  feet  in  plan,  and 
roofed  over  with  a  peak  roof.  The  sides  are 
furnished  with  louvre  openings,  protected  out- 
aide  with  a  wire  screen,  and  behind  them  is  a 
curtain  of  goaaamer  flaps  to  prevent  «  back- 
flow. 

A  few  calculations  show  the  following  pro- 
Tiaions  for  ventilation.  The  House  of  Repre- 
wntatives  is  arranged  for  a  seating  capacity  of 
1<9  on  the  main  floor  and  of  314  in  the  two  gal- 
leries, or  a  total  of  483.  The  system  is  pro- 
portioned for  the  delivery  of  12,600  cubic  feet 
of  air  per  minute  on  the  main  floor,  and  of 
3^30  cubic  feet  to  the  rear  gallery,  and  2,400 
to  the  front  gallery,  or  18.230  cubic  feet  all 
told.  This  corresponds  to  a  per  capita  supply 
of  37.7  cubic  feet  of  air  per  minute.    The  vol- 


and  it  is  arranged  for  the  delivery  of  11,300 
cubic  feet  of  air  per  minute,  of  which  9,000  is 
designed  to  pass  through  two  registers  each  9 
square  feet  in  area.  This  indicates  that  42 
cubic  feet  of  air  are  supplied  per  minute  per 
capita,  and  a  calculation  shows  that  the  veloci- 
ties on  Inflow  and  outflow  are  about  500  and  550 
feet  per  minute,  respectively.  This  room  is 
likewise  finished  with  a  domed  ceiling,  and  lis 
volume  is  approximately  140,000  cubic  feet,  so 
that  ventilation  is  afforded  in  terms  of  nearly 
five  changes  per  hour. 

The  steam  is  received  from  the  power  sta- 
tion through  a  tunnel,  as  already  described.  It 
is  largely  required  by  the  indirect  heaters,  but 
there  are  some  1,500  square  feet  of  pipe  coils  for 
the  various  skylights  and  a  few  direct  radiators. 
These,  it  may  be  stated  in  passing,  are  pro- 
vided in  the  ratio  of  2%  square  feet  of  glass 
surface  to  1  square  foot  of  heating  surface.  The 
main  is  12  inches  in  diameter  on  its  entrance 
into  the  building,  and  the  return  main  carrying 
the  water  back  to  the  power  house  is  6  inches 
in  diameter. 

One  of  the  Interesting  features  of  the  plant 
is  the  provision  made  for  circulating  the  water 
for  cleaning  the  air.  The  water  from  the  spray 
chambers  at  the  five  air  Inlets  Is  all  drained 


lighting  service  and  those  for  the  power  utiliza- 
tion are  carried  separately  through  the  tunnel 
from  the  power  house,  as  explained  in  the  ear- 
lier article.  The  tunnel  reaches  the  building  at 
the  east  end  and  the  feeders  are  carried  to  in- 
dependent distribution  boards,  one  for  the  lights 
and  the  other  for  the  power. 

The  main  motors  are  located  in  the  sub-base- 
ment, and  the  distribution  board  for  power  con- 
trols directly  the  feeders  to  each  motor.  Be- 
sides the  motors  for  the  blowers  and  the  ex- 
hausters, the  motor  for  the  circulating  pumps 
of  the  air-washing  apparatus  and  two  motors 
for  the  passenger  elevators  in  the  front  of  the 
building,  are  connected  to  the  power  distribu- 
tion system.  As  was  briefly  mentioned  in  the 
description  of  the  power  plant,  a  hydraulic  ele- 
vator installation  has  been  made,  with  the  pres- 
sure water  delivered  from  motor-driven  pumps, 
as  it  was  desired  to  use  the  hydraulic  system 
and  yet  not  considered  advisable  to  run  high 
pressure  steam  to  pumps  near  the  elevators  in 
one  case,  or  to  conduct  high  pressure  water  »11 
the  way  from  the  power  house  with  the  elevator 
pumps  located  there. 

The  pumps  deliver  into  a  pressure  tank 
6  feet  in  diameter  and  24  feet  long,  and  the 
water  is  returned   to  a  surge  tank  12   feet  in 
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Typical  Arrangement  of  Steam  and  Return  Connections  to  Indirect    Radiation. 


nme  of  the  hall  is  approximately  215.000  cubic 
feet,  and  the  specified  delivery  of  air  corre- 
sponds to  ventilation  in  the  proportion  of  five 
changes  per  hour.  The  velocity  of  air  on  issu- 
ing from  the  dilTerent  registers  averages  about 
500  fe«t  per  minute,  assuming  an  equal  distri- 
bution and  flow  of  air  to  the  different  flues.  To 
study  the  distribution  of  air  in  the  House  of 
Representatives  in  connection  with  the  second- 
floor  plan  given  among  the  accompanying  draw- 
ings, it  should  be  stated  that  fresh  air  is  ad- 
mitted into  a  gallery  at  either  side  of  the  room 
pointing  backward  toward  the  north  wall  at  a 
point  about  22  feet  above  the  main  floor,  each 
register  18x24  Inches  in  size!  Besides  these 
there  are  four  registers  back  of  the  circular 
gallery,  about  the  same  distance  atiove  the  main 
floor,  these  registers  in  two  pairs,  and  all  12x18 
Inches.  The  room  has  a  domed  ceiling,  and 
besides  the  points  of  egress  indicated  on  the 
second-floor  plan,  there  are  four  vent  registers 
In  the  back  part  of  the  circular  gallery  and 
four  12xl$-lDch  registers  In  pairs  near  each  of 
the  18x24-lncta  fresh-air  registers.  In  addition 
to  tliese  there  is  some  perforated  grillwork  In 
tbe  decoration  of  the  dome  celling. 

The  Senate  has  a  seating  capacity  for  76  per- 
sons on  tbe  main  floor  and  190  in  the  galleries. 


to  a  central  point  In  the  sub-basement,  where  it 
is  delivered  into  a  tank  below  the  floor  line. 
This  tank  is  called  the  circulating  tank,  and  is 
shown  in  the  part  plan  of  the  sub-basement. 
It  is  built  of  114-inch  boiler  plate  resting  on 
three  long  brick  piers  in  an  excavation  having 
a  concrete  floor.  The  tank  is  3  feet  deep,  7V2 
feet  wide,  and  13  feet  long.  It  is  open,  but  sur- 
rounded by  a  railing  of  wrought-iron  pipe.  The 
walls  of  the  pit  are  of  brick,  18  inches  wide,  and 
the  railing  is  fixed  into  a  coping  of  limestone 
on  top  of  the  brick.  For  delivering  the  water 
to  the  spray  nozzles  in  the  five  spray  chambers 
there  is  a  duplicate  installation  of  triplex 
pumps  which  are  motor  driven  by  belt.  Each 
of  these  pumps,  which  are  located  at  the  tank, 
has  a  capacity  for  delivering  150  gallons  of 
water  per  minute  against  about  100  pounds. 

The  single  suction  pipe  is  fitted  with  a 
strainer  foot  valve.  As  already  stated,  in  each 
suction  chamber  there  are  thirty  spray  nozzles. 
These  are  arranged  in  five  horizontal  rows, 
which  are  fed  by  a  ll^-lnch  pipe,  and  each 
group  by  a  214-inch  pipe.  Bach  of  the  noz/.les 
is  designed  to  deliver  %  to  1  gallon  of  water 
per  minute. 

With  regard  to  the  electric  distribution 
throughout   the   building,   the   feeders   for  the 


diameter  and  5  feet  high.  Their  position  near 
the  elevator  wells  is  indicated  in  the  sub-base- 
ment or  foundation  plan.  The  pumps  are  of 
the  triplex   type. 

The  lighting  of  the  building  is  divided  into 
five  different  sections,  in  the  same  way  as  the 
heating  and  ventilating  plant.  The  light  dis- 
tribution board  feeds  five  mains  which  are  run 
to  distribution  boxes  underneath  the  rising 
points,  and  from  these  the  cables  are  continuetl 
to  panel  boxes  on  each  floor.  For  the  main 
building  the  rising  shafts  are  the  same  as  those 
used  for  the  passage  of  the  main  flues  from 
the  blowers,  that  is,  they  are  located  between 
the  main  stairways  and  the  ends  of  the  build- 
ing. The  distribution  center  for  the  north  wing 
is  carried  up  a  shaft  which  is  given  up  to  a 
utility  room  on  each  floor  off  of  the  north  dome 
corridor.  Besides  supplying  the  lights  for  the 
north  wing,  it  also  feeds  all  the  illumination 
In  the  rotunda  and  dome.  .  There  are  some 
7,000  lights  all   told. 

As  stated  in  the  earlier  article,  the  Minne- 
sota State  Capitol  was  designed  by  Mr.  Cass 
Gilbert  largely  at  his  St.  Paul  office.  The  heat- 
ing and  ventilation  were  laid  out  by  Mr.  Burt 
S.  Harrison,  consulting  engineer,  of  New  York 
City. 
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The  Relation  of  the  Engineer  to  Finance. — I. 

An  address  at  the  University  of  Illinois  bv  John 
\V.    Alvord,    M.    Am.    See.    C.    E. 


In  the  year  1715,  a  Scotchman  who  had  ob- 
tained the  confidence  of  the  ruler  of  France 
established  in  Paris  a  national  bank  and  pro- 
ceeded to  issue  credit  money  somewhat  similar 
to  our  United  States  demand  notes.     The  bank 


which  was  no  doubt  true,  but  they  further  ex- 
cused their  immense  capitalization  by  saying 
that  business  was  rapidly  increasing,  and  the 
prospective  income  would  pay  interest  on  a 
much  larger  capital  than  had  been  Issued, 
therefore  all  these  shares  would  immediately 
rise  in  value.  The  public,  seeing  that  these 
captains  of  finance  had  made  large  fortunes  for 
themselves,  felt  that  they  must  necessarily  be 


few  friends,  and  in  about  nine  months  three 
billions  of  dollars  disappeared  out  of  Wall 
street  into  thin  air. 

In  Paris,  after  the  Mississippi  Bubble  burst, 
the  street  boys  sang:  — 

"On  Monday  I  bought  share  on  share. 
On  Tuesday  I  was  a  millionaire. 
On  Wednesday  I  took  a  great  abode, 
On  Thursday  In  my  carriage  rode. 
On  Friday  drove  to  the  opera  ball, 
On  Saturday,  came  to  Pauper's  Hall." 
It  would  appear  that  this  song  was  not  amiss 
in  the  year  1903,  and  thus  does  history  repeat 
itself. 

Popular  Notions  of  Finance. — When  we  see 
the  giants  of  the  financial  world  versed  In  their 
calling  by  a  life  of  training,  leading  well-mean- 
ing but  dependent  minds  after  them  Into  loss 
and  perhaps  ruin,  is  it  any  wonder  that  a  civil 
engineer  is  timid  about  studying  finance  as  a 
science,  for  fear  he  is  not  capable  of  under- 
standing its  mysteries,  or  appreciating  its  re- 
finements? Shall  we  then  abandon  a  field  to 
which  the  highest  attainments  of  engineering 
are  evidently  closely  allied,  and  confess  our 
ignorance  to  the  moneyed  men  who  use  our  tal- 
ents in  furthering  their  objects,  or  is  it  possible 
to    master    essential    principles,    and    take   our 


Heating  and   Ventilating  Apparatus  for  the  North  Wing. 


was  an  Immediate  success,  and  encouraged  by 
this  first  attempt,  a  company  was  formed  to 
develop  the  Mississippi  Valley,  then  the  prop- 
erty of  France.  The  prospective  business  then 
thought  to  be  very  great  was  estimated,  and 
shares  were  issued  based  on  the  prospective 
Income  and  readily  sold.  Additional  enterprises 
in  China  were  added  to  the  company,  and  new 
stock  based  on  future  expected  business  was 
likewise  readily  sold.  Next  the  company  took 
over  the  management  of  the  mint  and  coinage 
of  France,  and  after  a  time  bought  of  the  Gov- 
ernment the  right  to  collect  the  taxes  for  a  fixed 
sum.  Finally  it  undertook  the  refunding  of  the 
vast  national  debt  itself,  and  upon  all  these 
later  operations  large  profits  were  expected  and 
a  proportional  amount  of  stock  sold,  which  ad- 
vanced in  value  with  each  new  scheme. 

In  the  year  1719,  when  the  securities  of  the 
company  were  selling  at  forty  times  their  orig- 
inal value,  some  one  who  stopped  to  reflect  dis- 
covered that  the  entire  income  of  the  company 
would  only  pay  5  per  cent,  on  about  one-twelfth 
of  the  value  then  existing.  This  thoughtful 
person  sold  his  stock  and  explained  the  reason 
to  a  few  intimate  friends,  who  also  sold.  Then 
came  the  crash  and  the  famous  Mississippi 
Bub'jle  of  John  Law  passed  into  history.  This 
was  high  finance  as  it  was  known  about  two 
centuries  ago. 

The  Inflation  of  1900-1902.— In  the  years  1898 
to  1902,  certain  gentlemen  of  Wall  Street,  find- 
ing that  the  industries  of  this  country  had  tem- 
porarily more  orders  than  they  could  fill,  pur- 
chased many  of  the  mills  and  united  them  into 
a  few  great  concerns  with  capital  greatly  ex- 
ceeding the  former  aggregate.  In  return  for  these 
services  large  blocks  of  stock  were  retained  as 
promoters'  profits.  These  gentlemen  said  that 
consolidation     effected     important     economies. 


Minnesota  State  Capitol:     Plan  of  the  East   Half  of  the  Second  Floor. 


well  posted  in  such  matters,  and  accepted  their 
advice  as  valuable. 

In  due  course  of  time  the  mills  caught  up 
with  their  orders,  and  could  not  obtain  more 
new  business,  and  a  man  in  the  street  stopped  to 
remember  that  the  lean  years  would  surely 
come  when  income  would  shrink,  and  could  no 
longer  pay  interest  on  inflated  value.  So  he 
sold  his  stock  and  mentioned  his  reasons  to  a 


place  as  scientific  business  men  as  well  as  en- 
gineers? It  is  the  purpose,  therefore,  of  this 
brief  paper  to  see  if  we  can  outline  some  funda- 
mental ideas  on  this  important  subject  which 
will  clear  away  unprofitable  awe  and  stimulate 
study  in  a  science  which  is  at  once  so  vital  and 
fascinating. 

A  Definition  of  Finance. — I  would  define  con- 
structive finance  as  "the  just  and  orderly  con- 
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trel  of  wealUi.  so  that  without  waste.  It  is  made 
conpletelr  effective  to  promote  all  proper  pur- 
poaee  of  ciTillsation." 

It  is  erident  that  many  men  who  control  cor- 
porations, or  who  have  acquired  gxeat  personal 
WMUth.  have,  nevertheless,  no  clear  and  reason- 
able ideas  about  the  principles  of  such  finance 
as  this,  but  seek  success  regardless  of  whether 
their  operations  are  destructive  or  constructive, 
without  thought  as  to  what  wealth  really  is,  or 
what  are  its  proper  and  legitimate  uses. 

On  the  other  hand,  there  are  men  charged 
with  the  responsibilities  of  great  personal 
wealth,  or  the  management  of  corporate  prop- 
erty, who  realixe  how  skilfully  wealth  must  be 
managed  in  order  to  prevent  waste,  and  attain 
the  maximum  of  effectiveness  'with  Justice  and 
equity,  and.  in  the  last  instance,  benefit  hu- 
manity. Such  &€b  do  not  regard  their  wealth 
as  entirely  an  individual  asset,  but  rather  con- 
sider therikselves  responsible  stewards  charged 
with  the  well-being  of  the  community  in  which 
they  operate.  They  do  not  allow  their  weaith 
to  be  idle  or  tied  up  in  useless  display,  but  are 
continually  on  the  alert  to  keep  it  at  work  in 
the  most  effective  manner,  both  in  increasing 
established  projects  and  developing  new  enter- 
prises. Such  constructive  and  conservative 
management  of  wealth  is  a  benefit,  not  only  to 
the  owner,  bat  in  a  far  larger  and  wider  de- 
gree to  all  the  community  who  come  within 
reach  of  his  influence. 

Wa$le  of  Wealth. — A  man  who  dissipates 
wealth  foolishly  or  extravaganly,  who  destroys 
it  by  deliberate  neglect  or  bad  judgment,  is  or- 
dinarily looked  upon  as  an  unfortunate  indi- 
vidual, whose  actions  only  Injure  himself.  The 
science  of  constructive  finance  holds  that  this 
is  not  so,  and  points  oat  that  to  waste  or  de- 
stroy wealth  is  a  crime  against  human  society, 
for  the  loss  is  not  alone  personal  and  individual, 
bvt  social  and  racial  as  well,  and  the  disappear- 
ance of  an  effective  and  well-directed  mass  of 
capital  deprives  humanity  of  just  that  much 
opportunity  for  advancement  in  energy,  vitality 
and  aplifting. 

Constructive  finance  even  goes  further  than 
this,  and  denounces  piratical  undertakings 
which  would  transfer  wealth  by  the  ruin  of 
other  wealth,  or  which  tear  down  and  destroy 
anything  which  is  reasonably  useful,  in  order  to 
reap  selfish  benefits.  Such  projects  cannot  or- 
dinarily be  financed  in  these  days  by  conserva- 
tive and  intelligent  babkers,  where  the  avowed 
object  Is  the  wanton  destruction  of  other  in- 
vested capital. 

Ruinous  competition  is  also  deprecated  by 
constructive  finance  as  a  waste  of  energy, 
which,  when  carefully  analyzed,  is  fruitless  of 
real  benefit  to  society,  and  the  phrase,  "com- 
munity of  Interest."  has  been  adopted  as  the  re- 
sult of  the  growing  perception  that  harmony 
among  those  who  guide  and  control  wealth  will 
allow  them  to  make  that  wealth  more  com- 
pletely effective  for  all  the  proper  and  legitimate 
purposes  of  clTilization. 

Enough  has  already  been  said  to  show  that 
thoughtless  speculation,  the  promotion  of  exces- 
sive capitalization,  stock  gambling,  wealth  built 
up  unjustly.  Illegally,  or  by  methods  which  are 
injurious  or  destructive  to  other  interests,  and 
which  do  not  advance  civilization,  knowledge 
and  high  standards  of  living,  are  not  construc- 
tive finance  in  the  sense  that  I  desire  to  dis- 
cuss— the  engineer's  relation  to  it  and  his  know! 
edge  of  it. 
The  Rn.ATiox   or  tiie   EKOijnerat  to  Finance. 

The  engineering  student  does  not  generally 
Ust  constructive  finance  as  one  of  the  requisites 
ot  his  professional  education.  Early  in  life, 
however,  he  comes  to  see  that  the  relation  of 
the  engineering  side  of  a  project  to  the  financial 


side  is  close  and  important.  While  he  Is  deal- 
ing with  the  minor  economies  of  large  expendi- 
tures, be  obtains  insight  into  the  relation  be- 
tween efficiency  and  economy.  The  paradox  of 
the  cheapest  material  often  being  the  dearest, 
explains  itself  by  practical  example,  and  finally 
he  is  taught  by  embarrassing  and  unpleasant  ex- 
periences, that  his  triangles  and  logarithms  are 
not  the  largest  factors  of  the  project  upon 
which  he  is  engaged,  and  conclusions  derived 
solely  from  them  are  often  overruled. 

At  this  period  of  life,  if  an  engineer  is  not 
broadminded,  and  gifted  with  some  insight  Into 
the  root  of  things,  he  Is  a  little  tempted  to 
whine  about  the  lack  of  appreciation  the  public 
and  capitalists  have  for  his  work,  and  com- 
plain how  underpaid  it  is  compared   with   its 


He  takes  risks,  fails  often,  but  undaunted,  per- 
sists to  occasional  success;  always  in  the  pres- 
ent order  of  society,  with  self-interest  first  in 
view,  but  always  compelled  from  correct  prin- 
ciples of  conservative  finance,  often  unexplained 
even  to  his  own  mind,  to  seek  that  the  public 
at  large  shall  be  benefited  in  order  that  he  may 
reap  from  them  a  reward. 

The  Financier. — There  comes  the  financier, 
who  always  has  his  fingers  on  the  pulse  of 
human  vitality,  and  notes  the  ability  of  the 
race  to  take  on  new  energies,  or  observes  their 
need  to  rest  up  from  a  temporary  overload. 
Such  are  the  bankers,  capitalists,  trustees  and 
presidents  who  control  the  trust  companies, 
banks,  bond  houses,  and  other  forms  of  indi- 
vidual or  corporate  wealth.     It  rests  with  these 
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importance.  This  is  a  transitional  stage  for 
the  engineer,  when  he  begins  to  fit  himself  into 
the  financial,  economic  and  sociological  side  of 
his  work,  and  when  he  is  duly  humbled  he  finds 
that  his  peculiar  acquirements  which  have 
hitherto  seemed  so  important,  are  in  reality 
only  one  of  the  wheels  in  the  procession. 

Several  important  factors  easily  take  pre- 
cedence over  the  engineer  in  the  development 
of  industry  and  the  conservation  of  weaith. 

The  Promoter. — There  is  the  much  maligned 
promoter,  who  in  reality  studies  the  needs  of 
humanity,  often  from  a  selfish  point  of  view,  but 
nevertheless  with  the  innate  realization  that  he 
cannot  help  himself  without  first  helping  so- 
ciety at  large.  The  promoter  Is  the  man  who 
sees  opportunities  and  plans  how  they  may  be 
filled,  endeavors  to  effect  economies,  harmon- 
izes interests;    explores  undeveloped  territory. 


men  to  decide  on  any  given  project  as  to  its 
soundness  and  good  sense,  and  their  first  in- 
quiry is,  "will  it  pay?"  which  is  only  an  un- 
thoughtful  way  of  asking  if  it  will  serve  hu- 
manity. 

In  such  analysis  no  fancies  are  permitted. 
Cold,  hard  facts  are  alone  in  demand.  The 
overheated  imagination  of  the  promoter  does 
not  excite  the  true  financier.  No  gilded  pic- 
tures of  profits  delude  him.  He  is  Interested 
only  in  the  truth,  and  having  satisfied  himself 
that  he  has  uncovered  it  in  every  part  of  the 
project,  he  proceeds  to  interpret  it  in  the  light 
of  the  needs  of  the  time,  and  asks  himself,  "is 
there  idle  capital  in  sufficient  amount  awaiting 
for  work?"  If  so,  he  will  undertake  to  provide 
that  this  idle  capital  and  its  opportunity  shall 
be  brought  together.  If  capital  has  temporarily 
exhausted  itself  in  other  and  more  needed  dl- 
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rections,  or  has  been  so  foolish  as  to  enter 
speculative  projects  in  which  it  has  been  dis- 
sipated, then  the  undertaking  must  wait  until 
financial  energy  has  again  recuperated  itself, 
and  the  times  are  vital  with  abundant  strength 
for  new  enterprises. 

With  the  financier  comes  the  engineer.  Often 
the  financier  early  calls  in  the  engineer  to  his 
aid  in  probing  for  the  truth.  Not  the  engineer 
whose  experience  is  limited  to  the  transit  and 
the  drawing  board,  but  the  one  whose  broad 
experience  and  insight  into  underlying  princi- 
ples of  things  has  given  him  a  large  knowledge 
of  finance  on  its  scientific  side,  as  well  as  an 
understanding  of  the  broader  relations  of  en- 
gineering to  human  society. 

The  Engineer. — The  engineer  of  this  type  is 
admirably  fitted  to  aid  the  financier,  because, 
from  the  very  nature  of  his  profession,  he  has 
been  all  his  life  a  seeker  after  truth  and  fact, 
and  also  because  the  profession  of  engineering 
lias  very  high  standards  of  honor.  It  is  a  pro- 
fession of  trust.  No  higher  commission  can 
come  to  the  profession  than  investigation  of  the 
financial  status  of  new  projects  of  magnitude. 
The  interests  involved  in  many  cases  are  vast 
and  far  reaching.  Security  holders  in  the  fu- 
ture are  either  indebted  to  his  knowledge  and 
care  in  making  life  for  them  higher  and  better. 


perception  of  these  principles,  and  the  designer 
who  would  fulfil  in  the  highest  sense  his  com- 
mission, must  know  the  relative  life  of  a  series 
of  structures  or  parts  of  structures,  the  likeli- 
hood of  change  in  the  arts  affecting  their  use- 
fulness, the  financial  considerations  involved  in 
the  value  of  money  invested  for  the  future,  and 
the  probable  length  of  time  for  which  it  is  desir- 
able to  attempt  to  forecast  the  future  in  the 
given  business  under  consideration.  All  of 
these  items  are  of  first  rank,  and  second  to  them 
comes  an  intimate  knowledge  of  the  materials 
and  methods  of  construction,  their  relative 
economy  and  practicability,  their  length  of  life 
and  the  life  expected  of  the  particular  part  into 
which  they  are  fitted. 

A  young  man  recently  pointed  out  to  the 
chief  engineer  of  the  Pennsylvania  Railroad 
that  he  was  building  masonry  bridges  at  im- 
mense cost,  and  substantial  steel  bridges  could 
be  had  at  much  less  expense,  and  the  chief  en- 
gineer very  kindly  explained  that  the  time  had 
come  for  the'  Pennsylvania  Railroad  when  it 
was  proper  to  look  ahead  for  more  than  one 
hundred  years  and  finance  its  structures  ac- 
cordingly. 

The  Constructing  Engineer. — Nor  is  the  su- 
perintending and  constructing  engineer  more 
free  from  the  principles  of  finance  than  the  de- 
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or  are  blighted  by  penury,  loss  and  privation, 
«wing  to  his  poor  judgment. 

The  Designing  Engineer. — After  the  prelimi- 
nary investigations  are  finished,  and  the  work 
is  financed,  comes  the  opportunity  for  the  en- 
gineer who  deals  with  the  design.  The  design 
•of  engineering  works  affords  a  most  important 
field  tor  the  scientific  application  of  the  prin- 
ciples of  constructive  finance,  and  while  it  is 
only  one  branch  of  the  financial  problem,  it  is 
XI  most  Important  one. 

The  problem  is  to  expend  a  given  sum  of 
money  so  as  to  realize  its  utmost  effectiveness 
In  a  physical  structure,  and  at  the  same  time 
secure  only  a  stability  consistent  with  the  use 
to  which  it  is  put,  and  the  length  of  life  which 
may  properly  be  expected  of  it. 

No  engineering  design  can  be  said  to  be  In- 
telligent which  does  not  show  on  Its  face  a  clear 


signing  engineer.  At  the  very  outset  of  the' 
work  he  encounters  two  fundamental  diflicultles 
which  include  nearly  all  of  his  others,  and 
which  work  to  prevent  his  obtaining  the  highest 
efficiency. 

First.  He  finds  that  labor  is  dissatisfied  with 
its  share  of  the  production  of  human  activity, 
but  puts  no  limits  on  its  demands,  while  capital 
has  no  fixed  principles,  fundamental  in  their 
justice  in  dealing  with  labor;  hence,  organiza- 
tion, strikes  and  warfare.  The  solution  of  these 
difficulties  in  their  last  resort  is  complex,  for 
the  problem  involves  in  its  intricacies  the  whole 
present  day  social  order.  The  engineer,  there- 
fore, can  only  view  it  as  a  social  and  economic 
evolution  in  which  all  parties  at  interest  must 
exercise  patience  and  moderation. 

Second.  The  construction  engineer  becomes 
also  involved  in  the  law  of  supply  and  demand. 


At  times  he  estimates  upon  panic  prices  of  ma- 
terials, at  other  times  upon  prosperity  values, 
and  always  there  is  constant  fluctuation,  which 
is  apt  to  wound  his  pride  in  his  accuracy. 

Political  economists  say  there  are  times  when 
we  sufl'er  from  overproduction,  and  therfe  are 
other  thinkers  who  choose  to  believe  that  we 
suffer  from  inability  to  consume.  Certain  it  is 
that  through  lack  of  scientific  and  unified  con- 
trol of  world  resources,  we  are  subjected  to 
periods  of  inability  to  properly  adjust  con- 
sumption and  production.  These  are  complex 
questions,  and  they  are  not  settled  offhand. 
The  engineer  will  need  to  examine  them  from 
all  points  of  view  and  think  over  them,  for  they 
are  the  problems  the  coming  generations  must 
solve. 

(  To  be  continued.) 


A  Coal-Testing  Plant  at  St.  Lotiis. 

Among  the  interesting  exhibits  connected 
with  the  Department  of  Mines  and  Metallurgy 
at  the  Louisiana  Purchase  Exposition  will  be  a 
coal-testing  plant  operated  under  the  direction 
of  the  United  States  Geological  Survey.  The 
tests  will  be  conducted  not  for  the  purpose  of 
determining  the  relative  value  or  merit  of  dif- 
ferent coals,  but  primarily  for  the  purpose  of 
demonstrating  the  most  economical  methods  for 
their  utilization. 

The  testing  plant  will  comprise  two  standard 
boilers,  a  gas  producer,  coke  ovens,  washery 
plant,  and  two  or  more  briquettlng  plants.  In 
connection  with  the  boilers  one  Corliss  and  one 
steam  turbine  engine  will  be  operated,  and  In 
connection  with  the  gas  producing  plant  one 
explosive  gas  engine.  The  power  generated  by 
these  plants  will  be  utilized  for  operating  the 
working  exhibits  in  the  Mines  Building.  The 
testing  plant  will  be  located  on  the  ground  re- 
served for  outdoor  mining  exhibits,  at  a  short 
distance  from  the  Palace  of  Mines  and  Metal- 
lurgy. The  Director  of  the  Survey  has  ap- 
pointed to  conduct  this  work  a  committee  con- 
sisting of  Messrs.  E.  W.  Parker,  J.  A.  Holmes 
and  M.  R.  Campbell. 

The  equipment  for  carrying  on  these  tests  has 
been  loaned  by  the  exhibitors  of  the  machinery,, 
and  Congress  has  appropriated  $60,000  to  enable 
the  Director  of  the  Geological  Survey  to  make 
the  tests.  It  is  especially  provided  in  the  act 
of  Congress  making  the  appropriation,  that  all 
the  testing  machinery  and  all  the  coals  tested 
shall  be  furnished  without  charge  to  the  gov- 
ernment, the  expenditure  of  the  appropriation 
being  limited  to  the  absolute  cost  of  assembling 
the  plant  so  as  to  make  it  conveniently  available 
for  the  work  and  the  expenses  necessarily  in- 
curred in  its  operation. 

The  material  to  be  tested  will  be  collected 
under  the  direction  of  Mr.  M.  R.  Campbell,  of 
the  Geological  Survey,  who  will  procure  the  co- 
operation of  the  various  State  geologists.  Great 
care  will  be  exercised  to  see  that  the  samples 
sent  for  testing  represent  the  commercial  prod- 
uct of  the  mines  or  districts  from  which  the 
coal  is  shipped,  and  are  not  selected  samples. 
No  tests  will  be  made  of  any  coals  shipped  in 
less  quantity  than  one  good-sized  carload,  as  it 
will  require  from  eight  to  twenty  tons  for  each 
of  the  different  tests  to  which  the  coals  will  be 
subjected. 

The  work  possesses  a  peculiar  interest  from 
the  fact  that  this  government  has  not  hereto- 
fore attempted  to  make  any  uniform  and  com- 
prehensive examination  of  our  mineral  fuels. 
The  governments  of  Great  Britain,  Germany, 
France,  and  Belgium  have  made  such  examina- 
tions and  published  the  results  in  official  reports 
which  are  of  great  value  In  securing  foreign 
trade. 
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Types  and  Detaili  of  Bridge  Construction; 
Plate  Girders.— I. 

B7  fnuU  W.  Sklonrr.  C.  E. 

Several  months  ago  there  was  concluded  in 
this  paper  a  series  of  articles  entitled  "Types 
and  Details  of'  Bridge  Construction,"  which 
dealt  with  wood,  iron  and  st«el  arch  bridges. 
A  similar  treatise  on  plate-girder  bridges  is  now 
in  course  of  preparation,  and  it  is  the  intention 
to  print  a  few  of  the  chapters  in  this  Journal,  as 
convenient  opportunities  may  offer.  The  pur- 
pose of  the  descriptions  and  illustrations  in  the 
tnatiae  is  to  record,  in  a  form  convenient  for 
raferance,  classified  details,  important  data  and 
the  general  features  of  structures  which  have 
actually  b«en  erected,  so  as  to  indicate  progress 
in  deaign  and  show  present  standards.  The  ex- 
•Mplaa  to  be  presented  have  been  selected  bc- 
onne  of  their  interest  and  not  because  they  are 
approved  as  models;  the  particular  structures 
deM:ril>ed  may  or  may  not  be  considered  as  in 
accordance  with  good  practice.  Criticism,  in 
general,  even  when  obvious,  is  avoided.  The 
presentation  of  any  detail  does  not  necessarily 
imply  that  it  meets  with  approval,  but  merely 
that  it  is  considered  typical  or  interesting  as 
aa  example  of  actual  construction.  The  de- 
acrlptlons  have  been  prepared  with  the  view  of 
— ht^-C  them  specially  valuable  to  bridge  de- 
signers, draftsmen,  city  engineers,  teachers  and 
atndenta. 

E:xpa.\sion  Details. 

Sliding  Bearingt  and  Pockets. — Expansion 
ends  of  plate  girders  are  usually  desig^ned  to 
provide  for  temperature  variations  and  allow 
amall  longitudinal  movements  without  permit- 
ting transverse  or  vertical  displacement.  They 
are  often  omitted  at  both  ends  of  short  span 
girders,  but  are  always  provided  at  one  end  of 
single  long  span  girders  and  at  one  end  of  each 
span  or  of  occasional  spans  in  a  structure  which 
consists  of  a  continuous  series  of  spans.  Pro- 
vision is  accordingly  made  for  movements  of  2 
inches  or  less.  This  is  usually  accomplished  by 
letting  the  end  of  the  girder  slide  freely  on 
its  lower  horizontal  flange  between  fixed  longi- 
tudinal guides,  by  seating  it  on  roller^,  by  sus- 
pending it  from  vertical  links,  by  connecting  it 
to  a  rocker  strut  or  by  providing  for  the  move- 
ment of  a  shoe  to  which  it  is  pin-connected. 
Another  method  which  has  been  applied  to 
stringers,  but  is  seldom  or  never  used  for  gir- 
ders proper,  is  to  support  them  by  horizontal 
bolts  through  slotted  holes  in  the  web.  A  large 
amount  of  care  and  ingenuity  has  been  devoted 
to  the  design  of  expansion  connections  suited 
to  different  conditions  and  it  is  an  important 
and  often  a  difficult  -matter  to  devise  a  connec- 
tion that  is  efficient,  economical,  simple,  easily 
constructed  in  the  shop  and  quickly  completed 
in  the  field. 

BUding  Endt. — In  the  simplest  expansion  de- 
tail the  girder  takes  bearing  on  the  horizontal 
under  surface  of  the  bottom  flange.  In  light, 
cheap  work  the  flange  angles  sometimes  rest 
directly  on  a  bed  plate  bolted  to  the  masonry 
and  are  secured  to  It  by  a  vertical  bolt  through 
a  slotted  bole  on  each  side.  In  heavier  work 
there  is  a  aole  plate  countersunk-riveted  to  the 
under  aide  of  the  end  of  the  flange  and  planed. 
It  take*  bearing  on  a  rolled  or  cast  bed  plate, 
which  is  planed  on  the  upper  surface  and  is  set 
Immovably  In  cement  or  on  a  sheet  of  lead  on 
the  pier  masonry.  The  bed  plate  may  have  a 
plain  or  ribbed  upper  surface  and  lateral  dis- 
placement may  be  prevented  by  anchor  bolts 
through  slotted  holes  in  the  sole  plate  and 
round  holes  In  the  bed  plate  or  by  a  tongue 
and  groove  or  by  outside  guide  strips  on  the 
bed  plates. 

When  the  girder  is  supported  on  a  column 


cap  or  seated  on  top  of  another  girder,  the 
bed  plate  is  generally  omitted.  When  it  is  sup- 
portetl  from  transverse  girder  brackets,  pockets 
and  drop  ends  or  some  modification  of  them  are 
generally  provided,  and  when  the  girders  act 
as  stringers  to  carry  the  railroad  track  ties  di- 
rectly on  their  top  flanges  it  is  sometimes  diffi- 
cult to  provide  a  satisfactory  detail. 

The  67iM-foot  longitudinal  plate  girders  in  the 
main  platforms  of  the  approaches  to  the  Will- 
iamsburg bridge.  New  York,  are  seated  on  the 
long  extended  caps  of  the  vertical  columns  be- 
tween guide  plates  riveted  each  side  of  the 
girder  to  engage  with  a  small  clearance  the 
edges  of  the  sole  plates  which  are  countersunk- 
riveted  to  the  under  side  of  the  girder  flanges. 
At  expansion  joints,  on  every  alternate  column, 
there  is  oiie  fixed  and  one  sliding  girder  end, 
with  a  clearance  of  about  1  inch  between  them 
on  the  center  line  of  the  column.  The  sliding 
end  is  bolted  to  the  column  cap  through  slotted 
holes  and  supports  on  its  upper  flange  half  of 
the  sole  plate  of  the  floorbeam.  The  sole  plate 
is  riveted  across  the  bottom  flange  of  the  floor- 
beam  and  to  the  lower  edges  of  a  pair  of  trans- 
verse solid-web  vertical  knee  braces,  which 
stiffen  it,  distribute  the  floorbeam  load  on  the 
girders  and  prevent  tipping  or  longitudinal  dis- 
placement of  the  floorbeam.  One  end  of  the  sole 
plate  or  floorbeam  pedestal,  is  field  riveted  to 
the  top  flange  of  the  fixed  girder  and  the  other 
end  takes  bearing  on  the  top  flange  of  the  slid- 
ing girder,  which  thus  receives  half  the  load 
and  is  free  to  move  back  and  forth  under  it. 

In  the  four-track  structure  of  the  Atlantic 
Avenue  Improvement  viaduct,  Brooklyn,  N.  Y., 
which  was  described  in  The  Engineering  Rec- 
ord of  July  7,  1902,  two  of  the  eight  lines  of 
longitudinal  plate  girders  are  in  the  planes  of 
the  columns  and  are  supported  directly  on  their 
extended  caps.  One  fixed  end  and  one  sliding 
end  girder  is  seated  at  each  expansion  Joint 
with  a  space  of  several  inches  between  them, 
over  the  center  of  the  column  to  allow  for  the 
continuous  web  and  flanges  of  the  transverse 
girder  of  the  same  depth  seated  on  the  same 
column  cap  plate,  which  is  reinforced  by  knee- 
braces  in  four  directions,  in  the  girder  planes. 
The  sliding  end  is  bolted  to  the  cap  plate 
through  slotted  holes  and  has  slotted  holes 
through  the  upper  part  of  the  web  for  horizon- 
tal bolts  in  diaphragms  riveted  to  web  stiffener 
angles  of  the  transverse  girder.  There  are  also 
vertical  bolts  which  engage  Z-shaped  connec- 
tions at  the  ends  of  the  top  flanges  of  the  longi- 
tudinal girders  and  pass  through  slotted  holes 
in  the  top  flanges  of  the  transverse  girders  and 
so  secure  the  upper  parts  of  both  girders. 

The  other  six  lines  of  longitudinal  girders  are 
supported  directly  by  the  transverse  girders. 
The  expansion  ends  are  seated  on  horizontal 
bracket  shelves  riveted  to  the  transverse  girder 
webs.  Each  shelf  has  a  cover  plate  on  the  out- 
standing flange  of  a  short  horizontal  angle 
which  is  reinforced  by  two  pairs  of  angles  per- 
pendicular to  the  girder  web,  which  are  riveted 
both  sides  of  the  longitudinal  flanges  of  two 
pairs  of  vertical  angles  which  distribute  the 
load  on  the  girder  web.  In  order  to  have  room 
for  sufficient  rivets  in  these  four  vertical  rows 
the  shelf  has  to  be  near  the  middle  of  the  height 
of  the  girder,  and  as  the  bottom  flanges  of  lon- 
gitudinal and  transverse  girders  are  nearly 
flush  the  ends  of  the  former  are  notched  to 
give  them  seats  on  the  shelves. 

The  seat  is  made  with  a  horizontal  trans- 
verse angle  riveted  across  the  web  stiffeners  at 
the  notch,  and  having  its  outstanding  flange 
reinforced  by  the  milled  ends  of  a  pair  of  verti- 
.cal  angles.  These  angles  have  their  longi- 
tudinal flange*  turned  toward  the  transverse 
girder  so  as  to  provide  the  maximum  clearance 


there  and  allow  the  field  connection  rivets  to  be 
driven  through  the  webs  of  the  transverse 
girders  and  the  fixed  ends  of  the  adjacent  longi- 
tudinal girders,  without  difficulty,  after  both 
fixed  and  sliding  girders  are  erected.  The  gird- 
ers are  bolted  to  the  horizontal  seats  through 
slotted  holes. 

The  Brooklyn  Elevated  Railroad  spans  aver- 
age about  50  feet,  and  in  general  have  four 
lines  of  longitudinal  plate  girders  supported  by 
transverse  plate  girders.  The  early  designs 
were  made,  as  shown,  by  the  standards  of 
1884-5,  with  the  drop  ends  of  the  longitudinal 
girders  seated  on  the  top  flanges  of  the  trans- 
verse girders,  with  a  butt  joint  on  the  center 
line  of  the  latter.  Horizontal  bearing  angles 
were  riveted  to  the  notched  edges  of  the  web 
plates  and  were  riveted  to  the  top  flanges  of 
the  transverse  girders  for  the  flxed  ends,  and 
bolted  to  them  through  slotted  holes  for  the 
sliding  ends.  The  lower  flanges  of  the  longi- 
tudinal and  transverse  girders  were  flush,  and 
those  of  the  former  w,ere  spliced  across  the  lat- 
ter by  horizontal  field-riveted  cover  plates. 
Neither  flxed  nor  sliding  end  girders  were  con- 
nected to  the  webs  of  the  transverse  girders. 

In  later  designs  this  detail  was  modified,  as 
shown  by  the  standard  for  1886,  in  which  the 
depth  of  the  longitudinal  girder  is  reduced  so 
that  the  lower  flange  is  considerably  above  that 
of  the  transverse  girder,  and  its  projecting 
angles  are  bolted  to  shelf  plates  projecting  hori- 
zontally from  the  girder  webs.  Wide  seat  plates 
are  also  bolted  across  the  top  flanges  of  the 
transverse  girders  and  project  beyond  them  to 
receive  the  bearing  angle  flanges  of  the  drop 
ends,  which  are  bolted  to  them  with  clearance 
for  temperature  movements.  Both  of  these 
types  provided  con.venIently  for  spacing  track 
ties,  but  were  considered  to  lack  stiffness  for 
lateral  and  longitudinal  stresses,  and  so  were 
superseded  by  types  with  the  top  flanges  of  the 
longitudinal  girders  dropped  to  the  same  level 
as  those  of  the  transverse  girders. 

Pocket  Connections. — In  recent  construction 
pocket  seats  for  the  lower  flange  bearings  of 
the  expansion  ends  of  longitudinal  girders  in 
viaducts  and  elevated  railroads  have  been  ex- 
tensively used.  These  are  usually  made  with 
pairs  of  vertical  gusset  plates  perpendicular  to 
the  transverse  girder  web  and  connected  to  it 
by  special  vertical  angles  or  by  the  regular  web 
stiffener  angles.  The  bottoms  of  the  gusset 
plates  are  connected  by  horizontal  bearing 
shelves  made  with  bent  plates,  angles.  I-beams 
or  channels,  usually  riveted  to  the  transverse 
girder  web  also,  and  affording  a  seat  to  which 
the  lower  flange  of  the  longitudinal  girder  Is 
usually  bolted  through  slotted  holes,  although 
it  sometimes  merely  rests  there  without  any 
fastening.  This  type  of  connection  avoids  the 
undesirable  features  of  drop  girders,  notched 
ends,  or  special  ends  for  the  longitudinal  gird- 
ers, and  can  distribute  the  load  uniformly  over 
the  web  of  the  transverse  girder.  It  also  affords 
a  convenient  connection  to  vertical  or  batter 
posts  of  viaduct  bents  or  towers  when  It  la  de- 
sired to  keep  the  girders  below  the  tops  of  the 
posts. 

In  the  New  Kinzua  Viaduct  the  outside  lines 
of  the  longitudinal  girders  have  their  expan- 
sion ends  seated  in  pockets  made  with  pairs  of 
gusset  plates  about  8  feet  deep  and  15  Inches 
apart.  Each  plate  is  connected  to  the  top  of 
the  trestle  bent  hy  a  pair  of  f>x4-inch  vertical 
angles,  and  Is  tapered  from  both  ends  to  a 
maximum  width  of  nearly  2  feet  near  the  lower 
end.  At  this  point  the  gussets  are  connected  by 
a  pair  of  horizontal  15-inch  channels,  back  to 
back,  with  a  pair  of  1-inch  bearing  plates  coun- 
tersunk-riveted to  the  web  of  the  upper  channel. 
The  end  of  the  girder  is  seated  on  this  plate 


May  CI,  1904. 


THE     ENGINEERING     RECORD. 


O59 


without  bolts,  but  the  top  flange  Is  flush  with  flanges  of  a  pair  of  vertical  web-stiffener  angles 

the  top  flange  of  the  trestle  top  and  is  connected  reaching  from  the  lower  flange  to  the  middle  of 

to  it  and  to  the  adjacent  fixed  girder  by  a  flange  the    transverse    girder.      Their   top    edges   just 

plate  riveted  to  the  latter  and  bolted  through  clear  the  bottom  edges  of  the  projecting  plates 

slotted  holes  to  the  sliding  girder  flange.    This  and  support  the  flat  base  of  a  loose  semi-cylin- 

connection  is  virtually  made  both  to  the  web  of  drical  steel  bearing  piece  about  3  inches  long, 

the    double-web    transverse   girder   and   to    the  which  is  engaged  between  angle-jaws  projecting 


fixed  girders  are  riveted  and  those  of  the  slid- 
ing girders  are  bolted  through  slotted  holes. 
(To  be  continued.) 


Alcohol  as  a  Fuel  for  illuminating  and 
power  purposes  is  extensively  used  in  France 
and  Germany.  Germany  is  the  leader  in  this 
top  of  the  battered  column  which  it  intersects  from  the  end  of  the  longitudinal  girder.  The  line  using  largely  spirits  extracted  from  po- 
on  the  center  line.  lower  edge  of  the  projecting  web  plate  has  a      tatoes.     Since  1887,  when  the  German  govern- 
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Atlantic  Avenue   Viaduct,   Brooklyn. 
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Seat  for  Girder,   KInzua  Viaduct, 


The  elevated  structure  of  the  New  York 
Rapid  Transit  Railroad  Company  was  described 
in  The  Engineering  Record  of  February  28, 
1903.  The  longitudinal  girders  are  web-con- 
nected to  the  columns  and  to  the  transverse 
girders.  Their  sliding  ends  have  web  reinforce- 
ment plates  projecting  beyond  the  end  vertical 
web-stiffener  angles,  with  their  lower  hori- 
zontal edges  just  below  the  center  line  of  the 
girder.     In  the  same  plane  are  the  reinforced 


half-hole  bearing  on  the  semi-cylinder  and 
slides  back  and  forth  with  it  according  to  tem- 
perature movements,  while  it  is  also  free  to 
deflect  on  it  without  perceptibly  changing  the 
bearing  under  deflections.  The  top  flange  angles 
of  the  longitudinal  girders  abut  on  the  center 
line  of  the  transverse  girder,  and  their  lower 
edges  just  clear  its  top  flange  and  are  engaged 
between  the  vertical  flanges  of  two  short  guide 
angles   riveted  across  it.     The  flanges  of  the 


ment  began  to  encourage  the  use  of  alcohol  for 
mechanical  purposes  by  removing  imposts,  the 
acreage  devoted  to  potato  growing  has  been  in- 
creased very  largely.  From  1887  to  1891,  the 
average  annual  crop  of  potatoes  was  27,000,000 
tons;  for  the  flve  years  1897  to  1901  inclusive, 
the  crop  averaged  40,000,000  tons.  During  the 
fir^t  four  months  of  1903,  according  to  "The  En- 
gineer," the  Society  of  Alcohol  Manufacturers, 
sold  considerably  over  210,000  gallons. 
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Future  ImproTcments  in  Internal  Combustion 
Motors. 


TIm  internal  combustion  motor  was  the  sub- 
ject of  a  compr«Iieasive  monograph  contributed 
recently  by  Mr.  Dugald  Clerk  to  the  Institution 
of  Ciril  Engineers.  A  portion  of  it.  on  account 
of  its  practical  bearing  on  the  question  of  im- 
prorements  to  this  class  of  engines,  is  printed 
in  the  succeeding  review,  but  the  rest  of  it. 
which  was  largely  given  up  to  the  discussion  of 
iBTeetigations  of  the  author,  can  only  be  re- 
ferred to  in  brief.  In  one  particular  the  work 
may  be  said  to  emphasize  the  need  of  co-opera- 
tion on  the  part  of  both  the  physicist  and  the 
chemist  with  the  engineer,  pointing  out  the 
Hbm  along  which  scientlflc  investigation  is 
BMt  desired.  The  present  position  of  the 
theory  of  the  internal  combustion  motor  is.  he 
said,  in  the  state  of  that  of  the  steam  engine  at 
the  time  of  Watt,  before  the  accurate  deter- 
mination of  the  properties  of  steam.  As  Watt 
knew  of  the  latent  heat  of  steam,  but  did  not 
know  all  its  properties  accurately  through  a 
considerable  range  of  pressures  and  tempera- 
tares,  so  engineers  now  know  of  a  similar  ab- 
sorption or  suppression  of  heat  existing  in 
gaseous  explosions,  without  knowing  accurately 
Its  causes  or  proportions  under  all  the  various 
conditions  of  practice. 

Much  difference  of  opinion  still  exists  on 
physical  and  chemical  points,  but  all  are  agreed, 
he  says,  so  far  as  practice  is  concerned,  on  cer- 
tain main  features.  These  leading  features 
are:  Initial  compression  of  the  working  fluid, 
exposure  of  the  flame  to  the  smallest  area  of 
cooling  surface  for  the  shortest  time,  and  the 
use  of  the  lowest  flame  temperatures  consistent 
with  high  available  pressures.  Development 
has  followed  two  main  lines:  First,  Improve- 
ments relating  to  the  motor  itself,  including 
changes  in  the  thermodynamic  cycle;  second. 
Improvements  in  the  means  of  generating  the 
fuel  to  operate  the  motor.  The  former  compre- 
hend the  modification  of  admission  valves, 
igniting  devices,  governing  devices  and  water 
and  air  cooling  devices.  The  latter  relate  to  the 
effective  production  of  ordinary  gas,  producer 
gas,  the  treatment  of  hydro-carbons,  the  purifi- 
cation of  blast-furnace  and  coke-oven  gas,  and 
the  like. 

As  to  the  question  of  the  heat  efficiency  of  in- 
ternal combnstion  motors,  a  table  was  given  of 
heat  balance  sheets  from  testa  of  engines  re- 
ported by  well  known  engineers  from  1882  to 
1900.  A  steady  increase  of  efficiency  was  noted. 
In  the  first  test  the  heat  converted  Into  indi- 
cated work  was  only  16  per  cent,  of  the  total 
lieat  given  to  the  engine,  and  this  rose  to  28 
per  cent,  in  1898  and  1900.  In  the  figures  for 
the  proportion  of  heat  rejected  in  the  water 
circulation,  the  tests  of  1882  and  1884  showed 
51  and  52  per  cent.;  the  latest  tests,  24.2  per 
cent  An  examination  of  the  heat  rejected  In 
the  exhaust,  on  the  other  hand,  showed  a  tend- 
«ncy  to  Increase,  ranging  from  31  per  cent,  to 
40  per  cent,  and  in  one  late  case  48  per  cent. 

With  regard  to  the  ways  in  which  physicists 
could  be  of  aervlce,  Mr.  Clerk  presented  the  fol- 
lowing snggeatlons:  The  determination  of  the 
maximum  temperature  of  gaseous  explosions  de- 
pends, to  a  large  extent,  on  a  knowledge  of  the 
chemical  actions  going  on  in  an  explosion. 
These  actions  are  of  a  very  complicated  kind, 
and  more  exact  knowledge  as  to  their  nature 
will  exercise  considerable  influence  upon  the 
future  of  the  internal-combustion  motor. 

Aaeamlng  complete  combustion,  it  is  well 
known  that  a  maximum  explosive  mixture  of 
hydrogen  and  oxygen,  or  carbonic  oxide  and 
oxygen,  suffers  a  contraction  of  one-third  in  the 
from  the  uncombined  gases  to  the  com- 


pounds, steam  or  carbonic  acid.  In  the  use  of 
■  hydrocarbons  such  as  occur  in  petroleum  and 
petrol,  it  is  found  that  instead  of  contraction, 
molecular  expansions  occur.  With  alcohol,  for 
example,  which  is  now  coming  into  use  in  these 
engines,  eight  volumes  of  explosive  mixture  ex- 
pand to  ten  volumes  on  complete  combustion. 
An  air  mixture  with  alcohol  could  easily  give 
an  expansion  o(  about  6  per  cent.  In  this  re- 
spect alone,  then,  all  change  of  molecular  vol- 
ume between  the  uncombined  gases  and  the 
compounds  formed  after  combustion  must  be 
carefully  examined  before  the  temperature  can 
be  estimated,  either  from  an  indicator  diagram 
taken  from  an  engine  or  from  the  results  of  an 
explosion  in  a  closed  vessel. 

Gas  engine  constructors  have  noted  that 
among  all  uncertainties  there  emerges  one  cer- 
tain fact,  that  the  higher  the  compression — or, 
rather,  the  smaller  the  compression  space  rela- 
tively to  the  cylinder  volume — the  greater  the 


Concrete-Steel  Chimney  at  Leiter. 

economy  to  be  obtained  from  the  engine.  They 
have  seized  upon  this  fact,  and  the  past  twenty- 
five  years  have  shown  steadily  increasing  com- 
pression. All  internal-combustion  motors  suffer 
large  heat  losses  because  of  the  contradictory 
requirements  of  the  practical  cycle.  The  cycle 
requires  a  charge  of  working  fluid  first  as  cold 
as  possible,  then  the  compression  of  that  charge 
without  heat  loss  or  gain,  then  combustion  pro- 
ducing high  temperatures,  succeeded  by  expan- 
sion, also  without  heat  loss  or  gain.  In  the  or- 
dinary internal<'Ombustion  motor  of  medium 
size  these  opposite  conditions  follow  each  other 
in  the  same  cylinder  at  intervals  of  about  one- 
sixth  of  a  second,  and  in  a  high-speed  petrol 
motor  at  from  one-twentieth  to  one-fiftieth  of 
a  second. 

With  engines  of  similar  proportions,  the  sur- 
face exposed  for  cooling  flame  increases  as  the 
square,   while   the  capacity   of  the  engine  In- 


creases as  the  cube.  From  this  it  follows  that 
the  larger  engines  should  lose  less  heat  propor- 
tionately than  the  small  ones.  This  is  found  to 
be  the  case,  but  it  is  also  found  that  in  engines 
above  certain  dimensions  the  reduction  of  cool- 
ing surface  can  be  pushed  too  far.  This  Is  due 
to  the  fact  that  an  engine  piston  has  to  com- 
press an  inflammable  mixture  to  high  pressure 
before  ignition  occurs  at  all.  It  the  products  of 
the  previous  combustion  be  not  entirely  re- 
moved, then  in  a  large  engine  the  temperature 
remains  so  elevated  that  the  initial  or  suction 
temperature  of  the  engine  is  raised,  and  at  high 
compressions  pre-ignitions  occur.  In  small  en- 
gines pre-ignitions  are  rare,  and  are  not  dan- 
gerous; in  large  engines  they  are  unfortunately 
somewhat  frequent,  unless  mean  pressures  be 
kept  down  and  extensive  cooling  adopted.  Pre- 
ignitions  are  due  to  many  causes — sometimes 
to  a  small  incandescent  part  of  metal  within  the 
cylinder,  sometimes  to  a  porous  surface  of 
metal  within  the  cylinder,  sometimes  to  a  hot 
piston  end,  sometimes  to  an  overheated  exhaust 
valve,  possibly  to  charred  matter  of  carbon  de- 
posited in  the  cylinder.  In  all  cases  it  occurs 
owing  to  the  tendency  of  these  engines  to  be- 
come overheated. 

The  temperature  at  which  pre-ignition  oc- 
curs depends  on  the  nature  of  the  gas  used; 
and  so  the  engineer  may  regulate  his  compres- 
sion, rate  of  cooling,  and  other  circumstances 
to  keep  his  mixture  lower  than  this  point.  One 
of  the  great  limitations  imposed  on  the  large 
engine  is  due  to  excessive  heat  flow  through  the 
enclosing  walls.  This  heat  flow  increases  with 
increase  of  explosion  temperature.  In  the 
smaller  engines  the  tendency  of  recent  years  has 
been  to  increase  flame  temperatures  within  the 
cylinders  to  the  highest  safe  economical  point, 
because  each  maker  desires  to  sell  an  engine 
giving  the  greatest  power  as  well  as  economy 
for  a  given  price.  The  problem  is,  in  the  end,  a 
commercial  one,  and  the  pressure  of  competi- 
tion in  the  end  forces  the  designer  to  get  not 
only  the  highest  economy,  but  also  the  highest 
safe  power  limit  for  compressions  and  dimen- 
sions of  the  engine. 

The  question  of  high  mean  pressure  is  a 
most  important  one.  In  many  of  the  large  gas 
engines  the  mean  working  pressures  are  rela- 
tively low;  in  the  large  continental  engines 
mostly  60  pounds  per  square  inch  or  under. 
British  built  engines  usually  operate  the  me- 
dium sizes,  at  pressures  as  high  as  90  pounds 
and  100  pounds  per  square  inch,  and  the  English 
engineer  at  present  is  by  no  means  satisfied 
with  the  average  pressures  which  he  can  safely 
employ  in  existing  large  gas  engines.  To  ob- 
tain high  mean  pressure  is  to  have  an  engine  of 
great  power  for  small  dimensions,  but  if  flame 
temperatures  be  reduced  to  prevent  heat  flow 
difficulties,  and  save  heat  in  this  way,  the  mean 
pressure  is  also  reduced.  It  is  very  desirable  to 
reduce  heat  flow,  especially  in  large  gas  en- 
gines. 

Some  time  ago  it  appeared  possible  to  Mr. 
Clerk  to  reduce  maximum  temperatures  while 
Increasing  mean  pressure  by  Increasing  the 
charge  weight  per  stroke  given  to  an  engine. 
He  experimented  with  two  engines,  one  of  7 
inch  cylinder,  15  inch  stroke,  and  another  of  10 
inch  cylinder  by  18  inch  stroke.  These  engines, 
which  are  of  the  ordinary  standard  four-cycle 
type,  are  allowed  to  take  In  the  usual  charge  of 
gas  and  afr,  then  at  the  end  of  the  stroke  a 
further  charge  of  air  or  other  inert  fluid  is 
added  to  increase  the  pressure  in  the  cylinder 
to  seven  pounds  or  eight  pounds  per  square 
Inch  above  atmosphere  before  the  return  of  the 
piston  begins.  This  has  the  effect  of  Increasing 
the  charge  weight  present  in  the  cylinder  by 
about  40  per  cent.,  and  of  increasing  the  pres- 
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sure  of  compression  without,  however,  increas- 
ing the  temperature  of  compression.  Indeed,  in 
both  experiments,  the  temperature  of  compres- 
sion was  diminished.  Xs  the  charge  present  is 
constant  so  far  as  gas  is  concerned,  the  maxi- 
mum temperature  in  the  diagrams  talien  by  him 
from  these  two  engines  Is  about  1,200  degrees 
centigrade  (2,200  degrees  Fahr.).  Experi- 
ments were  made,  and  it  was  found  that  the 
heat  flow  was  reduced  to  about  two-thirds; 
and,  further,  that  the  mean  available  pressure 
was  increased  about  20  per  cent. 

Two  indicator  diagrams  were  shown  from 
the  10xl8-inch  engine,  one  from  the  engine  in  its 
ordinary  condition  of  operation,  and  the  other 
to  show  the  effect  of  adding  air.  In  the 
case  of  the  ordinary  diagram,  the  compression 
was  carried  to  130  pounds,  the  maximum  pres- 
sure to  460  pounds,  and  the  mean  pressure  was 
89  pounds.  The  amount  of  gas  per  indicated 
horse-power  was  16.7  cubic  feet,  and  the  ther- 
mal efficiency  was  27.7  per  cent.  The  other  dia- 
gram showed  a  compression- of  190  pounds,  a 
maximum  pressure  of  565  pounds,  and  a  mean 
pressure  of  110  pounds.  The  amount  of  gas 
per  Indicated  horse-power  hour  was  13.2  cubic 
feet,  and  the  thermal  efficiency  34.4  per  cent. 
This  method  of  increasing  practical  efficiency 
has  the  merit  of  reducing  temperatures  all 
round,  and  preventing  pre-ignitions  in  two  di- 
rections, namely,  by  temperature  reduction  and 
also  by  reducing  the  average  inflammability  of 
the  charge  so  that  it  is  less  readily  ignited  on 
compressioin. 

If  in  large  engines  Just  enough  heat  could 
be  added  to  the  expanding  gases  to  keep  the  ex- 
pansion line  up  to  the  adiabatlc,  then  greatly 
increased  efficiencies  would  be  obtained,  and  no 
Increased  loss  of  heat  would  be  suffered  by  the 
discharge  of  the  exhaust.  Prom  the  expansion 
curves,  however,  of  large  engines  it  is  evident 
that  heat  is  added  during  the  expansion  stroke 
in  proportions  far  greater  than  is  necessary  to 
keep  the  line  up  to  the  adiabatic.  More  work 
is  done  above  the  adiabatic  line,  and  this  at 
once  introduces  a  cause  of  loss  of  efficiency,  as 
is  shown  clearly  by  the  tables  referred  to. 
Further,  it  also  introduces  an  increased  loss  by 
discharge  of  a  certain  proportion  of  heat  with 
the  exhaust  gases.  This  loss  is  increased  in 
large  gas  engines  instead  of  diminished.  En- 
gineers should  endeavor  to  find  means  of  ad- 
ding the  heat  required  at  an  early  part  of  the 
expansion  in  order  to  avoid  this  difficulty.  It 
may  very  well  be  that  the  rate  of  combustion  is 
too  slow  to  enable  all  the  required  heat  to  be 
added  early  in  the  stroke.  In  large  gas  engines 
It  certainly  appears  as  if  this  were  the  case, 
and  this  peculiarity  introduces  the  possibility 
of  Improvement  in  efficiency  by  the  use  of  lower 
speeds  giving  longer  periods  for  the  combus- 
tion of  each  charge.  If  physicists  or  chemists 
could  discover  means  of  adding  beat  early  in 
the  stroke  greater  efficiencies  would  be  at  once 
attained.  It  might  be  said  that  improvement 
in  this  respect  could  be  had  by  expanding  to  a 
volume  greater  than  that  of  .the  original  volume 
of  the  gaseous  charge  before  compression.  This, 
no  doubt,  produces  some  improvement;  but,  un- 
fortunately, It  greatly  increases  the  weight  and 
dimensions  of  an  engine  for  a  given  power. 
The  old  idea  among  gas  engineers  to  increase 
economy  was  to  increase  expansion  beyond 
original  charge  volume.  It  has  been  found, 
however,  that  this  is  much  more  effectively 
done  by  diminishing  compression  volume. 
Greater  expansion  gained  in  this  way  is  gained 
under  conditions  which  reduce  cooling  surface 
instead  of  increasing  it,  and  impose  no  greater 
strains  upon  the  engine  relatively  to  the  vol- 
ume swept  through  than  in  the  case  of  expan- 
sion beyond  atmosphere. 


A  Concrete-Steel   Chimney  Reinforced  with 
T-Bars. 

The  new  Leiter  coal  mines  at  Zeigler,  Frank- 
lin county,  111.,  have  just  completed  a  concrete- 
steel  chimney  154  feet  10  inches  high  with  a 
uniform  Inside  diameter  of  6  feet.  The  power 
house  with  which  this  chimney  is  connected  at 
present  contains  three  Heine  safety  water-tube 
boilers  of  350  horse-power  each,  and  supplies 
power  to  the  mines  and  electric  light  to  the 
town. 

The  foundation  for  the  chimney  is  carried  to 
a  depth  of  9  feet  6  inches  below  the  new  grade 
and  has  a  bearing  18  feet  square.  The  founda- 
tion reinforcing  consists  of  four  layers 
of  li/i^l^xVi-inch  steel  T-bars.  Two  sets  lie 
diagonally  with  respect  to  the  sides  of  the  foun- 
dation and  at  right  angles  to  each  other,  and 
the  other  two  parallel  with  the  foundation  sides 
and  also  at  right  angles  to  each  other;  the 
former  are  spaced  18  inches  apart  and  the  lat- 
ter 12  inches. 

The  chimney  proper  is  built  up  around  verti- 


Forms  for  Constructing  Chimney. 

cal  T-rods,  l^xl'/jxi/i-inch  in  size,  the  bottom 
ends  of  which  are  turned  outward  and  fixed  be- 
tween the  layers  of  the  foundation  reinforce- 
ment bars,  to  securely  anchor  the  structure. 
Every  18  inches  these  vertical  rods,  which  are 
placed  flange  out,  are  bande'd  outside  by  a  T- 
ring  lxlx%-inch  placed  with  the  flange  inside. 
The  vertical  rods  are  in  lengths  of  20  to  27  feet, 
just  as  they  came  from  the  mill,  breaking  the 
joints  around  the  chimney  and  overlapping  the 
ends  30  inches. 

For  51  feet  from  the  top  of  the  foundation  the 
chimney  is  built  as  two,  entirely  separate,  con- 
centric shells.  The  outer  shell,  6  inches  thick, 
takes  the  wind  pressure,  and  the  inner  shell,  4 
inches  thick,  allows  for  expansion  changes  with 
the  high  temperatures  of  the  flue.  At  the  top 
of  the  inner  shell  2%  inches  is  left  for  expan- 
sion vertically  before  contracting  the  outer  shell 
to  the  6-foot  diameter.  With  a  thickness  of  5 
inches,  this  forms  the  single  shell  of  the  chim- 
ney from  that  point  to  the  top.  Between  the 
two  shells  is  left  an  air  space  of  4  inches,  and 
about  every  18  inches    within .  this    air    space 


are  blocks,  the  size  of  a  half  brick,  projecting, 
from  the  outer  shell  to  within  Vz  inch  of  the 
inner,  to  guard  against  excessive  relative  dis- 
placement. At  the  bottom  of  the  air  space  are 
four  openings,  each  4x4  inches  in  size,  for  al- 
lowing a  circulation  of  air,  which  is  q.uite  free 
to  pass  Into  the  body  of  the  stack  at  the  expan- 
sion joint  above,  the  arrangement  tending  to 
keep  the  soot  from  settling  into  the  air  space. 
An  accompanying  photograph  Indicates  the  lo- 
cdtion  of  the  end  of  the  double  construction  and 
also  the  steel-concrete  smoke  breeching  to  the 
power  house. 

The  concreting  forms  shown  in  another  view 
consists  of  two  rings  of  six  sections  each,  3  feet 
wide,  and  fastened  together  with  Iron  latches. 
These  molds  are  held  only  by  friction  on  the 
concrete  and  are  disconnected  before  hauling  to- 
the  next  course.  The  flat  top  ring  Is  a  patent 
guide-ring  to  hold  the  vertical  steel  rods  in 
alignment  through  holes  In  It.  This  ring  is 
made  of  two  %-inch  layers  of  wood  and  Is- 
pushed  on  up  ahead  of  the  concreting.  It  alsO' 
carries  the  beam  for  the  hoist  pulley.  All  mate- 
rial Is  hoisted  inside  the  chimney. 

Egyptian  cement  was  used.  The  sand  is  Miss- 
issippi River  sand,  and  the  proportion  1:3  where 
high  compression  exists,  and  1:4  toward  the 
top.  The  mixing  was  done  with  shovels  on  a 
platform,  turned  four  to  five  times  dry  and  at 
least  three  times  wet.  The  concrete  was  mixed 
almost  dry  and  in  very  small  quantities,  and 
used  immediately  after  mixing  and  tamped 
very  hard.  The  outside  finish  is  a  wash  of  neat 
cement  applied  after  the  completion  of  the  con- 
struction proper. 

The  total  weight  of  the  chimney  is  556,000 
pounds.  Its  overturning  moment  with  40  pounds 
of  wind  pressure  per  square  foot  is  given  as 
1,442,629  foot-pounds.  This  brings  a  maximum 
compression  of  450  pounds  per  square  Inch  in 
the  concrete.  Some  15,760  pounds  of  steel  of  an 
ultimate  tensile  strength  of  80,000  to  90,000- 
pounds  was  used,  and  251  barrels  of  cement. 
The  structure  was  designed  by  Mr.  Cart  Weber 
and  erected  by  the  Weber  Steel  Concrete  Chim- 
ney Company,  of  Chicago.  Work  was  begun 
February  28  and  completed  May  1.  The  cost  is 
said  to  be  about  the  same  as  that  for  a  steel 
structure,  and  the  chimney  has  given  satisfac- 
tion because  of  its  air-tight  monolithic  construc- 
tion and  smooth  interior  service.  The  actual 
surface  area  occupied  at  the  ground  is  bounded 
by  a  circle  but  8  feet  4  inches  in  diameter. 


The  Ventilatiox  of  Sewers  by  means  of  a 
combination  of  perforated  manhole  covers  and 
tali  shafts  connected  with  the  sewers  has  failed 
in  at  least  one  English  town,  according  to  the 
statement  of  the  borough  engineer  of  Leicester, 
where  such  a  combination  was  faithfully  tried, 
"The  system  of  surface  grid  ventilation  has 
been  well  tried  in  Leicester  under  all  condi- 
tions, including  those  most  favorable  to  it,  with 
ihe  result  that  it  has  been  found  a  fruitful 
source  of  nuisance  by  reason  of  the  offensive 
emanations;  and  strenuous  complaints  from  the 
public  are  very  common,  and  of  frequent  occur- 
rence. This  has  also  been  the  case  in  the  wide 
streets  of  new  building  estates,  where  the  open 
c;rids  have  been  placed  throughout  at  short  dis- 
tances apart,  with  excellent  sewers  of  the  best 
type  which  have  been  regularly  flushed.  Pipe 
shafts  have  been  erected  at  short  distances  from 
the  grids  complained  of,  and  some  of  the  grids 
left  open,  but  these  grids  still  acted  frequently 
as  offensive  outlets,  which  has  been  proved  by 
the  many  anemometer  tests  taken,  as  well  as  by 
the  stench  arising  therefrom.  Finally,  these 
grids  have  had  to  be  closed,  which  proved  the 
fallacy  of  the  idea  that  the  grids  may  be  re- 
lied on  to  act  af  inlets  only." 
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The  Premier  Water  Meter. 


The  Premier  water  meter  is  a  new  device  for 
mMtoring  the  flow  of  water  or  any  other  fluid. 
throach  a  main  or  conduit,  and  can  be  built 
of  anr  dealred  «xe.  It  is  of  the  proportional. 
dlspUc«ment  type,  and  its  design  is  based  on 
brdraoUc  formulas,  the  accuracy  of  which  have 
be«it  eaubliahed  and  accepted. 

The  meter  was  invented  by  Mr.  Arthur  S. 
TutUe,  M.  Am.  Soc.  C.  E..  who  was  formerly 
«oiiii«cted  for  many  years  with  the  Brooklyn 
«mt»r  works. 

It  coaalsta.  first,  of  a  venturl  tube,  which  ijiay 
he  described  as  a  short  contracting  section  of 
the  main,  joined  to  an  expanding  section  by  a 
ahort  cylindrical  section.  The  diameter  of  the 
connosUng  cylinder  is  the  same  as  that  of  the 
smaller  end  of  each  of  the  two  cones,  while  the 
larger  diameter  of  the  cones  corresponds  with 
that  of  the  pipe  line  on  which  the  meter  is  to 
be  used.  These  parts  are  designated  respect- 
ively as  the  upstream  cone,  downstream  cone, 
and  throat.  The  tube  is  built  into  and  forms 
a  part  of  the  main  to  be  measured. 

The  aecond  part  of  the  apparatus  consists  of 
a  by-pass  leading  from  the  main  Just  above  the 
upstream  end  of  the  upstream  cone,  and  again 
meeting  it  at  the  throat,  the  junction  being  ef- 
fected by  an  acute  angle  and  through  a  con- 
tracting cone  and  throat.  The  by-pass,  with  its 
cone  and  throat,  are  of  a  much  smaller  diame- 
ter than  the  main  and  its  similar  cone  and 
throat,  and  each  part  of  the  by-pass  bears  a  defi- 
nite and  known  relation  to  the  similar  parts  of 
the  main. 

The  third  part  of  the  meter  consists  of  the  re- 
corder, which  is  a  specially  designed  displace- 
ment meter,  inserted  on  the  by-pass  pipe  and 
«o  constructed  that  it  registers  the  entire  flow 
through  the  main. 

As  a  whole,  the  meter  may  be  said  to  consist 
of  a  large  and  a  small  venturl  tube,  merging 
Into  one  at  their  throats  and  having  a  common 
downstream  cone,  with  a  recording  apparatus 
pUced  on  the  pipe  leading  to  the  smaller  ven- 
turl but  measuring  the  toUl  flow  through  both 
tubes,  which  is  equivalent  to  that  of  the  main. 
From  the  theory  of  flow  through  venturl 
tubes,  as  fully  explained  in  text  books  on  hy- 
draulics and  as  determined  by  the  experiments 
•of  Mr.  Clemens  Herschel,  M.  Am.  Soc.  C.  E. 
(Trans.  Am.  Soc.  S.  E.,  vol.  17,  page  228),  it 
appears  that  the  temporary  loss  of  head  at  the 
throat  of  tubes  of  similar  design  but  of  dlfter- 
«nt  sizes,  due  to  the  temporary  increase  in  ve- 
locity, is  the  same  in  each  for  any  given  ve- 
locity In  the  main,  from  which  it  follows  that 
when  the  same  temporary  losses  of  head  exist 
at  the  throaU  of  each  of  two  similar  tubes  of 
this  character,  the  velocity  in  each  main  must 
be  tbs  same,  and  that  the  flow  through  each 
must  be  in  direct  proportion  to  their  respective 
areas,  this  being  the  principle  upon  which  the 
meter  Is  baaed. 

The  positive  and  certain  action  of  the  appa- 
ratus becomes  clearer  when  a  speciflc  case  is 
considered.  Assume  that  water  is  flowing 
through  a  main  with  a  velocity  of  3  feet  per 
aecond,  corresponding  with  a  velocity  head  of 
0.14  feet  In  passing  through  a  meter  having 
a  throat  area  one-ninth  that  of  the  main,  this 
Telocity  becomes  27  feet  per  aecond,  with  a  cor- 
responding velocity  head  of  11.30  feet,  so  that 
the  pressure  head  Is  reduced  11.16  feet  at  the 
throat  In  the  Premier  meter,  this  very  appre- 
ciable drop  In  pressure  Ukes  place  at  the  com- 
mon throat  and  makes  Itself  equally  felt  in  the 
large  and  small  upstream  cones,  producing, 
from  the  law  already  explained,  a  flow  in  each, 
the  relative  volume  of  which  is  a  constant.  The 
meter  la  designed  to  meet  given  requirements. 


and  so  that  this  positive  but  temporary  loss  of 
head  is  sufRcieut  to  secure  the  desired  effect 
on  the  flow  through  the  by-pass.  Such  effect 
can  only  be  secured  by  some  form  of  contrac- 
tion in  the  main  and  the  one  proposed  offers 
the  best  advantages. 

To  overcome  the  slight  friction  of  the  record- 
ing apparatus,  special  features  of  a  minor  char- 
acter are  introduced  in  the  meter  by  means  of 
which  the  velocity  of  the  main  is  reduced  in  the 
by-pass,  thus  also  largely  removing  danger  of 
the  entrance  of  material  floating  in  the  water, 
'  which  possibility  can  be  made  still  more  remote 
by  placing  a  screen  over  the  entrance  to  the 
by-pass. 

The  meter  will  commend  itself  to  water 
works  officials  for  use  on  mains  for  many  rea- 
sons, among  which  may  be  noted  the  following: 
It  is  simple  in  construction  and  can  be  set  up 
without  expert  supervision,  and  the  recording 
apparatus  not  only  can  be  read  by  an  unskilled 
attendant,  but  needs  no  adjustment.  It  is  en- 
tirely self-operating,  and  if  not  visited  regu- 
larly, the  record  is  continued  for  an  indefinite 
time.  It  may  be  wholly  buried  In  the  ground  in 
like  manner  to  other  parts  of  the  pipe  line,  re- 
quiring only  a  small  chamber  around  the  re- 
cording apparatus,  which  latter  is  in  every  ex- 
ternal respect  similar     to  an  ordinary     house 


a  form  which  will  be  appreciated  as  convenient. 
The  meter  illustrated  is  for  a  30-inch  main, 
and  will  form  a  part  of  the  exhibit  of  The 
National  Meter  CompaBy  at  the  Louisiana  Pur- 
chase Exposition.  It  is  the  first  one  built  for. 
actual  service,  although  work  is  now  in  prog- 
ress on  two  16-inch  meters  of  the  same  pattern, 
with  automatic  recorders,  for  Holyoke,  Mass. 

Suiuniart/  of  Jesuits  of  Teeta  of  An   Esficiimental  12 
in.   I'rcmter  Meter,  Baaed  on  Tank  Meusurement. 

Ac- 
curacy 
Velocity  Tank  Kegi.stcied  of 

In  main.  measurement,  measurement,    meter. 

0.95  ft.  per  sec.  204.75  cu.  ft.       200  cu.  ft.       97.7% 

1.04  ■•  207.75     "  200     "  9«.3  " 

1.07  '•  101.00     "  100     ••  99.0  •• 

1.15  "  202.50     "  200       •  98.8  " 

1.21  "  100.75     •'  100     ••  99.2  " 

1.23  "  206.75     "  200     "  96.7  " 

1.25  "  309.00     '•  300     "  97.1  " 

3.30  "  298.50     "  300     "  100.,"!  " 

3.33  '■  201.00     "  200     "  99.5  " 

3.34  "  200.00  "  200  "  100.0  " 
4.90  •'  298.75  "  300  "  100.4  " 
4.92  "  499.74  "  500  "  100.1  " 
6.38  •■  201.00  "  200  "  99.5  " 
6.43  "  99.50  "  101)  "  100.5  " 
6.51  •'  200.00  '•  200  "  100.0  " 
6.53          "                     300.74     "              300     "  99.7  " 

3,831.73     "  3,600     "  99.1  " 

The  diameter  of  the  throat  of  the  meter  was  one- 
third  the  diameter  of  the  main. 

The  volume  of  water  admitted  to  the  measuring 
tank  was  In  each  case  determined  by  the  reading  on 
the  meter  dial,  the  supply  being  cut  off  when  the  reg- 
istration showed  that  the  desired  amount  had  been 
delivered. 

Tests  of  12-lnch  experimental  ruoteis  of  this 
type  have  been  in    progress    for    nearly    four 


The  Premier  Water   Meter  for    Large   Mains. 


meter.  The  constant  motion  of  water  through 
all  of  its  parts  reduces  the  danger  of  freezing 
to  a  minimum,  the  same  being  no  greater  than 
exists  at  other  points  on  the  main  which  are 
similarly  exposed;  this  danger  is  wholly  re- 
moved if  the  meter  is  placed  far  tinouph  below 
the  surface.  No  greater  friction  loss  is  pro- 
duced in  the  mala  by  this  meter  than  by  those 
of  any  other  type. 

Summary  of  llcnuUt  of  Teaia  of  An  Experimental  12 
in.  Premier  Meter,  Baaed  on  Weir  Steaaurement. 

Ratio  of  meter 
Duration  Velocity.  record  to  tank 

or  test.  In  main.  measurement. 

30  minutes  0.7.'>  ft.  per  sec.  95.2  per  cent 

■W       ••  O.SO  "  99.7 

iO       "  U.90  "  96.6 

30       "  1.6  '■  97.9 

10       "  1.1  "  99.2 

20       "  1.8  "  100.1 

60       ■•  2.1  "  100.3 

10       '•  2  3  "  99.8 

30       ••  3.1  "  100.0 

10       ;•  3.2  ■•  100.0 

70  3.3  ■■  100.8 

The  wtlr  used  for  these  experiments  was  2  ft.  long 
and  had   end  contractions. 

The  Hamilton  Smith  formqla  was  used  for  the  cal- 
calatlons. 

The  diameter  of  the  throat  of  the  meter  was  one 
third  the  diameter  of  the  main. 

An  automatic  recording  apparatus  is  being 
perfected  which  will  leave  a  graphic  record  of 
the  flow  through  the  main  at  all  hours,  and  in 


years,  and  in  placing  the  meter  on  the  market 
the  manufacturers  do  so  with  a  feeling  of  cer- 
tainty as  to  Its  merit.  These  tests  have  proved 
abundantly  that  the  meter  will  at  least  rank 
among  the  most  accurate  of  all  devices  now 
known  and  recognized  as  suitable  for  the  com- 
mercial measurement  of  water. 

To  insure  absolute  certainty  of  proportions, 
all  meters  will  be  tested  by  weir  or  tank 
measurement,  an  elaborate  plant  for  weir  tests 
of  meters  of  large  size  having  been  provided 
at  the  works  of  the  makers,  the  National  Meter 
Company,  for  this  purpose. 


Photographs  of  Mechanicai,  Engineerino 
Structures  are  desired  by  the  local  committee 
having  charge  of  the  headquarters  of  the  Amer- 
ican Society  of  Mechanical  Engineers  at  the 
Louisiana  Purchase  Exposition.  Manufacturers 
who  can  offer  such  photographs  are  requested 
to  send  full  particulars  concerning  them  to  the 
secretary  of  the  committee,  Mr.  Wm.  H.  Bryan, 
Lincoln  Trust  Building,  St.  Louis.  At  the  close 
of  the  Exposition  the  collection  will  be  given 
to  the  Mechanical  Engineering  Department  of 
Washington  University. 


May  21,  1904. 
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A  Heavy  Coping  and  Punching  Machine. 

The  accompanying  illustration  gives  a  gen- 
eral idea  of  a  copingr«ud  punching  machine 
designed  to  take  beams  from  G  to  24  inches  in. 
depth.  It  is  shown  with  double  coping  tools 
attached,  so  that  the  beam  can  be  fed  from 
either  side,  and  the  ends  coped  without  re- 
versing it.  The  coping  is  done  with  four 
strokes  of  the  slide.  The  first  cuts  both  cor- 
ners from  the  flanges,  and  the  next  trims  the 
web.  The  beam  is  then  turned  over  and  the 
same  operation  finishes  the  process.  Cutting 
both  flanges  at  once  brings  them  into  true  align- 
ment, and  requires  no  additional  gauging  or 
movement. 

The  slide  is  a  steel  casting  with  T  slots  run- 
ning from  the  front  to  the  rear,  to  facilitate  at- 
taching tools  for  punching  the  web  or  flanges. 
The  machines  carry  punches  up  to  48  Inches 
center  to  center  of  outside  holes,  and  are  ar- 
ranged for  punching  multiple  holes  through 
plates  or  the  webs  and  flanges  of  I  beams.  An 
automatic  stop  is  provided  to  bring  the  slide 
to  rest  on  the  completion  of  the  stroke.  The 
coping  tools  can  be  readily  removed  and  shears 
attached  as  well  as  punches,  for  the  machine  is 
Intended  for  general  use  by  the  makers,  the 
Long  &  Allstatter  Company,  Hamilton,  Ohio. 

The  machine  is  driven  by  a  Crocker-Wheeler 
compound-wound  semi-inclosed  motor,  giving 
10  horse-power  at  a  speed  of  825  revolutions 
per  minute.  In  some  cases  it  has  been  found 
desirable  to  place  tools  of  this  general  type  on 
the  multiple-voltage  system  in  order  to  regulate 
their  speed  to  different  classes  of  work.  If  a 
very  high  speed  is  provided  for  light  work, 
when  heavy  work  has  to  be  done,  and  there  is 
no  system  of  speed  control,  the  operator  may 
not  be  able  to  feed  his  beam  rapidly  enough 
for  the  rate  at  which  the  strokes  are  made,  and 
the  tool  must  be  tripped  to  afford  time  to  get 
the  piece  into  place.  With  a  variable  speed 
system  no  such  difficulty  arises. 


Book  Notes. 


minous  discussion  of  the  form  of  specifications 
which  Messrs.  Peckham  and  Klein  consider  de- 
sirable. This  is  well  known  to  those  interested 
in  the  subject,  and  has  been  considerably  criti- 
cised; a  large  part  of  this  section  or  the  book 
is  a  reply  to  these  criticisms.  The  second  and 
third  parts  of  the  volume  relate  to  the  work 
of  the  Commissioners  in  the  analysis  and  de- 
termination of  the  character  of  bituminous 
minerals,  the  nomenclature  of  bitumens,  a  trans- 
lation of  Boussingault's  memoir  on  the  com- 
position of  bitumens,  and  discussions  of  fea- 
tures of  asphalt  paving;  these  parts  are  by  Mr. 
Peckham.  The  last  section  is  a  compilation  of 
statistics  regarding  the  cost  of  asphalt  pave- 
ments in  New  York  from  1898  to  1903,  by  Mr. 
W.  D.  Loudoun,  chief  examiner  to  the  Commis- 
sioners. The  book  is  largely  of  a  controversial 
nature. 


The  report  for  1903  of  Mr.  O.  H.  Tittmau. 
superintendent  of  the  United  States  Coast  and 
Geodetic  Survey,  is  of  great  interest  to  all  who 
desire  to  keep  in  touch  with  the  precise  sur- 
veying done  by  this  bureau.  The  extent  and 
variety  of  the  work  are  well  brought  out  in  the 
general  reports  on  the  field  and  office  duties 
performed  during  the  year,  while  the  appen- 
dices are  full  of  valuable  information.  Mr. 
John  F.  Hayford,  the  inspector  of  geodetic 
work,  contributes  a  monograph  on  precise  level- 
ing in  this  country  during  1900-1903,  and  gives 


The  United  States  Geological  Survey  has  re- 
cently issued  its  volume  of  "Contributions  to 
Economic  Geology"  for  1903,  which,  like  pre- 
ceding volumes  of  the  series,  contains  a  num- 
ber of  papers  of  interest  to  the  readers  of  The 
Engineering  Record.  The  most  important  of 
these  relate  to  the  raw  materials  for  cement. 
Mr.  Eugene  A.  Smith  contributes  a  paper  on 
the  cement  resources  of  Alabama.  He  takes  up 
the  distribution  of  the  limestones  and  clays  in 
the  State  and  gives  a  number  of  analyses  of 
them.  The  extent  and  character  of  the  de- 
posits are  discussed  at  considerable  length, 
making  the  report  one  of  much  value  to  those 
who  desire  information  concerning  them.  A 
second  paper  is  by  Mr.  Edwin  C.  Eckel,  on  the 
cement  rock  deposits  of  the  Lehigh  district  of 
New  Jersey  and  Pennsylvania.  It  not  only 
gives  an  outline  of  these  deposits,  but  also  de- 
scribes briefly  the  manufacture  of  cement.  A 
third  paper  is  by  Mr.  Charles  Catlett,  on  the 
cement  resources  of  the  valley  of  Virginia.  It 
give>?  analyses  of  various  deposits  and  points 
out  their  shipping  and  other  advantages.  In 
addition  to  these  papers  the  volume  contains 
articles  on  gold,  silver,  copper,  tin,  lead,  zinc, 
iron  and  manganese,  coal  and  peat,  petroleum, 
building  stones  and  other  mineral  resources  of 
the  country. 


A    Heavy    Coping    and    Punching    Machine. 

the  results  of  a  readjustment  of  the  level  net 
and  the  resulting  elevations.  The  data  in  this 
monograph  will  be  of  much  value  to  engineers, 
for  the  large  number  of  Geodetic  Survey  bench 
marks  which  are  accurately  located  will  enable 
the  benches  of  railways  and  the  datum  planes 
of  cities  to  be  tied  to  the  permanent  national 
work.  Mr.  Hayford  also  contributes  a  valuable 
description  of  the  triangulation  along  the 
Ninety-eighth  meridian  In  1902.  It  gives  a  de- 
scription of  the  instruments  employed,  the  con- 
struction of  the  stations,  the  methods  of  carry- 
ing on  the  work  and  a  detailed  list  of  the  points 
established.  There  are  also  shorter  papers  on 
the  magnetic  observations  made  during  the 
year,  on  a  channel  sweep  for  detecting  the  pres- 
ence of  pinnacles  of  rock,  and  on  geographic 
names  in  Alaska. 


The  Commissioners  of  Accounts  of  New  York 
City  have  issued  a  report  on  asphalt  paving, 
prepared  by  their  chief  engineer,  Mr.  Otto  H. 
Klein,  and  their  chemist,  Mr.  S.  F.  Peckham.  It 
is  divided  into  four  parts.     The  first  is  a  volu- 


There  are  many  engineers  who  have  not  been 
able  to  keep  pace  with  the  rapid  development 
of  alternating-current  machinery  and  practice. 
A  book  that  essays  to  explain  briefly  the  phe- 
nomena, behavior  and  management  of  alternat- 
ing currents,  without  attempting  mathematical 
analyses  or  dissecting  machines  and  apparatus 
to  the  degree  that  would  meet  the  wishes  of 
those  directly  engaged  in  the  industry,  has  been 
brought  out  by  Mr.  George  T.  Hanchett.  Por- 
tions of  the  book,  which  is  entitled:  "Alternat- 
ing Currents:    Their    Generation,    Distribution 


and  Utilization,"  are  apparently  written  for  the 
practical  engineer,  but  to  one  having  some 
knowledge  of  the  subject  these  parts  can  be 
quickly  passed  over.  In  this  class  comes  the 
introductory  chapter,  which  is  given  up  to 
hydraulic  analogies  of  inductance  and  capacity 
combinations  which  make  interesting  reading. 
Following  this  the  principles  of  alternating  cur- 
rents are  taken  up,  and  transformers,  phase 
difference,  the  summation  of  vectors,  the  calcu- 
lation of  copper  for  polyphase  circuits  and  the 
measurement  of  alternating  currents  are  dis- 
cussed. The  remainder  of  the  volume  is  devoted 
to  the  induction  motor,  the  rotary  converter,  the 
alternating-current  generator,  the  synchronous 
motor,  and  the  management  of  alternating-cur- 
rent machinei-y,  the  last  occupying  three  chap- 
ters. The  matter  has  been  written  in  a  concise 
style,  for  one  must  read  with  care  fully  to  Krasp 
the  argument,  but  he  is  thereby  saved  from 
reading  much  that  is  not  directly  to  the  point. 
It  is  the  type  of  book  that  can  be  consulted 
whenever  it  is  desired  to  renew  an  acquaintance 
with  some  feature  of  alternating-current  work- 
ing. It  is  published  at  |1  by  John  Wiley.  & 
Sons,  New  York,  and  is  12mo.  in  size,  of  180 
pages,  profusely  illustrated. 


The  Department  of  Public  Works  of  the  Bor- 
ough of  Manhattan,  New  York  City,  has  pub- 
lished an  interesting  report  by  ex-Commissioner 
George  Livingstone,  on  a  repair  plant  for 
asphalt  pavements  in  that  borough.  He  goes 
farther  than  most  advocates  of  a  municipal  re- 
pair plant,  and  recommends  "abolishing  the 
guaranty  fiction  and  buying  pavements  as  we 
do  other  municipal  supplies,  for  cash,  or  Its 
equivalent;  and  taking  care  of  what  we  get  as 
best  we  can."  The  pamphlet  also  contains  a 
report  on  the  subject  by  Dr.  James  C.  Bayles, 
whose  investigation  has  led  him  to  the  follow- 
ing conclusion:  "If  the  work  was  done  by' the 
city  and  under  capable  management,  it  should 
be  possible  to  maintain  an  honest  asphalt  pave- 
ment in  perfect  repair  for  a  period  of  fifteen  to 
twenty  years,  at  an  average  cost  not  exceeding 
two  cents  per  square  yard  per  annum." 


Elements  of  Water  Bacteriology.  With 
Special  Reference  to  Sanitary  Water  Analysis. 
By  Prof.  S.  C.  Prescott  and  C.  E.  A.  Winslow. 
New  York,  John  Wiley  &  Sons;  cloth,  5x71/2  ins., 
162  pages,  |1.25. 

Though  an  elementary  work,  this  is  the  most 
useful  book  on  the  subject  in  the  English  lan- 
guage. Water  bacteriology  is  to-day  very  far 
from  being  an  exact  science,  and  not  only 
methods  of  analysis,  but  more  especially  the 
methods  of  interpretation  of  results  are  being 
constantly  modified.  The  present  volume  bears 
evidences  that  the  authors  are  in  close  touch 
with  the  latest  researches  and  their  practical 
applications.  There  are  ten  chapters  In  the 
book  devoted  to  the  following  subjects:  Bac- 
teria in  natural  waters,  methods  and  interpre- 
tation of  quantitative  bacteriological  examina- 
tions, isolation  of  pathogenic  bacteria  from 
water,  methods  and  Interpretation  of  tests  for 
B.  coll,  and  the  general  significance  and  applic- 
ability of  the  bacteriological  examination. 
These  subjects  are  concisely  treated  in  a  practi- 
cal way  and  a  well  selected  list  of  references  Is 
given  for  the  benefit  of  those  who  wish  to  study 
the  subjects  in  greater  detail.  The  book  is  to 
be  commended  not  only  for  what  It  contains, 
but  for  what  it  omits,  and  the  busy  engineer 
who  consults  it  will  be  spared  the  necessity  of 
looking  over  much  of  the  rubbish  that  accumu- 
lated around  the  science  of  bacteriology  during 
the  years  of  its  infancy,  and  which  is  too  often 
reproduced  in  works  of  the  present  day.  One 
topic    is   treated    with    less    fulness,    however, 
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auuiT  prmctical  sanitarians  may  desire — 
naineUr,  the  viability  of  the  typhoid  bacillus  in  ° 
water. 

One  of  the  mooted  questions  in  water  bacte- 
rioloar  at  the  present  time  is  the  sanitary  sig- 
Blflcance  of  the  presence  of  B.  coli  in  water. 
This  is  discussed  at  some  length  and  the  follow- 
ing principles  of  interpretation  are  laid  down: 

1.  Bacteria  corresponding  in  every  way  to  B. 
coli  are  by  no  means  confined  to  animal  intes- 
tines, but  are  widely  distributed  elsewhere  in 
nature. 

2.  The  finding  of  a  few  colon  bacilli  in  large 
■amples  of  water,  or  its  occasional  discovery  in 
■auUI  samples,  does  not  necessarily  hare  any 
fecial  significance. 

3.  The  detection  of  B.  coll  in  a  large  propor- 
tion of  small  samples  (1  c.  c.  or  less)  examined 
is  imperatively  required  as  an  indication  of 
remit  sewage  pollution. 

4.  The  number  of  colon  bacilli  in  water  rather 
than  their  pretence  should  be  used  as  a  crite- 
rion of  recent  sewage  pollution. 


Letters  to  the  Editor. 


Ready  RartSE^tcK  Tables.  Volume  I,  Con- 
version Factors.  By  Carl  Hering.  New  York, 
John  Wiley  ft  Sons;  flexible  morocco,  Ixi^^  Ins., 
214  pages,  $2.50. 

At  last  engineers  have  an  opportunity  of  ob- 
taining a  comprehensive  volume  of  conversion 
Ubies.  prepared  with  great  care  by  a  man  with 
a  high  reputation  for  accuracy  in  such  work. 
Such  books  are  not  often  required,  but  when 
needed  they  are  worth  a  great  deal,  and  for  this 
reason  it  is  safe  to  say  that  many  engineers  who 
uo  not  require  tables  of  this  character  more 
than  two  or  three  times  a  year,  will  secure  this 
book  at  once.  In  fact,  it  is  so  beautifully 
printed,  so  clear  and  business-like,  that  few  will 
see  a  copy  and  not  purchase  one.  Perhaps  such 
tables  are  more  useful  in  an  editorial  office  than 
elsewhere  and  others  may  not  experience  such 
pleasure  in  the  little  volume,  but,  be  that  as  it 
may.  The  Engineering  Record  feels  that  in 
printing  this  book  Mr.  Hering  has  placed  it 
under  marked  obligations.  The  labor  in  com- 
piling and  checking  the  data  and  the  cost  of 
publication  in  such  an  attractive  form  have 
been  too  grreat  to  meet  full  reward  from  the 
■alea,  unless  they  are  unexpectedly  great. 

TTie  book  gives  conversion  factors  of  every 
unit  or  measure  in  use.  Including  those  of 
length,  surface,  volume,  capacity,  weight, 
weight  and  length,  pressure,  weight  and  volume, 
weight  of  water,  energy,  heat,  power,  force,  in- 
ertia, moments,  velocity,  acceleration,  angles, 
grades,  time,  electricity,  magnetism,  electro- 
chemistry, light,  temperature,  money,  money 
and  length,  money  and  weight,  numerous  com- 
pound units,  useful  functions  and  numbers, 
with  both  their  accurate  and  approximate  val- 
nea,  their  logarithms,  relations,  digit  conver- 
sion tables  and  explanations  of  methods  of  cal- 
culation. The  data  are  based  on  the  accurate 
legal  sUndard  values  of  the  United  States,  and 
a  large  part  -of  them  were  checked,  after  the 
-type  bad  been  electrotyped,  by  eminent  speclal- 
isU.  It  is  particularly  valuable  as  the  first 
complete  collection  of  all  the  electric,  magnetic 
and  photometric  units,  and  their  interrelations. 

The  book  is  marked  by  two  distinct  novelties. 
In  the  first  place,  the  author  has  broken  away 
In  many  cases  from  old  methods  of  arranging 
hia  tables,  and  gives  the  figures  In  such  usable 
form  as  to  make  older  systems  seem  a  hindrance 
rather  than  an  aid.  In  the  second  place,  he 
gives  with  many  of  the  tables  brief  but  lucid 
explanations  of  their  purpose  and  derivation,  as 
well  as  their  relations  to  other  tables.  In  this 
way,  in  one  thin  volume,  the  engineer  obtains 
all  the  fundamental  data  of  his  profession,  ar 
ranged  for  handy  use. 


W.VTKH    CO.NSTUICTION    A.ND    METERS. 

Sir: — I  note  with  interest  the  article  on 
"Water  Consumption  at  Pittsburg  aud  the  Prob- 
able Effect  of  Metering"  In  your  issue  of  May 
14.  and  it  seems  to  me  that  there  must  be  some 
\alid  reason  for  such  wide  variations  in  the 
per  capita  use  o!  metered  water,  when  there 
are  no  unusual  differences  in  the  climate,  in- 
dustries, general  characteristics  and  population 
of  localities  and  they  are  otherwise  reasonably 
comparative. 

What  is  there  to  make  the  following  great 
difference  between  Columbus,  Ohio,  and  Provi- 
dence, R.  1.7 

Dally 

Taps  Me-     Consump- 

Populatlon.  tered.  tlon. 

Columbus   190!?.    laii ,560  (1900)  68%  112* 

Providence  1893.   132,146  (1890)  69%  64* 

•GalB.  per  capita. 

Why  is  It  that  each  citizen  at  Columbus  takes 
48  gallons  a  day  more  than  each  citizen  at 
Providence? 

The  probable  difference  of  industrial,  sprink- 
ling, use  of  hard  and  soft  coal,  and  other  legi- 
timate consumption  might  enter  in  and  account 
for  a  small  necessary  variation,  and  the  longer 
education  to  the  meter  system  Providence  has 
had  might,  under  similar  conditions,  have  some 
effect.  It  can  hardly  be  said  that  Columbus  is 
nearly  twice  as  "wealthy  and  prosperous"  as 
Providence. 

Has  not  the  meter  rate  a  decided  influence 
on  the  consumption,  and  does  not  the  Columbus 
rate  of  six  cents  a  thousand  gallons,  no  mini- 
mum, meters  furnished  and  maintained  by  the 
water  department,  as  compared  with  the  Provi- 
dence rate  of  twenty  cents  a  thousand  gallons, 
$10  annual  minimum,  meters  furnished  and 
maintained  by  the  consumer,  account  for  this 
variation. 

Has  the  Columbus  consumer  a  great  incen- 
tive to  introduce  good  plumbing  and  to  exer- 
cise the  habitual  small  economies  in  the  use 
of  water  costing  six  cents  a  thousand  gallons? 
Is  it  worth  while  to  have  a  plumber  make  re- 
pairs to  the  value  of  say  $2.19  when  a  daily 
leakage  of  100  gallons  will  cost  no  more? 

The  next  thought  is,  do  such  rates  equal  the 
actual  cost  of  the  water  including  due  allow- 
ance, not  only  for  the  ordinary  operating  and 
maintenance,  but  also  for  all  interest,  deteriora- 
tion and  other  proper  charges,  for  if  they  do 
not,  then  the  comparatively  few  wasteful,  ex- 
travagant and  careless  consumers  are  again 
making  the  economical  consumer  foot  an  undue 
share  of  the  loss,  and  some,  at  least,  of  the 
equity  of  the  meter  system  is  lost. 

Noting  your  editorial  comment,  is  not  this 
question  of  rates  intimately  connected  with 
some  of  the  apparent  contradictions  in  the 
above  article  and  could  not  some  study  be 
profitably  spent  on  the  influence  and  results  of 
the  meter  rates  upon  the  per  capita  consump- 
tion? 

Truly  yours,  Murray  Forbes. 
Green.sburg,  Pa.,  May  IG. 
[All  that  Mr.  Forbes  suggests  is  true,  and  goes 
some  of  the  way  toward  explaining  the  great 
discrepancies  in  such  an  analysis  as  that  in  the 
article  referred  to.  No  analysis  can  be 
thorough,  however,  until  all  the  needed  data 
are  obtained.  The  true  quantity  of  water  sup- 
plied must  be  determined,  and  not  the  estimate 
based  on  pump  plunger  displacement.  The 
number  of  actual  consumers  In  each  town  must 
be  ascertained,  or  failing  that,  the  number  of 
services,  for  per  capita  flgures  are  notoriously 
delusive.  The  rates  must  be  considered,  and, 
flnally,  the  temper  of  the  people  toward  meters. 
There  are  some  cities  where  meters  are  so  dis- 
liked that  water  would  have  to  be  given  away 


In  order  to  persuade  consumers  to  consent  to 
their  use.  It  is  probable  that  the  sentiment 
against  meters  will  steadily  decrease,  in  fact 
there  is  no  doubt  of  ^\ 


Atlantic  City  Water-works. 

Sir: — Referring  to  your  article  published  May 
14th  on  the  water-works  of  Atlantic  City,  the 
following  additional  notes  may  be  of  interest: 
During  the  severe  storm  of  October  9th  and 
10th,  in  which  9.27  inches  of  rain  fell  at  our 
Absecon  pumping  station  in  less  than  28  hours 
while  a  strong  northeast  wind  caused  the  high- 
est tide  in  many  years,  the  latter  rose  8  inches 
over  the  crest  of  our  reservoir  dam  and  flowed 
freely  into  our  supply  canal.  Owing  to  the 
volume  of  fresh  water  coming  down  we  were 
able  to  keep  the  salt  water  from  our  distribu- 
tion system.  Since  then  the  canal  has  been  re- 
placed with  a  42-inch  wood  stave  conduit, 
which  will  protect  the  water  in  its  flow  of  two 
miles  to  the  pumping  station. 

As  to  the  carbonic  acid  in  our  artesian  water, 
this  appears  to  have  decreased  since  first  oper- 
ating them,  being  6.6  parts  per  million  in  the 
last  sample  taken  (April  2d).  We  do  not  use 
lead  service  pipes,  tin-lined,  galvanized  pipe 
having  been  introduced  a  number  of  years  ago. 
Yours  truly,  Ke.nneth   Allkx. 

Atlantic  City,  May  16. 


Cooling  a  Store  by  Means  of  Ice. 


The  cooling  of  a  store  by  means  of  ice  at 
Paterson,  N.  J.,  was  studied  last  summer  by 
M.  G.  Epprecht  of  that  city,  who  has  invented 
a  cooler  for  such  work.  The  features  of  the 
cooler  are  not  yet  to  be  divulged,  it  appears, 
lest  complications  over  patents  should  arise. 
The  Investigation  referred'  to  was  carried  on 
in  a  store  30x17  feet  in  plan  and  12  feet  high 
and  during  a  day  in  which  the  outside  temper- 
ature averaged  85  degrees  Fahr. ;  the  air  within 
the  store  was  maintained  at  70  degrees  and 
300  pounds  of  ice  were  melted  in  an  eight-hour 
run.  The  store  is  separated  from  an  adjoining 
store  on  each  side  by  a  frame  partition,  its 
front  is  of  glass  and  its  rear  end  opens  into  a 
back  room.  The  cooler,  located  there,  employs 
a  blower  of  5%  inches  outlet  diameter,  which 
was  run  at  1,250  revolutions  per  minute  during 
the  test,  discharging  air  through  the  cooler  and 
thence  into  the  store.  The  store  was  in  use, 
and  when  the  front  door  was  not  open,  the  air 
was  discharged  through  transoms  in  the  glass 
front. 

On  the  basis  of  142  British  thermal  units  re- 
quired to  melt  each  pound  of  ice,  and  assuming 
the  water  is  heated,  say,  to  68  degrees  before 
its  final  discharge  from  the  apparatus,  it  will 
be  found  that  6,675  thermal  units  are  abstract- 
ed per  hour  by  the  cooler  from  the  air  passing 
through  it.  The  volume  of  air  within  the  store 
is  6,120  cubic  feet,  and  the  difference  between 
the  amount  of  heat  held  by  the  air  within  the 
store  when  at  85  degrees  and  that  when  the 
air  is  at  70  degrees  is  1,670  thermal  units.  In 
other  words,  the  reduction  of  the  temperature 
of  the  air  throughout  the  store  from  85  to  70 
degrees  requires  the  abstraction  of  1,G70  ther- 
mal units.  As  6,675  thermal  units  are  carriec? 
away  hourly  by  the  cooler,  it  may  be  assumed 
that  a  volume  of  air  four  times  as  great  as  that 
contained  within  the  store  are  passed  through 
it  in  that  time.  These  flgures  would  allow  for 
four  changes  of  the  air  per  hour.  Mr.  Epprecht 
thinks,  however,  that  with  his  arrangement  of 
inlet  and  outlet,  the  four  changes  of  air  in  a 
room  12  feet  high  may  be  considered  as  prac- 
tically equivalent  to  eight  changes  in  the  same 
room  with  an  imaginary  ceiling  line  6  feet 
above  the  floor,  a  height  corresponding  to  the 
breathing  line. 
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Accounting  in  Engineering  Works. 


It  goes  without  saying  that  the  auditing  de- 
partment is  the  heart  of  any  business  under- 
talcing.  If  it  is  wealc,  the  whole  enterprise  is 
weak,  as  a  good  many  cities  are  finding  out 
to  their  sorrow  now  that  they  are  becoming  ac- 
quaiated  with  the  true  condition  of  various 
ventures  in  municipal  trading.  It  is  the  same 
with  semi-public  companies,  and  at  the  recent 
convention  of  the  National  Electric  Light  Asso- 
ciation, Mr.  Frank^W.  Frueauff  expressed  the 
opinion  that  to  an  incomplete  system  of  records, 
or  to  a  loose  handling  of  a  good  system,  much 
of  the  trouble  of  management,  many  of  the  com- 
plaints of  consumers  and  the  public,  and  the 
failure  to  secure  satisfactory  earnings  may  be 
traced.  This  remark  refers  particularly  to 
electric     light    and    power    companies,    among 


which  the  mortality  was  very  great  until  within 
a  comparatively  few  years.  It  might  be  added 
by  way  of  further  statement  of  Mr.  Frueauff 's 
views,  that  he  believes  in  a  careful  division  of 
the  accounts  of  such  companies,  so  as  to  give 
the  separate  costs  of  furnishing  and  delivering 
arc,  power  and  alternating  currents.  These 
costs  are  also  separated  into  three  classes.  The 
first  is  the  fixed  charge  for  station  foreman, 
meter  department,  shop  expenses  and  the  like, 
which  do  not  vary  particularly  with  an  increase 
or  decrease  in  the  business.  The  second  class 
includes  those  expenditures  which  vary  directly 
with  the  current  output,  such  as  fuel,  firemen, 
lamp  renewals  and  carbons.  The  third  class 
embraces  the  costs  which  depend  directly  on 
the  number  of  consumers,  such  as  meter  re- 
pairs, meter-reading  expenses  and  part  of  the 
office  salaries.  When  the  various  expenditures 
of  a  lighting  company  are  classified  in  this 
manner  the  course  of  affairs  can  be  told  readily 
at  any  time  and  it  will  be  possible  to  ascertain 
in  what  direction  the  work  of  extending  busi- 
ness should  be  pushed.  This  system  of  account- 
ing is  also  necessary  for  determining  the  rates 
to  be  charged  for  new  business,  for  the  figures 
will  show  just  what  will  be  the  cost  of  the  kind 
of  service  the  prospective  consumer  wishes. 
Under  the  old  system  of  averaging  the  cost  of 
current  to  all  consumers,  it  often  happens  that 
new  consumers  are  taken  on  at  rates  that  are 
not  worth  considering  while  large  consumers 
are  kept  away  and  led  to  put  in  private  plants 
because  the  rates  offered  them  are  too  great. 

Mention  is  made  of  this  particular  class  of 
engineering  enterprise  because  it  was  discussed 
so  thoroughly  at  the  meeting  in  Boston  this 
week.  It  is  no  different,  however,  from  that  of 
every  other  business,  and  the  lesson  ought  to  be 
taken  to  heart  by  the  young  men  now  about  to 
enter  work  after  four  years  of  training  in 
technical  schools.  The  value  of  their  work  will 
be  measured  in  dollars  and  so  will  their  own 
value,  and  the  more  quickly  they  learn  to  apply 
this  measure  to  everything  about  them  the  bet- 
ter they  will  appreciate  their  opportunities  for 
success.  There  are  many  young  men  of  real- 
ly brilliant  attainments  who  are  working 
away  along  lines  which  are  not  of  enough  im- 
portance for  them  to  follow.  These  men  should 
devote  themselves  to  work  for  which  there  is 
more  demand,  so  that  they  will  utilize  to  the 
utmost  the  ability  they  have.  The  man  who 
squanders  native  ability  on .  minor  work  is  as 
much  of  a  prodigal  as  one  who  throws  away 
money  on  foolish  objects.  Moreover,  if  the  young 
man  does  not  learn  to  measure  his  capacity  for 
work  he  will  thereby  acquire  more  speedily  than 
in  any  other  way  an  over-developed  apprecia- 
tion of  his  own  worth.  There  is  nothing  like 
a  sound  knowledge  of  what  other  people  can  do 
at  any  given  piece  of  work  to  show  a  young 
man  engaged  on  such  duties  how  to  appraise 
his  own  value.  This  value  depends  on  output, 
for  the  quality  enters  very  little  into  it  as  a 
rule;  if  the  quality  is  not  up  to  the  standard 
of  the  employer,  the  later  may  be  trusted  to 
appreciate  it  more  than  any  one  else,  while  if 
it  is  above  the  standard  the  time  spent  in  over- 
raising  it  is  thrown  away. 

These  observations  are  made  because  a  defect 
of  engineering  enterprises  to-day  is  the  lack 
of  business  sense  with  which  much  of  their 
technical  operations  are  conducted.  Its  cure 
will  be  found  in  the  general  teaching  to  under- 
graduate students  of  the  importance  of  the 
money  aspect  of  their  work,  and  a  better  organ- 
ization of  the  accounting  department  of  engi- 
neering undertakings.  Although  the  average 
professional  man  is  not  able  to  handle  financial 
affairs  satisfactorily  without  special  training, 
when  he  masters  them  his  technical  knowledge 


comes  into  service  in  a  conspicuous  manner. 
For  example,  in  the  Denver  Gas  &  Electric  Com- 
pany's ofllces  which  Mr.  Frueauff  describes  in 
his  paper,  the  mark  of  the  engineer  is  stamped 
on  many  of  the  methods.  Adding  machines 
and  self-adding  paper  are  used  in  many  ac- 
counting offices,  but  we  are  told  that  the  slide 
rule  has  been  introduced  here  and  that  the 
Thacher  calculaCjr  has  been  found  the  greatest 
labor  saver  in  the  office.  All  costs  and  receipts 
are  worked  out  in  this  office  on  the  basis  of 
current  made  or  sold,  and  by  the  use  of  this 
device  the  results  are  read  off  as  fast  as  they 
can  be  recorded.  A  tabulating  machine,  such 
as  a  number  of  railway  companies  employ,  Is 
also  used,  and  there  are  many  other  indications 
about  the  equipment  that  the  auditing  of  the 
company  is  supervised  by  some  one  with  engi- 
neering training. 

The  Engineering  Record  trusts  that  in  mak- 
ing these  comments  none  of  its  readers  will 
misunderstood  their  intention.  It  is  no  re- 
flection on  the  members  of  the  profeslon  to 
state  that,  generally  speaking,  business  ability 
is  not  their  strong  characteristic.  It  would  be 
most  strange  were  it  properly  developed,  for 
the  tendency  of  precept  and  practice  has  been 
to  discourage  commercialism  and  encourage 
professionalism.  Until  within  a  few  years  the 
leading  members  of  the  profession  considered  It 
contrary  to  a  high  standard  of  conduct  to  take 
out  patents,  and  even  at  the  present  time  there 
are  some  men  who  refuse  to  protect  their  ex- 
cellent improvements  in  this  manner.  More- 
over, employers  of  engineers  looked  upon  them 
until  recently  very  much  as  mere  draftsmen  or 
surveyors,  able  to  do  certain  classes  of  trained 
laoor  satisfactorily,  but  not  for  a  minute  to  be 
entrusted  with  the  responsibility  of  handling 
dollars.  Consequently  the  business  side  of  en- 
gineering work  was  in  a  state  of  arrested  devel- 
opment until  a  short  time  ago,  and  even  now 
it  is  not  appreciated  as  it  should  be.  While 
it  is  true  that  the  technical  departments  of 
many  works  are  not  conducted  in  a  good  man- 
ner, it  is  equally  true  that  the  head  auditing 
departments  would  be  much  better  run  if  their 
methods  were  determined,  like  those  of  the 
Denver  company,  with  a  full  understanding  of 
the  technical  features  of  the  manufacturing 
processes. 


History  of  Civil  Engineering. 

It  is  so  common  to  speak  of  civil  engineering 
as  of  modern  origin,  even  as  the  youngest  of 
the  profeslons,  that  its  real  age  is  recognized 
by  only  a  few  civil  engineers.  As  a  matter  of 
fact,  it  should  be  regarded  as  a  venerable  pro- 
feslon. The  beginnings  of  civil  engineering 
are  lost  in  prehistoric  antiquity.  If  the  engi- 
neering works  completed  in  ancient  Assyria 
and  Egypt  or  in  the  ancient  East  Indian  coun- 
try could  be  described  and  the  methods  of  their 
construction  set  forth,  engineering  literature 
would  be  enriched  by  additions  of  fascinating 
interest. 

Exact  methods  of  computation,  efficient  proc- 
esses of  construction  and  the  magnitude  of  en- 
gineering works  have  been  pushed  forward  with 
such  amazing  rapidity  during  the  last  half  cen- 
tury that  the  accomplishments  of  the  preced- 
ing three  or  lour  thousand  years  are  entirely 
overlooked.  Indeed,  if  one  were  to  confine  his 
attention  to  the  engineering  literature  produced 
since  the  first  locomotive  was  built,  the  impres- 
sion would  be  gained  that  there  was  neither 
engineering  science  nor  engineering  construc- 
tion prior  to  that  period.  Relatively  speaking, 
of  course,  there  was  so  little  engineering  before 
the  advent  of  the  locomotive  that  it  is  not  much 
of  an  error  to  ignore  it.     In  spite  of  that  fact, 
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howcTcr.  U>er«  have  been  periods  in  the  history 
ot  the  world  when  really  great  engineering  con- 
structions were  successfully  designed  and  com- 
This  is  particularly  true  of  the  old 
period.  The  Romans  were  born  engi- 
neers, although  they  did  not  apply  that  name  to 
their  great  construotora  The  name  "architect" 
included  not  only  those  who  would  be  class!- 
lied  under  that  designation  to-day,  but  also 
those  whom  we  should  call  engineers.  Vitru- 
Tius  belonged  to  that  class.  His  treatise  on 
architectare  was  largely  a  work  on  civil  engi- 
neering. His  book  contains  admirable  advice 
regarding  the  design  and  construction  of  foun- 
dations, harbor  works,  public  water  supplies 
and  other  similar  works.  He  even  set  forth 
some  of  the  fundamental  principles  of  the  sani- 
tation of  water  supplies.  While  his  recogni- 
tion of  the  conditions  under  which  wholesome 
water  is  found  are  somewhat  quaint,  including 
the  observation  that  the  sources  of  potable 
water  should  not  be  "charged  with  the  exhala- 
tions of  the  fenny  animals,"  it  is  possible  that 
his  quotation  indicates  an  obscure  appreciation 
of  the  influence  of  pathogenic  bacteria.  Again 
he  states,  refering  to  the  means  of  judging 
water:  "If  it  be  of  an  open  and  running  stream 
before  we  lay  it  on,  the  shape  of  the  limbs  of 
the  inhabitants  of  the  neighborhood  should  be 
looked  to.  and  considered.  If  they  are  strongly 
formed,  of  fresh  color,  with  sound  legs  and 
without  bleai-  eyes,  the  supply  Is  of  good  qual- 
ity." Such  a  method  of  determining  the  char- 
acter of  a  proposed  water  supply  would  scarcely 
be  considered  conclusive  at  the  present  time, 
yet  the  distinction  between  good  and  bad  water 
was  recognized  with  absolute  clearness,  and  the 
Romans  established  that  distinction  by  means 
of  the  best  lights  at  their  command.  The  great 
masonry  aqueducts,  roads  and  other  engineer- 
ing works  are  well  known  to  all  intelligent 
and  well-read  people.  In  a  general  way  the'r 
engineering  knowledge  has  been  disclosed  to 
us.  but  their  methods  of  design  and  the  details 
of  the  considerations  on  which  their  designs 
were  based  are  practically  lost,  although  we 
know  absolutely  that  their  modes  of  design 
m'ist  have  been  guided  largely  by  quantitative 
considerations. 

It  is  practically  certain  that  the  Romans  did 
not  establish  out  of  hand  the  great  body  of  en- 
gineering knowledge  which  they  possessed,  al- 
though there  is  little  doubt  that  they  greatly  en- 
larged and  developed  whatever  they  may  have 
acquired  from  others.  Long  before  the  Romans 
were  engaged  in  any  engineering  construction 
of  magnitude  remarkable  public  works  were 
aerrlng  the  industrial  operations  of  the  teem- 
ing population  which  occupied  the  valleys  of 
the  Tigris  and  Euphrates.  The  full  extent  of 
these  public  works  can  never  be  known,  but 
the  ruins  of  the  network  of  canals  and  their 
appurtenences  demonstrate  conclusively  that 
the  ancient  Assyrians  had  developed  water 
transportation  to  a  remarkable  extent.  They 
were  clearly  familiar  with  the  control  of  water 
In  rivers  and  canals  for  useful  purposes.  It  is 
oqnally  clear  that  the  construction  of  the  arcti 
as  well  as  the  construction  of  great  buildings 
must  have  been  known  to  them  little  or  no  less 
than  4,000  years  before  the  Christian  era.  When 
these  facts  are  coupled  with  the  further  knowl- 
edge of  their  extensive  commerce  at  the  same 
time  with  the  coasU  of  Southern  Asia,  it  is 
unqoestionable  that  they  bad  reached  a  high 
degree  of  excellence  in  a  considerable  field  of 
engineering  construction,  even  though  they 
knew  practically  nothing  of  real  engineering 
ifctence. 

The  ruins  of  ancient  Egypt,  dating  possibly 
as  far  back  as  2.500  or  3,000  years  before  the 
Christian  era,  together  with  what  is  positively 
known  regarding  the  ancient  irrigation  works 


in  the  valley  of  the  Nile,  demonstrate  with 
equal  certainty  that  the  Egyptians  were  also 
at  least  fairly  good  engineers  in  their  day.  Tun- 
neling, quarrying,  river  diversion  by  means  of 
dams  and  auxiliary  works  and  the  construc- 
tion of  great  masses  of  masonry  were  included 
among  their  successful  engineering  operations, 
nor  is  it  all  improbable  that  other  lines  of 
engineering  practice  existed. 

Mr.  J.  A.  L.  Waddell  has  made  a  strong  plea 
for  the  study  of  engineering  history  in  techni- 
cal schools,  and  the  plea  is  rational.  There  is 
a  body  of  engineering  history,  if  it  were  put 
in  useful  shape,  which  would  be  of  at  least 
much  indirect  value  to  the  engineering  student. 
While  he  would  gain  no  additional  knowledge 
of  engineering  science,  he  would  find  ancient 
experiences  stimulating  nud  broadening  in  their 
influences  upon  his  professional  judgment  .and 
cultivation.  It  is  a  field  in  which  little  has 
been  done,  but  which  if  properly  developed 
would  round  out  in  a  most  valuable  manner 
the  study  of  the  great  engineering  advances 
of  modern  times. 


The  National  Electric  Light  Association. 

Atjoiit  eight  hundred  people  were  in  attend- 
ance at  the  convention  of  the  National  Electric 
Light  Asociation  this  week  in  Boston.  This 
fact  is  particularly  impressive  as  an  indication 
of  what  special  organizations  of  this  character 
can  accomplish  when  all  concerned  in  their 
management  work  together  for  their  success. 
The  convention  is  merely  another  instance 
which  proves  that  the  strictly  engineering  soci- 
eties cannot  fill  all  the  requirements  of  those 
who  are  engaged  in  many  branches  of  engi- 
neering work.  The  National  Electric  Light  As- 
sociation, the  American  Railway  Engineering  & 
Maintenance  of  Way  Association,  the  American 
Society  for  Testing  Materials,  the  American 
Water-Works  Association  and  others  which  it  is 
needless  to  mention  have  a  field  of  great  im- 
portance, in  which  the  purely  engineering  feat- 
ures can  be  discussed  in  the  light  of  commercial 
and  operating  conditions  that  have  no  place  in 
strictly  professional  proceedings. 

The  success  of  these  organizations  is  always 
found  to  depend  primarily  on  two  things,  the 
earnest  work  of  the  officers  responsible  for  the 
meetings  and  the  absence  of  a  preponderating 
highly  scientific  tone  in  the  papers.  If  they 
are  to  be  successful  the  managing  officers  and 
the  operating  staft  who  attend  must  not  be 
bored  with  calculus  or  wearied  with  discussions 
of  the  respective  merits  of  mechanical  appli- 
ances whose  salesmen  haunt  their  offices  day 
by  day.  Moderation  and  variety  in  the  discus- 
sions must  be  secured.  The  meetings  should 
be  the  great  clearing  houses  of  practical  infor- 
mation, at  which  men  from  all  over  the  country 
tell  what  they  have  found  best  to  do  under 
given  conditions.  In  some  societies  it  has  been 
found  most  satisfactory  to  secure  this  informa- 
tion by  having  committees  gather  the  data  be- 
fore the  meetings  and  present  them  in  reports, 
while  other  societies,  whose  members  are  more 
ready  for  oral  discussion,  do  not  need  this  stim- 
ulus to  start  the  debates.  Each  society  must 
solve  the  problem  for  itself,  but  there  is  none 
which  should  find  It  incapable  of  solution.  The 
dreary  gloom  which  follows  the  presentation  of 
many  papers  before  the  dignified  national  asso- 
ciations of  engineers  should  not  be  regarded  as 
a  model  for  the  proceedings  of  these  special  so- 
cieties, organized  for  the  consideration  of  live 
subjects  of  immediate  practical  Importance. 

Elsewhere  in  this  issue  there  Is  a  short  ab- 
stract of  a  few  of  the  most  important  of  the 
papers  of  the  National  Electric  Light  Associa- 
tion. There  were  many  others  Just  as  good,  al- 
though most  of  them  were  not  so  directly  in 


the  field  of  this  journal.  Oas  engines,  steam 
turbines,  mechanical  stokers  and  an  important 
test  of  a  5,o00-horse-power  vertical  engine  served 
for  the  power  specialists;  the  electrical  engi- 
neers had  papers  on  standard  instruments  for 
operating  companies,  a  thi-ee-wire  5U0-volt 
transmission  line,  and  the  remote  control  of 
electric  apparatus;  while  the  managers'  side 
of  the  aasociat4on's  work  was  represented  by 
papers  on  economy  in  minor  supplies,  the  or- 
ganization of  an  arc  light  department,  office 
methods  and  accounting,  purchased  electric 
power  in  factories,  and  lost  and  unaccounted- 
for  current.  Then  there  were  a  number  of 
papers  on  miscellaneous  topics,  such  as  a  review 
of  the  progress  of  electric  lighting,  combined' 
ice  and  elestric  plants,  district  heating  from 
electric  central  stations,  not  to  mention  a  106- 
page  pamphlet  of  "wrinkles"  of  all  sorts,  ob- 
tained from  the  members  in  different  parts  of 
the  country. 

This  brief  summary  of  the  papers  indicates 
well  hoyv  thoroughly  the  field  of  the  Associa- 
tion's work  was  covered,  but  it  does  not  bring 
out  one  important  feature  of  such  a  well-ar- 
ranged program.  While  much  can  be  learned 
by  listening  to  papers  and  dlscusions,  The  Engi- 
neering Record  is  convinced  from  the  testimony 
of  many  men  that  the  informal  conferences 
which  takes  place  at  these  conventions  are  of 
equal  value  to  those  on  the  program.  The  dis- 
cussions bring  up  certain  subjects  which  some 
of  those  present  are  able  to  talk  over  among 
themselves  in  greater  detail  during  the  spare 
time  on  their  hands.  It  is  the  recognition  of 
the  value  ot  this  informal  conference  which 
has  led  the  most  wideawake  organizations  to 
escape  the  criticism  ot  overdoing  their  meet- 
ings. Instead  of  continuing  professional  and 
business  sessions  at  all  available  hours,  there 
are  enough  half  days  for  excursions  and  simi- 
lar functions  to  permit  this  highly  Important 
part  of  the  conventions  to  exist  side  by  side 
with  the  scheduled  meetings. 


Requirements  for  Graduation  from   Techni- 
nical  Schools. 


Th  committee  of  the  Society  for  the  Promo- 
tion of  Engineering  Education  is  now  at  work 
on  the  subject  of  the  ground  to  be  covered  by 
students  before  receiving  their  general  science 
degree  or  their  first  professional  degree  in  engi- 
neering. In  order  to  ascertain  the  prevailing 
opinion  on  this  subject  of  men  engaged  in  ac- 
tive work,  they  are  sending  blanks  to  our  old- 
est and  ablest  engineers  asking  them  to  state 
their  views.  These  blanks  are  very  complete, 
and  copies  can  doubtless  be  obtained  from  the 
chairman  of  the  committee,  Prof.  Wm.  G.  Ray- 
mond, of  the  Rensselaer  Polytechnic  Institute, 
Troy,  N.  Y.  It  is  greatly  to  be  desired  that 
those  asked  to  aid  the  committee  by  filling  the 
blanks  will  do  so,  for  it  is  only  in  this  way 
that  a  really  comprehensive  understanding  of 
present  opinion  can  be  obtained.  The  work  is 
most  timely,  for  engineering  education  is  now 
in  a  critical  condition  owing  to  the  many  at- 
tacks on  its  character.  The  extent  to  which 
these  attacks  are  backed  by  the  views  of  those 
whose  opinion  should  carry  most  weight  can 
only  be  ascertained  by  such  a  census,  and  it  is 
by  no  means  unlikely  that  some  of  the  critics 
who  have  been  making  most  noise  will  find 
themselves  their  own  audience  as  well  as  or- 
chestra. 

One  great  fault  found  with  schools  is  that 
they  do  not  complete  the  undergraduate  course 
by  giving  the  student  the  wisdom  that  only 
comes  with  ripe  experience  and  the  caution 
that  must  generally  be  learned  by  expensive 
failure.  Just  as  every  reader  of  a  paper  can 
edit  it  better  than  those  who  are  in  charge  ot 
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the  journal,  so  every  alumnus  believes  he  can 
Introduce  great  improvements  in  the  curricu- 
lum. The  limitations  under  which  schools 
labor  do  not  appear  before  him.  He  forgets 
that  the  students  are  young  and  that  finances 
are  limited  in  amount;  that  teaching  offers  lit- 
tle attraction  to  most  men,  and  those  who  are 
most  successful  in  it  make  a  serious  sacrifice 
of  income  with  each  year  they  stay  at  the 
teachers'  desks.  Everything  considered,  our 
technical  schools  are  doing  and  have  done  grand 
work  with  limited  facilities  and  with  poorly 
prepared  raw  material  to  work  on.  Most  of  the 
criticism  against  them  is  not  worthy  of  con- 
sideration, because  it  is  based  on  the  assump- 
tion that  there  is  some  subtle  virtue  in  pure  and 
applied  science  which  makes  the  student  of 
It  more  mature  and  cautious  in  his  judgment 
than  the  student  of  liberal  arts  and  the 
classics. 

That  there  are  justifiable  differences  of  opin- 
ion on  the  subject  of  such  schooling  is  shown 
by  the  appointment  of  this  committee  and  the 
broad  nature  of  its  investigation.  The  Engi- 
neering Record's  opinions  have  not  changed  for 
a  number  of  years,  although  it  is  ready  to  alter 
them  at  any  moment  when  the  evidence  justifies 
such  a  shifting.  It  believes  that  undergrad- 
uate work  should  be  confined  so  far  as  possible 
to  fundamental  subjects,  leaving  the  specialties 
for  postgraduate  courses.  If  this  plan  is  car- 
ried to  its  logical  conclusion  it  may  mean  a 
reduction  of  the  general  course  to  three  years, 
but  It  will  surely  mean  a  thorough  inculcation 
of  those  elements  of  science  on  which  sound 
engineering  practice  must  always  rest.  These 
can  be  taught  to  the  young  student  as  well  as 
to  one  of  more  advanced  years,  and  after  they 
are  learned  thoroughly  the  student  will  be  in 
a  position  to  choose  his  specialty  wisely  and 
to  grasp  the  details  of  that  specialty  with 
understanding. 

This  journal  is  further  convinced  that  not 
enough  attention  Is  paid  to  the  manner  In  which 
classroom  work  and  written  exercises  are  car- 
ried on.  What  value  is  it  for  the  president  of  a 
school  to  tell  his  pupils  that  good  English  speech 
is  necessary.  If  a  large  part  of  the  faculty  have 
a  diction  that  should  bring  disgrace  to  a  truck 
driver?  In  what  respect  will  the  average  under- 
graduate look  upon  a  course  .in  a  modern  lan- 
guage when  not  more  than  two  or  three  of  the 
professors  with  whom  he  comes  in  touch  speak 
of  the  language  save  as  a  joke?  The  trouble 
with  the  average  technical  school  to-day  is  that 
the  trustees  are  not  doing  their  duty.  They  do 
not  give  the  attention  to  the  schools  which  they 
should  and  they  allow  a  lack  of  united  purpose 
to  develop  that  would  wreck  a  business.  One 
of  the  most  encouraging  aspects  of  technical 
education  to-day  is  the  great  work  being  done 
in  a  famous  school  by  an  honored  alumnus  who 
is  now  its  president.  As  an  engineer  and  a 
business  man  he  achieved  great  distinction,  and 
now  he  is  gaining  new  laurels  as  a  pedagogical 
Iconoclast.  He  began  his  work  by  educating 
the  faculty,  so  that  every  one  of  them  repre- 
sents something  more  to  the  students  than  a 
fount  of  specialized  wisdom.  He  had  an  excel- 
lent faculty  to  work  with,  and  after  the  first 
severe  shaking-up  affairs  have  gone  on  with 
increasing  smoothness.  To-day  there  is  no 
school  in  the  country  which  gives  its  undergrad- 
uates such  sound  business  training  along  with 
technical  information,  because  there  is  none  in 
which  every  classroom  is  in  some  degree  a 
school  for  the  teaching  of  business  principles. 
The  faculty  are  at  one  in  teaching  at  all  times 
tne  value  of  the  language  studies,  the  mathe- 
matical branches  and  other  courses  that  are  too 
often  spoken  of  with  some  contempt.  Not  only 
are  they  working  in  harmony,  but  every  class- 
room has  become  a  room  for  Instruction  in  lan- 


guage, and  the  training  in  mathematics  only 
begins  in  the  mathematical  courses,  being  sup- 
plemented by  the  work  of  other  departments. 
This  is  as  it  should  be,  with  the  faculty  striv- 
ing to  help  the  student  and  not  to  give  courses 
of  a  complexity  that  may  add  to  the  individual 
reputations  of  some  teachers,  but  most  result 
in  the  overbalancing  of  the  general  training  of 
those  who  take  them.  It  is  the  business  of  the 
trustees  of  each  school  to  see  that  such  sanity 
marks  the  work  of  its  faculty,  yet  in  how  many 
schools  have  the  trustees  paid  tlie  slightest  at- 
tention to  the  subject? 


The  New  Electric  Light. 


A  few  weeks  ago  a  statement,  to  which  some 
esteemed  critics  took  exception,  appeared  in 
this  paper  to  the  effect  that  a  large  part  of  the 
best  scientific  work  in  the  country  was  now  car- 
ried on  by  men  in  the  employ  of  manufacturing 
corporations.  While  the  work  was  acknowl- 
edged to  be  for  business  ends  ultimately,  it  was 
claimed  by  these  correspondents  that  the  com- 
mercial aspect  was  an  incidental  matter  and 
that  scientific  investigation  was  the  real  kernel. 
It  was  strongly  urged  that  science  was  the  pio- 
neer and  that  finance  followed,  grasping  most 
of  the  rewards  of  useful  inventions  at  little 
risk  to  itself.  It  so  happens  that  the  last  of 
these  communications  was  received  on  the  same 
day  as  an  issue  of  the  "Electrical  World  and 
Engineer,"  in  which  Mr.  C.  P.  Steinmetz  de- 
scribed the  new  magnetite  arc  lamp.  The  his- 
tory of  this  interesting  novelty  is  a  good  dem- 
onstration of  the  fact  that  it  is  business  which 
furnishes  mucn  of  the  incentive  for  valuable 
scientific  research,  and  not  science  which  stum- 
bles on  a  good  thing  for  money  to  develop. 

The  arc  light  is  not  an  efficient  apparatus,  for 
of  the  energy  supplied  to  it  only  a  small  per- 
centage is  developed  in  the  form  of  illumina- 
tion. The  light  is  due  to  the  incandescent  car- 
bon crater,  only  very  little  coming  from  the  arc 
itself.  Certain  calcium  compounds  have  some- 
times been  added  to  the  carbon  so  that  their 
evaporation  in  the  arc  may  increase  its  lumin- 
osity, but  their  use  is  accompanied  by  difficulties 
due  to  dust  or  smoke.  This  makes  it  imprac- 
ticable to  enclose  such  carbons,  and  they  are  of 
corresponding  short  life.  There  being  an  evi- 
dent need  of  improvement  in  this  well-known 
apparatus,  a  program  for  a  thorough  scientific 
investigation  of  the  subject  was  laid  down.  What 
was  wanted  commercially  was  an  electrode  ful- 
filling four  conditions:  (a)  It  must  be  a  good 
conductor  when  solid  and  its  vapors  must  be 
conductors  of  the  arc;  (6)  it  must  be  incom- 
bustible, so  as  to  give  a  long-burning  arc;  (c) 
it  must  give  a  spectrum  of  high  brilliancy,  or, 
in  other  words,  an  arc  of  high  efficiency;  (d) 
the  light  must  be  distributed  with  approximate 
uniformity  over  the  whole  spectrum,  so  as  to 
be  white. 

This  problem  was  turned  over  to  the  electro- 
chemical laboratory  of  the  General  Electric  Co. 
Very  extensive  investigations  were  conducted 
to  determine  all  the  phenomena  of  illumina- 
tion by  the  arc  method,  and  experiments  were 
made  to  ascertain  the  availability  of  different 
materials  for  electrodes.  These  investigations 
showed  that  the  positive  carbon  burned  away 
more  quickly  than  the  other  because  it  was 
unable  to  conduct  quickly  enough  the-  heat  due 
to  the  blast  from  the  negative  terminal.  It  is 
consumed  more  rapidly  than  the  other  on  this 
account  and  not  because  it  feeds  the  arc,  as  is 
commonly  stated.  It  is  only  necessary  to  make 
it  large  enough  and  a  good  enough  conductor  to 
keep  it  from  wearing  away.  This  fact  once  es- 
tablished, it  was  merely  a  logical  series  of  de- 
ductions from  theory  and  experiment  to  the  pos- 


itive terminal  of  copper,  which  is  a  permanent 
part  of  the  new  lamp.  It  was  found,  however, 
that  it  could  be  made  too  good  a  conductor,  for 
if  it  was  not  heated  to  a  certain  temperature  the 
material  from  the  other  terminal  would  be  de- 
posited on  it  instead  of  being  volatilized. 

The  experiments  in  the  laboratory  finally 
showed  that  magnetite  possessed  the  four  quali- 
fications, previously  enumerated,  for  a  success- 
ful negative  terminal.  In  its  pure  state  its  effi- 
ciency Is  only  about  twice  that  of  the  carbou 
arc  and  there  is  a  tendency  to  fiicker.  It  was 
an  eminently  satisfactory  carrier  of  the  arc 
flame,  however,  and  the  mixture  with  it  of  small 
quantities  of  other  substances  was  found  to 
remedy  its  defects  and  also  reduce  the  rate  of 
combustion.  The  best  method  of  using  the  ma- 
terial seems  to  be  to  compres  it  in  the  form 
of  an  impalpable  powder  in  a  thin  Iron  tube, 
sealed  over  by  the  arc.  Such  an  electrode  eight 
inches  long  has  a  life  of  150  to  200  hours  with- 
out any  loss  of  efficiency,  while  with  a  little  sac- 
rifice of  its  efficiency  Mr.  Steinmetz  gives  its 
life  as  500  to  600  hours,  a  statement  which  sure- 
ly needs  the  backing  of  some  such  eminent  au- 
thority to  receive  more  than  passing  considera- 
tion, such  a  great  change  does  it  signify  in  arc 
lighting. 

The  two  terminals  for  the  new  If.mp  beiuif 
provided,  it  became  necessary  to  supply  a  new 
feeding  mechanism.  The  magnetite  lamp  fur- 
nishes light  from  the  arc  and  not  from  the 
crater,  in  which  respect  it  is  vitally  different 
from  the  carbon  lamp.  It  is  therefore  neces- 
sary for  the  terminals  to  be  farther  apart  than 
when  carbons  are  used,  and,  moreover,  this  dis- 
tance must  be  kept  constant.  Hence  the  feed- 
ing mechanism  is  new.  While  the  entire  appa- 
ratus, suspended  above  a  street,  would  attract 
ne  attention  at  all  on  account  of  any  variation 
from  the  appearance  of  the  familiar  carbou 
lamp,  yet  it  is  novel  in  every  feature. 

This  lamp  is  a  good  sample  of  applied 
science  and  it  teaches  the  lesson  mentioned  at 
the  outset  of  this  article.  The  General  Electric 
Company  recognized  the  commercial  value  of  an 
improved  arc  lamp  and  conducted  the  scientific 
investigations  and  practical  experiments  to 
bring  out  this  invention,' and  it  now  has  to  sell 
it.  All  three  branches  of  its  work  are  equally, 
important,  if  me  greatest  good  to  the  public  and 
itsolf  is  to  result.  It  cannot  be  maintained 
that  equally  desirable  results  could  follow  the 
tedious  course  of  private  research,  the  long 
delay  while  some  business  man  was  becoming 
acquainted  with  such  research,  and  the  ultimate 
organization  of  a  company  to  perfect  and  man- 
ufacture such  an  apparatus.  The  fact  that  the 
experiments  were  made  under  the  financial  wing 
of  a  manufacturing  corporation  in  no  way 
lessens  their  manifest  value  from  the  point  of 
view  of  pure  science,  while  it  does  add  mate- 
rially to  their  value  to  the  community  at 
large. 


The  Insulating  Supports  op  a  Storage  Bat- 
tery were  described  at  the  meeting  in  Boston 
of  the  National  Electric  Light  Association  by 
Mr.  Walter  I.  Barnes.  A  double  tier  of  porce- 
lain insulators  is  used.  The  first  tier  is 
mounted  on  brick  piers,  which  are  capped  with 
a  hard  pressed  tile  Impregnated  by  boiling  in 
paraffin.  The  insulators  are  of  the  triple-petti- 
coat pattern  and  rest  on  the  tiles.  There  are 
two  for  the  support  of  each  side  of  the  cell  and 
on  each  pair  there  is  a  hard-pine  stick,  4x4% 
inches  in  size,  painted  with  an  acid-proof  paint. 
On  each  of  these  are  three  tiles,  carrying  the 
second  tier  of  insulators,  six  in  all  for  the  onfe 
cell,  or  ten  insulators,  including  both  tiers. 
The  second  tier  supports  the  cell  and  the  dis- 
tance from  the  floor  to  the  bottom  of  the  tank 
is  20.75  inches. 
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The  Gairiii's  Falls  Dam  and  Canal. 


Work  Is  approaching  completion  on  a  plant  at 
Bov.  N.  H.,  which  is  designed  to  develop  about 
(.000  horse-power  in  the  Merrimac  River.  The 
plant  is  being  constructed  for  the  Manchester 
Traction.  Light  and  Power  Company,  which 
furnishes  light  and  power  and  operates  the 
street  railways  in  and  about  Manchester,  N.  H. 
There  has  lieen  a  dam  near  this  point  since 
1859.  but  it  has  never  before  developed  the  full 
arailable  water  power.  The  present  plant  in- 
cludes the  dam,  canal,  power  house  and  auxil- 
iaries, and  will  be  completed  during  the  cur- 
rent year.  Work  was  commenced  in  May,  1901, 
on  the  power  house,  one  section  of  which  was 
built  and  operated  by  water  derived  from  the 
old  dam  and  canal,  the  plans  being  so  prepared 
that  this  building  and  its  equipment  would  form 
part  of  the  final  structure.  A  description  of  it 
was  published  in  The  Engineering  Record  of 
January  24,  1903.  The  completed  power  house 
corresponds  to  this  portion,  and  the  descrip- 


remainder  of  its  length  is  built  up  to  an  eleva- 
tion 2  feet  higher  and  has  a  different  cross-sec- 
tion with  horizontal  crest  and  a  straight  incline 
on  the  down-stream  face.  At  each  end  of  the 
dam  there  are  rubble  concrete  masonry  abut- 
ments at  right  angles  to  its  axis.  At  the  north 
end  these  abutments  are  comparatively  thin 
walls  reinforced  with  earth  slopes.  At  the  south 
end  the  abutments  are  continuous  with  the 
head  gates  and  side  wall  of  the  canal. 

The  canal  is  about  500  feet  long,  more  than 
62  feet  wide  at  the  bottom,  more  than  74  feet 
wide  on  water  line  and  has  a  maximum  depth 
of  about  17  feet.  It  is  designed  for  an  ordinary 
depth  of  water  12  feet  and  velocity  of  3.55 
feet  per  second.  The  bottom  slopes  about  1  in 
400  and  the  sides  are  battered  1  foot  in  2  feet. 
It  is  nearly  parallel  to  the  tracks  of  the  Boston 
and  Maine  Railroad  and  follows  approximately 
the  course  of  the  old  canal,  of  which  it  Is  really 
an  enlargement.  At  the  lower  end  its  width  is 
increased  to  about  135  feet  to  correspond  with 
the  forebay  wall  of  the  power  house  in  which 


The  body  ot  the  dam  is  built  of  rubble  stone- 
masonry  laid  in  2  Mi :  1  Portland  cement  mortar. 
All  cement  used  In  the  work  was  of  the  Lehigh 
brand  and  was  thoroughly  tested  by  samples 
from  every  fifteenth  barrel,  which  developed  an 
average  strength  of  about  268  pounds  in  3:1 
briquettes  28  days  old.  Re^ar  coursing  was 
avoided  and  the  stones  were  used  as  large  as 
was  consistent  with  obtaining  full  beds  and 
water-tight  joints.  Special  care  was  taken  to 
bond  them  well  with  the  ashlar  facings  and 
their  dimensions  were  varied  to  improve  the 
bonds.  Each  stone  was  washed  and  the  irregu- 
lar projections  and  feather  edges  hammered  off 
before  it  was  laid  in  a  thick  bed  of  mortar  and 
thin  spalls.  The  side  and  end  joints  were  made 
large  enough,  wherever  required,  for  small 
stones  to  be  packed  in  them,  and  all  oC  the  cut- 
stone  work  was  grouted.  The  masonry  in  the 
high  crest  section  corresponds  substantially 
with  that  above  described,  except  that  the  joints 
in  the  down-stream  face  are  all  parallel.  The 
cap-stones  only  are  pointed;    they  are  secured 


General   Plan  of  Garvin's  Falls  Water  Power  Development,  Showing    Location    of   Construction    Plant. 


tion  already  published  applies  to  it  as  far  as  it 
goes.  The  completion  of  the  plant  beyond  the 
point  described  in  the  previous  article  consists 
of  the  extension  of  the  power  house  and  the  con- 
struction of  a  new  dam,  head  gates,  canal  and 
overflow  and  the  improvements  of  the  tall-race. 
It  was  commenced  in  the  spring  of  1903. 

The  new  dam  is  located  about  800  feet  below 
the  site  of  the  old  dam  and  crosses  the  full 
width  of  the  channel  at  a  point  where  the  low- 
water  flow  is  about  1,000  cubic  feet  per  second. 
It  Is  estimated  that  it  will  develop  power  vary- 
ing from  a  minimum  of  2,500  horse-power  in 
extreme  low  water  to  a  maximum  of  C,000  for 
about  nine  months  ot  the  year.  The  dam  is 
about  550  feet  long  and  22  feet  high  above  the 
original  bed  of  the  river.  It  is  built  of  stone 
with  foundations  on  the  solid  rock,  which  la 
excarated  In  some  places  to  a  maximum  depth 
of  11  feet  For  all  except  75  feet  of  its  length, 
the  (iam  has  a  base  about  32  feet  wide  and  Is 
made  with  a  partly  curved  and  partly  straight 
outline  on  the  crest  and  down-stream  face.    The 


there  are  six  large  and  one  small  openings  to 
the  turbines.  Adjacent  to  the  power  house 
there  is  a  masonry  overflow  about  90  feet  long, 
and  below  it  the  rock  Is  excavated  to  elevation 
65,  35  feet  below  the  crest  of  the  dam,  to  make 
a  tail-race  about  200  feet  long,  which  delivers 
the  water  into  the  main  channel  of  the  river. 
Both  sections  of  the  dam  have  the  battered  up- 
stream face  built  of  granite  rubble  with  large 
rectangular  stones,  at  least  one-quarter  ot  which 
are  headers,  and  have  joints  not  exceeding  2 
inches  thick.  The  crest  of  the  low  section  is 
made  of  cut  granite  not  less  than  2%  feet  thick 
with  rough-pointed  upper  surface  and  joints  y^ 
Inch  wide  for  a  depth  of  3  inches.  The  down- 
stream face  is  built  of  ashlar  masonry  having 
an  average  thickness  of  30  inches  and  made 
partly  with  radial  joints  and  with  spcslal  large 
stones  at  the  toe. 

All  of  the  face  stone  is  laid  in  2:1  Portland 
cement  mortar,  and  the  cap-stones  on  the  crest 
are  secured  to  one  another  by  dogs,  the  V/4- 
inch  bolts  shown  on  the  plan  being  omitted. 


together  by  li4rinch  galvanized-iron  dogs  14 
inches  long  with  upset  ends. 

The  south  abutment  is  made  with  1:2V2: 
4%  concrete  with  2-inch  broken  stone  and  con- 
taining large  stones  of  various  sizes  bedded  in 
the  concrete  at  least  10  inches  from  the  finished 
surface,  which  was  washed  with  Portland  ce- 
ment grout.  The  top  of  It  is  8  feet  wide  arid 
serves  as  a  walk  which  is  protected  on  the  river 
side  and  at  the  high  part  on  the  canal  side  by 
an  iron  hand  rail.  The  north  abutment  has  a 
rubble  concrete  face  wall  and  an  earth  embank- 
ment 30  feet  wide  on  top  with  2:1  slopes  rip- 
rapped  on  the  up-stream  side,  and  a  concrete 
core  wall  3  feet  wide  on  top  with  both  sides 
battered  1:12  and  extending  down  to  founda- 
tions in  sound  rock.  The  space  enclosed  by 
these  walls  is  filled  with  earth  and  the  embank- 
ment is  composed  of  earth  rammed  in  4-inch 
layers. 

The  canal  is  excavated  in  earth  and  rock  on 
both  sides  of  the  old  canal.  In  all  cases  the 
sides  have  a  batter  of  1:2,  and  In  earth  they 
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are  faced  with  dry  rubble  made  with  large 
atones  having^the  bed  joints  normal  to  the  slope 
and  backed  with  spalls  sufficient  to  protect  the 
earth.  Between  elevations  97  and  105  the  joints 
are  pointed  with  cement  mortar.  The  face  walls 
are  battered  1:3  on  the  back  side,  are  3  feet 
wide  at  the  top  ai  elevation  105  and  6  feet  wide 
at  the  bottom  in  the  deepest  places.  Above  the 
tops  of  the  fac«  walls  the  All  has  a  slope  of  1:1 
and  is  carried  up  where  necessary  to  elevation 
107  so  as  to  prevent  any  possibility  of  overflow, 
the  normal  height  of  water  In  the  canal  being 
•elevation  100  and  the  bottom  of  the  canal  vary- 
ing from  87  to  88,  and  in  the  forebay  from  88 
to  83. 

The  head  gates  are  set  in  six  arched  openings 
10  feet  wide  and  12  feet  high  in  a  rubble  con- 
crete wall  which  crosses  the  upper  end  of  the 
canal.  It  is  about  145  feet  long  over  all  and 
29%  feet  high  above  the  canal  bottom.  It  is 
made  with  l:2i/i:4i4  Portland  cement  concrete 
and  has  a  floor  about  2  feet  thick  below  the 
canal  bottom,  in  which  the  piers  extend  to  a 
depth  of  1  foot.  At  the  upper  end  the  founda- 
tion was  trenched  to  a  depth  of  about  5  feet  and 
below  it  the  surface  was  stepped  off  in  short 
saw-tooth  planes  so  as  to  provide  abundant 
resistance  to  sliding.    The  piers  are  5  feet  wide 


and  consisted  of  irregular  strata  of  naked  rock 
with  some  projecting  points.  The  water  was 
unusually  low  throughout  the  season  and  the 
maximum  depth  and  velocity  rarely  exceeded  3 
feet  and  2  miles  an  hour,  respectively,  on  the 
center  line  of  the  dam. 

An  L-shaped  coiTerdam  about  600  feet  long 
was  built  in  the  bed  of  the  river  from  a  point 
about  110  feet  from  the  south  end  of  the.  dam 
to  the  north  shore,  on  the  up-stream  side,  in 
water  from  4  to  8  feet  deep.  It  was  50  feet 
wide  at  the  base  and  an  opening  of  150  feet 
was  left  near  the  north  end  of  it  for  the  passage 
of  the  water,  which .  was  thus  confined  to  the 
main  channel.  It  was  essentially  a  dike  made 
by  dumping  in  a  line  of  broken  stone  to  break 
the  current  and  then  filling  in  front  of  it  with 
dirt,  which  stopped  the  cracks  and  made  a 
structure  that  was  nearly  water-tight  under  the 
heads  encountered.  The  materials  were  all  sup- 
plied from  the  excavation  of  the  canal.  A  sup- 
plementary sand-bag  dam  was  built  across  the 
side  channel  to.  connect  this  dam  with  the  south 
bank  of  the  river. 

While  the  water  was  confined  to  the  north 
channel,  the  foundations  were  excavated  for 
the  south  end  of  the  dam  and  about  150  feet 
of  it  was  built  to  the  full  height,  except  for  a 


came  necessary  to  take  the  entire  flow  o£  the 
river  through  the  new  canal  and  through  the 
60-foot  opening  E,  which  together  had  a  ca- 
pacity proportioned  to  the  whole  low-water  dis- 
charge. A  temporary  crib  dam  O,  14  feet  wide 
filled  with  stone  was  built  to  connect  the  old 
canal  and  the  head  gates.  It  was  made  of  rail- 
road ties  8  feet  long  drift-bolted  together  and 
faced  on  the  inside  with  2-inch  matched  plank, 
battened.  When  it  was  completed  the  opening 
AC  in  the  dike  was  closed  with  stone  and  tight- 
ened with  earth,  brush  and  hay,  great  difficulty 
being  experienced  on  account  of  the  severity  of 
the  weather,  which  froze  the  materials  very 
hard.  By  January  6,  the  dam  was  tight  enough 
to  exclude  nearly  all  the  flow  and  work  was 
begun  in  excavating  the  foundations  for  the 
136-foot  section  BD  in  the  middle  of  the  chan- 
nel. 

The  rock  on  the  upstream  side  of  the  dam 
was  at  a  higher  level  than  that  on  the  down- 
stream side,  and  the  small  amount  of  seepage 
water  was  collected  there  by  temporary  lines  of 
sand  bags  and  concentrated  to  point  G,  where 
a  temporary  sluice  was  placed  to  carry  the 
water  to  the  downstream  side  of  the  dam. 
The  ■  foundations  ED  and  DB  were  then  exca- 
vated to  grade  about  5  feet  below  the  sluice  G 


Partially  Completed   Main   Dam  at  Garvin's  Falls    during    a    Flood;    Masonry  in  Downstream   Face  of  Dam. 


and  extend  about  8  feet  up-stream  from  the  face 
of  the  wall.  They  have  rounded  ends  and  are 
grooved  to  receive  the  gates  and  stop  planks. 
The  wall  and  piers  are  made  of  solid  concrete 
to  a  point  3  feet  above  the  crown  of  the  arches, 
above  which  large  rubble  stones  are  bedded  in 
it.  At  the  upper  end  of  the  canal  there  is  an 
overflow  45  feet  long  with  a  crest  at  elevation 
103,  which  is  built  of  l-.iy^-.iVz  rubble  concrete 
similar  to  that  used  in  the  abutments  and  head- 
gate  wall.  At  the  lower  end  there  Is  another 
overflow  about  90  feet  long  with  a  crest  at  ele- 
vation 102,  which  is  built  of  rubble  masonry. 

Work  on  the  canal  was  commenced  June  8, 
1903.  The  earth  was  stripped  by  hand  and  the 
rock  was  blasted  in  the  usual  way  and  handled 
by  numerous  guyed  derricks  on  both  banks. 
The  tops  of  the  masts  were  connected  by  hori- 
zontal, longitudinal  and  transverse  ropes  and 
were  braced  by  inclined  guys  clearing  the  adja- 
cent railroad  tracks.  Work  on  the  canal  was 
arranged  so  as  to  interfere  as  little  as  possible 
with  the  delivery  of  water  to  the  existing  por- 
tion of  the  power  house,  and  part  of  the  stone 
excavated  from  it  was  used  for  the  hearting  of 
the  walls.  While  the  canal  work  was  in  prog- 
ress, operations  were  commenced  on  the  main 
dam.     The  river  bed  was  approximately  level 


length  of  60  feet  at  E,  where  an  opening  was 
left  down  to  the  toe  stones.  Simultaneously  the 
head  gates  at  the  south  end  of  the  dam  were 
constructed.  Care  was  taken  to  excavate  all 
loose  and  unsound  rock  dowji  to  hard  solid 
strata,  precautions  being  observed  to  prevent 
shattering  sound  stone.  The  holes  were  drilled 
at  an  angle  so  as  to  level  the  ledge  surface,  as 
shown  in  the  cross-section.  The  loose  pieces 
were  carefully  removed  by  baring  and  wedging, 
and  a  minimum  amount  of  explosive  was  em- 
ployed. All  cracks  and  seams  were  thoroughly 
filled  with  a  grout  of  neat  Portland  cement.  All 
springs  were  piped  to  a  height  above  their 
source  and  were  grouted  after  the  masonry  had 
been  built  to  the  corresponding  elevation.  No 
masonry  or  concrete  was  laid  under  water  and 
the  water  was  not  permitted  to  rise  on  any  ma- 
sonry until  the  mortar  or  concrete  had  set  at 
least  24  hours.  Particular  care  was  taken  to 
make  a  good  joint  between  the  masonry  and  the 
ledge  so  that  there  should  be  no  leakage  under 
the  dam. 

All  of  the  work  on  the  canals,  head  gates, 
forebay  walls  and  power-house  foundations  was 
completed  and  the  water  from  the  old  canal  was 
admitted  through  three  of  the  new  head  gates 
to  the  new  canal  November  19th.     It  then  be- 


and  the  masonry  was  laid  up  to  the  level  of  the 
bottom  of  the  toe  stones.  The  sand  bags  were' 
then  shifted  so  as  to  deflect  the  water  to  the 
point  H,  where  it  was  discharged  over  the  ma- 
sonry, thus  freeing  the  sluice  G  and  allowing 
the  masonry  to  be  built  up  at  that  point.  The 
water  was  again  deflected  through  an  opening 
in  the  dam  located  at  the  same  place  as  the 
flrst  by-pass  G.  The  masonry  was  completed  to 
the  crest  line  as  fast  as  convenient  and  the  sec- 
tion B  was  built  up  to  elevation  84  to  provide 
a  channel  for  the  flow  while  the  section  GH  was 
built  up  to  elevation  93,  where  work  was  stop- 
ped on  account  of  high  water.  The  work  was- 
pushed  as  fast  as  possible  during  January  and 
February  so  as  to  carry  it  above  danger  from 
spring  floods  and  ice  which  were  expected  to 
come  about  March  1. 

As  It  was  seen  to  be  impossible  to  coniplete 
the  dam  before  this  date,  the  masonry  at  GH, 
the  last  section,  was  built  to  elevation  93,  in  or- 
der to  divert  the  entire  normal  low-water  fiow 
through  opening  E,  thus  doing  away  with  the 
necessity  of  rebuilding  the  cofferdam  should  it 
be  damaged  by  high  water  and  permitting  work 
to  be  resumed  very  soon  after  freshets.  The 
river,  while  it  has  not  reached  low  stage,  has 
lowered   sufficiently   to  permit  work  upon   the 
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dam  to  b«  re«un«d  at  Uie  north  end  ot  GH,  be- 
hind a  low  land-bac  dam,  placed  at  the  up- 
■traam  tmet  of  the  maaonry. 

It  U  intended  to  build  the  upper  part  o(  the 
maaonry  in  section  B  under  the  protection  of 
a  crib  cofferdam,  for  which  provision  ha6  al- 
rakdy  baan  outde.  Two  heavy  masonry  but- 
Irnwiii  15  (Mt  wide  haTe  been  built  on  the  up- 
per side  of  the  dam  to  receive  the  ends  of  the 
crib.  A  foundation  for  the  latter  has  been  pre- 
pared by  excavating  in  the  line  of  its  outer  face 
a  U-«haped  trench  about  3  feet  wide,  which  ex- 
tends down  to  solid  rock  and  is  filled  with  con- 
crete. This  will  form  a  foundation  for  the  crib, 
which  will  have  several  panels  of  horlsontal 
dlasonal  bracing  designed  to  form  heavy  tim- 
ber liiinnfiii  spanning  the  opening  between  the 
butli  Miw  and  thus  enabling  the  unsupported 
aide  of  the  crib  to  resist  the  heavy  hydrostatic 
preMore.  The  outer  face  of  the  crib  will  be 
aheeted  with  4-inch  or  6-inch  grooved  and 
alined  plank.  > 

The  work  was  prosecuted  vigorously  through- 
out the  past  winter,  although  the  conditions 
were  exceedingly  severe  on  account  of  the  low 
temperature,  which  averaged  about  16  degrees 
and  fell  as  low  as  35  deg^rees  below  zero.  This 
extreme  cold  was  accompanied  by  snow  and 
high  winds,  which  made  the  work  very  difficult 
and  uncomfortable  and  necessitated  special  pre- 
caatlons  for  laying  the  masonry.  The  mortar 
waa  mixed  with  hot  water  and  the  stones  were 
heated  by  steam  and  covered  with  tarpaulins, 
under  which  steam  pipes  were  carried  along 
the  face  of  the  work. 

The  principal  quantities  involved  in  the  work 
here  described  included  about  19,000  cubic  yards 
of  earth  excavation,  21,000  cubic  yards  of  rock 
excavation,  4,100  yards  of  concrete  and  16,000 
yards  of  masonry  of  all  kinds.  The  principal 
items  of  the  plant  installed  were  fourteen  der- 
ricks, each  provided  with  a  Lidgerwood  or 
Lambert    double-drum    stean)   hoisting   engine 


Beinforoed  Concrete  in  Bnilding  Construc- 
tion. 

Condensed   from   a   paper   read    by    Mr.    Kmlle   U. 

Perrot   before   tbe  School  of   Architecture,  University 

of   rennsylvanla. 


Generally  speaking,  what  has  been  accom- 
plished with  the  steel  skeleton  construction  is 
possible  in  reinforced  concrete.  For  business 
buildings  and  factories  there  seems  to  be  no 
good  reason  why  the  Exterior  walls  and  orna- 
mentation such  as  is  used  for  these  structures 
should  not  be  built  of  reinforced  concrete,  our 
main  difficulty  at  the  present  being  the  impos- 


certain  factors,  the  most  important  of  which 
embodies  the  personal  element.  In  other  words, 
reinforced  concrete,  in  the  hands  of  thorough 
and  conscientious  workers,  will  be  just  as  safe 
as  any  other  form  of  construction,  while  the 
reverse  is  true  it  the  designing  and  execution 
is  left  to  inexperienced  persons. 

The  question  of  its  added  weight  can  be  passed 
by  as  one  of  little  moment  when  we  consider 
the  saving  of  cost  effected  by  its  use  over  other 
fireproof  methods  of  construction.  Furthermore, 
when  a  building  is  to  be  erected  on  a  com- 
pressible soil  this  system  can  be  used  to  good 
advantage   by   designing   the   building   with   a 
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and  swinging  gear;  sixteen  IngersoU-Sergeant 
steam  rock  drills;  one  Parrell  rock  crusher; 
one  Carlin's  &-foot  concrete  mixer  and  several 
10-lnch  centrifugal  and  5-lnch  Cameron  pumps 
and  4-inch  palsometers.  There  was  an  average 
force  of  abotit  300  men  working  single  10-honr 
ahifts. 

The  work  waa  designed  and  its  construction 
was  Bupenrlaed  by  Messrs.  Hollis  French  ft 
Allen  Hubbard,  consulting  engineers,  Boston. 
Mr.  George  G.  Shedd  was  the  resident  engineer 

•f  Jlessra.   Holbrook,   Cabot  ft  Hollins  were 
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sibillty  of  securing  workmen  who  are  familiar 
enough  with  this  material  to  make  a  satisfac- 
tory finish. 

In  considering  the  advantages  and  disadvan- 
tages of  reinforced  concrete,  the  architect  is 
confronted  with  many  important  questions 
which  must  be  answered  aright  before  any  defin- 
ite plans  can  be  drawn:  (1)  Is  reinforced 
concrete  "reliable"?  Will  it  stand  up?  (2) 
Does  its  added  weight  work  to  its  disadvantage? 

(3)  Can  it  be  erected  with  sufficient  speed  and 
in  weather  of  varying  degrees  of  tenfperature? 

(4)  Does  the  stony  and  monolithic  character  of 
the  construction  render  the  building  less  adapta- 

■  ble  for  the  introducing  of  overhead  shafting, 
fixtures,  etc.?    (5)  Is  It  fireproof? 
The  answer  to  the  first  question  depends  on 


solid  bottom  running  from  wall  to  wall,  omit- 
ting the  independent  footings. 

Can  it  be  erected  with  sufficient  speed  and  in 
weather  of  varying  degrees  of  temperature?  The 
first  part  of  this  question  I  wil!  answer  by  giv- 
ing the  record  of  the  reconstruction  of  the  For- 
rest laundry  last  year.  This  building  is  a  four- 
story  and  basement  structure  50  feet  wide  by 
100  feet  long.  The  entire  structure  was  fin- 
ished on  December  12,  1903.  On  November  26 
all  the  plastering  was  finished;  the  concrete 
construction  of  the  entire  building,  except  the 
roof  on  top  of  the  tank  tower,  was  completed 
on  October  29.  As  the  work  was  given  out  on 
July  25,  this  shows  a  very  rapid  progress  for 
the  work.  Since  the  work  of  erecting  the  stag- 
ing for  the  concrete  construction  started  on  Au- 
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gust  5,  the  time  occupied  for  putting  in  the 
concrete  construction  was,  therefore,  twelve 
weeks.  As  this  involved  the  laying  of  about 
35,000  square  feet  of  floor  and  roof,  this  is  re- 
markably rapid  progress. 

As  to  laying  reinforced  concrete  in  freezing, 
weather,  I  might  say  that  it  is  not  impracticabte 
to  do  so,  provided  the  temperature  does  not  fall 
below  about  26  degrees  Fahr.,  but  the  precau- 
tion of  leaving  the  forms  or  centering  In  posi- 
tion until  the  concrete  has  thoroughly  set  and 
hardened  after  the  thawing  process  is  abso- 
lutely necessary. 

The  stony  and  monolithic  character  of  rein- 
forced concrete  is  somewhat  of  an  objection  for 
buildings  in  which  the  location  of  the  shafting 
and  gas  fixtures  is  not  predetermined,  unless 
some  means  are  adopted  by  which  the  shafting 
hangers,  etc.,  can  be  located  at  any  point. 

The  fireproof  quality  of  reinforced  concrete 
has  been  established  beyond  a  doubt,  not  only 
by  actual  conflagrations,  as  instanced  in  the  Bal- 
timore fire,  but  also  by  experimental  fire  tests 
made  under  the  direction  of  the  Philadelphia 
Bureau  of  Building  Inspection  and  the  New 
York  Building  Bureau. 

The  test  made  by  the  City  of  Philadelphia 
took  place  on  a  specially  constructed  test  house 
or  furnace  with  roof  constructed  of  reinforced 


concrete  showed  a  slight  superficial  crack  near 
the  front  end.  The  northeast  column  showed  a 
shearing  break  across  one  corner;  other  parts 
in  splendid  condition.  Additional  pig  iron  was 
loaded  on  the  slab  until  the  load  was  Increased 
to  602  pounds  per  square  foot.  The  northwest 
column  showed  a  perpendicular  crack  through 
the  center.  The  maximum  deflection  under  a 
load  of  602  pounds  was  about  a  half  inch  more 
than  under  the  load  of  150  pounds.  The  back 
columns  showed  a  buckle  of  %  of  an  inch. 

One  other  important  feature  which  is  interest- 
ing to  the  architect  and  engineer,  inasmuch  as 
it  affects  the  pecuniary  interest  of  the  client, 
is  the  rate  of  insurance.  Making  the  compari- 
son with  similar  buildings  of  the  slow-burning 
type,  everything  else  being  equal,  the  rate  on 
the  reinforced  concrete  type  is  considerably 
lower  than  on  the  slow-burning  type;  this  is 
seen  in  the  case  of  the  Bilgram  machine  shop, 
where  the  rate  is  only  twenty  cents  per  hundred, 
while  on  the  slow-burning  type  the  rate  would 
be  more  than  double. 

The  rate  on  the  Forrest  laundry  is  thlrty-flve 
cents  per  hundred,  while  on  a  laundry  building 
of  the  slow-burning  type  the  rate  would  be  sev- 
enty cents  per  hundred.  I  understand  from 
the  insurance  agent  that  the  rate  on  this  partic- 
ular luildircr  is  cheaper  than  any  other  laundry 


foot  for  steel  construction  fireproofed,  making  a 
total  difference  between  the  two  systems  of  al- 
most $3,000  in  favor  of  the  concrete. 

The  patented  systems  of  concrete-steel  con- 
struction may  be  divided  into  three  classes — 
those  using  "deformed"  bars,  those  using 
"plain"  bars  and  those  using  a  "webbing."  In 
the  flrst  class  are  the  Ransome,  which  uses  a 
square,  twisted  bar;  the  Kahn,  which  uses  a 
square  bar  with  side  wings  bent  upward  to  form 
stirrups;  the  Thacher  bar,  which  is  a  round, 
rolled  bar  with  flattened  sections;  the  Johnson 
bar,  which  is  square  in  section  and  has  ridges 
on  the  four  sides.  In  the  second  class  there 
are  the  Hennebique  and  De  Valliere,  in  which 
half  the  number  of  bars  are  bent,  the  stirrups 
ill  the  two  systems  being  the  points  of  differ- 
ence. The  Cummings  combines  the  rod  and 
stirrup  in  one  bar.  The  Columbian  uses  a  spe- 
cially rolled  bar  similar  to  a  double  cross  in 
section  and  support  it  at  the  ends  on  steel 
beams  or  walls.  In  the  third  class  are  expanded 
metal,  Roebling,  International  and  other  types 
which  employ  a  netting  or  sheeting  in  the  con- 
crete slab,  in  some  instances  strengthened  with 
rods  or  cables. 

The  usual  theory  of  the  resistance  of  mate- 
rials based  on  the  following  hypothesis,  that  a 
section   plane  before  bending  remains  sensibly 
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concrete,  size  8x18  feet  inside  measurement, 
supported  upon  four  16-inch  square  columns. 
There  were  two  girders,  8xl4-inch,  reinforced 
by  four  steel  rods  1  inch  in  diameter,  with  5/16- 
inch  stirrups.  The  floor  slab  was  5  inches  thick, 
with  a  layer  of  5/16-inch  rods  at  the  bottom  8 
Inches  on  centers,  and  another  layer  running 
from  bottoti  at  the  center  to  the  top  at  the  outer 
edge,  for  the  purpose  of  strengthening  the  over- 
hang of  14  inches  of  the  floor.  Columns,  beams 
and  floor  were  built  continuously  in  one  solid 
mass.  The  walls  of  the  test  house  were  of 
brick  with  buck  staves.  The  proportions  of 
the  concrete  were  one  part  of  Alpha  Portland 
cement,  three  parts  of  gravel  and  five  parts  of 
trap  rock.  The  age  was  two  months.  The  floor 
was  loaded  with  a  uniform  distributed  load  of 
150  pounds  per  square  foot. 
.  The  flre  test  lasted  for  four  hours,  after  which 
water  from  a  hose  was  turned  on  the  test  house 
under  65  pounds  presure. 

The  mean  average  temperature  of  the  flre 
was  1,776  degrees  Fahr.  The  total  deflection 
under  flre  and  water  was  2  5/12  inches.  The 
next  day  the  deflection  was  1  5/12  Inch  less, 
showing  that  the  floor  had  recovered  this 
amount  in  cooling.     The  inside  surface  of  the 


rate  in  the  United  States.  Furthermore,  the 
same  owner,  while  in  temporary  quarters  after 
the  destruction  of  the  building  by  flre  (the 
building  being  of  slow-burning  mill  construc- 
tion, sprinkled),  paid  $1.57  per  hundred  insur- 
ance. This  gives  some  idea  of  the  saving  effect- 
ed by  using  this  system  of  construction. 

The  cost  of  reinforced  concrete,  as  compared 
to  the  slow-burning  type  on  the  one  hand  and. 
steel  frame  fireproofed  with  terra  cotta  on  the 
other,  reveals  some  interesting  figures.  The 
data  I  give  you  is  from  actual  estimates  received 
on  buildings  designed  by  our  firm. 

The  bids  of  the  Forrest  laundry  for  the  slow- 
burning  type  figured  out  $1.07  per  square  foot 
of  floor  area;  for  the  reinforced  concrete,  $1.45 
per  square  foot;  for  steel  floors  and  roof  con- 
struction fireproofed  the  cost  would  have  been 
$1.85  per  square  foot.  This  is  for  the  entire 
building  finished,  exclusive  of  elevators,  power, 
heat  and  light. 

The  bids  on  the  Union  Mission  Hospital  do 
not  show  the  same  variation,  as,  the  construc- 
tion being  lighter,  the  cost  was  not  affected  as 
much  as  with  a  heavy  construction.  The  actual 
bids  on  this  building  were  $2.45  per  square  foot 
for   reinforced   concrete   and   $2.54    per   square 


plane  after  bending,  while  it  is  not  held  by  all 
engineers  as  being  absolutely  exact,  is,  however, 
sufficiently  so  for  all  practical  considerations 
when  applied  to  simple  flexure;  and  this  hypoth- 
esis forms  the  basis  of  all  the  formulas  used 
in  the  writer's  calculations.  Such  French  engi- 
neers as  Consid6re  and  Christophe  and  Ameri- 
can engineers  as  Thacher  hold  to  the  above 
tenets,  and  I  do  not  see  any  good  reason  why  the 
theory  of  reinforced  concrete  beams  should  be  so 
refined  as  to  reduce  the  calculations  to  an  exact- 
r.ess  which  is  undoubtedly  rendered  null  by  the 
inequalities  almost  sure  to  exist  in  the  concrete 
mixture  and  irregular  workmanship. 

On  this  assumption,  then,  that  within  the  elas- 
tic limit  the  stresses  are  uniformly  varying 
across  the  section,  the  fundamental  formula  for 
the  flexure  of  beams  may  be  reduced  to  the  fol- 
lowing for  reinforced  concrete  beams  of  rec- 
tangular section  with  reinforcement  In  the  bot- 
tom only,  neglecting  the  effect  of  the  concrete  in 
tension : 

M  =  0.33  p  a'e  +  t  s  b,  in  which  M  is  the 
bending  moment  In  inch-pounds,  a  is  the  dis- 
tance from  the  neutral  axis  to  the  most  remote 
fiber  in  compression,  p  is  the  unit  compressive 
strain  on  the  concrete,  e  is  the  width  of  beam, 
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t  ia  the  unit  tensile  strain  on  the  steel,  s  is  the 
■na  of  the  steel,  and  b  is  the  disiani-«  from  the 
BMitnU  axis  to  the  center  of  action  of  the  steel. 
The  determination  of  the  neutral  axis  lii, 
therefore,  the  key  to  the  solution  of  the  equa- 
tion. If  we  represent  the  height  of  the  beain 
by  h,  then  the  fraction  a/h  (which  we  shall  call 
X  in  the  next  formula)  represents  the  fractional 
part  of  the  height  of  the  beam  in  compression : 
likewise,  the  fraction  s/eh  (which  we  shall  call 
y>  is  the  percentage  of  the  metal  in  relatirn  to 
the  total  sectional  area  of  the  beam.  By  as- 
suming the  coefflcient  of  elasticity  x>f  steel  as 
being  twenty  times  that  of  concrete,  wc  dctluoo 
the  following  formula,  which  defines  the  posi- 
tion of  the  neutral  axis  In  fractions  according 
to  the  percentage,  or 


X-  20y 


(— 1-r^  1-f  — y) 


This  formula  is  based  upon  the  steel  rein- 
forcement being  located  at  five-sixths  of  the 
depth  of  the  beams  from  the  top. 

In  calculating  the  strength  of  beams  with 
floor  slab  united  thereto  the  beams  and  slabs 
are  considered  a  T  section  and  the  beam  figured 
accordingly.  Of  course,  should  the  neutral  axis 
tall  in  the  slab,  the  formula  used  for  rectangu- 
lar beams  will  hold  good  for  these  T  sections, 
since  we  neglect  the  consideration  of  the  con- 
crete in  tension  and  are  only  concerned  with 
that  iu  compression. 

The  formula  for  T  sections,  then,  when  the 
neutral  axis  falls  below  the  slab  becomes 
If  =  p/6a  [a=w  (3h'  —  a)— (a  —  g)  '  (w  —  e) 
(3h'  —  a  —  2g)) 

In  which  p,  a,  e  have  the  same  meaning  as 
b^ore,  and  w  is  the  width  of  the  slab,  h'  is  the 
distance  from  the  top  of  the  slab  to  the  center 
of  action  of  the  reinforcement,  and  g  is  the 
thickness  of  slab.  The  position  of  the  neutral 
axis  from  the  top  of  the  beam  is  found  to  be 
eqoal  to  the  fraction  h'/2.6  when  p  =  500  and  t 
=  16,000  pounds. 

The  working  stresses  of  the  concrete  we  have 
•asumed  as  500  pounds  per  square  inch,  and 
tiiat  of  the  steel  as  16,000  pounds  per  square 
Inch,  these  values  being  established  by  the  Phil- 
adelphia Bureau  of  Building  Inspection. 

The  approximate  formula  for  finding  the  area 
of  the  steel  in  the  bottom  of  a  beam  of  T  section 
ia  as  follows: 

S  =  M^  16,000   (h'  — g/2) 

This  formula  is  very  convenient  for  checking 
up  beams  that  have  been  designed  by  the  cor- 
rect formnla,  but  it  does  not  determine  any 
dlirensions  for  the  concrete. 

The  effect  of  shear  upon  a  beam  seems  to  be 
Tttry  little  considered  in  the  early  study  of  re- 
inforced concrete,  but  since  data  obtained  by 
practical  tests  seem  to  indicate  that  beams  de- 
signed without  the  use  of  steel  to  take  up  the 
shearing  strains  fall  by  the  cracking  of  the 
eoncrete,  several  systems  have  been  devised  to 
meet  th's  objection.  The  De  Valliere  has  a  very 
good  form  of  twisted  stirrup,  which  is  built  In 
the  beam  and  unites  the  steel  rods  of  the 
beams  to  the  reinforcement  of  the  slab.  The 
Kahn  system  employs  a  square  bar  with  side 
wings  bent  up  at  an  incline,  the  stirrup  in  this 
ease  being  originally  part  of  the  bar  and  cut 
away,  leaving  just  enough  material  to  unite 
the  two  securely  together.  The  Hennebique  sy»- 
tem  uses  stirrups  bent  in  the  form  of  a  U-shaped 
loop  extending  under  the  tension  rods  and  run- 
ning up  through  the  beam  projecting  into  the 

The  unit  shear  at  the  plane  of  the  reinforce- 
ment equals  q  =  K/Ie  x  m  b  s,  in  which  q  is 
the  unit  shear  sought,  K  Is  the  vertical  shear 
at  the  section  considered,  I  is  the  moment  of 
Inertia  of  the  section,  m  Is  the  ratio  of  the  co- 


eflloient  of  elasticity  of  steel  to  that  of  con- 
crete, =  20,  and  b,  e,  s  have  the  same  meaning 
as  before. 

For  T  sections  the  formula  becomes 
K 

q  = 

e  (h'— a/3) 
The  usual  methods  of  reinforcing  columns  is 
to  place  vertical  rods  in  the  corners,  strapped  or 
laced  together  at  frequent  intervals.  In  order 
to  have  the  two  materials  act  together  the  de- 
formation of  the  concrete  and  steel  must  be 
equal.  We  have  then  the  condition: 
P  t  PBj 


E„ 


E. 


B3. 


If  we  assume  500  pounds  as  the  safe  unit 
stress  on  the  concrete  the  value  of  t  becomes 
500  X  28,000,000  -^  1,400,000  =  10,000  pounds. 
This  is  lower  than  the  safe  unit  stress  of  steel, 
but  Is  the  proper  value  to  use  if  we  allow  500 
pounds  on  the  concrete. 

For  square  columns  longer  than  10  diameters 


Pair  of  Air-Lift   Pump  Tanks. 

the  safe  unit  stress  should  be  reduced  by  the 
following  formula; 

/  l'^ 

P    =  p  -f-     1  -f  0.0005  — 
\  e«  ' 

in  which  P  Is  the  allowable  unit  stress,  p  is 
the  unit  stress  allowed  on  short  columns,  e  is 
the  side  of  column  in  inches,  and  1  is  the  length 
of  column  in  inches. 

Another  method  of  reinforcing  columns  is  by 
running.  In  addition  to  the  vertical  rods,  spiral 
hoops  close  together  around  the  column.  This 
method  is  new,  and  as  the  experiments  recently 
conducted  on  columns  of  this  form  are  In  some- 
what an  incomplete  state  it  is  best  not  to  allow 
any  higher  unit  stress  on  columns  than  given 
by  the  above  formula. 

A  test  of  the  protection  afforded  steel  or  Iron 
embedded  In  concrete  was  made  by  our  firm. 
A  concrete  prism  6x6x8  inches  long,  with  four 
S/ie-lncl"  rods,  was  placed  In  brine  for  six 
months  In  order  to  determine  the  effect  of  this 
solution   on   the   embedded    steel.     When    the 


blouk  was  broken  open  the  rods  showed  no 
trace  of  rust  and  were  as  bright  as  the  day  they 
were  embedded  in  the  concrete.  All  the  rods 
were  placed  within  one  inch  of  the  face  of  the 
prism  and  the  ends  of  same  were  as  close  as  % 
Inch  to  the  outside  of  the  prism. 
■  We  also  had  tests  made  to  determine  the  ad- 
hesion of  plain  steel  rods  to  concrete.  The  tests 
were  made  on  a  1:3:5  mixture  of  concrete 
seven  months  old.  The  rods  were  14.  5/16,  9/16 
and  %  inch.  The  first  three  rods  were  rusted; 
the  %-Inrli  rod  was  entirely  free  from  rust.  The 
average  pressure  for  release  was  210  pounds  per 
square  Inch  of  surface  in  contact,  while  the 
friction  pressure  after  the  adhesion  was  de- 
stroyed averaged  122%  pounds  per  square  inch. 
The  rusted  rods  showed  that  the  adhesion  was 
equally  as  great  as  with  the  clean  rod. 

These  values  are  somewhat  low,  as  compared 
with  other  tests,  but  they  indicate  that  the  ad- 
hesion of  the  concrete  to  the  steel  rod  continues 
until  the  sieel  Is  stretched  to  Its  elastic  limit. 


Air-Lift  Pumping  Machinery  at  the  Inverted 

Siphon  of  the  New  Croton  Aqueduct, 

New  York  City. 


The  new  Croton  aqueduct,  which  conveys 
water  from  the  Croton  Reservoir  to  New  York 
City,  crosses  the  Harlem  River  between  the 
Borough  of  the  Bronx  and  Manhattan  Island 
by  means  of  an  inverted  siphon  10Vf>  feet  in 
diameter  Inside,  1,266  feet  long  and  about  311 
feet  below  high-water  level  in  the  river.  This 
siphon  and  its  shafts  were  described  in  The 
Engineering  Record,  October  12,  1895.  Shaft 
No.  25,  near  the  corner  of  179th  Street  and 
Amsterdam  Avenue,  Manhattan,  from  which 
the  tunnel  was  driven  beneath  the  river,  was 
excavated  to  a  depth  of  426.5  feet  and  to  a 
cross-section  of  16%x33  feet  in  the  clear  of 
timbers  and  rock. 

In  this  shaft  there  "were  constructed  two 
wells  12  feet  3  Inches  In  diameter,  one  forming 
a  part  of  the  aqueduct  in  which  the  water  rises 
and  the  other  serving  as  a  pump  well  tor  emp- 
tying the  siphon.  There  Is  a  connection  be- 
tween the  two  wells  at  the  bottom,  controlled 
by  a  20x30-inch  sluice  gate.  The  pump  well  is 
lined  with  cast-iron  hub  and  spigot  rings  3  feet 
In  length'  and  1^4  inches  thick,  backed  by  a 
2-foot  ring  of  brickwork,  with  the  space  be- 
tween the  bricks  and  the  sides  of  the  excava- 
tion filled  with  rubble  masonry.  The  cast-iron 
rings  extend  from  the  bottom  of  the  shaft  to 
the  lower  of  two  brick  diaphragms,  378  feet 
above  the  bottom.  Each  of  these  diaphragms 
is  a  4-foot  inverted  brick  arch  enclosed  in  ad- 
ditional brickwork  making  the  total  thickness 
9  feet,  and  was  built  across  the  shaft  to  resist 
the  upward  pressure  of  the  water.  Through 
each  diaphragm  there  is  a  manhole  with  cast- 
iron  frames  and  covers;  the  manhole  covers 
are  16  feet  apart  vertically.  At  a  height  of  337 
feet  above  the  bottom  of  the  shaft  the  water  in 
the  pump  well  can  overflow  through  a  48-inch 
blow-off  pipe  into  the  Harlem  River,  while  in 
the  adjoining  well  the  water  flowing  in  the 
aqueduct  rises  to  an  elevation  123  feet  above 
the  overflow  pipe. 

A  stone  building  was  erected  over  this  shaft 
and  a  plant  Installed  for  unwatering  the  wells 
and  siphon,  whenever  It  might  become  neces- 
sary for  inspection  and  repairs.  The  floor  of 
the  engine  room  is  424.25  feet  above  the  ex- 
treme bottom  of  the  shaft.  The  plant  Installed 
in  1889  and  used  until  about  two  years  ago  for 
emptying  the  siphon  consisted  of  a  pair  of 
1,390-gallon  balling  buckets  14  feet  deep  and  4 
feet  In  diameter,  lowered  and  raised  by  an  en- 
gine and  steel  wire  cables  passing  through 
large  overhead  sheaves,     a  flap  valve  In  the 


il.'W  28,  1904. 


THE     ENGINEERING     RECORD. 


(^7i 


bottom  of  each  bucket  opened  as  the  bucket  was 
lowered,  but  closed  when  the  bucket  was  raised. 
A  sliding  gate  in  the  side  of  each  bucket  at  the 
bottom  was  provided  for  discharging  it,  being 
opened  above  river  level  by  means  of  a  tripping 
post  near  the  top  of  the  shaft.  These  buckets 
were  operated  by  a  high-pressure  hoisting  en- 
gine with  25-inch  cylinders  and  60-inch  stroke. 
With  this  installation  it  required  about  73 
hours,  as  a  maximum,  to  empty  the  siphon. 

For  several  reasons  this  arrangement  was 
considered  very  unsatisfactory,  and  many  plans 
were  studied  for  improving  it.  It  was  finally 
decided  that  in  calling  for  bids  for  a  new  equip- 
ment the  bidder  should  simply  be  required  to 
guarantee  that  the  machinery  which  was 
offered  would  have  a  capacity  of  2,500,000  gal- 
lons in  twelve  hours,  with  a  lift  of  337  feet,  and 
that  complete  plans  of  the  proposed  plant 
should  be  submitted  with  each  bid,  together 
with  a  statement  of  the  power  that  would  be 
required  to  operate  it.  The  contract  was 
awarded  to  the  Pneumatic  Engineering  Com- 
pany, of  New  York,  April  21.  1902.  This  com- 
pany offered  a  plant  consisting  of  compound 
direct  air-pressure  pumps  based  on  the  design 
of  Prof.  Elmo  G.  Harris,  of  the  School  of  Mines, 
University  of  Missouri.  Rollo,  Mo.  The  theory 
of  this  type  of  pump  was  explained  briefly  in 
this  journal  October  8,  1898.  Whatever  differ- 
ence of  opinion  may  be  held  as  to  the  advisa- 


heavy  Rand-Corliss  air  compressor  of  the  Com- 
stock  type,  a  42-inch  diameter  by  10-foot  steel- 
tank  air  receiver,  an  after-cooler,  a  special 
switching  device  for  controlling  automatically 
the  flow  of  air  to  and  from  the  tanks,  a  small 
Rand  auxiliary  air  compressor  to  supply  the 
necessary  and  accidental  losses  from  the  sys- 
tem, and  an  Otis  hydraulic  lift  cylinder. 

The  preliminary  plan  contemplated  a  singlfe 
21-inch  discharge  pipe  for  all  four  tanks,  and 
in  some  other  respects  the  piping  differed 
sightly  from  that  finally  built.  Developments 
during  erection  made  it  desirable  and  neces- 
sary to  change  several  features,  although  some 
of  the  parts  had  already  been  made.  Steam  for 
the  compressors  is  brought  through  an  8-inch 
main  underground  from  the  179th  Street,  or 
High  Bridge  pumping  station,  about  300  feet 
distant.  Almost  all  the  steam  and  other  piping 
is  beneath  the  engine-room  floor. 

Before  removing  the  old  apparatus  it  was 
employed  to  empty  the  water  from  the  pump 
well,  with  the  hope  that  the  well  could  be  kept 
•  sufficiently  clear  of  water  by  means  of  small 
pumps  to  permit  the  men  to  work  on  the  tanks 
and  connections;  but  when  the  well  was 
emptied  it  was  found  that  the  water  leaked  in 
from  the  aqueduct  and  from  the  ground  at  a 
rate  of  from  1,200  to  1,500  gallons  per  minute. 
To  handle  such  a  quantity  of  water  against  the 
existing  head  would  have  required  a  pumping 


whicn  are  4  feet  6  inches  by  5  feet  4  inches,  and 
by  the  aid  of  these  templates  the  designs  were 
so  rearranged  that  a  tank  with  Its  lugs  and 
other  connecting  parts  attached  could  just  be 
gotten  through  one  of  the  manholes  when 
turned  in  a  particular  way.  A  clearance  of 
only  %  to  %  inch  was  allowed  ever  the  rivet- 
heads  and  other  extreme  points  when  the  tank 
was  turned  in  the  right  position. 

Heavy  cast-steel  brackets,  of  such  shape  and 
size  as  to  leave  just  the  absolutely  necessary 
clearance  for  a  pair  of  tanks  when  assembled, 
were  tap-bolted  to  the  cast-iron  lining  of  the 
snaft  at  a  level  about  95  feet  below  the  engine- 
room-floor,  to  aupport  a  temporary  erecting 
platform.  These  brackets  were  arranged  as 
shown  on  one  side  of  the  drawings,  one  pair  be- 
ing at  the  extremities  of  the  diameter  between, 
and  at  right  angles  to,  the  axis  of  the  two  man- 
holes. Each  bracket  of  this  pair  had  five  114- 
inch  tap  bolts  and  two  1-inch  steel  dowel  pins, 
and  the  others,  having  less  load,  each  had  three 
bolts  of  the  same  size  and  two  dowel  pins.  On 
the  pair  of  heavy  brackets  was  placed  a  15-inch 
42-pound  I-beam,  and  the  other  brackets  were 
set  with  their  tops  on  a  level  with  the  top  of 
the  I-beam.  A  10xl2-inch  hard  pine  stick  cut 
to  exact  length  was  laid  with  one  end  on  a 
bracket  and  the  other  on  the  I-beam,  there  be- 
ing eight  sticks  in  all.  Across  these  timbers 
the   floor  of  3-inch   planks  was  laid,   but  not 
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bility  of  adopting  this  type  of  apparatus  for 
deep  shaft  pumping  under  the  peculiar  condi- 
tions existing  at  this  place,  the  numerous  diffi- 
culties ingeniously  overcome  in  the  design  and 
erection  of  the  plant  make  a  description  of  it 
particularly  interesting. 

During  the  installation  of  the  pumping  ap- 
paratus a  number  of  modifications  were  made 
in  the  preliminary  designs  in  order  to  meet  the 
existing  conditions  to  better  advantage.  When 
the  contract  was  awarded,  it  was  the  intention 
to  bail  out  the  pump  well  and  then  assemble 
the  tanks  and  other  submerged  parts  of  the 
pumps  and  their  connections  in  place  at  the  bot- 
tom of  the  shaft,  erecting  the  rising  air  and  dis- 
charge pipes  upon  them  from  the  bottom  up- 
ward. 

The  equipment  as  built  includes  the  follow- 
ing principal  parts:  Four  steel  tanks,  at  the 
bottom  of  the  pump  well  connected  in  two 
pairs;  two  15-inch  outside  diameter  (14.1-inch 
Inside  diameter)  pump  columns,  for  discharge 
rising  pipes,  joined  at  the  top  of  the  shaft  by  a 
Y-branch  into  one  21-inch  goose-neck  discharg- 
ing into  a  cast-iron  box.  from  which  the  water 
flows  into  the  48-inch  blow-off  pipe  leading  to 
the  Harlem  River;  four  5-inch  air  pipes  rising 
from  the  tanks  to  manifolds  just  below  the  en- 
^ne-room    floor:    and.    in   the   engine   room,   a 


outfit  ot  so  large  size  that  room  could  not  have 
been  spared  for  it  in  the  restricted  space,  and 
it  would  have  been  costly  to  install  and  oper- 
ate. Furthermore,  it  was  considered  unsafe 
for  the  aqueduct  well  to  have  the  pump  well 
empty  for  so  long  a  time  as  would  be  required 
for  the  erection  of  the  machinery,  on  account 
of  the  great  pressure  on  the  aqueduct.  At  best, 
it  would  have  been  so  wet  and  dark  and  the 
ventilation  so  poor,  and  the  small  space  would 
have  been  so  crowded  with  the  tanks  and  pip- 
ing that  it  would  have  been  almost,  if  not  quite, 
impossible  for  the  mechanics  to  work.  Con- 
sequently, the  pump  well  was  allowed  to  fill 
again. 

The  contractor  was,  therefore,  asked  to  so 
modify  the  designs  as  to  make  it  possible  to 
assemble  in  the  engine  room  and  in  the  upper 
part  of  the  shaft  above  water,  the  parts  of  the 
apparatus  to  be  put  into  the  lower  part  of  the 
shaft,  to  lower  them  into  position  through  the 
two  elliptical  manholes  in  the  brick  diaphragms 
previously  mentioned  and  to  provide  means  for 
lifting  these  parts  of  the  apparatus  to  the  top 
of  the  shaft  for  inspection  and  repairs,  if  it 
should  ever  become  necessary  to  do  so.  One 
brick  diaphragm  is  39  feet  and  the  other  55 
feet  below  the  engine-room  floor.  Exact  tem- 
plates   were    made    of    each    of   the    manholes. 


spiked.  The  platform  was  so  arranged  that 
either  half  could  be  removed  independently  of 
the  other. 

On  this  platform  first  one  pair  of  tanks  was 
assembled  with  the  pipe  connections  on  top  and 
tested  to  200  pounds  per  square  inch  pressure, 
and  lowered  to  the  bottom  of  the  shaft,  and 
then  the  other  pair  of  tanks  was  likewise  as- 
sembled, tested  and  lowered.  Each  pair  of 
tanks  with  its  fittings  is  so  put  together  that 
all  the  weight,  including  that  of  all  the  rising, 
pipes,  is  carried  down  through  the  tanks  to  their 
bottoms,  which  rest  on  the  bottom  of  the  shaft. 
To  lower  the  tanks  the  erectors  made  use  of 
the  hydraulic  cylinder  and  the  two  1%-inch 
galvanized  plow  steel  cables  engaging  pairs  of 
steel  channels  supporting  long  bolt  rods,  which 
in  turn  engaged  lugs  on  the  tanks. 

The  hydraulic  cylinder  is  a  14V2-iiich  by  23%- 
foot  elevator  cylinder  fitted  with  a  balanced  ele- 
vator valve  and  supplied  with  water  by  a 
Deane  pressure  pump.  It  was  designed  to  han- 
dle safely  a  load  of  40  tons.  The  total  weight 
of  the  pair  of  tanks  with  all  the  attached  pip- 
ing is  about  38  tons,  to  which,  of  course,  the 
weight  of  the  cables  must  be  added.  The  cylin- 
der has  two  piston  rods  connected  to  a  cross- 
head  carrying  a  pair  of  short  I-beams,  to  which 
the  cables  could  be  attached  by  means  of  eye- 
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bolU  awted  In  a  swlrel.  The  combination  is 
amnged  to  swivel  on  the  crosshead  bo  as  to  ad- 
Just  itaelf  automatically  under  its  load  lo  com- 
pensate  for  any  unavoidable  slight  inenualities 
In  th«  lengths  of  the  cables.  This  cylinder  was 
made  by  the  Otis  Ele%-ator  Company  and  was 
mounted  on  a  trestle  6  feet  high  built  of  heavy 
Umbers  and  set  on  the  floor  of  the  square  pit 
at  the  top  of  the  shaft.  The  building  over  the 
shaft  has  a  tower  tall  enough  to  ac:ommodate 
the  old  bailing  apparatus,  so  that  there  was 
plenty  of  headroom  for  the  cylinder  beneath 
the  large  aheavea  of  the  old  hoist. 

The  cables  were  made  by  the  John  A.  Roeb- 
Ung  Sons'  Company  and  were  guaranteed  to 
bare  a  breaking  strength  of  not  less  than  100 
tons  ««ch.  Six  20-foot  lengths  and  twenty  60- 
foot  lengths,  fitted  with  pin  couplings  at  each 
end  guaranteed  to  be  stronger  than  the  cable, 
were  furnished.  On  top  of  the  upper  brick 
diaphragm  a  tower  about  9  feet  high  was  built 
of  lOxlO-lnch  yellow  pine  timber,  and  on  it 
was  set  a  pair  of  10-ln'ch  steel  I-beams,  con- 
nected by  bearing  plates,  so  arranged  as  to  pass 
the  cables,  but  engage  the  coupling  at  the  enfl 
of  a  length  of  cable  and  support  the  total  load 
while  a  shift  of  the  cables  was  being  made  and 
the  piston  of  the  hydraulic  cylinder  returned 
for  another  down  stroke,  and  then,  by  unbolt- 
ing and  spreading  the  beams,  pass  the  coupling 
when  desirea  in  order  to  lower  the  tanks. 

The  tanks  of  each  pair  were  connected  to- 
gether near  the  top   and   bottom   on  opposite 
sides  by  four  sets  of  steel  connecting  plates  and 
angles  and  special  steel  castings,  as  shown  in 
the  drawings,  riveted  to  both  tanks.    The  foifr 
steel  castings  In  the  upper  pair  of  connections 
directly  riveted  to  the  tanks  each  have  two  lugs 
with  a  hole  through  which  a  2-inch  steel  bolt 
could  pass.    The  four  bolts  are  12  feet  long  and 
extend    from    the   bottoms   of   the    lower   lugs 
through  the  spaces  betweeen  two  pairs  of  12- 
Inch    steel    channels  back   to   back   above   the 
cross-pipe  connections  on  top  of  the  tanks.   The 
lower  ends  of  these  bolts  have  round   forged 
beads,  and  the  bolts  are  kept  from  dropping, 
when   there   is  no   lifting  stress   on  them,   by 
small    guard    plates   close   under   their   heads, 
bolted  to  the  lug  plates.    The  upper  ends  of  the 
bolts  are  upset  and  threaded  and  the  nuts  bear 
on  plates  across  the  top  flanges  of  the  channels. 
Steel-plate  clamps  attached  to  each  channel  and 
passing  over  the  top  of  each  bolt  prevent  the 
channel   from   dropping  down  along  the   bolts 
when  no  lift  is  exerted,  or  when  the  tanks  rest 
on  the  bottom  of  the  well.    At  a  point  in  each 
pair  of  channels,  so  chosen   that  the   pair  of 
tanks  with  its  fittings  would  balance  and  hang 
In  the  desired  position  when  suspended  at  these 
two  places,  the  pin  couplings  for  the  two  cables 
were  attached. 

When  the  parts  were  all  assembled  ready  for 
lowering,  the  distance  from  thfe  pair  of  coup- 
lings Just  above  the  tanks  to  those  on  the  cylin- 
der crosshead,  with  the  piston  at  the  upper  end 
of  lU  stroke,  was  60  feet  6  inches.  The  stroke 
of  the  piston  was  21  feet,  but  It  could  travel  an 
Inch  or  so  above  the  nominal  upper  limit  of  the 
stroke.  First  a  pair  of  60-foot  lengths  of  cable 
was  connected  to  the  crosshead  and  to  the 
conplings  on  the  channels  at  the  top  of  the 
tanks.  The  piston  was  lifted  slightly  so  as  to 
raise  the  tanks  Just  clear  of  the  platform,  half 
of  which  was  then  removed.  Then  the  piston 
was  allowed  to  take  a  full  stroke  downward, 
bringing  the  couplings  at  the  upper  ends  of  the 
cables  to  bear  on  the  I-beams  on  the  wooden 
tower  standing  on  the  upper  diaphragm.  The 
piston  was  then  returned,  a  pair  of  20-foot 
lengths  of  cable  attached  and  20-foot  sectiorite 
of  pipes  bolted  to  the  riser  connection  on  the 
tanks. 
A   second    tower   of   lOxIO-lnch   yellow    pine 
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braced  with  SxlO-inch  planks.  23  feet  3^V4  Inches 
high  and  carrying  a  pair  of  I-beams  and  bearing 
plates  similar  to  those  on  the  upper  tower,  was 
erected  on  the  working  platform.     Its  height 
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was  such  that  the  distance  from  a  cable  coup- 
ling resting  on  its  I-beams  to  the  concspondlng 
coupling  on  the  piston  crosshead  in  its  highest 
position  was  60  feet.     With  this  tower  in  posi- 
tion the  piston  made  a  second  and  then  a  third 
stroke   downward,    20-foot   cables   and    sections 
of  pipes  being  connected  on  at  the  end  ot  each 
stroke.     The  tanks  were  then  suspended  from 
the  top  of  the  lower  tower  and  a  second  pair  of 
co-foot  cables  substituted  for  the  two  pairs  of 
20-foot  lengths.     The  operations  were  then  re- 
peated   until    the    two    pairs   of    20-foot    cables 
were  again  in  place,  when  another  pair  of  60- 
foot  cables  were  substituted,  and  so  on  until 
five  pairs  of  60-foot  cables  had  been  used  and 
the  tanks  were  seated  on  the  bottom   of  the 
shaft.     Of  course,  during  this  lowering  process 
the   position    of   the   center   of   gravity   of   the 
tanks  and  pipes  were  changed  somewhat  as  the 
sections  of  pipes  were  added,  but  this  had  been 
anticipated    and    provided    for    in    determining 
the  points  of  suspension.     The  cables  were  left 
in  place  after  the  tanks  were  in  their  final  posi- 
tion so  as  to  be  ready  for  use  it  it  should  ever 
become  necessary  to  raise  the  tanks.    This  pro- 
cess was  repeated  for  the  second  pair  of  tanks. 
There  was  reason  to  believe  that  the  bottom 
of    the    pump    well    was    not   clean    and    level, 
tools  having  been  dropped  into  it  which  were 
never  recovered  and  more  or  less  sediment  de- 
posited.    Preliminary  knowledge  of  its  "topog- 
raphy" was,  therefore,  necessary  in  order  that 
the  tanks  might  be  properly  set. 

A  sufficiently  accurate  survey  was  made  by 
means  of  a  flat-bottomed  conical  piece  of  lead 
weighing  about  eight  pounds,  attached  to  a 
long  wire  fastened  to  the  end  of  a  steel  tape. 
Soundings  were  taken  at  located  points  and  the 
depth  measured  from  the  water  surface.  It 
was  thus  learned  that  there  was  an  extreme 
difference  of  level  in  the  bottom  of  8  Inches. 
An  attempt  was  made  to  level  the  bottom  and 
cover  any  pools  or  similar  hard  objects  by  care- 
fully depositing  sand  and  fine  gravel  through 
the  water.  Some  improvement  w«s  made  in 
this  way,  but  a  level  bottom  could  not  be  ob- 
tained, because  there  seemed  to  be  sufficient 
movement  in  the  water  near  the  gate  between 
the  pump  well  and  the  aqueduct  shaft  to  carry 
the  sand  somewhat  away  from  this  point. 

Since  it  was  Impossible  to  make  sure  that  the 
tanks  could  be  seated  so  as  to  stand  plumb  and 
since  even  a  comparatively  small  inequality  in 
the   footing  would   have  caused   serious   deflec- 
tions  in   the  very  tall   rising   pipes   and   have 
jeopardized  the  joints,  it  was  decided  to  insert 
a    spherical    joint    in    each    vertical    pipe    just 
above  .the  tank  connection.     An  accompanying 
drawing  shows  the  design  of  the  swivel  joints 
for  the  15-inch  pipes;  those  for  the  5-inch  pipes 
are    similar.        In    the    15-inch    joint,    to    save 
height,  the  spherical  surfaces  of  the  "ball"  were 
brought  nearer  together  than  they  would  have 
been  on  a  sphere  of  the  radius  used,  just  as  if 
a  thick  slice  had  been  cut  from  the  sphere  at 
its  equator  and  the  remaining  portions  brought 
together.     To  compensate  for  the  lateral  move- 
ment caused  by  this  deformation  of  the  sphere, 
the  upper  bearing  on  the  ball  is  a  sliding  ring 
whose  upper  surface  is  flat  and  travels  on  the 
bottom  of  the  flange  above,  as  shown.     In  the 
5-inch   joints   the   balls   are   true    spheres,   and 
not  reduced  in  height,  consequently  the  sliding 
bearing  is  not  needed.  These  joints  were  tested 
under  150  pounds  pressure  per  square  inch  and 
found  tight.     The  friction  on  the  bearing  sur- 
faces  was   made   such   that  a   man   pulling   or 
pushing  at  the  other  end  of  the  20-foot  length 
of  pipe  could  readily  deflect  it  and  yet  the  pipe 
would  remain  in  position  without  support. 

The  work  at  shaft  No.  25,  as  on  other  parts 
of  the  new  Croton  aqueduct,  is  in  charge  of  the 
Aqueduct    Commissioners,    for    whom    Mr.    J. 
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"Waldo  Smith  is  chief  engineer,  Mr.  F.  S.  Cook,  the  division  engineer  in  local  charge.  The  by  the  Pneumatic  Engineering  Company,  of 
assistant  engineer,  and  Major  F.  W.  Watkins,  pumping  apparatus  was  designed  and  installed  New  York,  tor  which  Mr.  E.  L.  Mills  Is  the  de- 
signing and  erecting  engineer.  In  the  efflciency 
test  of  the  apparatus  Mr.  Will  J.  Sando  was  the 
expert  representing  the  Commissioners. 
(To  be  continued.) 
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Ab  AlH^aerete  Grand-Stand. 

B;  J.  L.   Van  Ornam. 


Washington  University  has  just  completed  a 
Srand-stand  for  lu  athleUc  field,  which  will  re- 
ceive lis  inaugural  through  the  famous  "Olym- 
pic Uames."  which  will  be  held  here  during  the 
summer  In  connection  with  the  Louisiana  Pur- 
chase Exposition.  As  will  be  seen  from  the 
plan,  the  stadium  occupies  an  area  of  about 
4Ct)sTS0  feet,  the  circuit  of  the  track  being  one- 
third  of  a  mile.  The  site  of  the  stadium  is  high, 
but  in  its  preparation  the  earth  was  excavated 
to  a  depth  of  from  10  to  20  feet  below  the  origi- 
nal surface.  In  doing  this  a  sloping  embank- 
ment was  left  on  the  south  side  of  this  field, 
and  it  is  upon  this  sloping  bank  that  the  grand- 
stand has  been  built,  with  a  seating  capacity 
of  about  9.000. 

This  structure  is  entirely  of  concrete,  except 
for  the  reinforcing  steel  bars  embedded  in  the 
seats  and  In  the  front  and  rear  walls.  It  will 
be  seen  from  the  plan  of  the  grand-stand  that 
the  cross  walls  to  support  the  seats  are  spaced 
11  feet  6  Inches  on  centers  In  the  main  por- 
tion of  the  structure  and  11  feet  on  centers 
in  the  wings.  These  cross  walls  are  8  inches 
thick  at  the  top,  12  inches  thick  at  the  base,  and 
▼ary  In  height  from  4  to  10  feet,  or  from  below 
frost  to  the  required  seat  levels;  the  walls  are 
also  stepped  at  their  base  to  better  resist  the 
superimposed  weight  and  at  the  top  to  receive 
the  seats. 

The  seats  and  risers  spanning  the  supporting 
walls  lust  mentioned  are  of  concrete  4  inches  in 
thickness,  and  embedded  near  the  bottom  of  each 
riser  are  two  %-lnch  round  steel  rods,  spaced  2 
inches  apart,  the  outer  one  being  1%  Inches 
from  the  rear  surface  of  the  riser.    The  length 
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(the  width  depending  upon  the  temperature 
prevailing  at  the  time  the  work  was  done)  were 
left  at  the  end  of  each  section  or  above  the  cen- 
ter of  each  cross-wall.  The  seats  are  2  feet  8 
inches  wide  and  the  risers  are  13  Inches  high. 
The  lower  tier,  next  the  field,  is  5  feet  6  inches 
wide  to  accommodate  the  boxes,  and  the  upper 
tier  5  feet  2  inches  wide.  The  front  and  rear 
(longitudinal)  walls  vary  from  6  to  12  inches 
in  thickness  and  also  carry  embedded  steel  rods 
to  prevent  unsightly  cracks,  in  addition  to  ex- 
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concrete  for  the  walls  is  like  the  first-mentioned 
mixture  except  that  the  broken  stone  is  lime- 
stone and  its  maximum  size  is  double  that  above 
given. 

The  writer  made  several  tests  of  seat  units 
(consisting  of  a  full  size  seat  slab  and  its  two 
adjacent  risers)  with  various  sizes,  shapes  and 
distribution  of  the  reinforcing  steel  before  the 
system  above  described  was  finally  adopted.  In 
the  tests  the  full  size  of  the  seat  (lli/jx2  2/3 
feet)  was  uniformly  loaded.    In  the  system  as 


Plan  of  Concrete  Stadium,  Washington  University,  St.  Louis. 
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Structural   Details  of  the  Concrete  Stadium. 


of  each  rod  is  about  equal  to  the  span  of  the 
seat;  it  is  bent  to  a  vertical  position  for  a  length 
of  3  Inches  at  each  end  and  curves  downward 
at  the  middle  to  within  1<^  inches  of  the  bottom 
of  tlie  seat  at  its  center.  Before  constructing 
the  seats  sheets  of  heavy  building  paper  were 
laid  on  top  of  the  supjrarting  cross  walls  to 
break  here  the  continuity  of  the  concrete  con- 
stmctlon,  and  expansion  joints  of  about  Vt  inch 


pansion  jolnU  every  23  feet  of  length.  The 
concrete  used  In  the  seats  and  risers  consists  of 
a  mixture  of  one  part  of  Portland  cement,  two 
parts  of  Mississippi  River  sand,  five  parts 
crushed  granite  not  exceeding  the  %-inch  size. 
The  exposed  surfaces  are  flnishod  In  the  way 
usual  In  granitoid  construction,  the  upper  % 
Inch  of  the  concrete  slab  being  of  one  part  Port- 
land cement  to  one  part  of  granite  siftings.    The 


adopted  the  deflection  at  the  center  reached 
14  inch  under  a  uniform  load  of  500  pounds  per 
square  foot -with  no  weakness  appearing  in  any 
way.  The  first  hair  cracks  appeared  at  a  load 
of  550  pounds  per  square  foot.  Under  a  uniform 
load  of  725  pounds  per  square  foot,  the  maxi- 
mum practicable,  these  cracks  on  the  under  side 
near  the  center  of  the  span  were  still  hardly  per- 
ceptible and  extended  upward  from  the  bottom 
less  than  an  inch  and  constituted  the  only  weak- 
ness apparent,  while  the  center  deflection  under 
this  maximum  load  was  0.44  inch. 

After  the  supporting  walls  were  constructed 
the  seats  and  risers  were  built  upon  them  in 
alternate  sections,  as  indicated  in  the  view  of 
the  western  end  during  construction.  This  view 
-ilso  shows  the  false  work  in  position  in  cer- 
tain sections  (which  was  removed  through  tem- 
porary openings  left  in  the  rear  wall  and  used 
rgain),  the  embedded  bolts  for  attaching  the 
cypress  battens  and  seats,  the  finishing  of  the 
surfaces  and  other  details  of  methods  of  con- 
struction. At  the  top  of  each  riser  is  seen  the 
expansion  joint,  permitting  a  transverse  expan- 
sion, formed  by  a  layer  of  heavy  building  paper 
placed  between  it  and  the  seat  slab  resting  upon 
it. 

The  tops  of  the  seats,  shown  In  the  other  view, 
slope  toward  the  front  at  a  rate  of  %  inch  per 
foot,  and  a  small  gutter  runs  longitudinally  just 
back  of  the  front  wall,  connecting  with  weep 
holes  through  the  front  wall.  Especial  care 
was  taken  for  thorough  drainage  to  keep  water 
from  entering  underneath  the  structure. 

The  details  of  the  more  temporary  portions 
of  the  structure,  such  as  the  wooden  seats,  the 
pipe  railing  about  the  boxes,  the  posts  for  sup- 
porting the  roof  and  the  iron  gates  at  the  seven 
entrances  to  the  grand-stand  from  the  field  are 
shown  in  the  drawings.  The  architects  were 
Messrs.  Cope  &  Stewardson,  of  St.  Louis  and 
Philadelphia,    and    the    contractors    were    the 
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James  H.  Bright  Contracting  &  Building  Com- 
pany, of  St.  Louis.  The  total  cost  was  about 
132,000. 


The  Relation  of  the  Engineer  to 
Finance. — II. 

An  address  at  the  University  of  Illinois  by  John 
W.  Alvord,  M.  Am.  Soc.  C.  E. 


The   Financing  of  Enoineeeing  Pbojects. 
The   financing   of   engineering   projects   may, 
for  the  purposes  of  this  discussion,  he  divided 


cents  from  each  vehicle  using  it,  as  was  form- 
erly done  In  the  case  of  toll  roads.  This  would 
result  in  raising  the  necessary  reward  to  the 
invested  capital  from  the  vast  mass  of  people 
who  would  have  to  pay  the  slightly  increased 
prices  which  the  vehicle  owners  would  have  to 
charge,  but  if  this  vast  mass  of  people  should 
itself  raise  the  necessary  capital  by  self-taxation 
and  pave  the  streets  with  the  proceeds,  instead 
of  receiving  their  return  on  the  investment  in 
annual  cash  installments,  they  then  might  re- 
ceive it  directly  in    the    benefits  of    decreased 
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Adjacent  property  is  largely  increased  in  value 
by  the  increased  facility  and  convenience,  and 
the  general  public  says  to  the  lot  owners,  "You 
are  receiving  a  very  large  portion  of  the  in- 
crease from  this  project  in  the  form  of  In- 
creased valuation  of  your  property.  You  will 
therefore  have  to  share  largely  in  the  original 
expense,  so  that  your  rate  of  return  will  be 
relatively  reduced."  Certain  teaming  Interests 
may  be  benefited  in  ways  which  they  neglect  to 
pass  on  to  the  consumer,  and  the  general  public 
reaches  them  in  the  form  of  team  license,  thus 
reducing  their  disproportionate  return.  And 
finally  the  vast  mass  of  the  public  do  not  share 
equally  in  the  remaining  benefits  at  all,  but 
such  benefits  are  usually  very  unequally  dis- 
tributed. 

Nevertheless,  underlying  all  these  difficulties 
is  a  simple  principle  which  Is  everywhere  the 
same:  that  every  investment  must  mal<e  ade- 
quate return  in  income  or  else  it  results  In 
waste  and  loss  of  human  energy,  direct  and 
severe  upon  those  by  whose  mistaken  judgment 
it  was  made  and  whose  strength  it  wastes,  and 
indirectly  on  the  whole  community. 

Investments  Aided  by  the  Public. — The  above 
example  of  a  complex  return  is  modified  in  ihe 
second  case  where  private  capital  makes  an  in- 
vestment aided  by  the  public  at  large.  This  aid 
generally  takes  the  form  of  permits,  grants, 
rights  of  other  kinds,  and  rights  of  protection. 
Let  us  assume  an  example. 

It  is  proposed  to  build  a  railroad  from  A  to 
B  so  that  formerly  where  one  had  to  drive  or 
walk  at  great  expense  or  go  by  the  more  round- 
about railways,  he  can  now  be  accommodated 
at  a  minimum  of  expense  and  time.  It  there 
are  enough  people  who  will  travel  by  the  new 
line,  and  will  pay  a  rate  for  the  privilege  that 
will  cover  all  its  expenses  and  leave  a  profit  to 


Into  three  groups,  somewhat  in  the  order  of 
their  complexity. 

First — Investments  by  the  public  bringing  In- 
direct returns. 

Second — Private  investments  for  public  pur- 
poses, bringing  both  direct  and  indirect  re- 
turns. 

Third — Private  Investments  for  general  pur- 
poses, bringing  direct  returns. 

The  first  of  these  cases  Is  by  far  the  most 
complex,  and  although  Its  discussion  enters 
somewhat  into  the  domain  of  political  economy, 
it  is  nevertheless  finance  In  its  highest  applica- 
tion, and  should  be  studied  by  the  engineer.  It 
can,  perhaps,  be  best  understood  by  discussing 
an  illustration. 

Investments  by  the  Public— IX.  has  been 
found  by  experience  that  certain  kinds  of  pro- 
jects which  benefit  a  relatively  large  mass  of 
people  in  common,  but  to  a  small  extent  Indi- 
vidually, can  best  be  conducted  by  the  public  as 
a  whole  through  municipal.  State  or  national 
organization.  Among  these  Investments  are 
roads,  highways,  bridges,  sewers,  street  paving, 
public  waterways,  harbors,  canals,  river  im- 
provements and  other  public  enterprises  of  a 
like  nature. 

Let  us  take  the  case  of  a  street  pavement  and 
analyze  the  methods  of  financing  It.  Here  it 
will  be  seen  that  no  "revenues  are  to  be  received 
in  cash,  but  many  thousands  of  persons  are 
daily  saved  annoyance,  expense,  wear  and  tear, 
and  are  enabled  to  transport  much  greater  loads 
at  much  less  expense  than  formerly,  so  that 
they  can  accept  a  less  price  for  their  commodi- 
ties, and  still  be  feaved  annually  a  small  sum 
by  the  proposed  Improvement. 

Now  it  would  be  possible  to  allow  private 
capital  under  suitable  restrictions  to  undertake 
the  paving  of  the  streets  as  a  financial  enter- 
prise, and  In  return  for  its  use,  collect  a  few 


The  Finished  Concrete  Steps. 


transportation  charges  and  reduced  wear  and 
tear,  and  by  reason  of  such  an  arrangement, 
much  book-keeping  and  complex  organization, 
with  its  attendant  friction,  would  be  saved. 

Advantages  resulting  from  such  direct  ar- 
rangement are,  however,  nearly  always  counter- 
balanced by  other  considerations.  The  benefits 
of  street  paving  are  not  nearly  so  easy  to  adjust 
as  would  appear  from  a  theoretical  statement. 


the  invastor,  the  financier  will  call  the  project 
a  paying  one.  In  other  words,  the  communi- 
ties A  and  B  are  able  and  willing  to  reward 
him  for  the  assistance  and  saving  the  railway 
has  become  to  them.  But,  furthermore,  the 
State,  in  order  to  encourage  such  projects,  per- 
mits the  railways  to  organize  Into  an  associa- 
tion under  certain  laws  which  It  provides,  so 
that  such  associations  are  known  as  corpora- 
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tknta  and  have  all  the  advantages  of  unified 
and  indlTidual  action.  It  also  permits  such  cor-, 
poratlons  to  take  from  individuals  their  private 
property  if  necessary  to  its  uses,  upon  Just  pay- 
ment for  the  same,  and  in  return  for  these  val- 
uable privileges  requires  of  them  certain  just 
deaUnsB  with  the  public,  such  as  liability  for 
peraonal  injuries  due  to  its  negligence,  and 
fixed  rates  of  charges  which,  under  any  given 
circumstances,  will  not  return  unreasonable  or 
extortionate  profits.  Where  railway  corpora- 
tions of  this  kind  operate  in  cities  or  towns. 
they  were  granted  an  immense  saving  of  capi- 
tal in  the  use  of  the  streets  belonging  to  the 
pablic,  in  return  for  which  further  restrictions 
anu  liabilities  are  imposed  on  them. 

All  such  enterprises  as  these  where  private 
capital  foncs  what  is  to  all  intents  and  pur- 
poses a  copartnership  with  the  public  are  called 
pablic  utility  corporations,  and  the  main  differ- 
enc-s  from  a  financial  point  of  view  between 
capital  GO  invested  and-  capital  invested  in 
strictly  private  enterprites,  lies  in  the  fact  that 
when  it  is  once  decided  to  finance  a  public 
utility  corporation,  the  public  requires  of  its 
projectors  first  and  foremost  that  thsy  shall  per- 
form In  a  reasonably  adequate  manner  certain 
rommonplace  and  obvious  duties  as  to  service. 
even  if  it  be  at  a  loss  in  financial  return,  but 
with  the  privilege  that  having  fulfilled  those 
rtnties,  they  are  free  if  poseible  to  make  reason- 
able but  not  extortionate  profit.  The  risks  of 
such  enterprises  must  therefore  be  well  dis- 
counted at  the  very  outset 

On  the  other  hand,  tapital  used  in  strictly 
private  investments,  may  and  actually  does  con- 
sider its  first  duty  is  to  provide  itself  at  all 
times  and  under  ail  conditions  with  adequate 
financial  return,  and  that  is  accomplished  by 
tervlng  society  at  large  only  for  the  sake  of  its 
own  interests. 

Investment  Features. — The  simple  case  of 
inTeatment  of  capital  in  private  enterprises  is 
wide  and  varied.  A  great  deal  of  it  docs  not 
come  under  the  notice  or  study  of  the  engineer, 
and  most  of  it  only  partially  engages  bis  atten- 
tion. But  very  largely  in  many  ways,  it  is 
necessary  for  him  to  understand  the  essential 
principles  upon  which  all  investments  which 
need  his  aid  are  made  in  order  that  he  may  ren- 
der efficient  service  to  his  client,  and  co-ordi- 
nate his  technical  information  to  the  financial 
neoeaslties  of  any  given  problem. 

The  Physical  Plant. — Enterprises  which  in- 
terest the  engineer  usually  have  three  import- 
ant elements  of  value.  There  is  first  of  all  a 
physical  plant  of  some  kind  which  is  the  re- 
iiult  of  his  study,  thought  and  energy,  and  is 
the  visible  reality  of  the  enterprise.  It  may 
consist  of  very  varied  and  miscellaneous  groups 
of  conatmctions,  or  one  compact  and  monu- 
mental engineering  work. 

FYom  the  financial  and  engineering  i>oint  of 
view  the  important  feature  is  that  as  a  whole  It 
should  be  exactly  adapted  to  the  needs  of  the 
enterprise,  and  fill  the  needs  at  a  minimum  of 
coat  and  a  maximum  of  efficiency.  When  any 
glren  enterprise  is  studied  from  this  point  of 
view,  many  things  are  found  to  be  proper  which 
from  a  purely  structural  standpoint  are  not 
ideal  engineering.  A  new  railway,  for  instance, 
through  a  new  and  unsettled  country  is  fully 
Justified  in  not  adopting  low  ruling  grades  or 
heary  bridges;  and  the  use  of  perishable  mate- 
rials in  a  structure  is  quite  proper  when  expe- 
rience shows  that  such  structures  are  quickly 
thrown  out  of  use  by  changing  conditions.  To 
pare  a  50-foot  roadway  with  granite  for  a  traf- 
fic of  three  wagons  a  week  is  sorry  engineering 
and  wortM  finance. 

The  component  parts  of  a  physical  plant  have 
a  limit  of  life  due  to  w?ar,  corrosion,  or  chang- 
ing conditions.    This  known  life  has  a  most  im- 


portant bearing  In  financing  any  given  project, 
as  such  parts  must  be  replaced  or  made  good 
from  time  to  time.  Moneys  spent  in  this  way 
must  be  estimated  and  allowed  for  before  re- 
covering profits. 

The  doing  Value. — The  physical  plant  of  any 
given  enterprise  Is  the  mere  beginning  of  busi- 
ueiis.  Ordinarily  skilled  mechanics  and  proper 
labor  must  be  secured,  drilled  and  organized, 
Initial  business  must  be  acquired,  which  will 
pay  the  operating  expenses  as  early  as  possible. 
All  of  this  takes  time,  and  requires  a  consider- 
able further  expense  of  actual  cash  iu  addition 
to  that  required  for  construction. 

The  courts  have  come  to  define  this  further 
expenditure  as  the  "going  value"  or  the  value 
which  an  operating  business  has  over  a  com- 
pleted but  idle  plant.  Included  under  this  head 
is  interest  on  capital  that  Is  Idle,  cost  of  or- 
ganizing and  loss  while  waiting  growth  of  in- 
come. This  Is  real  expenditure  which,  no  mat- 
ter how  it  may  vary  in  different  cases,  is  as 
necessary  to  the  project  as  the  cost  of  buildings 
or  machinery.  It  must  surely  be  estimated 
upon  in  considering  the  feasibility  of  any  given 
proposition. 

The  Earning  Power. — A  third  element  of 
value  which  a  given  project  may  have  is  due  en- 
tirely to  its  success  or  non-success  lu  meeting 
the  wants  of  society.  This  Is  the  element  of  Hs 
earning  power.  Its  value  can  seldom  be  accu- 
rately computed  in  advance,  but  must  be  sur- 
mised from  the  relative  success  of  other  similar 
enterprises.  Only  the  broadest  kind  of  experi- 
ence in  the  special  lines  of  business  under  con- 
sideration is  competent  to  predict  what  a  given 
Industry  or  service  will  do  under  differing 
conditions. 

To  summarize  the  three  elements  of  value  in 
general  undertakings  then,  we  have:  — 

First.  The  cost  of  the  physical  plant,  to 
which  must  be  added; 

Second.  Cost  of  getting  it  into  operation 
This  Is  our  cash  Investment  upon  which  th"^ 
business  ought  to  show; 

Third.  Earning  power  sufficient  to  repay  the 
following  Items:  (a)  Rent  for  the  use  of 
money  Invested,  that  Is  to  say  Interest,  ^.b^ 
Operating  expenses  of  whatever  character,  in- 
cluding management  and  direction,  mainten- 
ance and  taxes,  (c)  Replacement  of  physical 
plant  from  time  to  time  as  it  wears  out  or  be- 
comes antiquated  or  uneconomical,  that  is  to 
say  loss  from  depreciation,  (d)  Profits,  suffi- 
cient in  amount  to  be  an  Inducement  to  the  In- 
vestor vo  undergo  all  the  risks  connected  with 
the  undertaking. 

Unless  an  Investment  can  show  clearly  that 
enough  Income  will  be  returned  from  the  out- 
put or  service  rendered  to  cover  all  these  four 
items,  the  financier  condemns  it,  because  he 
feels  that  the  community  will  not  find  such  an 
Industry  or  service  of  sufllcient  benefit  to  ren- 
der it  adequate  return. 

So  far  we  have  dealt  with  the  bare  proposi- 
tion of  the  invested  capital  and  Its  adequate  re- 
turn. It  is  these  facts  that  interest  the  engi- 
neer and  upon  which  his  opinion  is  often 
sought.  The  general  public  does  not  have  the 
matter  presented  to  It  In  this  way,  but  are  'asked 
to  buy  stocks  and  bonds  in  the  enterprise.  Let 
us  briefly  examine  the  ordinary  relation  of  these 
to  the  real  Investment. 

Bonds. — In  the  first  place,  when  a  business 
Involving  a  physical  plant  has  progressed  suffi- 
ciently to  have  an  actual  income,  it  forms  what 
is  called  a  security  and  money  may  be  borrowed 
upon  it.  The  promissory  notes  issued  with  such 
security  are  a  mortgage  upon  the  property  and 
are  called  bonds.  They  take  precedence  over 
any  other  obligation  and  when  issued  in  reason- 
able proportions  of  the  full  value  of  a  good  se- 
curity, can  be  then  sold  for  low  rates  of  in- 


terest. The  bondholders,  then,  are  the  ground- 
floor  investors  In  any  project,  to  use  a  common 
expression,  and  their  money  must  be  returned 
to  them  intact  before  any  one  else  can  be  con- 
sidered either  as  to  interest  or  principal. 

Stocks. — But  before  any  bonds  can  be  issued 
on  a  given  project,  however,  the  originators  are 
obliged  to  raise  a  proper  amount  of  money  as 
a  working  capital  of  the  company  or  enterprise, 
with  which  the  initial  expenditures  are  made. 

In  case  of  hazardous  undertakings,  it  may  be 
that  this  original  capital  comprises  the  whole 
investment,  as  the  risks  are  too  great  to  enable 
money  to  be  borrowed  upon  the  business.  Or 
it  may  be  that  the  original  capital  must  be 
ample  in  amount  to  build  the  plant  and  start 
the  business  in  order  to  demonstrate  that  it  is 
a  security  upon  which  money  can  be  properly 
loaned.  In  any  event,  this  original  capital  is 
an  evidence  of  faith  on  the  part  of  the  origi- 
nators in  the  project.  It  may  be  divided  into 
a.  number  of  shares,  allotted  proportionately  to 
those  who  pay  in  their  money,  and  these  shares 
may  be  assessed  in  case  of  failure  or  rewarded 
with  dividends  in  case  of  success. 

Such  shares  are  usually  called  stocks,  and 
their  owners,  stockholders;  and  as  each  share 
carries  with  it  usually  the  right  to  a  vote,  such 
stockholders  may  elect  their  officers  and  direct- 
ors and  control  through  them  the  policy  and 
management  of  the  enterprise  subject  always  to 
the  rights  of  the  bondholder  where  the  business 
has  been  mortgaged. 

Preferred  Stock. — Stock  is  sometimes  divided 
into  common  and  preferred  shares,  in  which 
case  it  Is  provided  that  the  first  profits  up  to  a 
certain  amount  shall  always  be  divided  pro  rata 
to  the  preferred  stock,  while  the  surplus,  if 
there  Is  any,  will  be  divided  among  the  common 
stock.  In  such  cases,  then,  the  common  stock 
often  represents  only  the  chances  of  increasing 
business,  a  lucky  good  year,  or  at  the  most  fu- 
ture opportunity  of  growth,  together  with  the 
right  to  control  the  management. 

The  shareholders  are  the  real  risk-takers,  and 
as  they  are  generally  believers  in  the  success 
of  their  project,  they  very  often  place  the  aggre- 
gate value  of  their  shares  at  a  much  larger 
sum  than  that  actually  invested  in  cash  and 
divide  them  pro  rata  among  those  who  will  ad- 
vance money  on  the  project.  In  due  course  of 
time  the  business  may  increase  or  it  may  di- 
minish, and  the  value  of  these  shares  fluctuates 
largely  as  they  really  represent  in  most  cases 
the  last  margin  of  profit  or  of  loss.  It  is  not 
possible  here,  nor  is  it  necessary,  to  go  into  all 
the  manipulations  which  can  be  effected  with 
shares  of  stocks  complicated  with  bond  issues. 
But  enough  has  been  said  to  clearly  point  out 
that  the  real  root  of  the  matter  Is  the  actual 
amount  of  cash  Investment  and  the  earning 
power  both  for  the  present  and  the  future. 

Conclusion. — The  proper  acquisition  of  ideas 
on  finance  comes  more  largely  to  the  engineer 
from  the  actual  investigation  of  properties  and 
projects  than  in  any  other  way.  Nothing  is  so 
instructive  as  to  learn  just  how  a  well-managed 
property  Is  conducted  and  to  talk  with  the  men 
who  are  at  the  head  of  such  enterprises.  A 
thorough  knowledge  of  accounts  in  their  broader 
requirements  is  advisable,  as  is  also  a  knowl- 
edge of  the  law  affecting  corporations,  munici- 
palities and  general  business.  All  of  this  is  ac- 
quired only  by  much  experience  and  study,  and 
above  all  by  contact  with  the  proper  environ- 
ment. There  are  good  text  books  on  business 
and  financial  management,  but  most  of  them 
are  written  for  experts,  and  do  not  give  clearly 
the   simpler  ideas  which   underlie  the  matter. 

Much  may  be  learned  from  having  an  open 
ear  for  stray  information  such  as  is  always 
available,  and  it  is  with  the  idea  of  stimulating 
interest  In  this  direction,  so  that  an  open  mind 
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shall  be  in  a  position  to  acquire  information 
that  this  paper  has  been  prepared.  In  conclu- 
sion I  would  say  that:  Nothing  will  elevate  and 
dignifji  the  engineering  profession  more  than 
to  have  the  business  community  realize  that  the 
engineer  in  his  riper  experience  has  financial 
ideas  as  well  as  teihnical  training,  and  what  is 
more  important,  knows  how  to  properly  subor- 
dinate the  one  to  the  other. 


The  Substructure  of  the  Fraser  River  Bridge. 

The  Praser  River  bridge,  at  New  Westmin- 
ster, British  Columbia,  has  about  2,375  linear 
feet  of  double-deck  steel  truss  and  plate-girder 
superstructure,  including  the  triple  north  ap- 
proach and  excluding  the  pile  trestle  south  ap- 
proach. There  are  fourteen  fixed  spans  of  45 
to  384%  feet  and  one  384%-foot  swing  span, 
which  were  described  in  The  Engineering  Rec- 
ord of  April  30  and  May  7  and  14.  The  bridge 
Is  being  built  by  the  Government  of  the  Prov- 
ince of  British  Columbia  and  when  opened  will 
carry  the  railway  and  highway  traffic,  which 
ferries  are  now  handling. 


proaches,    will    cost    approximately    $1,000,000. 

The  bridge  was  designed  by  Messrs.  Waddell 
&  Hedrick,  consulting  engineers,  of  Kansas  City, 
Mo.,  who  are  also  responsible  for  its  construc- 
tion. The  work  is  being  done  under  the  direc- 
tion of  Mr.  Harry  K.  Seltzer,  Assoc.  M.  Am. 
Soc,  C.  E.,  resident  engineer,  from  whom  data 
lor  this  article  has  been  received.  Messrs. 
Armstrong,  Morrison  &  Balfour,  of  Vancouver, 
are  the  contractors  for  the  substructure  and  ap- 
proaches. The  iJominion  Bridge  Company,  of 
Montreal,  is  the  contractor  for  the  superstruc- 
ture. 

The  substructure  is  built  of  timber,  concrete 
and  stone  masonry,  and  is  arranged  as  indi- 
cated in  the  general  plan  and  elevation  dia- 
grams on  page  544,  in  the  issue  of  April  30.  The 
abutments  are  concrete  walls,  with  concrete 
footings,  and  have  moderate  height  and  thick- 
ness. The  channel  piers  and  those  on  the  north 
shore  have  their  masonry  shafts  carried  down 
to  concrete  foundations  built  in  cribs  or  coffer- 
dams sunk  to  hard  bottom.  Those  at  the  south 
end  of  the  bridge  have  similar  foundations  sup- 
ported on  piles.     These  two  general  types  are 
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The  bridge  site  is  fifteen  miles  from  the  point 
where  the  river  empties  into  the  Strait  of 
Georgia.  There  is  a  tide  difference  of  from  3 
to  7  feet  in  twenty-four  hours,  causing  two  cur- 
rents each  way  during  most  of  the  year.  The 
"run  in"  is  frequently  as  rapid  as  the  "run  out." 
Under  ordinary  conditions,  the  current  has  a 
velocity  of  from  2%  to  3%  miles  per  hour,  but 
during  the  spring  freshets,  7  miles  per  hour 
has  been  observed. 

The  north  bank  is  high,  the  hard  cemented 
gravel  bluff  running  down  to  the  water.  The 
bed  of  the  river,  from  this  side,  drops  off  rap- 
idly to  a  point  between  piers  3  and  4,  where 
there  is  from  80  to  85  feet  of  water  at  ordinary 
stage.  Out  this  far  the  bed  of  the  river  con- 
sists of  a  very  coarse  gravel,  among  which  are 
large  boulders.  The  remaining  portion  of  the 
river  bed  to  the  south  consists  of  fine  silt 
through  which  occur  layers  of  sand,  clay  and 
fine  gravel.  There  are  17  piers,  11  pedestals 
and  3  abutments,  which,  together  with  6,500 
feet  of  railway  and  1,500  feet  of  highway  ap- 


somewhat  varied  by  the  depth  of  the  water  and 
the  load  they  carry,  so  that  there  are  in  reality 
five  different  varieties  of  piers.  There  are  seven 
small  piers  or  pedestals  which  support  the  tres- 
tle bents  for  the  plate-girder  spans  at  the  north 
end  of  the  bridge  and  are  substantially  like  the 
one  marked  R,  each  of  them  being  a  truncated 
square  pyramid,  with  an  offset  base  built  In  a 
pit  excavated  on  shore.  They  are  made  en- 
tirely of  Portland  cement  concrete  finished  on 
the  battered  faces  with  IMi-inch  and  on  top  with 
9  inches  of  1  ;  2  Portland  cement  mortar.  Near 
these  pedestals  on  the  north  margin  of  the 
river  there  are  four  larger  pedestals  like  the 
one  marked  H,  which  correspond  to  R,  except 
that  the  footing  is  carried  down  to  a  depth  of 
13  feet  inside  a  timber  crib,  consisting  of  a  sin- 
gle rectangular  chamber  sunk  by  Interior  exca- 
vation. 

Pier  No.  2  supports  the  wide  end  of  the 
spread  span,  where  the  shoes  are  135V^  feet 
apart  on  a  transverse  line  and  the  water  is 
about  80  feet  deep.     It  is  composed  of  two  pe- 


destals, each  with  a  rectangular  upper  shaft  of 
solid  concrete  supported  on  timber  cribs  built 
with  a  timber  cutting  edge  and  containing  a 
rectangular  central  well,  through  which  the  ex- 
cavation was  made.  Piers  No.  3  and  4  support 
the  380-foot  span  and  are  remarkable  for  the 
great  depth  to  which  they  were  sunk  by  in- 
terior dredging.  Each  of  them  consists  of  an 
oblong  ashlar  masonry  shaft  with  concrete 
backing  built  inside  a  timber  cofferdam  and 
seated  on  a  very  high  timber  crib,  provided  with 
ballast  pockets  and  interior  excavating  wells 
and  sunk  by  dredging.  The  walls  of  the  crib 
are  built  with  solid  courses  of  12xl2-inch  tim- 
ber sheathed  outside  with  vertical  2-lnch 
planks.  They  are  built  on  a  solid  timber  base 
formed  with  twelve  courses  of  timber, 
beveled  to  make  inclined  inner  faces  of  a 
sheathed  cutting  edge,  faced  with  steel,  as  in- 
dicated In  the  details.  The  dredging  wells  were 
framed  with  transverse  and  longitudinal 
courses  of  timber  extending  across  the  full 
width  of  the  pier  and  forming  pockets  around 
and  between  the  wells,  which  served  to  retain 
the  ballast  used  in  sinking  them. 

Pier  No.  5  supports  the  pivot  for  the  draw 
span  and  consists  of  a  circular  masonry  shaft 
with  vertical  sides  24  feet  in  diameter  below 
the  coping  and  23  feet  6  inches  high  to  the  top 
of  the  crib.  Like  the  other  river  piers.  It  was 
built  in  a  removable  timber  cofferdam.  It  is 
seated  on  an  octagonal  crib  28  feet  in  diameter 
and  115  feet  high.  The  sides  of  the  crib  are 
about  11  feet  long,  but  vary  somewhat  In  di- 
mensions. There  Is  a  central  dredging  well  17 
feet  4  inches  In  diameter,  with  its  sides  par- 
allel to  those  of  the  crib.  The  bottom  of  the 
well  is  flared  out  to  the  exterior  walls,  making 
a  cutting  edge  of  solid  timber,  which  is  trian- 
gular In  vertical  section  and  resembles  that  of 
pier  4.  The  sides  of  the  well  and  the  outer 
faces  of  the  crib  are  sheeted  with  2-inch  verti- 
cal planks. 

Piers  6,  7,  8,  9,  10  and  11,  on  the  north  side  of 
the  river,  have  masonry  shafts,  like  those  of 
piers  3  and  4,  which  are  supported  on  footings 
made  of  concrete  filled  around  piles,  the  upper 
parts  of  which  are  enclosed  in  timber  cribs 
sunk  to  comparatively  short  distances  below 
the  river  bottom  and  extending  nearly  to  low- 
water  level,  yheir  heights  from  the  south  end 
to  the  north  are  successively  15,  22,  22,  22,  27 
and  36  feet,  and  the  corresponding  lengths  of 
piles  are  60,  60,  60,  65,  65  and  75  feet. 

The  pedestals  in  pier  No.  1  are  located  near 
shore,  in  shallow  water,  where  a  good  founda- 
tion was  found  in  gravel  at  a  depth  of  about 
20  feet  below  the  water  surface.  ,The  bases 
are  16xl6-foot  cribs  13  feet  high,  upon  which 
are  built  concrete  shafts  16  feet  in  height.  Cof- 
ferdams were  built  about  each  pier,  and  drained 
by  pulsometers,  and  the  cribs,  made  of  12x12- 
inch  timbers,  were  then  sunk  in  them  by  exca- 
vating, in  the  dry,  with  pick  and  shovel. 

The  river  bed  at  pier  2  drops  off  very  rapidly 
into  deep  water,  the  bottom  consisting  of  a  very 
coarse  gravel  and  boulers  up  to  5  feet  in  diame- 
ter. The  cribs  upon  which  the  masonry  shafts 
rest  are  16  feet  square  and  25  feet  high.  They 
were  planned  to  be  sunk  by  the  open  dredging 
process,  but,  owing  to  the  coarseness  of  the 
material  In  the  river  bottom  there,  it  was  neces- 
sary to  dredge  a  bench  on  which  to  set  the 
crib.  This  was  very  slow  work,  but  a  good 
foundation  was  obtained  by  cutting  down  from 
10  to  15  feet  on  the  shore,  or  high  side.  The 
annular  space  around  the  well  was  filled  with 
concrete  placed  in  the  dry,  which  served  as  bal- 
last to  sink  the  crib.  When  it  was  found  that 
all  the  dredging  had  to  be  done  first  and  that 
the  wells  were  not  needed  for  this  purpose,  they 
were  reduced  from  7  feet  square  to  2  feet 
square.       Through  them  the  bottom  chamber 
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vas  Ul«d  with  concrete  deposited  through  a 
tremie.  Both  cribs  hmre  been  protected  by 
coarse  rock  paving.  Pier  S.  although  near  the ' 
north  bank  of  the  river,  is  located  in  the  main 
channel  in  80  feet  of  water,  and  was  the  most 
difficult  of  all  tne  cribs  to  sink.  The  base  is  a 
ttx4<>-foot  timber  crib  87  feet  higli.  filled  with 
concrete,  upon  which  stands  a  masonry  shaft 
ST  feet  9  .nctaes  high.  This  crib  is  founded  in 
a  beU  of  coarae  gravel  and  boulders,  over  which 
there  are  20  feet  of  fine  sand  and  silt  When 
. .  landed  on  the  bottom,  the  surface  of  the  con- 
crete around  the  wells  was  35  feet  below  the 
outside  water  surface.  The  concrete  was  then 
gradually  carried  up  as  the  penertation  was  in- 
cr«aaed.  but.  owing  to  the  fact  that  the  height 
of  the  pier  was  great  and  the  first  20  feet  of  ma- 
terial very  soft,  it  was  found  advisable  not  to 
bring  the  surfa('«  of  concrete  nearer  than  15 
feet  below  the  river  surface. 

After  sinking  10  feet  into  the  soft  material 
tb«  crib  landed  on  several  logs  on  the  north  side 
and  later  landed  on  the  same  side  on  the  hard 
material,  which  was  18  inches  higher  there  than 
on  the  opposite  side.  All  of  these  obstructions 
caused  the  crib  to  lean  badly.  Its  toUl  height, 
at  this  time,  was  102V4  feet,  and  the  top  was  4 
feet  out  of  plumb.'  Its  condition  was  rather 
serious,  and  all  agitation  in  the  wells  with 
«ither  Jets,  hydraulic  elevator  or  dredge  caused 
the  crib  to  lean  more.  The  logs  encountered 
were  of  good  size  and  well  preserved.  One  of 
them  extended  completely  across  the  caisson 
and  was  2  feet  in  diameter.  An  auger  100  feet 
long  was  constructed,  its  point  was  set  by  a 
diver  and  it  was  turned  from  above.  After  bor- 
ing a  number  of  holes,  a  charge  of  dynamite  was 
placed  and  the  log  broken  into  several  parts.  A 
large  body  of  concrete,  together  with  all  the 
masonry  and  stone  that  could  be  piled  there 
safely  was  placed  along  the  high  side  of  the 
crib  and  the  exterior  along  this  side  was 
dredged  to  remove  the  boulders  which  prevented 
the  crib  from  leveling.  This  operation  required 
several  weeks,  as  there  was  nearly  20  feet  of 
soft  material  to  be  removed  before  the  boulders 
were  uncovered.  A  large  basin  was  formed  be- 
fore the  soft  material  ceased  to  run  into  the  ex- 
cavation. As  soon  as  the  removal  of  the  coarse 
material  was  begun,  the  crib  began  to  settle 
evenly  until  a  firm  bearing  was  reached  on  the 
low  side,  after  which  it  gradually  came  over  to 
a  level  [tosition.  Owing  to  the  great  height  of 
this  pier  and  its  small  iwnetration,  together 
with  the  severe  scour,  the  crib  has  been  pro- 
tected by  placing  8,500  cubic  yards  of  paving 
rock  about  its  base  and  thus  increasing  its  pen- 
etration to  40  feet.  The  stone  used  for  this 
pariwae  i8*known  as  "derrick  rock,"  the  bulk  be- 
ing of  large  sizes,  although  the  smaller  sizes  ac- 
cumulated in  the  quarrying  were  also  used. 

Pier  4  is  similar  to  pier  3.  Its  22x37-footcrib 
is  124  feet  high  and  supports  a  masonry  shaft 
32  feet  9  inches  high,  making  the  total  height  of 
the  pier  159  feet  9  inches.  This  crib  landed  on 
the  bottom  in  50  feet  of  water,  but  during  its 
sinking,  15  feet  of  scour  occurred,  increasing 
the  depth  of  water  around  the  pier  to  65  feet 
and  giving  a  final  penetration  of  70  feet.  The 
crib  was  landed  in  a  bed  of  fine  gravel  135  feet 
below  the  ordinary  stage  of  water. 

The  bottom  at  pier  5  is  a  very  fine  silt  and 
sand  with  underlying  strata  of  clay  and  gravel. 
The  cutting  edge  rests  in  a  bed  of  gravel  and 
clay  at  a  depth  of  125  feet  below  ordinary  water 
level  and  90  feet  below  the  river  bottom.  At 
the  time  the  dock  for  this  pier  was  driven,  the 
ordinary  depth  of  water  was  3S  feet,  which  was 
Increased  to  50  feet  by  scour  during  the  sinking. 
This  basin  will  be  filled  with  large  paving  rock, 
as  in  the  case  of  piers  3  and  4.  Cribs  2  and  5 
iaelaslve,' were  bollt  to  a  height  of  14  feet,  on 
ways  on  the  north  bank,  launched  and  towed  in- 


to their  respective  docks,  which  had  been  pre- 
viously prepared  at  the  pier  sites.  Pier  3  dock 
contained  seventy-five  100-foot  piles,  the  largest 
portion  of  which  were  on  the  up-stream  side, 
where  the  dock  area  was  the  largest.  A  solid 
V-shapod  wall  of  piles  was  tightly  driven  at  this 
end  of  the  pier  in  order  to  protect  the  crib  and 
give  dead  water  about  it.  Two  guide  piles  were 
driven  on  each  of  three  sides  at  a  distance  of  1 
toot  from  the  crib,  and  after  the  crib  had  been 
set  into  its  place,  the  remaining  two  guide  piles 
and  the  closing  side  of  the  dock  v;ere  put  in. 
Blocking  was  attached  to  the  crib,  opposite  each 
guide  pile,  leaving  only  a  few  inches  clearance, 
and  in  this  way  the  crib  was  landed  in  almost 
perfect  position. 

Every  effort  was  made  to  thoroughly  calk  all 
seams  between  the  timbers  in  the  outer  and  well 
walls,  in  order  to  place  the  concrete  in  the  best 
possible  condition.  This  was  particularly  im- 
portant in  the  case  of  cribs  for  piers  3,  4  and  5, 
where  the  safety  of  the  cribs  depended  on  their 
being  tight.  In  the  construction  of  the  crib  for 
pier  5,  the  first  of  the  large  cribs  to  be  built, 
only  the  12-inch  sheathing  planks  were  calked, 
beginning  at  the  steel  cutting  edge.  Although 
great  care  was  taken  in  sheathing  and  calking, 
the  crib  leaked  badly,  and  it  was,  therefore,  de- 
cided to  calk  the  seams  between  the  12xl2-inch 
wall  timbers  in  all  other  cribs.  Great  care  was 
taken  to  make  the  deck  of  the  caisson  tight, 
since  the  greatest  water  pressure,  and,  there- 
fore, the  greatest  tendency  to  leak,  was  at  this 
point.  .  The  two  top  courses  of  timber  were 
calked,  and  each  seam  then  filled  ilush  with  hot 
pitcn.  The  calking  in  these  two  courses  had  to 
be  done  from  the  top,  and  as  the  pressure 
tended  to  press  the  oakum  out  of  its  seam,  in- 
stead of  into  it,  as  is  the  usual  condition,  re- 
sort was  had  to  the  pitch,  which  made  a  very 
tight  deck. 

Directly  after  the  cribs  were  launched,  their 
decks,  which  were  usually  about  3  feet  above  the 
water  surface,  were  covered  with  8  inches  of 
1:2:3  concrete,  which  was  allowed  to  set  several 
days  before  the  walls  were  extended  up,  and,  by 
their  weight,  forced  the  deck  below  the  surface 
of  the  water.  In  piers  4  and  5,  as  soon  as  a 
small  amount  of  penetration  had  been  gained, 
the  concrete  around  the  wells  was  built  up 
above  water  level  and  all  but  the  2-inch  sheeting 
was  omitted  around  the  wells. 

The  amount  of  concrete  deposited  through 
water  in  piers  3  4  and  5  was  regulated  by  the 
depths  to  which  the  cribs  could  be  conveniently 
pumped  out  At  pier  5,  the  first  sealed,  50  feet 
of  concrete  was  deposited  through  water,  by 
bucket,  which  gave  a  height  of  75  feet  to  pump. 
In  piers  3  and  4  the  maximum  pump  lifts  were 
respectively  55  and  65  feet  below  the  surface  of 
water.  The  remaining  concrete  was  deposited 
In  the  dry.  The  well  sheeting  was  removed 
above  the  concrete,  in  order  to  give  the  outside 
and  inside  portions  opportunity  to  bond.  At 
pier  3,  owing  to  the  great  difficulty  found  in 
holding  the  crib  plumb,  it  was  never  possible  to 
bring  the  concrete  to  the  level  of  the  water  sur- 
face, and,  therefore,  it  was  necessary  to  bring 
the  solid  well  timbers  up  to  the  full  height  of 
crib.  In  all  cribs  it  was  endeavored  to  get  a 
continuous  layer  of  concrete  at  least  2  feet  thick 
over  the  whole  top  of  the  crib  next  to  the  ma- 
sonry, which  course,  considered  by  itself,  was 
truly  monolithic.  To  accomplish  this  it  was  ar- 
ranged that  the  last  set  of  cross  ties  should  be 
2  feet  below  the  top  of  the  crib. 

For  piers  4  and  5,  where  the  foundations  were 
the  deepest,  fuliy  95  per  cent,  of  the  excavation 
was  made  with  an  hydraulic  elevator,  with 
which  anything  of  a  thickness  less  than  3 
inches,  the  diameter  of  the  throat,  could  be 
handled.  The  elevator  was  a  simple  ejector 
operated  by  a  125-pound  hydraulic  Jet,  deliver- 


ing upwards  into  the  foot  of  a  5-inch  vertical 
cast-iron  pipe,  which  extended  to  the  top  of  the 
excavating  well  and  terminated  in  a  90-degree 
long-radius  bend,  which  discharged  the  mud, 
sand,  etc.,  horizontally  over  the  top  of  tne  crib. 
The  bottom  of  the  5-inch  pipe  terminated  in  a 
special  Y,  shown  in  cross-section  by  the  detail 
drawing.  One  branch  of  the  Y  had  an  interior 
cone,  concentrating  the  discharge  from  th<>  4- 
inch  vertical  pump  pipe  through  a  I'^-inch  noz- 
zle and  causing  the  upward  current  that  tended 
to  produce  a  vacuum.  This  induced  a  strong 
flow  through  the  other  branch  of  the  Y,  which 
had  an  intake  that  could  be  set  at  any  angle  or 
in  different  positions  and  could  have  different 
extensions,  us  desired.  The  pressure  and  dis- 
charge pipes  were  clamped  firmly  together  and 
handled  as  a  unit  by  a  line  operated  by  the  dor- 
rick  boom  and  attached  to  the  fork  of  the  Y. 
The  top  of  the  pressure  pipe  terminated  with  a 
ball-and-socket  joint  and  a  long-radius  90-degree 
bend  with  a  fanged  enlarger  closed  at  the  end 
and  tapped  to  receive  three  lines,  of  2i^-inch 
fire  hose  from  the  pump.  It  is  interesting  to 
know  that  with  a  height  of  145  feet,  lifting  from 
140  feet  below  the  water  surface,  the  elevator 
was  as  effective  as  at  less  depths. 

The  water  pressure  for  operating  the  eleva- 
tor was  obtained  from  a  Worthington  duplex 
pump  having  20-inch  steam  cylinders,  12-inch 
water  cylinders,  14-inch  stroke,  9-inch  suction 
and  a  7-inch  discharge.  The  steam  was  sup- 
plied by  two  50-horse-power  locomotive  boilers 
built  for  a  working  pressure  of  125  pounds  per  ' 
square  inch.  They  were  48  inches  in  diameter, 
15  feet  long  and  had  forty-four  3-inch  tubes  12% 
feet  long.  A  steam  pressure  of  100  pounds 
from  both  boilers,  giving  a  water  pressure  of 
125  pounds  was  usually  required. 

A  rose  Jet,  operated  by  the  elevator  pump, 
was  used  as  an  agitator,  and,  when  placed  near 
the  suction,  greatly  increased  the  efllciency  of 
the  elevator.  When  coarse  gravel  or  other  ma- 
terial was  encountered  whlcn  the  elevator  could 
not  handle,  the  elevator  was  lifted  clear  of  the 
bottom  and  placed  in  one  corner  of  the  well  and 
its  service  was  discontinued  for  a  short  time 
while  a  clam-shell  dredge  was  operated.  The 
elevator  was  superior  to  the  dredge  tor  main- 
taining the  cribs  in  position.  With  it,  by  plac- 
ing the  suction  close  to  the  side  of  the  well,  the 
material  was  drawn  from  the  high  side  or  the 
point  that  was  "holding  up,"  and  by  extending 
its  intake,  material  was  drawn  from  directly 
under  the  cutting  edge.  The  rate  of  sinking  de- 
pended greatly  on  the  material  encountered, 
varying  from  2  to  6  feet  in  24  hours. 

The  foundations  of  piers  6,  7,  8,  9  and  10  each 
have  thirty-two  piles,  and  pier  11,  which  is  an 
end  pier,  has  twenty-one  piles.  The  piles  were 
first  driven  by  Jet  and  hammer  and  the  cribs 
were  built  around  them.  They  were  made  of 
12xl2-lnch  timber,  dressed  on  two  sides  to  exact 
dimensions,  and  the  Joints  were  thoroughly 
calked  from  the  outside.  The  piles  were  ar- 
ranged in  eight  transverse  rows  and  four  longi- 
tudinal rows,  between  which  passed  the  inside 
bracing.  Two  rose  Jets,  of  the  pattern  shown 
in  the  sketch,  were  placed  on  each  pile.  They 
were  operated  with  a  water  pressure  of  from 
150  to  200  pounds,  provided  by  the  boilers  and 
pump  which  operated  the  hydraulic  elevator. 
All  hose  and  fittings  were  made  sufficiently 
heavy  to  withstand  a  250-pound  pressure.  A 
single  Jet,  supplied  by  a  slow  acting  pump,  tak- 
ing its  steam  from  the  pile-driver  boiler,  was 
first  used,  but  it  could  not  penetrate  the  gravel 
layers.  The  rose  Jets  were  necessary,  as  it  was 
found  that  with  the  ordinary  single-opening  Jet 
the  pipes  could  not  be  withdrawn  after  the  pile 
was  down,  and  it  was  necessary  to  send  a  third 
Jet  about  half  way  down  in  order  to  relieve  the 
friction  holding  the  pipes. 


May  28.  1904. 


THE    ENGINEERING     RECORD. 


58i 


.Base  oT Rail  El.25.1 


Method  of  Building 

up  Corners  of  Crib 

and   Well. 


>rP.4.lfbrR,.    ^ 


I 
_.±. 


e'Rad. 


Pedestals  R.andRi. 
Shore  Substructure 


^EI.-U9forR. 
El.  9.9  for  Ri. 


ApPARATirS     FOR    EXCAVATING     InSPDE     CrIB 

UNDER  Water. 


Top     Plan 


'^•^^^K^'R^TT?^:^???'^;^^;:^^ 


Base  of  Pail.  \fl.:^is. 


TT  1     5  HghmiftrBM 
Darfvm.O 


Peeteotals   Hi,      •"«'••■"■••  SEEaaa 

Shore  Substbuctube. 


iNiuiHi  niCOMDL 


Deepest  Pier  Foundation. 


-34  o» 
Piers  6,7,  8,9  and   lO. 

Typical   Pier  with   Pile  Footing. 


FRASER  RIVER  BRIDGE,   BRITISH   COLUMBIA:       DETAILS  OF    PIERS,    FOUNDATION    CRIBS    AND    EXCAVATING    APPARATUS. 


682 


THE     ENGINEERING     RECORD. 


Vol.  49,  No.  22. 


After  the  piles  were  driven,  the  cribs  and 
their  cofferdam  extensions  were  built  to  their 
full  h*Icht.  about  them,  and  timbers  were  laid 
acraa  their  tops  and  loaded  with  masonry  stone 
for  sinking  them.  The  hydraulic  elevator  was 
then  placed  in  position  inside  the  crib.  Con- 
nected to  the  pump,  and  sinlcing  was  l>egun. 
The  cribs  were  sunk  from  10  to  20  feet  below 
the  orisinal  level  of  the  bottom,  but  their  actual 
penetration,  when  sinking  wfs  completed,  was 
only  a  few  feet,  owing  to  the  scour  and  to  the 
material  being  drawn  in  from  the  outside  by 
the  elevator.  This  left  the  crib  sUnding  in  a 
basin,  which,  in  each  case,  was  filled  with  pav- 
ing rock,  giving  tne  piers  a  splendid  protection 
below  the  original  level  of  the  bottom.  After 
these  cribs  were  landed,  they  were  sealed  with 
from  5  to  10  feet  of  1:2:3  concrete  deposited 
aroond  piles  by  a  steel  pipe  tr^mie.  This  con- 
crete was  allowed  to  stand  one  week,  when  the 
crib  was  pumped  out  and  cleaned.  The  piles 
were  then  cut  off  5  feet  below  low  water,  with 
tops  at  slightly  irregular  heights,  after  which 
the  remainder  of  the  concrete  was  laid  in  the 
dry  up  to  the  base  of  the  cofferdam,  the  upper 
cross  struts  being  removed  ahead  of  the  con- 
creting. 

In  all  cribs  the  timbers  at  the  main  corners 
of  the  wells  were  alternately  lapped  for  the  full 
sire  of  the  stick,  no  half-lapping,  notching  or 
checking  being  done  at  these  points.  This 
method  is  more  economical  than  framing,  both 
as  to  time  and  material  consumed :  there  is  less 
calking  to  do.  and  it  can  be  done  very  much  bet- 
ter, thus  giving  a  tighter  crib. 

All  concrete  backing  in  the  pier  shafts  was 
made  1:3:5  with  Portland  cement  and  stone 
broken  to  pass  through  a  2V4-lnch  ring.  Con- 
crete used  for  the  coping  and  upper  surfaces 
and  concrete  oeposited  under  water  was  made 
1:2:3  with  %-inch  broken  stone.  All  exposed 
sarfaces  of  concrete  are  faced  with  1:2  cement 
mortar  m  Inches  thick.  In  order  to  satisfactor- 
ily Join" this  facing  to  the  main  body  of  concrete 
Vt-inch  steel  plates  12  inches  wide  and  about  4 
feet  long,  with  their  ends  overlapping,  were 
blocked  out  1%  inches  from  the  inner  faces  of 
the  forms.  A  9-inch  layer  of  concrete  was  then 
laid  and  tamped  against  the  inner  faces  of  the 
plates  and  an  11-inch  layer  of  mortar  was 
tamped  between  their  outer  faces  and  the 
moulds,  the  spacing  blocks  being  removed  as 
the  work  progressed.  As  soon  as  this  was  ac- 
complished the  steel  plates  were  withdrawn  by 
nooks  engaging  holes,  through  their  upper  edges 
and  toe  mortar  was  again  tamped  to  fill  the 
qwce  vacated  by  the  plates  and  secure  a  thor- 
ough bond  between  it  and  the  concrete  before 
either  commenced  to  set.  Special  care  was 
taken  to  make  the  moulds  strong  enough  to  re- 
sist all  distortion  and  to  provide  a  surfaco 
which  should  give  a  uniform  texture  to  the  con- 
crete finish  and  prevent  the  appearance  of  any 
Joint  or  grain  marks.  To  this  end,  the  inner 
faces  of  all  the  forms  were  planed  and  matched 
and  covered  with  gloss  oil,  sanded  with  a  bel- 
lows. 

The  principal  quantities  involved  in  the  sub- 
strocture  Include  about  5,000  cubic  yards  of  ma- 
sonry and  concrete,  9,400  cubic  feet  of  piles  and 
1,600  cubic  yards  of  excavation  for  pedestals, 
abutments  and  retaining  walls.  The  total  mass 
of  crib*  and  caissons  for  piers  1  to  11  inclusive 
it  estimated  at  11,250  cubic  yards.  These  quan- 
tities are  those  of  the  preliminary  estimate. 


Some  Forms  of  Pyrometers. 

In  connection  with  the  presentation  of  a  re- 
port of  a  committee  on  pyrometers  to  the  Iroti 
and  Steel  Institute  at  its  recent  meeting  in  Lon- 
don, an  exhibition  was  held  of  instruments  of 
this  class  suitable  tor  metallurgical  work.  Some 
of  these  can  l>e  described  iu  a  general  way 
without  illustration  and  as  relating  to  high- 
temperature  measurements  are  referred  to  in 
the  following  account: 

A  recording  pyrometer,  based  on  the  altera- 
tion of  the  viscosity  of  a  gas  with  temperature, 
was  shown  by  the  Stelnbart-Uehllng  Company. 
Air  from  the  furnace  is  sucked  through  a  very 
small  hole  maintained  at  the  furnace  tempera- 
ture; it  is  then  cooled  down  to  212  degrees 
Fahrenheit  and  sucked  through  a  hole  of  the 
same  size  as  that  first  named,  and  finally  ex- 
pelled into  the  atmosphere.  The  head  necessary 
for  suction  is  obtained  by  a  steam-jet,  and  is 
kept  absolutely  constant  on  the  suction  side  of 
the  cooler  orifice.  The  vacuum  in  the  spai's  be- 
tween the  orifices  then  alters  with  the  tempera- 
ture of  the  air  entering  the  hot  orifice,  and  thus 
forms  a  measure  of  the  temperature.  The  waste 
steam  from  tne  suction-jet  serves  to  keep  the 
temperature  of  the  cooler  orifice  constant  at  212 
degrees.  An  ingenious  recorder  is  combined 
with  this  pyrometer,  and  the  recorder  can,  Uy 
the  use  of  air-tight  tubing  connecting  it  with 
the  pyrometer,  be  placed  at  any  desired  dis- 
tance from  the  furnace. 

There  were  a  number  of  different  types  of 
optical  pyrometer.  In  one  of  these,  due  to  Mr. 
Walter  Rosenhain,  and  made  by  the  Cambridge 
Scientific  Instrument  Company,  the  heated 
body,  the  temperature  of  which  is  desired,  is 
inspected  through  a  telescope,  in  the  field  of 
which  is  a  platinum  wire  which  can  be  heated 
by  an  electric  current.  The  current  is  in- 
creased until  the  wire  vanishes  in  the  bright 
field,  and  the  temperature  is  then  deduced  from 
the  readings  of  a  delicate  ampere-meter  which 
measures  the  current  passing  through  the  wire. 

An  instrument  embodying  the  same  princi- 
ple was  also  shown  by  Dr.  R.  Hase,  of  Hanover; 
but  in  this  the  radiation  from  the  hot  body  is 
broken  up  by  a  prism  into  a  spectrum,  and  part 
of  this  spectrum  is  then  balanced  against  the 
light  of  a  small  electric  incandescent  lamp 
which  serves  as  a  standard  of  reference.  This 
instrument,  like  Mr.  Rosenhain's,  requires  thfl 
use  of  electrical  connections  to  the  telescope. 

The  Callendar  platinum  thermometer,  with 
its  recorder,  was  also  shown.  This  is  made  liy 
the  Cambridge  Scientific  Instrument  Companj'. 
In  the  discussion  of  the  committee  report,  Mr. 
Rosenhain  said  that  he  considered  this  instru- 
ment the  most  useful  type  for  temperatures 
lower  than,  say,  2,300  degrees.  The  Le  Chate- 
lier  pyrometer  appeared  to  be  in  good  favor  and 
fairly  widely  used.  For  temperatures  of  2,350 
to  2,700  degrees,  however,  Mr.  Rosenhain  found 
it  would  not  stand  exposure  for  more  than  a 
half-hour  or  so,  where  continuous  records  were 
desired,  and  he  substituted  two  different  plati- 
num-iridium  wires  on  his  couple. 


Rnx>Bor5o  PiiessuRe  GAt'cefi  for  ranges  from 
vaconm  to  10,000  pounds  per  square  inch  and 
recording  thermometers  and  pyrometers  for 
ranges  from  60  degrees  below  zero  to  1,000  de- 
grees Fahrenheit  are  exhibited  by  the  Bristol 
Company,  of  Waterbury,  Conn.,  in  the  Elec- 
tricity Building  at  the  World's  Fair,  St.  Louis. 


The  Wateb  Supply  of  St.  Petebsburo  is  taken 
from  the  Neva  River  a  short  distance  above  the 
city.  This  water  was  formerly  considered  of 
good  quality,  but  according  to  a  recent  article 
In  "Public  Works,"  It  is  now  not  above  suspi- 
cion on  account  of  the  large  number  of  bacteria 
it  contains.  The  works  were  owned  by  a  private 
company  until  1891,  when  they  were  purchased 
by  the  city.  In  1901  a  daily  average  of  about 
88,000,000  gallons  was  supplied  to  the  consum- 
ers. The  water  is  filtered  through  eighteen 
open  sand  filter  beds  having  a  combined  effec- 
tive area  of  somewhat  less  than  nine  acres,  the 
rate  consequently  being  too  high. 


Notes, 

The  Efficacy  of  Liuhtxixo  Arresters  is 
questioned  in  a  report  of  a  committee  of  the 
Berlin  Electrical  Society.  In  forty-one  cases 
accidents  occurred  with  all  known  systems  of 
lightning  arresters  in  use,  and  in  one  case  four 
different  systems  of  arresters  were  used  simul- 
taneously. However,  experience  seems  to 
show,  it  is  stated,  that  it  is  desirable  to  insu- 
late the  iron  frames  of  the  machines  and  ap- 
paratus from  the  earth. 


Heating  from  Central  Stations,  as  a  sub- 
ject in  the  question  box  of  a  recent  meeting 
of  the  Iowa  Electrical  Association,  brought  out 
some  interesting  information.  The  Brice  Gas 
&  Electrical  Company,  of  Mason  City,  la., 
which  uses  a  hot-water  heating  system,  wrote 
that  it  figures  the  amount  of  radiation  re- 
quired, according  to  the  glass  surface,  wall  sur- 
face and  cubical  contents,  and  makes  a  rate  per 
season  based  on  the  amount  of  radiation  re- 
quired. If  a  consumer  installs  less  radiation 
than  the  amount  called  for,  he  is  compelled  to 
pay  for  the  full  amount,  which  nearly  always 
insures  his  installing  it.  If  the  radiation 
should  be  found  insufllcient,  no  extra  charge 
is  made  for  additional  radiation  installed,  pro- 
vided the  normal  temperature  of  the  room  does 
not  exceed  70  degrees.  Mr.  H.  C.  Eddy,  of  the 
Chicago  office  of  the  American  District  Steam 
Company,  contributed  the  following  data:  In 
a  city  in  central  Illinois  the  heating  business  is 
for  public  buildings  exclusively,  all  on  a  meter 
basis  of  charge.  The  highest  rate  of  condensa- 
tion per  1,000  cubic  feet  of  space  per  season 
last  year  was  10,779  pounds.  The  lowest  was 
1,650  pounds,  and  the  average  of  all  the  cus- 
tomers served  5,328  pounds.  A  city  in  Nebraska 
heating  public  and  business  buildings  gives  the 
following  figures:  Highest  rate,  7,475  pounds; 
lowest,  1,302;  average  of  all  customers  served, 
4,522  pounds.  A  city  in  Kansas  finds  the  high- 
est rate  13,709  pounds;  lowest  rate,  1,278 
pounds;  average  of  all  customers  served,  4,693 
pounds.  A  city  in  Colorado:  Highest 
rate,  24,666  pounds;  lowest  rate,  1,611  pounds; 
average  of  all  customers  served,  8,653.  In  a  city 
in  Missouri  the  average  results  are:  Resi- 
dence, 9,400;  public  library,  5,800;  theaters, 
2,900;  hotels,  5,410;  churches,  2,840;  stores  and 
ofllce  buildings,  7,030;  average  of  all  meter  cus- 
tomers, 5,503;  average  of  flat  rate  customers  of 
the  same  general  class  of  occupancy,  19,720.  In 
a  city  in  Pennsylvania  for  the  first  four  months 
of  this  year  one  customer  on  a  flat  rate  used 
7,800  pounds  of  wiater  per  1,000  cubic  feet 
space.  Another  customer  under  the  same  con- 
ditions used  7,250  pounds,  and  a  third  customer 
under  the  same  conditions,  but  for  three 
months  instead  of  four,  used  4,250  pounds.  In 
the  first  instance,  if  the  condensation  used  by 
the  consumer  had  been  paid  for  on  a  basis  of 
meter  registration  at  the  regular  prevailing 
rates  the  cost  for  the  four  months  would  have 
been  $1,065.42.  The  fiat  rate  for  the  entire  sea- 
son was  $1,200.  In  the  second  instance,  if  the 
condensation  had  been  paid  for  at  the  regular 
prevailing  rate,  the  cost  would  have  been 
$848.16.  The  flat  rate  for  the  entire  season  was 
$720.  In  the  third  instance,  the  three  months 
on  a  meter  basis  would  have  cost  $305.22,  while 
the  flat  rate  for  the  entire  season  was  $300.  In 
another  case  where  the  meter  customers  and 
fiat-rate  customers  represent  practically  an 
equal  amount  of  space,  it  was  determined  that 
for  the  meter  customers  it  required  at  the  plant 
712  pounds  of  coal  per  1,000  cubic  feet  space 
heated  per  season,  and  for  the  contract  custom- 
ers it  required  at  the  plant  3,280  pounds  of  coal 
per  1,000  cubic  feet  space  heated  per  season. 
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The  New  York  Times  Building. 

Part  III. — Sibstuictlre  Coi.umns  a.nu  Girders 
Column  B  is  typical  of  the  heavy  columns 
which  were  required  to  pass  through  the  sub- 
way roof  and  floor  with  a  maximum  width  of  16 
Inches.  It  carries  a  load  of  about  1,162,000 
pounds  and  has  a  cross-section  of  157  square 
Inches  built  up  with  eight  12-inch  40-pound 
channels  and  two  42x%-inch  cover  plates.  It 
receives  the  end  of  girder  22-B  on  a  cast-steel 
cap-plate   3   inches  thick,   and   is   connected   to 


which  it  supports  on  a  cast-steel  cap-plate  3 
inches  thick.  Tne  foot  of  the  column  is  seated 
on  a  cast-steel  pedestal  27  inches  high,  made 
with  several  vertical  stiffening  webs  which  disr 
tribute  the  load  over  the  4x4-foot  granite  cap- 
stone of  a  three-course  pier  seated  on  the  solid 
rock.  The  steel  in  the  pedestal  webs  is  2  inches 
thick  and  the  pedestal  corresponds  with  that 
shown  for  columns  D  and  K. 

The  heaviest  of  the  sub-basement  columns  is 
marked  K  and  is  proportioned  for  a  load  of 
about  1,070  tons.  The  details  are  similar  to 
those  of  column  B,  and  it  has  a  cross-section  of 
258  square  inches,  made  up  with  eight  12-inch 
40-pound  channels,  four  42x%-inch  flange  cover 
plates  and  four  llx%-inch  web  reinforcement 


which  extend  about  7  feet  into  the  solid  rock, 
where  they  are  securely  wedged. 

This  column  H  is  also  connected  to  the  adja- 
cent column  K  in  the  plane  of  the  end  wall 
by  two  horizontal  struts  and  a  panel  of  heavy 
riveted  X-bracing  in  the  press  room  or  second 
sub-basement  story,  thus  continuing  the  wind 
bracing  in  the  extremity  of  the  building  to  the 
foundations  and  providing  for  a  distribution  of 
stress  between  the  columns.  The  connection  to 
the  triple  girder  which  it  carries  to  support  the 
offset  lines  of  columns  in  the  upper  stories  Is 
made  with  a  cast-steel  cap-plate  3  inches  thick, 
which  is  riveted  to  the  top  flange  angles,  and 
with  three  solid  web  oblique  kneebraces  like 
those  at  column  B.     There  are  also  two  more 
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each  of  the  three  webs  of  the  girder  by  a  solid 
kneebraced  plate  stiffened  with  flange  angles, 
as  shown  by  the  detail.  It  also  has  wide  bracket 
seats  to  receive  the  sub-basement  floor  girders 
clearing  the  under  side  of  the  subway.  These 
are  made  with  solid  web  plates  having  their 
flanges  stiffened  with  pairs  of  angles,  thus  mak- 
ing rigid  kneebraces,  which  add  to  the  trans- 
verse resistance  of  the  building.  Like  the  knee- 
braces for  the  triple  girder,  the  ends  of  their 
webs  are  bent  to  an  angle  corresponding  with 
that  between  the  subway  and  the  line  of  col- 
umns, and  are  fleld-riveted  to  the  vertical  con- 
nection angles  on  the  column.  The  long  diam- 
eter of  the  column  makes  an  angle  of  about 
48  degrees  with   the  axis  of  the  triple  girder, 


plates.  Column  H  is  of  the  same  general  type, 
but  is  special  in  the  provision  to  resist  a  pos- 
sible upward  reaction  from  the  cantilever  load 
imposed  by  column  9  of  the  superstructure.  It 
has  a  cross-sectional  area  of  220  square  inches 
and  sustains  a  maximum  load  of  570  tons. 
Under  extreme  conditions  of  loading  and  wind 
pressure,  it  is  calculated  that  this  load  may 
change  to  an  upward  reaction  of  500,000  pounds. 
In  order  to  resist  this,  three  horizontal  20-inch 
I-beams  15  feet  long  are  web-connected  to  the 
foot  of  the  column,  and  are  built  into  the  base 
of  the  44;inch  vault  retaining  wall,  so  that  its 
weight  will  act  as  a  counterbalance.  Besides 
this  the  I-beams  are  anchored  close  to  the  col- 
umn by  two  vertical  bolts  3  inches  in  diameter. 


similar  kneebraces  for  the  connection  of  the 
sub-basement  floor.  At  the  top  of  the  column 
long  vertical  distribution  angles  are  riveted  to 
both  sides  and  are  fltted  at  the  lower  ends  to 
the  horizontal  flanges  of  shelf  angles  which 
give  bearing  to  vertical  anchor  bolts.  These 
pass  through  the  cast-steel  cap  and  engage  the 
top  of  the  triple  girder  so  as  to  transmit  the 
upward  reaction  to  the  column  which  resists  it 
by  the  weight  of  the  wall  that  rests  on  the  lower 
20-inch  beams  and  crossbracing,  and  by  the 
strength  of  the  anchor  bolts  which  connect  the 
beams  to  the  solid  rock. 

The  girder  supported  on  the  top  of  columns 
H  and  K  carries  the  two  corner  columns  8  and  9 
and  supports  the  entire  north  wall  of  the  build- 
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ing.  Tite  columns  have  an  estimated  total  load 
of  3,097.000  pounds.  The  total  length  of  the 
Stitl«r  la  37  feet  S  7/16  Inchee,  and  it  has  a  canti- 
l*T«r  arm  of  i  feet  8  inches  and  two  supports 
1<  feet  9  Inches  apart  as  shown  in  the  diagram 
of  loading.  In  calculating  its  dimensions  It 
i  aacumed  that  the  maximum  load  in  column 
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9,  including  pressure  from  a  wind  sufficient  to 
overturn  the  building,  is  3,097,000  pounds. 
Under  these  conditions  there  could  be  no  wind 
load  in  column  8,  and  in  equating  the  moments 
It  is  found  that  the  reaction  in  column  9  multi- 
plied by  19.4,  divided  by  16.75,  equals  3,590,000 
pounds.  Subtracting  from  this  result  the  total 
load  of  columns  8  and  9,  leaves  at  column  H 
an  upward  reaction  of  493,000  pounds.  This 
vertical  strain  is  transmitted  to  the  column,  as 
already  described,  by  means  of  the  vertical  bolts 
engaging  the  column  top.  This  girder  is. made 
with  three  separate  pieces,  one  of  which 
is  shown  in  detail.  They  were  each  riveted 
up  complete  in  the  shops  and  shipped  separately 
to  the  site  and  connected  together  by  interme- 
diate transverse  diaphragms  and  cover  plates 
riveted  to  the  end  vertical  web-stiffener  angles. 
The  diaphragms  were  connected  by  bolts  placed 
through  hand  holes  left  in  the  web  for  that 
purpose. 

On  account  of  the  heavy  moment  in  the  gir- 
ders and  the  short  cantilever  arm,  the  method 
of  proportioning  the  girder  was  as  follows:  The 
COxl%-lnch  web  has  a  moment  of  resistance  of 
1,750,000  foot  pounds  at  a  maximum  stress  of 
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20,000  pounds  per  square  inch.  Allowing  one- 
quarter  of  the  section  for  rivet  holes,  the  net 
moment  of  resistance  is  1,312,500  foot-pounds. 
The  maximum  moment  of  the  three  girders  at 
column  K  is  3,097,000x2%,  equal  to  8,259,000 
loot-pounds.  Therefore  the  moment  for  one  gir- 
der equals   2,753,000  foot-pounds.     Subtracting 
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from  this  1,312,500  foot-pounds,  the  moment  of 
the  web,  the  remainder,  1,440,500  foot-pounds, 
equals  the  bending  moment  which  must  be  re- 
sisted by  the  chord  angles.  Allowing  for  a 
maximum  stress  of  2LQpo  pounds  per  square 
inch,  it  gives  a  requifi||^  area  of  14.2  square 
inches,  which  is  provided  for  by  two  6x4x%- 
Inch  angles  and  one  10x%-inch  plate.  The  ends 
of  the  girders  are  covered  almost  solid  with 
pairs  of  6x3V>x%-inch  vertical  web-stlftener 
angles  and  the  webs  are  connected  together  by 
thirteen  horizontal  rows  of  %-inch  rivets. 

The  girder  marked  C  is  one  of  the  three 
equal  pieces  forming  the  girder  supported  on 
substructure  column  B  and  interior  column  22, 
which  carries  the  wall  column  12.  It  is  made 
with  vertical  side  plates  in  both  flanges  and 
with  reinforced  webs  and  additional  side  cover 
plates  both  sides  of  the  supporting  column  at 
the  cantilever  end.  The  flanges  are  propor- 
tioned to  carry  all  of  the  bending  moment  and 
are  reinforced  with  12xi^-inch  plates.  The  gir- 
ders are  riveted  to  the  cast-steel  cap-plate  on 
column  B  and  to  the  web  of  column  22,  and' 
tave  the  kneebrace  connections  to  their  lower 
flanges,  which  were  described  in  connection 
with  column  B.  The  cantilever  ends  are  con- 
nected together  by  field-driven  rivets  through  a 
J/^-inch  plate  3214  inches  wide  which  closes  the 


cross-section  detail,  at  such  a  height  that  the  top 
flanges  of  the  beams  are  nearly  flush  with  the 
base  plates  of  the  upper  tiers  or  columns. 

The  ends  of  the  floorbeams  are  cut  obliquely 
and  are  spliced  to  the  gusset  plates  in  such  a 
manner  as  to  make  the  connections  continuous 
with  solid-web  kneebraces  riveted  to  their  top 
flanges  and  connecting  them  to  the  lower  ends 
of  the  upper  sections  of  the  columns.  This 
virtually  provides  a  deep  and  wide  solid  trans- 
verse diaphragm  enclosing  the  triple  girder 
and  its  connection  to  the  supported  column. 
The  12-inch  floorbeams  intermediate  between 
the  floor  girders  are  continued  across  the  triple 
girders  and  are  web-spliced  on  their  center 
lines.  Their  lower  flanges  are  several  inches 
clear  of  the  tops  of  the  girders,  from  which 
they  are  supported  by  pedestals  seated  on  the 
two  outer  girders  only,  thus  giving  no  direct 
connection  to  the  center  girder.  This  detail,  to- 
gether with  the  relative  position  of  the  roof 
beams  in  the  subway  construction,  is  clearly  in- 
dicated by  the  diagram  of  the  cross-section  of 
the  triple  girder. 

Messrs.  Cyrus  L.  W.  Bidlitz  and  Andrew  C. 
McKenzie  are  the  architects,  and  Mr.  W.  B. 
Bamford  and  Mr.  Paul  Gemelin,  of  their  staff, 
are  respectively  general  superintendent  in 
charge   of   the   building   and   chief    draftsman. 


A  Mechanical  Filtration   Plant  for  Water- 
town,  New  York. — ^11. 

The  eflluent  from  each  Alter  is  conducted 
through  a  10-inch  pipe  into  the  flltered-water 
main,  and  on  the  way  passes  through  a  rate 
controller  and  a  regulating  gate,  set  as  indi- 
cated on  the  pipe  detail  drawings.  The  follow- 
ing description  of  this  apparatus  is  taken  In 
part  from  the  general  speciflcations,  and  the 
essential  features  of  the  controller  are  shown 
by  one  of  the  drawings.  The  main  casting  of 
the  controller  is  essentially  a  20xl0-inch  flanged 
cross  with  one  of  the  10-inch  branches,  the  one 
through  which  the  flltered-water  enters,  con- 
tinued Inside  the  cross  and  terminated  in  a  12- 
Inch  diameter  vertical  cylinder  open  at  both 
ends.  One  of  the  20-inch  ends  is  closed  with  a 
blank  flange  and  serves  as  the  base;  the  flange 
at  the  opposite  end,  or  top,  is  rebated  to  receive 
a  stilling  device. 

To  the  upper  flange  just  mentioned  is  bolted 
a  20-inch  flanged  cylinder  about  1  foot  high, 
lined  with  brass,  to  the  top  flange  of  which  is 
bolted  a  cast-iron  plate  1  inch  thick  containing 
a  tapped  hole  for  a  4-lnch  wrought-iron  pipe. 
To  the  top  and  the  bottom  of  the  12-inch  inter- 
nal cylinder  are  tap  bolted  annular  cast-iron 
plates  1  inch  thick,  thus  forming  the  stationary 
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spaces  between  them,  and  they  are  intermedi- 
ately connected  by  three  sets  of  transverse 
diaphragm  plates  bolted  in  position  through  the 
hand  holes  shown  in  the  general  elevation. 

The  west  ends  of  the  three  parts  of  the  com- 
pound girder  are  connected  together  by  their 
connection  to  column  22,  which  is  made  with 
horizontal  seats  bracketed  to  the  faces  of  the 
column.  It  does  not  include  any  web  rivets  ex- 
cept those  connecting  the  end  vertical  web- 
stifCener  flanges  of  the  two  outside  members  of 
the  girder  to  a  vertical  transverse  plate  similar 
to  that  at  the  other  end.  This  plate  clears  the 
flanges  of  column  22  and  is  fleld-riveted  to  them. 
This  girder  is  typical  of  all  of  the  triple  web 
girders  shown  in  the  diagram  plan  and  In  the 
bean  plan  for  the  flrst  floor.  It  supports  the 
upper  story  columns  on  heavy  cast-steel  bases 
similar  to  those  which  distribute  the  col- 
umn loads  over  their  foundation  piers.  All  of 
these  girders  support  the  floorbeams  at  right 
angles  to  them  by  web  connections  made  with 
very  deep  gusset  plates  riveted  between  their 
vertical  web-stiffener  angles.  These  gusset 
plates  have  their  horizontal  an'd  Inclined  edges 
stiffened  with  angle  flanges  and  serve  as  knee- 
braces,  giving  great  rigidity  to  the  framework. 
They  support  the  floor-beams,  as  shown  in  the 


The  designing  of  the  structural  steel  was  done 

in  the  New  York  oflJce  of  Purdy  &  Henderson. 

(To  be  continued.) 


A  Prony  Brake  with  which  rope  has  been 
found  to  give  best  results  is  employed  in  the 
hydraulic  laboratory  of  the  University  of  Cali- 
fornia. The  brake  pulley  is  24  Inches  in  di- 
ameter and  10  inches  face  and  a  double  rope 
surrounds  the  pulley,  one  end  fast  to  the  brake 
framework  and  the  other  engaged  by  a  threaded 
hook,  which  is  moved  by  a  hand  wheel  to  se- 
cure the  required  tension. 


Feed-Water  Measubemext  by  means  of  open 
tanks  was  referred  to  as  a  permanent  adjunct 
of  boiler-plant  operation  at  the  recent  meeting 
of  the  National  Electric  Light  Association  by 
Mr.  Wm.  R.  Gardener,  of  Pittsfleld,  Mass.  Two 
tanks  are  employed,  one  above  the  other,  the 
upper  as  the  filling  and  measuring  tank  and 
the  other  as  the  suction  tank.  The  former  is 
provided  with  an  overflow  pipe  to  Indicate 
when  it  is  full  and  is  fltted  with  a  float  which 
actuates  a  revolution  counter  every  time  the 
tank  is  emptied,  thus  recording  the  number  of 
full  tanks  of  water  passed  into  the  suction 
tank. 


part  of  a  balanced  valve.  The  holes  in  these 
two  plates,  through  which  the  working  parts 
of  the  valve  move,  are  bored  precisely  to  a 
diameter  of  7  inches  and  their  exposed  edges 
are  covered  with  a  thin,  smooth  coat  of  paint. 

The  stilling  device  consists  of  three  disks  of 
sheet  brass  21  Inches  In  diameter  and  about 
0.019  inch  thick,  perforated  with  holes  1/16  inch 
in  diameter.  The  total  area  of  these  holes  in 
each  plate  is  about  15  per  cent,  of  the  area  of 
the  plate.  The  disks  are  spaced  apart  by  %-inch 
copper  wire  rings  and  fastened  together  at 
their  edges  so  as  to  form  a  stiff  structure.  The 
moving  parts  of  the  controller  comprise  two 
valves,  a  stem  and  a  pressure  disk,  the  disk 
being  attached  to  the  upper  end  of  the  stem, 
one  valve  to  the  lower  end  and  the  other  valve 
to  the  middle  of  the  stem,  as  shown,  all  being 
of  brass.  The  stem  passes  through  a  hole  in 
the  center  of  the  stilling  device,  so  that  the 
pressure  disk  is  above  the  latter.  The  lower 
end  of  the  stem  is  bored  to  fit  easily  over  a 
vertical  guide  bolted  to  the  bottom  of  the  con- 
troller body. 

Each  valve  is  6.8  inches  In  diameter,  leaving 
an  annular  space  .1  inch  wide  in  the  ports  when 
the  valve  Is  closed.  The  valve  faces  are  tapered 
at  the  rate  of  1  In  5,  so  that  the  flnal  closing 


686 


THE     ENGINEERING     RECORD. 


Vol.  49,  No.  22. 


of  the  ports  will  tAk«  plmc«  very  gradually.  The 
pnasure  disk  is  hollow,  about  4  inches  high, 
•Bd  Is  built  up  of  sheet  brass;  it  has  a  diame- 
ter a  little  lees  than  that  of  the  brass-lined 
CTllnder  in  which  it  travels,  the  annular  space 
being  1/32  inch  wide.  No  great  pressure  will 
•rer  come  upon  this  disk,  but  it  is  essential 
that  it  should  be  rigid  and  free  from  vibration. 
The  total  weight  of  the  moving  parts  is  about 
100  pounds,  and  their  extreme  travel  Is  3 
inches.  The  bottoms  of  the  valves  are  flush 
with  the  bottoms  of  the  ports  when  the  moving 
parts  are  in  their  highest  position,  and  the 
ports  are  wide  open  when  the  moving  parts  are 
In  their  lowest  position. 

Tlie  regulating  gate  is  bolted  to  the  10-inch 
outlet  flange  of  the  rate  controller,  with  the 
object  of  fnrnishing  sufficient  resistance  in  the 
course  of  the  water  to  cause  the  balanced  valve 
in  the  controller  to  work.  It  is  not  necessary 
that  this  gate  should  close  watertight,  but  it  is 
—entlal  that  its  motion  should  be  constant; 
there  should  be  no  loss  of  motion,  but  the 
waterway  through  the  gate  should  be  of  the 
same  size  for  a  given  position  of  the  screw, 
.wtiether  the  gate  is  being  opened  or  being 
dosed.  This  gate  is  opened  and  closed  by  means 
of  a  wrench,  and  Is  so  arranged  that  the  jwsi- 
tion  of  its  moving  parts  will  not  be  changed 
ky  a  Jar  or  vibration  in  the  operation  of  the 
apparatus  when  left  for  'a  long  time  without 
attention  and  so  that  meddlers  cannot  easily 
change  its  setting.  It  is  provided  with  an  ac- 
curate indicator  showing  the  position,  and  this 
will  be  graduated  to  show  the  rate  of  flow 
after  the  apparatus  shall  have  been  calibrated 
In  place. 

A  4-lnch  tarHwated  wrought-lron  pipe  runs 
from  the  hole,  previously  mentioned,  in  the  top 
plate  of  the  controller  to  one  flange  of  a  10x6- 
Inch  croM  in  the  eflluent  pipe,  next  to  the  regu- 
lating gate.  To  the  other  flanges  of  the  cross 
are  bolted  a  10-inch  and  a  6-inch  gate;  the 
former  controls  the  flow  of  the  effluent  to  the 
flltered-water  main  and  the  latter  permits  or 
prevents  Its  wasting  through  the  rewash  pipe 
to  the  drain.  The  4-inch  connection  pipe  admits 
water  from  the  downstream  side  of  the  regulat- 
ing gate  to  the  controller,  above  the  pressure 
disk;  the  chamber  below  the  disk  is  subject  to 
the  preesure  on  the  upstream  side  of  the  regu- 
lating gate. 

The  regulating  gate  having  been  set  by  hand 
to  pass  any  desired  quantity  of  water  per  unit 
of  time,  that  is,  to  correspond  to  any  desired 
rate  of  filtration  between  the  established  limits 
of  400.0f»0  and  1.000,000  gallons  per  day,  It  is 
the  office  of  the  controller  to  maintain  substan- 
tially the  given  rate  of  filtration  with  any  con- 
dition of  the  filter  from  clean  to  dirty,  and  with 
any  stage  of  water  in  the  flltered-water  reser- 
voir. When  the  filter  is  first  put  Into  service 
after  a  cleaning,  the  pressure  on  the  inlet  side 
of  the  controller  may  be  equivalent  to  12  feet 
of  water,  and  when  the  filter  Is  clogged  at  the 
end  of  its  run,  the  pressure  at  the  same  point 
may  be  almost  zero.  The  total  loss  of  head  in 
the  controller,  at  ■the  maximum  rate  of  filtra- 
tion will  be  about  9  inches,  which  corresponds 
to  the  pressure  required  to  lift  the  moving 
parts  of  which  the  20-Inch  pressure  disk  is  a 
pwt. 

In  case  the  ditTerence  of  head  between  the 
vater  In  the  filter  and  that  In  the  flltered-water 
reaervoir  is  not  sufficient  to  pass  the  quantity 
for  which  the  regulating  gate  Is  set,  the  con- 
troller will  open  wide.  The  arrangement  of  the 
controller  is  soch  that,  since  the  pressure  of 
the  water  entering  It  from  the  filter  t<»nd8  to 
to  close  the  balanced  valve,  as  this  pressure 
falls  the  valve  will  tend  to  open  more  and  more 
and  to  maintain  the  established  rate  of  flow. 


and  since  the  chambers  above  and  below  the 
pressure  disk  are  connected  respectively  with 
the  downstream  and  upstream  sides  of  the  regu- 
lating valve,  a  decrease  in  the  difference  of 
pressure  at  these  two  points,  by  an  increase  In 
the  opening  of  the  regulating  valve,  thus  in- 
creasing the  rate  of  filtration,  will  tend  to  open 
the  balanced  valve,  and  vice  versa,  by  lowering 
or  raising  the  pressure  disk. 

For  washing  the  filters  pure  water  will  be 
supplied  from  the  pumping  station  under  pres- 
sure through  an  8-Inch  cast-iron  main  extend- 
ing the  length  of  the  pipe  gallery.  From  this 
main  an  8-inch  branch  Is  taken  off  opposite  each 
filter  and  connected  to  the  main  eflluent  col- 
lector Just  outside  the  filter.  A  6-Inch  wrought- 
lron  rewash  pipe  Is  connected  to  each  filtered 
water  outlet  pipe  Just  beyond  the  rate  con- 
troller and  regulating  gate.  Tne  rewash  pipes 
from  opposite  filters  are  connected  and  led 
under  the  flltered-water  main  so  as  to  discharge 
into  the  concrete  drain  beneath  the  gallery 
floor.  The  arrangement  of  the  principal  pipes 
of  the  various  systems  and  the  positions  of  the 
valves  for  controlling  them  are  shown  on  the 
pipe  drawings  printed  last  week. 

The  three  large  mains  which  extend  the 
length  of  the  gallery  are  supported  by 
brick  piers  1  foot  thick  spaced  7  feet  apart  on 
centers.  The  air  and  wash-water  mains  pass 
through  a  small  archway  In  each  pier.  These 
piers  also  assist  in  supporting  the  operating 
platform  over  the  pipes.  The  concrete  drain 
beneath  the  gallery  floor  Is  covered  with  remov- 
able slabs  of  reinforced  concrete  4  inches  thick. 

The  coagulating  apparatus  comprises  two 
concrete  steel  solution  tanks,  two  wooden  dis- 
solving boxes  large  enough  to  take  a  barrel  of 
sulphate  of  alumina  at  one  time,  two  cypress 
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Operating    Table,    Watertown    Filters. 

orifice  tanks  with  orifices  adjustable  in  area 
from  zero  to  1  square  Inch,  two  small  centrif- 
ugal pumps  driven  by  Pelton  waterwheels  to 
raise  the  solution  from  the  concrete  tanks  to 
the  oriflce  tanks,  and  the  necessary  piping, 
valves,  controlling  devices  and  overflows.  All 
parts  of  the  coagulant  apparatus,  excepting  the 
tanks  Just  mentioned,  which  come  Into  contact 
with  the  solution  are  being  made  of  a  hard 
composition  of  copper,  tin  and  lead,  which  will 
not  be  affected  by  the  coagulant.  The  propor- 
tion of  the  ingredients  of  this  composition  have 
been  carefully  determined  by  experiment. 

Loss-of-head  gauges  are  provided,  as  usual, 
for  each  niter.  There  are  also  three  Indicator 
gauges,  one  connected  with  the  raw-water  pipe 
immediately  back  of  the  gate  controlling  the 
flow  In  it,  one  connected  to  the  end  of  the 
coagulating  water  pipe  and  the  third  connected 
directly  to  the  flltered-water  reservoir.  The 
pipe  connections  for  these  gauges,  the  small 
pipe  connections  to  the  operating  gallery  anfl 


similar  small  pipes  for  other  purposes  are  to  be 
of  Wakefield  lead-lined  Iron  pipe.  As  Is  cus- 
tomary In  filter  plants  of  this  type,  the  operat- 
ing mechanisms  for  each  filter  are  grouped  on 
a  stand  in  the  operating  gallery,  over  the  pipe 
gallery.  The  accompanying  photograph  shows 
one  of  these  stands.  The  buildings  are  to  be 
lighted  by  electricity  and  heated  with  steam. 

The  total  cost  of  the  plant,  exclusive  of  engi- 
neering, will  be  about  $90,000.  The  general 
contract  for  the  excavation,  building  the  struc- 
tures and  laying  the  pipes  was  awarded  to 
the  C.  H.  Fath  &  Son  Construction  Com- 
pany, of  Cleveland,  Ohio;  the  contracts  for  the 
cast-iron  pipe  and  special  castings,  for  the 
strainer  and  air  systems,  rate  controllers,  filter 
gates  and  coagulating  devices  were  given  to  the 
Norwood  Engineering  Company,  of  Florence, 
Mass.  The  large  valves  used  in  the  pipe  lines 
are  being  furnished  by  the  Rensselaer  Valve 
Company,  of  Troy,  N.  Y.,  and  the  30-inch  Ven- 
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turi  meter  was  supplied  by  the  Builders'  Iron 
Foundry,  of  Providence,  R.  I.  The  sand  and 
■gravel  will  be  secured  locally.  Mr.  Allen  Hazen, 
of  New  York,  is  the  engineer  for  the  plant  and 
Mr.  W.  E.  Fuller  is  resident  engineer. 


Feed  Water  Heatino  fbom  Gas  Engine  Ex- 
haust was  described  by  Mr.  F.  M.  Richards,  of 
Milwaukee,  at  the  meeting  of  the  National  Elec- 
tric Light  Association.  The  cooling  water  from 
the  engine  cylinders  Is  led  through  a  Wain- 
wright  heater  and  then  delivered  to  the  boilers, 
the  pump  that  supplies  the  water  to  the  engine 
jackets  forcing  it  through  the  heater  to  the 
boilers.  The  water  enters  the  jackets  at  40 
degrees,  leaves  them  at  100  degrees  and  leaves 
the  feed  heater  at  210  degrees.  He  stated  that 
the  steam  fuel  expense  on  the  boiler  plant, 
which  makes  100,000,000  cubic  feet  mixed  gas 
per  year.  Is  reduced  12  per  cent.,  but  gave  no 
figures  as  to  the  proportions  of  engines,  heater, 
pumps  or  the  like. 
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Extensions  of  the  Brooklyn  Sewerage   Sys- 
tem; Foster  Avenue  Trunk  Sewer. 

The  Foster  Avenue  sewer  is  a  portion  of  the 
main  trunk  sewer  which  discharges  Into  New 
Yorlc  Bay  at  Sixty-fomth  street.  Under  this 
designation  will  be  described  two  sections  ex- 
tending eastward  from  the  portion  described 
last  week  under  the  name  of  the  Sixtieth  Street 
sewer.  The  first  of  the  two  contract  sections 
extends  from  the  end  of  the  Sixtieth  Street 
sewer  through  Nineteenth  Avenue,  Bergen 
Lane  and  Foster  Avenue  to  East  Ninth  Street, 
including  1,056  linear  feet  of  12-foot  circular 
brick  sewer,  3,420  feet  of  ISVo-foot  sewer  and 
1,082  feet  of  13-foot  sewer,  making  a  total 
length  of  5,558  linear  feet.  There  are  also  a 
few  short  pieces  of  72,  48  and  36-inch  brick 
sewer  for  connections  to  secondary  trunks  to 
be  built.  The  second  section  is  made  up  of 
650  linear  feet  of  11-foot  circular  brick  sewer, 
3,860  feet  of  10-foot  brick  sewer  and  600  feet  of 
10-foot  concrete-steel  sewer,  besides  the  follow- 
ing lengths  of  egg-shape  brick  sewer  forming 
a  secondary  trunk  in  East  Fifteenth  Street,- 
1,100  feet  of  60-inch,  2,670  feet  of  54-inch,  2,650 
feet  of  36-inch  and  1,620  feet  of  30-inch. 

The  brick  sewers  enumerated  are  all  of  the 
standard  cross-sections,  which,  together  with* 
the  methods  of  constructing  them,  have  been 
sufficiently  described  in  preceding  articles.  A 
considerable  length  of  the  trunk  sewer  in  Fos- 
ter Avenue,  however,  comes  so  near  the  surface 
of  the  street  that  the  cover  over  the  arch  is 
very  shallow.  For  about  600  feet  between  East 
Nineteenth  Street  and  East  Twenty-first  Street, 
the  depth  of  earth  over  the  arch  being  only 
from  1%  to  3  feet.  It  was  decided  to  substitute 
a  concrete-steel  sewer  for  the  standard  brick 
construction.  A  cross-section  of  this  portion  of 
the  sewer  is  shown  herewith,  and,  for  compari- 
son, a  cross-section  of  the  standard  10-foot  cir- 
cular brick'  sewer. 

The  concrete-steel  sewer  is  of  massive  cross- 
section,  and,  like  the  brick  sewer,  is  built  on 
the  standard  foundation  platform  of  two  layers 
of  crossed  4-inch  planks.  The  sheeting  of  the 
trench  serves  as  the  side  forms  for  the  concrete 
and  is  left  in  plr.ce.  For  the  reinforcement, 
which  is  practically  all  above  the  springing 
line,  %-inch  corrugated  steel  bars,  made  by  the 
St.  Louis  Expanded  Metal  Company,  are  being 
used.  Three  bars  10  feet  long  bent  as  shown 
are  placed  in  a  vertical  plane,  one  just  above 
the  soffit  of  the  arch  and  one  in  each  haunch, 
near  the  outer  side.  Each  haunch  rod  reaches 
to  within  21^  feet  of  the  center  of  the  crown  of 
the  arch  and  extends  down  into  the  side  wall 
about  3  feet  below  the  springing  line.  These 
sets  of  three  rods  are  spaced  1  foot  apart  along 
the  sewer,  and  there  are  no  longitudinal  rods. 
The  rods  are  furnished  straight  and  are  bent  by 
the  workmen  at  the  trench  with  the  aid  of 
forms  made  by  nailing  short  pieces  of  scantling 
on  to  a  plank  platform  so  that  the  euds  of  the 
scantling  blocks  form  the  proper  curve. 

At  the  crown  of  the  sewer  the  concrete  is  12 
Inches  thick  and  at  the  lowest  part  of  the  in- 
vert is  8  inches  thick.  The  haunch  walls  are 
3  feet  thick  at  the  springing  line.  Below  the 
springing  line  the  sewer  is  lined  with  one  4-inch 
ring  of  hard-burnt  bricks.  Above  the  springing 
line  the  arch  is  faced  with  1  inch  of  mortar 
composed  of  1  part  Portland  cement  and  2  parts 
sand,  placed  against  the  form  when  the  concrete 
Is  deposited.  The  outside  of  the  top  of  the 
newer  is  also  plastered  with  1  inch  of  mortar 
of  the  same  mixture,  the  surface  of  the  concrete 
being  roughened  by  scoring  or  otherwise  before 
the  plaster  is  put  on. 

This  concrete  sewer  is  being  built  in  lengths 
by   successive   stages   following  each   other   in 


regular  rotation  in  very  much  the  same  manner 
as  was  described  last  week  from  the  construc- 
tion of  the  large  brick  sewer.  After  excavating 
a  length  of  trench  and  leveling  its  bottom,  the 
foundation  platform  is  laid  and  on  this  the  con- 
crete is  placed  for  the  portion  of  the  sewer  be- 
low the  springing  line.  A  layer  of  concrete  hav- 
ing been  deposited  across  the  platform  up  to 
the  proper  level,  the  inside  form  is  set  and  held 
down  by  short  posts  wedged  under  the  trench 
braces.  This  invert  form  is  made  quite  simi- 
larly to  the  arch  centers  for  the  brick  portion 
of  the  sewer,  the  radius  being  increased  to  al- 
low for  the  ring  of  brick  lining  and  the  collar 
joint  between  the  brick  and  the  concrete.  As 
the  concrete  in  the  haunch  walls  reaches  the 
proper  elevation,  the  steel  bars  on  each  side  are 
put  into  position.  They  are  held  at  first  by 
light  longitudinal  strips  of  wood  into  which 
notches  are  cut  at  1-foot  intervals,  but  as  soon 
as  the  concrete  around  their  lower  ends  has 
hardened  this  holds  them  securely  and  the  wood 
strips  can  be  removed.  Before  placing  the  con- 
crete in  the  arch  the  brick  lining  of  the  invert 
is  put  in.  The  forms  for  the  invert  are  left  in 
place  thirty-six  hourp. 

The  forms  for  the  concrete  arch  are  like  the 
centers  for  the  brick  arch.  They  are  sot  in  the 
usual  way  on  struts  bearing  on  the  invert  of 
the  sewer.     The  lagging  is  of  narrow,  planed 
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%-inch  stock  and  is  smeared  with  crude  oil 
to  prevent  the  concrete  from  adhering.  After 
the  form  has  been  set  the  steel  crown  bars  are 
put  into  their  positions,  being  held  at  the 
proper  distance  above  the  form  by  means  of 
small  wooden  wedges.  These  small  wedges 
are  not  placed  near  the  ends  of  the  rods  and 
so  as  the  concrete  is  built  up  and  the  ends  are 
held  by  the  concrete,  the  wooden  blocks  can  be 
removed.  In  this  way  no  wood  is  embedded  in 
the  concrete  but  the  reinforcing  bars  are  accu- 
rately placed  as  required  by  the  drawings.  The 
forms  for  the  arch  are  left  in  place  forty-eight 
hours,  and  no  steam  roller  is  allowed  to  pass 
over  the  finished  portion  of  the  arch  within 
thirty  days  after  the  center  is  removed.  The 
centers  are  not  made  collapsible,  since  they  can 
be  taken  down  and  moved  forward  as  rapidly 
as  required  without  having  to  pass  through  a 
portion  of  the  sewer  in  which  the  forms  are  still 
in  place. 

The  concrete  is  composed  of  1  part  Reliance 
Portland  cement,  2  parts  sand  obtained  from 
the  trench  and  4  parts  Tomkins  Cove  broken 
stone,  mixed  by  hand.  The  sand  and  cement  are 
first  mixed  into  a  rather  wet  mortar  and  then 
this  mortar  is  spread  over  the  broken  stone, 
previously  spread  in  a  layer  on  the  mixing 
board  and  moistened.    The  mixing  is  completed 


by  turning  the  mortar  and  stones  with  shovels. 
The  concrete  Is  taken  to  the  forms  in  wheel- 
barrows, and  is  placed  In  layers  and  rammed 
iiiodt-rately.  The  arch  concrete  is  allowed  to 
set  at  least  forty-eight  hours  before  the  refilling 
of  the  trench  begins.  Until  covered  by  the 
earth,  the  concrete  is  kept  moist  and  protected 
from  the  sun. 

On  the  two  sections  of  sewer  herein  described 
but  little  trouble  has  been  experienced  so  far 
with  water,  but  an  interesting  incident  showing 
roughly  the  rate  at  which  the  ground-water 
level  in  the  sand  rose  and  fell  as  the  result  of 
heavy  precipitation  occurred  last  fall.  October 
8  and  9,  1903,  a  phenomenal  rainstorm  visited 
the  region  around  New  York  City,  causing  se- 
vere floods  in  numerous  places.  The  rainfall  in 
the  vicinity  of  Brooklyn  measured  11.6  inches. 
At  the  date  of  this  storm  a  portion  of  the  Nine- 
teenth Avenue  sewer  trench  was  open  at  a  place 
where  the  depth  is  about  38  feet,  the  cut  being 
in  coarse  sand.  The  bottom  of  the  trench  was 
just  above  the  normal  ground-water  level,  but 
on  October  18  the  water  was  observed  to  have 
risen  above  the  bottom  of  the  foundation  plank- 
ing in  the  trench.  The  water  reached  a  maxi- 
mum level  of  about  25  inches  above  the  normal 
water  table  by  October  27,  held  about  this  level 
to  October  29,  and  fell  below  the  point  of  ob- 
servation, nearly  to  the  normal  level,  by ,  No- 
vember 15.  ,ff-(i~»T 

In  Nineteenth  Avenue,  near  Forty-ninth 
Street,  the  sewer  location  crosses  the  tracks  of 
the  Bay  Ridge  division  of  the  Long  Island 
railroad.  At  this  place  the  trench  will  be  17 
feet  wide  and  nearly  40  feet  deep,  in  sand  and 
gravel,  and  will  be  closely  sheeted  and  double 
braced,  practically  all  the  sheeting  and  bracing 
to  be  left  in  place  when  the  trench  is  refilled. 
At  this  crossing  two  branch  tracks  turn  from 
the  two  main  tracks,  so  that  some  of  the  frogs 
are  over  or  very  near  the  trench;  the  main 
tracks  make  an  angle  of  about  45  degrees  with 
the  direction  of  the  sewer. 

To  carry  these  tracks  across  the  trench  a 
simple  bridge  of  steel  I-beams  and  wooden  sills 
have  been  constructed  by  employes  of  the  rail- 
road company  in  advance  of  the  trench  excava- 
tion. Two  12xl2-inch  yellow  pine  sills  about  50 
feet  long,  placed  one  on  top  of  the  other,  were 
sunk  in  a  narrow  trench  on  each  side  of  the 
sewer  location,  parallel  to,  and  about  4  feet 
from  the  edge  of  the  sewer  trench.  These 
double  sills  are  each  supported  on  thirteen 
6xl2-inch  mud  sills  4  feet  long,  laid  fiat,  spaced 
3  feet  apart  in  the  clear  and  placed  transversely 
to  the  main  sills  so  as  to  project  about  2  feet 
beyond  them  on  the  side  away  from  the  sewer 
trench.  On  the  12xl2-lnch  sills  were  placed 
six  nests  of  24-inch  I-beams  spanning  the 
trench  and  spaced  as  required  by  the  positions 
of  the  rails.  Each  nest  consists  of  three  beams 
separated  by  vertical  10xl2xl8-lnch  yellow  pine 
blocks  spaced  5  feet  11  inches  apart  on  centers. 
Three  %-inch  bolts  were  put  through  the  beams 
and  blocks  at  each  point.  The  8x8-inch  yellow 
pine  ties  spaced  16  inches  on  centers  were  laid 
directly  on  the  upper  flanges  of  the  beams,  and 
such  guard  logs  of  6x8-inch  timbers  as  were 
necessary  were  placed  on  top  of  the  ties  and 
secured  by  hook  bolts  4  feet  apart  passing 
through  the  ties  and  engaging  the  top  flanges 
of  the  I-beams. 

This  bridge  has  to  carry  a  very  heavy  freight 
and  passenger  traffic,  Including  some  of  the 
heaviest  locomotives  run  over  the  line,  and 
there  is  a  great  deal  of  switching  done  at  this 
point.  With  the  benefit  of  previous  experience 
in  crossing  railroads,  including  the  Sixtieth 
Street  crossing  mentioned  in  a  recent  article,  it 
is  anticipated  that  there  will  be  no  trouble  in 
executing  the  sewer  construction  at  this  busy 
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cixMilBS.  This  portion  of  the  work  will  be  un- 
dertaken in  «  very  few  days.  Tbe  excavating 
will  be  done  by  the  aid  of  one  of  the  Carson- 
Lidserwood  cableway  trench  machines  used  on 
the  other  parts  of  the  trench,  which  will  be  set 
to  tpan  the  tracks.  The  earth  will  be  cast  to 
either  side  from  beneath  the  railroad  and  then 
shoveled  into  the  buckets.  It  is  estimated  that 
about  Are  weeks  will  be  required  for  construct- 
ing this  200-foot  stretch  of  sewer;  in  other  parts 
of  the  section  where  the  trench  is  of  similar 
depth  an  equal  length  of  sewer  has  usually  been 
built  In  about  three  weeks. 

On  Foster  Avenue  between  Elast  Fifteenth  and 
Bast  Sixteenth  streets  there  is  another  railroad 
croasinK.  with  the  tracks  of  the  Brooklyn  and 
Brighton  Beach  Railroad.  This  work  has  been 
completed.  As  the  trench  here  was  only  about 
18  feet  deep  and  the  railroad  tra£Bc  is  much 
lighter  and  the  trains  less  frequent,  especially 
at  the  season  when  the  sewer  work  was  done, 
this  problem  was  a  much  less  difficult  one.  The 
tracks  were  simply  supported  by  large  bridge 
timbers  extending  well  beyond  the  sides  of  the 
trench,  placed  beneath  the  ties  by  the  railroad 
employes.  Only  half  the  trench  was  opened  at 
a  time,  the  sewer  being  built  first  under  one 
track  and  then  under  the  other. 

The  contract  for  the  section  Immediately  east 
of  the  Sixtieth  Street  sewer  was  awarded  April 
3.  1903.  to  James  H.  Holmes  &  Company,  of 
Brooklyn,  the  amount  of  the  contract,  based 
on  the  preliminary  estimated  quantities,  being 
about  $361,000,  and  the  allowed  time  173  work- 
ing days,  which  was  later  extended  to  300  work- 
ing days.  The  minimum  depth  of  trench  is 
about  30  feet,  maximum  40  feet,  and  the  aver- 
age 35  feet.  About  700,000  feet  board  measure 
of  lumber  were  required  in  the  foundation 
planking  and  2,475,000  feet  for  the  sheeting. 
The  average  numlier  of  men  employed  has  been 
130,  and  the  work  is  expected  to  be  completed 
by  August  31.  1904. 

The  contract  for  the  other  section.  Including 
the  concrete-steel  sewer,  was  given  to  Mr.  J.  J. 
Creem.  of  Brooklyn,  the  amount  of  the  contract 
being  1289,700.  On  this  section  the  trench  va- 
ried from  13  to  32  feet  in  depth,  averaging 
about  20  feet.  For  the  concrete-steel  sewer 
about  1,500  cubic  yards  of  concrete  and  36,000 
IMunds  of  steel  bars  are  required.  On  this  sec- 
tion 645,000  feet  board  measure  of  lumber  are 
required  for  the  foundation  planking  and  1,340.- 
000  feet  for  the  sheeting.  The  average  number 
of  men  employed  has  been  100,  and  the  time  al- 
lowance is  175  working  days.  The  contract  was 
awarded  July  14,  1903.  Work  was  begun  im- 
mediately and  it  is  expected  to  have  the  sewer 
completed  by  August  31,  1904.  On  both  sections 
the  excavation  has  been  wholly  through  the 
characteristic  sand  and  gravel  deposits  of  this 
part  of  Long  Island.  The  approximate  amounts 
of  the  contracts  given  above  include  the  neces- 
sary manholes,  the  connections  with  several 
lateral  trunk  sewers  and  a  number  of  minor 
items. 

This  sewer,  like  the  others  of  the  system,  was 
designed  and  is  being  built  under  the  direction 
of  Mr.  Henry  R.  Asserson,  M.  Am.  Soc.  C.  E., 
chief  engineer  of  sewers.  Borough  of  Brooklyn. 
Mr.  F.  C.  Bates  is  the  division  engineer  in  im- 
mediate charge  of  the  work. 


LioHT:fi.5o  Arbcstebs  for  electric  transmis- 
sion circuits  must,  according  to  Mr.  H.  B.  Gear, 
before  a  recent  meeting  of  the  Chicago  branch 
of  the  American  Institute  of  Electrical  Engi- 
neers, be  cleaned  and  repainted  at  regular  in- 
tervals. AUnwn  old  the  collection  of  rust  and 
dust  is  likely  to  cause  trouble.  Some  compa- 
nies disconnect  lightning  arresters  in  the  fall 
and  connect  them  up  again  before  the  spring 
thunderstorms. 


Types  and  Details  of  Bridge  Construction; 
Plate  Girders— n. 

By  Frank  \V.  Skinner,  C.  E. 

An  early  type  of  pocket  was  used  in  the 
Brooklyn  Elevated  Railroad  standard  of  1889 
and  1890,  In  which  pairs  of  7x3V4'inch  short 
vertical  angles  were  riveted  to  the  lower  parts 
of  the  transverse  girder  webs,  and  pairs  of  short 
vertical  channels,  back  to  back,  were  riveted 
between  their  outstanding  7-inch  flanges.  Their 
upper  ends  were  milled  even  with  a  horizontal 
bracket  angle  riveted  to  the  web  of  the  outer 
channel,  and  formed  a  seat  for  the  end  of  the 
longitudinal  girder  which  was  not  bolted  to  it. 
The  edges  of  .the  lower  flange  of  the  longitu- 
dinal girder  were  cut  to  clear  the  7-lnch  flanges 
of  the  pocket  angles,  which  acted  as  guides. 
At  these  connections  the  outstanding  flanges  of 
the  end  vertical  web  stiffener  angles  were 
turned  toward  the  center  of  the  girder  so  as  to 
clear  the  heads  of  the  fleld-drlven  rivets  in  the 
connections  of  the  fixed  girders. 

The  sliding  and  fixed  end  longitudinal  girders 
in  adjacent  spans  were  connected  by  two  pairs 
of  horizontal  bolts  through  their  end  web  stif- 
fener angles  and  the  webs  of  the  transverse 
girders.  The  lower  corners  of  the  webs  were 
notched  a  little  and  two  undesirable  bends  were 
introduced  into  the  continuous  lower  flange 
angles  to  raise  the  bearings  high  enough  to 
engage  these  seats.    In  this  type  the  top  flanges 


the  connections  at  intermediate  panel  polnt» 
being  all  flxed.  The  flxed  ends  are  connected 
to  the  transverse  girders  by  field  rivets  through 
its  web  and  the  vertical  end  web  stiffener 
angles  of  the  longitudinal  girders.  At  the  ex- 
pansion ends  the  girders  are  seated  in  H-shaped 
cast-steel  saddle  pockets  riveted  to  pairs  of  welv 
stiffener  angles  on  the  transverse  girders,  and 
having  their  lower  edges  fitted  to  bearing  oxk 
the  lower  flange  angles.  The  end  ot  the  lower 
flange  ot  the  longitudinal  girder  is  cut  to  a- 
neat  fit  against  the  sides  of  the  pocket,  and  the- 
top  flanges  have  guide  angles  riveted  to  their 
under  sides  to  engage  the  projecting  flanges  of 
the  pocket  angles.  The  end  vertical  web  stiff- 
ener angles  of  the  longitudinal  girder  have  their 
transverse  flanges  toward  the  center  of  the 
girder,  and  the  reinforced  web  projects  beyond 
their  riveted  flanges  nearly  to  the  transverse- 
girder  web. 

Pocket  connections  for  expansion  girders  for 
the  Asylum  Street  viaduct.  Hartford,  Conn.,  and 
for  the  Suburban  Rapid  Transit  Railroad,  New 
York,  were  illustrated  in  Volume  XXXVII.  of 
the  "Transactions"  of  the  American  Society  of 
Civil  Engineers.  In  the  former  structure  the 
expansion  longitudinal  girders  have  drop  ends; 
with  their  lower  flanges  sliding  on  horizontal 
.shelves  about  15  inches  square,  made  with  15- 
inch  channels,  flanges  up,  riveted  to  gusset 
plates  on  pairs  of  vertical  web-stlffener  angles. 
The  shelf  channels  are   reinforced  by  bearing 
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Cro»a-Soction  of  l2CHncK  Brick  Sewer. 


Cross-  Section  of  ROHnch 
Concre-fe     oind    S+eel    Sewer 


Brooklyn  Sewers:     Cross-Sections  of  Brick  and  Reinforced  Concrete  Sewers. 


of  the  longitudinal  girders  were  several  Inches 
below  those  of  the  transverse  girders,  and  the 
latter  interfered  with  the  spacing  of  the  track 
ties.  This  dlfllculty  was  obviated  in  the  stand- 
ard of  1892  and  1893  by  raising  the  longitudinal 
girders  and  making  them  relatively  deeper,  so 
that  the  lower  edges  of  their  top  flanges  just 
cleared  the  upper  sides  of  the  top  flanges  of  the 
transverse  girders.  They  were  continued  across 
the  latter  to  the  center  line  and  engaged  pairs 
of  transverse  guide  and  bearing  angles  with 
their  horizontal  legs  bearing  on  the  upper  edges 
of  the  vertical  flanges  of  the  latter. 

The  ends  of  the  webs  were  beveled  to  clear 
the  top  flanges  of  the  transverse  girders  and 
extended  almost  to  its  web  at  the  seat  of  the 
lower  flange  in  the  pocket  bearing,  which  cor- 
responded with  that  of  the  standard  of  1889  and 
1890,  except  that  it  was  made  with  a  vertical 
I-beam  and  had  vertical  bolts  through  slotted 
holes  to  secure  the  lower  flange  of  the  longi- 
tudinal girder.  All  these  Brooklyn  Elevated 
Railroad  girders  were  illustrated  in  a  paper 
presented  to  the  British  Institution  of  Civil 
Engineers  by  Mr.  O.  F.  Nichols,  chief  engineer 
of  the  Brooklyn  Union  Elevated  Railroad. 

The  40-foot  longitudinal  girders  of  the  double- 
track  elevated  railroad  crossing  the  East  River, 
New  York,  on  the  Williamsburg  suspension 
bridge,  which  was  described  In  The  Engineer- 
ing Record  of  May  12,  1900,  have  fixed  and  ex- 
pansion bearings  at  every  third   panel   point. 


on  the  faced  upper  ends  of  pairs  of  short  verti- 
cal 15-lnch  channels  riveted  together  back  to 
back,  with  their  webs  parallel  to  the  trans- 
verse girder  web  and  their  flanges  riveted  to  the- 
gusset  plates.  Shelf  angles  are  riveted  to  both 
sides  of  the  webs,  and  the  longitudinal  girders- 
are  bolted  to  .them  through  slotted  holes  in  their 
bottom  flanges.  Three  pairs  of  horizontal  bolts 
through  the  vertical  end  web-stlffener  angles  of 
the  fixed  and  sliding  girders  and  the  transverse 
girder  web  are  made  long  enough  to  allow  for 
temperature  movements. 

In  the  Suburban  Rapid  Transit  Railway  the 
transverse  girders  are  seated  on  the  column 
tops  and  cantilever  beyond  them  to  receive  the- 
outslde  longitudinal  girders.  They  have  fiange- 
angles  riveted  to  their  vertical  web-stlffener 
angles  and  to  flange  plates  projecting  above  the 
column  tops  to  form  jaws.  The  flxed  ends  of 
the  longitudinal  girders  are  web-connected  to 
the  transverse  girders  with  field  driven  rivets 
Just  above  knee  braces  from  the  lower  flanges 
of  the  latter  to  the  columns.  The  expansion 
end  of  the  sliding  girder  is  made  full  depth, 
like  that  of  the  flxed  girder,  and  its  lower 
flange  is  seated  on  a  base  made  with  two  short 
vertical  channels  riveted  together  back  to  back.^ 
and  having  two  top  flange  angles.  The  channel 
fianges  are  riveted  to  a  pair  of  short  gusset 
plates  projecting  from  the  lower  ends  of  a  pair 
of  vertical  web-stiffener  angles.  Five  pairs  of 
horizontal  bolts  connect  the  ends  of  the  fixed 


May  28,  1904. 


THE    ENGINEERING    RECORD. 


689 


and  sliding  girders  ttirough  tiie  transverse 
girder  web.  There  is  a  fixed  and  a  sliding  con- 
nection to  every  transverse  girder. 

The  expansion  connections  of  the  longitudinal 
girders  of  the  Union  Loop  Elevated  Railroad, 
Chicago,  were  illustrated  by  the  designing  en- 
gineer, Mr.  J.  A.  L.  Waddell,  in  paper  No.  286 
of  the  American  Society  of  Civil  Engineers. 
The  sliding  ends  of  the  girders  have  their  webs 
reinforced  by  double  pairs  of  vertical  angles, 
and  their  full-width  lower  flanges  are  seated 
with  small  clearance  between  the  side  plates  of 
pockets  riveted  to  the  lower  halves  of  the  trans- 
verse girder  vertical  web-stiftener  angles,  which 
are  extra  wide  at  these  points  and  have  short 
outside  angles  as  long  as  the  gusset  plates.  The 
pocket  shelves  are  made  with  a  pair  of  hori- 
zontal-web channels  back  to  back,  with  their 
flanges  riveted  to  the  gusset  plates.  A  sole 
plate  Is  countersunk-riveted  to  the  bottom  flange 
of  the  longitudinal  girder,  and  its  planed  sur- 
face slides  freely  on  that  of  a  bed  plate,  which 
is  narrower  than  the  shelf,  so  as  to  prevent  the 
concentration  of  pressure  on  the  edge  of  the 
latter.  The  top  flange  angles  are  trimmed  to 
1%-inch  clearance,  with  the  vertical  legs  of 
short  horizontal  angles  parallel  to  them,  which 
are  riveted  across  the  under  sides  of  the  trans- 
verse girder  top  flange  angles  and  to  the  tops 
of  the  vertical  web-stiffener  angles,  and  pro- 
ject about  6  inches  beyond  the  latter. 

Longitudinal  girders  in  the  double  track  25- 
foot  spans  of  the  Delaware,  Lackawana  and 
Western  Railroad,  at  Newark,  N.  J.,  have  flxed 
and  expansion  connections  on  opposite  sides  of 


the  transverse  bents.  The  flxed  end  girders  are 
field-riveted  through  their  end  web-stiffener 
angles  to  the  webs  of  the  transverse  girders 
and  to  diaphragms  between  the  column  chan- 
nels. The  expansions  ends  are  supported  on 
long  horizontal  bearings  on  the  bottoms  of  deep 
pockets  projecting  from  the  columns  and  the 
side  of  the  transverse  girder.  Each  pocket  is 
made  with  a  pair  of  vertical  longitudinal  gus- 


set plates  having  their  lower  ends  connected 
by  a  horizontal  diaphragm  built  up  of  a  pair 
of  6x6x%-inch  angles  and  a  %-lnch  plate.  This 
forms  a  bearing  nearly  2  feet  long  for  the  bot- 
tom flange  of  the  longitudinal  girder,  which  18 
not  bolted  to  it,  but  slides  freely  on  It  with 
about  an  inch  clearance  between  the  side  plates, 
which  act  as  guides  and  can  resist  the  trans- 
verse component  of  the  lateral  stress. 


I 
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Suburban   Elevated   Railroad,  New  York;    Expansion  Joint. 


Transverse  View.  Longitudinal   View. 

POCKET   BEARINGS  FOR   EXPANSION   ENDS  OF  LONGITUDINAL    GIRDERS,   CHICAGO    ELEVATED    RAILROAD. 
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Xeetiiig^  of 


the  National  Electric 
Association. 


light 


Tb«  National  Electric  Ligtit  Association  held 
Its  twent7-8eT«nth  convention  in  Boston,  May 
S4  to  27.  IncluaiTe.  A  large  number  of  papers 
and  committee  reports  were  presented,  many  of 
which  are  unusually  valuable.  Some  of  these 
are  given  in  the  succeeding  reviews,  but  they 


^B^ 


•H    ^^  Suiett  Ang/ea 


that  company  by  the  Westinghoiise  Machine 
Company,  and,  as  shown  by  the  figures  in  the 
accompanying  tables,  gave  a  remarkable  per- 
formance. The  general  characteristics  of  the 
engine  were  described  in  The  Engineering 
Record  of  January  4.  1902.  in  connei'tion  with 
an  extended  account  of  this  central  station. 
Suffice  it  to  say  that  the  high-pressure  cylinder, 
which  is  between  the  two  low-pressure  cylin- 
ders, is  43. 9S  inches  in  diameter  and  the  latter 
are  each  75.65  inches,  with  the  common  stroke 
5  feet  and  the  piston  rods  all  9  inches.  The 
ratio  of  the  combined  volume  of  the  two  low- 
pressure  cylinders  to  that  of  the  high-pressure 

v'  Transvarse,  G/rctar. 


0000000000/ 
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Fixed  End. 
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in  the  head  itself,  the  crank-end  valves  being 
in  a  valve  chamber  cast  on  the  side  of  the  lower 
head,  which  arrangement  accounts  for  the  dif- 
ference in  clearance  given.  The  low-pressure 
cylinders  are  provided  with  steam  jackets,  and 
the  receiver  between  the  high  and  low-pressure 
cylinders  with  a  reheater.  This  receiver  is  54 
inches  in  diameter  by  21  feet  10  inches  long. 
The  steam  enters  from  the  high-pressure  cylin- 
der through  a  16-inch  pipe  at  the  center  into  a 
space  34  inches  long;  here  it  divides,  passing 
in  either  direction  through  a  nest  of  reheater 
tubes  having  a  total  area  of  1,130  square  feet 
of  iron  heating  surface,  then  through  two  24- 
inch  pipes  to  the  low-pressure  cylinders.  Each 
low-pressure  cylinder  has  a  26-lnch  exhaust 
pipe  leading  to  a  surface  condenser  of  9,200 
square  feet  of  tubular  surface  furnished  by  %- 
in3h  outside  diameter.  ISgauge  brass  tubes. 

The  engine  was  furnished  under  a  guarantee 
not  to  exceed  12.5  pounds  of  dry  steam  per  in- 
aicated  horse-power  per  hour,  when  developing 
between  4,900  and  5,500  horse-power  with  175 
pounds  steam  pressure,  27  inches  vacuum  and 
turning  75  revolutions  per  minute.  The  test- 
ing was  conducted  under  the  supervision  of  Mr. 
Jay  M.  Whithara,  M.  Am.  Soc.  M.  E.,  as  referee. 


Bolts  in  Slotted  Holes. 


Elevated   Railroad   Girders,    Wllllamsburs 
Bridge.   New  York. 
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Pocl<et8  for  Longitudinal    Girders,    Brool<lyn    Union    Elevated    Railroad. 


Expansion  Connections  for  Short  Deck  Spans,  Delaware, 
Lackawanna  &  Western  Railroad. 


Expansion    Pockets  for  Sliding    Ends   of    Longitudinal    Girders, 
Asylum  Street  Viaduct,  Hartford. 


are  nec«SMrllr  condensed  to  keep  them  within 
tbe  limits  of  the  space  available. 
Terr  or  a  5,500  Hokmk-powkr  Uem'.ratino  Usit. 
The  economy  test  of  a  5,500  horsepower 
tltree<:ylinder,  compound  vertical  engine  direct- 
connected  to  a  three-phaae.  25-cycIe.  6.600-volt 
General  Electric  alternator  was  reiorted  by 
Messrs.  J.  D.  Andrew  and  W.  F.  Wells,  of  the' 
New  Tork  Edtaon  Company.  The  engine  Is  one 
of  ele>-en   built   for   the   Waterside   station  of 


cylinder  is  6  to  1.  The  clearances  are  for  the 
high-pressure  cylinder:  head  end,  5.75  per  cent.; 
crank  end,  15.10  per  cent;  low-pressure  cylin- 
der: head  ends,  4.21  per  cent.;  crank  ends,  4.25 
per  cent.  One  low-pressure  crank  leads  the 
high-pressure  by  133  degrees  and  the  other  low- 
pressure  follows  at  101  degrees,  making  the 
two  low-pressure  cranks  126  degrees  apart. 

The  high-pressure  cylinder  Is  fitted  with  four- 
beat  poppet  valves,  the  head-end  valves  being 


The  steam  used  by  the  auxiliaries  was  not 
charged  against  the  engine  in  the  tests  reported 
in  the  paper. 

An  accompanying  chart  of  curves  showing 
the  number  of  pounds  of  water  per  kilowatt- 
hour,  pounds  water  per  Indicated  horse-power 
hour  and  the  commercial  efficiency  of  the  unit 
at  various  loads,  is  plotted  from  the  data  given 
in  an  accompanying  table.  The  curves  show 
that  for  outputs  of  from  2,500  to  4,500  kilowatts 
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the  economy  varies  between  17.12  and  18 
pounds  of  water  per  kilowatt-hour  of  net  output 
at  the  generator  terminals.  The  commercial 
efficiency,  or  the  net  electrical  horse-power  di- 
vided by  indicated  horse-power,  varies  from  94.5 
to  95.2.  This  range  covers  all  loads  that  the 
machines  are  called  on  to  carry  in  actual  ser- 
vice. The  duration  of  these  tests  was  approxi- 
mately one  hour  each. 

Another  table  gives  information  concerning 
10  different  hourly  tests  made  to  study  the 
value  of  the  reheater  and  of  the  low-pressure 
jackets.  The  test  referred  to  in  column  1  is  the 
one  in  which  the  best  economy  was  obtained, 
11.93  pounds  of  water  per  indicated  horse-power 
hour  and  16.i!J  pounds  of  water  per  kilowatt 
hour.  Columns  2  and  3  show  the  behavior  of 
the  engine  carrying  normal  load  without  re- 
ceiver reheater  or  low-pressure  jackets  in  ser- 


of  the  reheater.  To  demonstrate  further  this 
relation,  a  series  of  tests  was  run  with  loads 
varying  from  1,400  to  6,300  horse-power,  both 
with  and  without  the  reheater,  and  the  results, 
as  shown  in  water-rate  curves  reproduced  in 
the  paper,  charged  the  engine  roughly  with  one- 
quarter  to  one-half  pound  more  steam  per  indi- 
cated horse-power  when  operated  with  reheater 
than  when  it  was  run  without. 

Column  6  gives  the  economy  for  the  heaviest 
load  conditions  under  which  the  engine  was 
tested;  namely,  6,326  indicated  iiorse-power. 
The  water  consumption  was  12. H  pounds  per 
indicated  horse-pov/er  hour. 

Column  7  deals  with  the  lightest  load  condi- 
tion, 1,428  horse-power,  the  water  consumption 
being  15.88  pounds. 

Column  8  shows  the  results  of  a  test  with  the 
low-pressure  jackets  in  use  and  without  the  re- 


valves  by  slightly  throttling  the  Hteam  supply; 
this  accounts  for  the  somewhat  lower  pressures, 
shown. 

This  friction  load  of  118.6  horse-power,  or 
2.25  per  cent,  of  the  normal  load  of  the  engine, 
appears  low,  but  th«  authors  feel  that  the  com- 
bined efficiencies  of  engine  and  generator  al- 
ready noted,  add  proof  of  its  correctness. 

The  second  chart  of  curves  is  for  the  purpose 
of  comparing  the  effect  of  varying  vacuum  and 
varying  receiver  pressure  or  distribution  of 
load  on  economy  both  in  water  consumption  and 
heat  consumption.  The  data  from  which  these 
curves  are  derived  are  given  in  the  third  table. 
An  examination  of  the  curves  will  show  that 
increasing  the  vacuum  from  25.3  inches  to  27.3 
inches  decreased  the  water  consumption  only 
0.06  pound  and  the  heat  consumption  2.6  ther- 
mal units,  whereas  increasing  the  receiver  pres- 
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vice.  Under  these  conditions  the  steam  con- 
sumption was  12.158  and  12.196  pounds  per  In- 
dicated horse-power  per  hour.  Columns  4  and 
5  give  the  performance  under  the  same  condi- 
tions, except  that  the  receiver  reheater  was  in 

Kesi:lts  of 

KIlowatfL    armature 867.  2166.  2981. 

Indicated  horse-power 1428.  3088.  4218. 

Steam  prensure,  lbs 103.6  187.  186.;i 

Receiver  pressure,  lbs 21.1  24. .5  24.4 

Vacuum.  Inches 27.15  24.4  26.9. 

Cycles    25.6  25.45  2.'').43 

Armature  volts    6318.  6324.  6522. 

Kilowatts  In   field 13.8  15.3  18.5 

Kllowalts.  net  output 854.  2150.  2962. 

Electrical  horse  power 1144.  2882.  3971. 

Dry  steam,  per  Ind.  horse- 
power per  hr..  lbs 15.88  12.62  12.45 

Dry    steam    per   kw-hour — 

net   output    26.58  18.08  17.7 

Efficiency,  per  cent 81.4  93.9  94.7 

use.  The  steam  consumption  based  on  the  indi- 
cated horse-power  was  12.81  and  12.65  pounds. 
A  comparison  shows  a  disadvantage  in  the  u.se 


heater.     The  water  consumption  here  was  12.59 
pounds. 

Column  9  shows  the  results  of  a  test  with 
both  jackets  and  reheater  in  use,  and,  as  will 
be  seen,  is  even  worse  than  Column  8. 

Efficiency  Tests. 


3737. 

3739. 

3740. 

3746. 

3979. 

4483. 

5283. 

52K5. 

5278. 

5273. 

5598. 

6326. 

185. 

182.4 

183. 

182.8 

183.7 

181.6 

24.8 

23.5 

23.5 

23.3 

24.7 

24.8 

26.31 

26.37 

26.38 

26.36 

26.75 

26.6 

25.41 

25.64 

25.45 

25.59 

25.55 

24.92 

6588. 

6600. 

6582. . 

6588. 

6342. 

6360. 

20.4 

20.3 

20.3 

20.2 

19.8 

22.1 

3717. 

3710. 

3720. 

3726. 

3959. 

4461. 

4983. 

4985. 

4980. 

4994. 

5307. 

5080. 

12.09 

12.19 

12.15 

12.19 

12.11 

12.44 

17.18 

17.27 

17.25 

17.26 

17.12 

17.64 

94.7 

05.2 

95. 

95.2 

95.25 

94.8 

Column  10  deals  with  a  friction  test.  In  mak- 
ing this  test  the  engine  was  kept  at  normal 
speed  and  compelled  to  operate  all  of  the  inlet 


sure  from  21  pounds  to  36.8  pounds  or  chang- 
ing the  distribution  of  load  from  about  two- 
fifths  on  the  high-pressure  cylinder  and 
three-fifths  on  the  two  low-pressure  cylinders 
to  about  equal  load  on  all  three  cylinders,  de- 
creases the  water  consumption  0.25  pound  and 
the  heat  consumption  2.6  thermal  units.  The 
heat  consumption  estimates  are  based  on  the 
assumption  that  all  water  is  returned  to  the 
boilers  at  the  temperature  of  the  steam  from 
which  it  is  condensed. 

Starting  a  4,000  Horse-Powkr  Water  Turbine. 
In  a  paper  by  Mr.  Robert  Howes  describing 
at  length  th'>  construction  and  operation  of  the 
100-mile  transmission  line  of  the  Washington 
Water  Power  Co.,  Spokane,  Wash.,  reference 
was  made  to  a  phenomenon  observed  every  time 
one  of  the  4,000  horse-power  wheela  is  started. 
For   this   he   has   found   no   explanation.     The- 
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prfiMTn  St  the  center  of  the  shaft,  according  engine  built  for  the  Keystone  Bank  Building,  the  time  of  the  enumeration,  covering  1902, 
to  gauge,  being  24  pounds  and  the  vacuum  in  Pittsburg,  is  abstracted  in  the  succeeding  para-  S,620  central  stations  were  in  operation.  Their 
draft  tubes  being  lero.  the  gate  of  the  wheel  is"  graph.  total  cost  was  over  $500,000,000;  their  gross  in- 
opened  slowly.  Full  speed  is  reached  In  about  The  engine  is  a  175  horse-power,  vertical,  come  $85,700,000  and  their  total  expenses  $68,- 
MM  minute,  the  gate  being  9  per  cent  opened,  three-cylinder  engine  of  the  tour-cycle,  single-  000,000.  Th»y  furnished  employment  to  2.3,330 
The  Tacnum  is  noted  as  rising  rapidly.  The  acting  type,  with  cylinders  14x18  inches  in  wage-earners,  who  received  nearly  $15,000,000 
rvmains  steady  for  two  or  three  minutes  size.  Natural  gas  was  used,  averaging  990  during  the  year.  The  power  equipment  included 
the  Tacuum  Increases  to  lO  inches  of  mer-  British  thermal  units  total,  or  905  effective,  per  5,930  steam  engines,  with  1,380,000  indicated 
Cttry:  suddenly  the  wheel  slows  down  20  per  cubic  foot.  At  a  load  of  203  brake  horse-power,  horse-power,  and  1,390  water-wheels  with  a 
cent.,  the  vacuum  couUnuiug  to  rise  to  about  13  10.3  cubic  feet  of  gas  were  used  per  brake  horse-  horse-power  of  438,500.  Some  815  plants  were 
ladMaof  mercury,  where  it  remains  practically  power  per  hour;  at  a  load  of  178  brake  horse-  operated  under  municipal  control.  The  current 
•tatloaarr-  The  wheel  continues  to  run  at  power,  11.3  cubic  feet  were  used  and  at  a  load  output  for  the  year  was  over  two  and  one-half 
steady  speed  and  20  per  cent,  low  until  the  gate  of  90  brake  horse-power,  14.9  cubic  feet  per  billion  kilowatt  hours,  or  about  25  per  cent,  of 
Is  further  opened,  requiring  16  per  coaU  gato  horse-power  hour  were  used.  At  the  full  load  the  possible  work  the  stations  could  do  in  24 
opening  to  bring  the  wheel  back  to  speed.  The  the  heat  consumption  per  brake  horse-power  hours  of  daily  operation. 
prMBore  gauge  shows  a  loss  not  to  exceed  0.1      per  hour  was  9,800  British  thermal  units.    The  In  the  United  Kingdom  two-thirds  of  all  the 

Results  op  Tests  of  Keoeivkk  Ueheatek  and  Low  Pbessubb  Jackets.  ' 

1                 o                a.               4.  .'>.              6.                  7.              8.               9.               10. 

Avcrace   kilowatts            3872.          3752.          37-)l.          3765.  37C4.          4483.            867 

PlS2«  .t  throttle    llii 185.6          183.1          182.8          184.  184.1          181.6          193.6          187             184.7          1S0.7 

PrSSJJ«.^rer    IbT.........                                                   .                ..       ..        36.8            23.5            23.3            23.2  23.7            24.8            21.1            23.8            26.2            13.1 

PrSSrS  "n  reheat"     b« 000            138.  138.                000            130.                0 

PwSren  Jackets" Ito.          ....." 0                0                0                 0  0                0                0              29.2           29.7             0 

Va-uSm     Inchea                                                                           27.25          26.36          26.36          2!^.26  25.32          2C.60          27.15          24.66          24.44          27.25 

Barometer     lnch« '       ' .' ■ 30.26          30.16          30.16          30.44  30.44          30.22          30.22          30.42          30.42          30.27 

TeBDeratore     hlgh-prpssure   exhaust,  deg    284.8         268.2         268.3         267.6  268.1         277.2         262.7         268.4         271.8         311.3 

tSpJ«  S«.   low  p?^urelnle°    deg.    T.  ... 284.1          267..'".          267.5          277.5  278.2          276.8          262.7          267.8          274.2          289.8 

Moisture  at  throttle   per  ct        .    .        75             .70             .70             .OQ  .6              1.11              .78             .7                .7           22.5* 

Indl«t^   horSTiwwe?^    .                                                                                   :    :       :.    .'5442.          5278.          5273.          5281.  5315.          6326.          1428.          5294.          5449.            118.6 

Water  from  reeelier.  lbs 3456.          3948.          3973.            57.-5.  577.          4422.            189.          2501.            528.              95. 

Waier  from  reheater.   lbs I.                  0                  0           4846  4470                  0                  0                  0           3736.                 0 

Water  from  Jackets 0                 0                0                0  0                0                 0           •  64.              63.                0 

Dry  steam.  I    h.p.-honr 11.93         12.158       12.196       12.81  12.61         12.44         15.88         12.59         12.68     1367. 

Dry  steam   kw.boar 16.78          17.10          17.17          17.97  17.81          17.56          20.13      

HTI-     i    hp-mln      .      . 221.            223.            224.            2.32.  229.            229.            205.            228.            229 

a  T.'  U.',  kw.-mln , 309.            313.            314.            325.  323.            322.            486 

•''operheat,   S^.i  deg.    Kahr. 
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aoiBs. 

2SIBS. 

30LBS. 

3SLBS. 

40lfiS 

24.  s 

2S 

2S.S 

26 

26,5 

27 
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Water  Consumption  and  Combined  Commercial  Efficiency. 


pound,  while  the  vacuum    remains   about   the 
same. 

Test  or  a  175  Hobsb-Poweb  Gas  Engine. 
Another  one  of  the  papers  was  presented  by 
Mr.  E.  E.  Arnold,  on  the  iDternai-combustion 
engine  as  applied  to  central  station  service.  In 
the  main  it  is  an  interesting  compilation  of  the 
performance  of  a  niunber  of  central  stations 


Besdlts  or  Vabtino 

Prearare  at  throttle,  Iba 185.6 

Piiiaaiire  in  recelrer,  Iba 86.8 

Vacaam.  iocbea   27.2 

BerolDtlona  per  mlnate 76.3 

I.  horse  power,  bigb  preasore,  top.  000. 

I.  botae  power,  bIgb  press.,  bottom  1023. 

I.  h.-p..  No.  1,  low  press.,  top.  . . .  869. 

I.    b.-p.  No.  1,  low  press,,  bottom.  884. 

I.  b.-p..  No.  2,  low  press.,  top 790. 

I.  h.-p..  No.  2.  low  press.,  bottom.  .  ■  874. 

I.  b.'P.  per  hoar 5442. 

Water  per  1,  h.-p.-boar 11.98 

B.  T.  O.  per  1.  b.-p.'mtn 221. 


operated  by  gaa  engines,  describing  the  instal- 
lations and  recording  the  operating  figures.  In 
addition  to  this  the  paper  contains  an  instruc- 
tive illustrated  study  of  the  crank  efforts  of  dif- 
ferent types  of  gas  engines  in  connection  with 
inertia  effects  as  pertaining  to  the  uniformity 
of  angular  velocity,  a  point  of  importance  in 
the  parallel  operation  of  alternators  driven  by 
gaa  engines.  A  tabulation  of  brake  tests  of 
tu  engines  is  also  given,  and  one  of  these  of  an 


mechanical  efficiency  of  the  engine  at  full  load 
was  approximately  87  per  cent.,  and  the  ther- 
mal efficiency  based  on  the  useful  work  obtained 
was  about  26  per  cent.  A  chart  showing  the 
total  gas  consumption  with  respect  to  power  out- 
put approached  closely  to  a  straight  line  and 
the  curve  for  the  unit  consumption  differed 
from  the  corresponding  water-rate  curve  of  the 
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180.7 

185 

180.6 

181.3 

183.7 

182.4 

33.7 

29.2 

24.8 

20.8 

14.8 

24.7 

23.5 

27.2 

27.3 

26.3 

27.25 

27.2 

26.75 

26.37 

75.85 

76.36 

76.8 

76.48 

75.84 

76.56 

76.68 

990. 

969. 

1027. 

1088. 

1207. 

1085. 

1013. 

1092. 

1081. 

1174. 

1183. 

1305. 

1161. 

1162. 

870. 

787. 

784. 

729. 

719. 

818. 

777. 

865. 

851. 

782. 

833. 

765. 

853. 

826. 

800. 

755. 

754. 

708. 

668. 

800. 

762. 

839. 

802. 

761. 

700. 

636. 

750. 

725. 

6626. 

5357. 

5283. 

5360. 

5375. 

5598. 

5265. 

12.02 

12.01 

12.08 

12.19 

12.6 

12.11 

12.19 

222. 

222. 

222. 

226. 

233. 

223. 

224. 

Steam  engine  in  that  a  progressively  lower  con- 
sumption was  indicated  up  to  the  ultimate  ca- 
pacity of  the  engine. 

The  Electuic  Liohtino  Industry. 
The  report  of  the  committee  on  progress  pre- 
sented by  Mr.  T.  Commerford  Martin  recorded 
a  great  amount  of  interesting  statistics  relating 
to  the  advance  of  the  electric  lighting  industry. 
He  felt  it  safe  to  say  that  the  rate  of  Increase 
each  year  was  not  less  than  10  per  cent.    At 


electric  lighting  was  in  municipal  plants,  while 
in  the  United  States  only  about  5  per  cent,  was 
municipal.  The  average  rated  capacity  of  the 
British  station  was  about  1,400  kilowatts,  while 
that  of  the  United  States  was  only  340  kilo- 
watts. The  total  rated  station  capacity  in  Great 
Britain  was,  however,  given  as  480,000  kilo- 
watts, while  in  this  country  the  total  in  June, 
1902,  was  1,200,000  kilowatts.  In  Spain  there 
were  5  watts  of  lighting  capacity  per  inhabi- 
tant; in  Germany,  7.5  watts;  in  England,  12 
watts,  and  in  the  United  States  16  watts. 

The  report  was  replete  with  comparisons  of 
this  nature.  The  record  of  progress  was  also 
extended  to  cover  the  Nernst,  the  osmlum-flla- 
ment,  the  mercury  vapor,  special  reflector  incan- 
aescent  and  some  newer  lamps;  it  compared 
the  advance  of  electric  and  gas-lIghtlng,  and 
discussed  electric  heating. 

Ulstkict  Heating. 

The  report  of  the  committee  on  district  heat- 
ing, Messrs.  E.  F.  McCabe,  D.  F.  McGee  and 
(J.  R.  Maunsell,  was  based  on  the  replies  to  a 
list  of  24  questions  addressed  to  100  companies. 
The  52  replies  were  tabulated  In  detail. 

As  a  whole,  it  appears  that  the  companies 
that  are  in  the  heating  business  are  generally 
successful.  Out  of  35  steam  systems,  31  state 
and  show  by  figures  returned  that  they  are  well 
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pleased  with  their  investments.  Out  of  15  hot- 
water  systems,  11  are  satisfied  and  4  are  not. 
The  best  financial  showing  is  made  by  those 
companies  that  charge  by  meters  and  cubic  feet 
of  air  space,  and  insist  on  the  use  of  economiz- 
ing coils;  that  inspect  and  supervise  the  in- 
stallation of  Duildlngs,  and  refuse  to  connect  or 
give  service  to  poorly  designed  heating  sys- 
tems; that  keep  separate  accounts  of  heating 
and  electric  revenues  and  expenses.  A  few  of 
the  oldest  plants  report  difTiculties  with  the 
main  lines.  Only  21  companies  see  flit  to  pro- 
vide for  depreciation  charges.  On  repairs  most 
companies  report  low  costs.  The  heating  in- 
come pays  0.6  to  130  per  cent,  of  the  fuel  bill 
for  the  entire  year,  averaging  60  per  cent,  for 
30  companies.     The  heating  investment  ranges 


Conveying  Belts  in  the  Concrete  Plant  at  the 
Washington  Filters. 

The  75.000,000-gallon  siowsand  filtration  plant 
for  Washington,  D.  C,  which  has  been  under 
construction  since  early  ir  1903,  has  reached 
the  stage  of  progress  at  which  large  quantities 
of  concrete  are  being  placed.  An  illustrated 
preliminary  description  of  these  filters  was 
printed  in  this  journal  March  14,  1903.  It  is 
expected  to  have  the  works  completed  by  the 
end  of  this  year,  and  the  time  limit  thus  estab- 
lished has  required  rapid  work  on  the  excava- 
tion and  the  building  of  Ihe  concrete  structures. 
The  performance  of  the  steam  shovels  used  in 
the  excavation  was  stated  in  the  issue  of  April 
16. 


Two-Belt    Conveyor:       Rollers    for    Carrying    Inner    Belt. 


average  of  about  200  cubic  yards  of  concrete 
per  day.  From  the  mixers  the  concrete  is  dis- 
charged into  buckets  on  cars  on  a  track  imme- 
diately under  and  in  front  of  the  mixers.  These 
cars  are  then  hauled  to  the  site  of  the  structure 
in  which  the  concrete  is  being  used.  In  some 
parts  of  the  work  the  buckets  are  then  taken  by 
a  Lidgerwood  cableway  and  conveyed  to  the 
point  of  deposit  for  the  concrete.  Besides  the 
conveyor  belt  carrying  the  concrete  materials 
from  the  cars  to  the  mixers  or  the  storage 
bins  there  is  another  belt  conveyor  Installed 
beneath  the  storage  bins  for  supplying  mate- 
rials from  these  bins  to  the  mixers  in  case  of 
any  interruption  in  the  car  delivery. 

The  belt  conveyors  in  this  equipment  are  of 
interest  as  being  different  from  those  with 
which  engineers  and  contractors  have  become 
familiar  from  their  frequent  employment  in 
other  places.  The  better-known  types  of  belt 
conveyors  have  one  belt,  which  is  formed  Into 
a  trough  shape  to  hold  the  load  by  means  of 
concentrating  rollers,  of  which  there  are  usually 
three  in  a  set,  one  under  the  bottom  of  the  belt 
and  one  on  each  side,  the  latter  being  set  at  an 
angle.  The  type  of  belt  conveyors  at  the  Wash- 
ington filters,  however,  makes  use  of  two  belts, 
an  interior  troughing  and  supporting  belt  and 
the  load  belt  or  conveying  belt  proper.  The 
former  runs  over  its  individual  head  and  tail 
pulleys,  having  separate  take-ups,  and  is  en- 
tirely independent  of  the  latter.  The  convey- 
ing belt  is  threaded  over  its  head  and  tail  pul- 
leys in  the  usual  manner  and  has  its  separate 
take-up,  so  that  the  two  belts,  although  moving 
together  in  the  same  direction  at  the  same 
speed,  are  entirely  separate  and  distinct.  This 
enables  the  conveying  belt  to  be  lifted  off  the 
supporting  belt  and  out  of  the  troughing  blocks 
and  passed  through  either  a  stationary  dumper 
or  u  movable  tripper. 

The  conveying  belt  has  no  work  put  upon  it 


\ 


from  2  to  263  per  cent,  of  the  investment  in 
electric  plant,  averaging  40  per  cent,  for  38  com- 
panies. 


Anthracite  Coal  has  been  found  near  Bauff, 
Alberta,  Canada,  in  a  vein  stated  to  be  10  feel 
thick  and  10  miles  long.  This  coal  contains 
75  to  80  per  cent,  of  carbon. 


r 


Cais.son  Disease  is  the  malady  resulting,  in 
some  cases,  from  working  in  confined  spaces  in 
which  the  air  pressure  is  much  above  the  nor- 
mal atmospheric  pressure.  Dr.  Leonard  Hill, 
an  English  physician,  states,  according  to  the 
"Surveyor,"  that  the  real  cause  of  the  illness  Is 
the  frothing  off  of  air  in  the  blood,  a  frothing 
which  takes  place  when  a  man,  after  exposure 
to  compressed  air,  is  quickly  "decompressed" 
or  returned  to  the  normal  atmospheric  pressure. 
The  physical  data  given  by  Dr.  Hill  in  this  con- 
nection are  abundantly  sufficient  to  account  for 
the  severe  distress  thus  set  up.  Each  hundred 
volumes  of  human  blood,  under  ordinary  pres- 
sure, is  capable  of  dissolving  one  volume  of  ni- 
trogen, but,  when  saturated  under  four  atmos- 
pheres' pressure,  for  example,  it  dissolves  four 
volumes.  Rapid  "decompression,"  that  is,  the 
process  of  re-entering  the  normal  atmosphere — 
results  in  the  giving  off,  as  bubbles,  of  the  three 
volumes  which  have  been  absorbed  in  excess. 
These  bubbles  obstruct  the  circulation  and  set 
up  varying  forms  of  illness,  such  as  deafness, 
vertigo,  paralysis,  and  loss  of  consciousness. 
The  lesson  to  be  derived  from  the  knowledge 
now  available  is,  simply,  to  greatly  extend  the 
lengrth  of  time  during  which  transition  from 
the  one  pressure  to  the  other  is  effected,  and  to 
select  for  such  work  only  young  men  of  spare 
habit  and   temperate  lives. 


Two-Belt  Conveyor:      Inner    Belt    in    Position    With   Troughing    Blocks  Attached. 


Considerably  more  than  110,000  cubic  yards 
of  concrete  are  required  for  the  filter  struct- 
ures, which  are  being  built  practically  entirely 
of  this  material.  A  large  and  complete  plant 
has  been  installed  for  handling  and  mixing  the 
ingredients  and  conveying  the  concrete  to  the 
forms.  The  sand,  broken  stone  and  gravel  are 
delivered  in  hopper-bottom  steel  cars  over  a 
spur  track,  and  are  discharged  from  the  cars 
onto  a  belt  conveyor,  by  which  they  are  separ- 
ately delivered  either  to  the  mixer  bins  or  to 
storage  bins. 

There  are  four  concrete  mixers  of  the  cubi- 
cal type,  and  they  are  each  turning  out  on  an 


other  than  that  required  to  drive  the  lower  car- 
riers and  its  own  head  and  tail  pulleys;  all  the 
carriers  on  the  upper  line,  which  comprise  two- 
thirds  of  the  total  number  used,  being  revolved 
by  the  inner  supporting  belt.  The  strains, 
therefore,  are  divided,  the  belt  revolving  two- 
thirds  of  the  moving  parts  not  being  subject  to 
the  wear  and  tear  of  carrying  the  load,  and  the 
belt  carrying  the  load  being  relieved  of  the 
strains  and  wear  and  tear  of  revolving  the  ma- 
jority of  the  moving  parts  of  the  machine,  and 
this  results  in  considerable  economy.  It  is 
claimed. 

The  interior  belt  is  driven  by  a  compensat- 
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ins  drive  rroB  the  main  driving  shaft  with  the 
two  belts  in  tension  Just  sufficient  to  prevent 
slip  on  their  driving  pulleys:  both  belts  move' 
at  exactlr  the  same  speed  in  the  same  direction 
»nd  there  is  no  rub  of  the  conveying  belt  on 
the  troughlng  blocks. 

An  accompanying  illustration  Shows  the  car- 
riers used  in  this  system.  They  are  straight 
rollers  fastened  to  steel  shafts  revolving  in  bab- 
bitteo  boxes,  the  boxes  being  ball  and  socket, 
ring-oiling,  felt-washered  and  dust-proof.  By 
this  method  not  only  is  cheapness  attained  in 
flrat  coat,  but  power  is  saved  and  supervision  is 
cut  oat  as  far  as  lubrication  is  concerned.  A 
second  view  shows  the  interior  irougiiing  and 
carrying  belt  with  its  troughlng  blocks  at- 
tached. The  conveyor  belt  for  the  two-belt  sys- 
tem is  a  machine-made  belt  with  a  protective 
cover.  The  Inner  or  troughing  belt  carries  the 
outer  or  conveying  belt  through  the  upper  line 
of  working  travel  and  the  outer  belt  carries  the 
inner  belt  on  its  return.  The  ability  to  use 
straight  rollers,  all  stresses  being  in  compres- 
sion and  not  bending,  permits  the  use  of  light 
castings.  This  has  a  double  advantage  in  re- 
ducing weight  and  cost  and  minimizing  power. 
Only  a  clean  belt  comes  in  contact  with  the  up- 
per carriers.  Other  good  points  of  the  system 
will  be  apparent  on  examination. 

The  insullation  at  the  Washington  filters  was 
furnished  by  the  Ridgway  Beit  Conveyor  Com- 
pany of  29  Broadway,  New  York,  which  owns 
the  patents,  fuily  protecting  the  system  in  both 
the  United  States  and  foreign  countries. 

The    Detection    and    Prevention    of   Water 
Waste  at  Marion,  Ohio. 

Eziracta  from  a  (taper  by  Mr.   I-Idward  H.  Cowan. 

Snpcrlntmdnit.  Id  tlie  "Journal"  u(  tbe  New  England 

Waterworks  AKxoclation. 


Marion  is  a  rapidly  grow^ing  city  with  a  popu- 
lation of  about  IS.OOO,- which  obtains  its  water 
supply  partly  from  an  impounrliug  reservoir 
and  partly  from  ten  10-inch  driven  wells.  Dur- 
ing the  Uwn-sprinkling  season  of  1900  it  was 
with  the  gr«j»te8t  difBcuity  that  enough  water 
coald  be  obtained.  It  was  cousidered  that  the 
use  and  waste  of  water  was  excessive^  and  that 
steps  should  be  taken  to  reduce  the  coni^timp- 
tlon.  Consequently  It  was  determined  to  make 
a  complete  waste  survey  of  the  entire  system. 

It  was  thought  that  the  greater  part  of  the 
leakage  was  on  the  customers'  side  of  the  curb 
cocks,  and  subsequent  events  have  shown  that 
this  view  was  correct  The  installatiou  of  me- 
ters was  decided  upon,  and  has  been  going  on 
ever  since.  The  water-works  plant  is  owned  by 
a  private  company,  and  under  the  terms  of  its 
franchise  a  customer  has  his  choice  whether 
he  will  pay  fixture  or  meter  rates,  in  the  latter 
case  furnishing  and  maintaining  his  own  meter. 
It  Is  thus  impossible  to  place  a  customer  on  a 
meter  basis  against  his  will,  unless  he  be  found 
wasting  water,  in  which  case  the  franchise  pro- 
vides that  he  may  be  required  to  buy  a  meter 
and  pay  meter  rates,  or  his  water  may  be  shut 
oB. 

The  policy  adopted  was,  therefore,  that  the 
water  company  should  place  a  meter  on  the  ser- 
Tlce  pipe  of  each  fixture-rate  customer,  who 
should  continue  paying  the  same  rate  as  before, 
so  long  as  the  meter  showed  him  not  to  be  wast- 
ing water.  A  monthly  allowance  is  made  for 
each  individual  customer,  and  if  he.  uses  more 
than  this  amount  a  postal  card  notice  is  sent 
him  to  the  effect  that  his  meter  indicates  a 
large  waste  of  water,  which  must  be  stopped. 

If  at  the  end  of  tbe  next  month  he  Is  still 
nsing  more  than  his  allowance,  tbe  .^aiine  notice 
is  sent  again,  with  the  words  "Second  notice" 
■tamped  across  the  face.  At  the  end  of  tbe 
third  month  the  following  is  stamped  on  the 


postal  card:  "Last  notice.  We  have  already 
sent  you  several  notices  to  this  effect.  If  the 
amount  used  next  month  indicates  a  waste  of 
water,  you  will  be  required  to  buy  the  meter  and 
pay  by  the  thousand  gallons."  At  the  end  of 
the  fourth  month  he  is  required  to  buy  the 
meter  as  above,  and  pay  the  original  cost  of 
setting  it. 

The  monthly  allowance  for  any  customer  is 
obtained  by  dividing  his  monthly  fixture  rale 
by  the  regular  meter  rate  per  1,000  gallons.  It  a 
customer  should  consume  exactly  his  allow- 
ance each  month,  he  would  be  obtaining  water 
practically  at  meter  rates,  yet  with  the  water 
company  furnishing  the  meter,  Instead  of  the 
customer.  The  margin  between  what  he  does 
use  and  what  he  is  allowed  to  use  may  be  said 
to  reimburse  the  water  company  for  setting 
and  maintaining  the  meter. 

The  apparatus  used  for  the  water  waste  de- 
tection survey  consisted  of  a  horse  and  wagon, 
a  lUj-inch  Gem  meter,  nine  50-foot  lengths  of 
2t;,-inch  hose,  gate  keys,  curb  cock  wrenches 
and  lanterns.  The  writer  took  personal  charge 
of  the  work  and  was  assisted  by  two  men,  one 
of  whom  was  an  old  employe,  familiar  with  the 
system.  The  work  was  done  between  Ihe  hours 
of  10  p.  m.  and  5  a.  m. 


an  end.  After  closing  all  curb  cocks,  If  water 
was  still  running  through  the  meter,  one  or 
more  leaks  were  shown  to  be  in  the  "dead"' 
block,  and  they  were  located  in  every  case  by 
listening  at  the  curb  cocks. 

The  work  went  on  in  this  manner,  block  after 
block,  for  several  nights,  resulting  in  the  find- 
ing of  only  two  or  three  leaks.  The  writer  then 
concluded  to  try  four  or  five  blocks  at  once.  In 
this  case  quite  a  number  of  gates  had  to  be 
closed,  and  most  of  them  were  attended  to  in 
the  daytime,  leaving  only  as  many  to  be  closed 
in  the  night  as  were  required  for  efficient  flre 
service.  At  the  first  trial  the  meter  stood  still, 
so  from  that  time  on  still  larger  sections  of  the 
town,  containing  from  two  to  three  miles  of 
mains,  were  cut  out  and  tested  at  once. 

When  a  leak  was  found  its  rate  of  flow  was 
noted,  as  before,  and  then  the  size  of  the  "dead" 
section  was  reduced  one  block  at  a  time  by 
opening  and  closing  the  proper  gates,  working 
toward  the  meter.  In  this  manner  the  block 
or  blocks  on  which  there  were  leaks  were  lo- 
cated. 

After  the  first  few  nights  the  shutting  oft  of 
curb  cocks  was  discontinued,  as  very  few  leaks 
were  being  found,  and  those  could  be  easily 
located,  in  the  stillness  of  the  night,  by  placing 


Washington    Filters:      Portion    of    Two-Belt    Conveyor   for     Sand     and    Gravel. 


After  two  or  three  nights  it  was  found  un- 
necessary to  follow  out  in  detail  the  original 
plan,  but  that  certain  modifications  might  be 
made  which  would  greatly  facilitate  the  work 
without  making  it  any  the  less  thorough.  The 
original  plan  of  operations  will  first  be  de- 
scribed and  afterward  the  ways  In  which  It  was 
modified. 

Two  gates  were  closed,  thus  cutting  out  the 
section  to  be  tested.  This  section  will  be  re- 
ferred to  as  a  "block,"  although  in  some  of  the 
older  parts  of  the  town  gates  are  as  many  as 
three  or  four  blocks  apart.  A  line  of  hose  was 
laid  from  the  nearest  "live"  flre  hydrant  to  a 
"dead"  one,  and  the  meter  placed  in  the  line 
next  to  the  "dead"  hydrant.  Both  hydrants  were 
then  opened,  and  if  the  meter  showed  water  to 
be  passing  into  the  "dead"  block,  Its  rate  of  flow 
was  noted,  and  one  of  the  men  started  to  close 
the  curb  cocks  in  that  section. 

Careful  watch  was  kept  at  the  meter,  and.  If 
after  closing  any  curb  cock,  the  rate  of  flow 
diminished  suddenly  or  ceased  entirely,  it  was 
concluded  that  either  there  was  a  leak  on  that 
service  or  the  customer  was  using  water,  and 
an  investigation  was  made  to  determine  which 
was  the  case.  Whenever  the  flow  ceased  en- 
tirely the  Investigation  of  that  section  was  at 


the  ear  against  one  end  of  the  street  key,  hold- 
ing the  other  end  on  the  curb  cock. 

When  testing  two  or  three  miles  of  mains  at 
once,  a  simple  system  of  lantern  signals  was 
used  between  the  man  at  the  meter  and  the 
men  who  were  opening  and  closing  gates. 
Sometimes  these  latter  were  nearly  a  mile  away 
from  the  meter,  and  without  signals  much  time 
would  have  been  consumed  going  back  to  it 
after  cutting  In  each  new  block. 

The  method  of  finding  leaks  in  street  mains 
and  services  above  described  proved  perfectly 
successful,  as  well  as  economical.  It  Is  thought 
that  no  leak  escaped  detection. 


The  Storage  Battery  as  a  Water-Wheel 
GovKH.NOK  was  described  by  Mr,  B.  F.  Cresson, 
of  Easton,  Pa.,  at  the  National  Electric  Light 
Association  convention.  The  water  power  sup- 
plies both  a  lighting  and  a  railway  load,  driv- 
ing synchronous  motors  direct  coupled  to  rail- 
way generators,  which  work  on  a  booster  bat- 
tery system.  If  the  water  wheel  governors  are 
cut  out  entirely,  and  the  wheels  run  at  constant 
gate  opening,  with  a  battery  floating  across  the 
line,  the  variations  in  voltage  at  the  alternat- 
ing-current switchboard  are  within  the  range 
of  a  voltage  regulator. 


AIay  28,  1904. 
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The  New  Works  of  Graham,  Morton  &  Co., 
Leeds,  England. 

An  industrial  establisiiment  which  will  ap- 
peal to  American  readers  on  account  of  its 
special  provision  for  illumination  and  the 
quickness  with  which  it  was  built,  has  recently 
been  completed  by  Graham,  Morton  &  Com- 
pany, Leeds.  This  corporation  manufactures 
retorts  and  charging  apparatus  for  gas-works, 
conveying  machinery  for  many  purposes,  mine 
cars,  light  railway  equipment  and  structural 
steel-work.  The  new  works  cover  nearly  77,- 
000  square  feet  of  a  tract  which  was  a  marshy 
field  a  year  ago,  and  were  built  in  six  months, 
being  started  up  on  November  2,  1903. 

The  main  building  is  a  420xl50-foot  structure 
-with  steel  framework,  corrugated  siding  and 
54,600  square  feet  of  glazing,  disposed  in  the 
walls  and  roof  so  as  to  make  the  interior  re- 
markably light.  The  main  floor  is  divided  into 
three  aisles,  each  with  a  roof  like  that  shown 
in  the  view  of  the  central  aisle,  although  the 


There  is  also  a  system  of  bells  here  for  the  mes- 
senger boys,  for  the  latter  are  used  by  the  work- 
men to  bring  tools  and  supplies,  thereby  saving 
the  time  of  the  mechanics. 

The  pattern  shop  is  a  60x24-foot  building  con- 
taining in  addition  to  the  woodworking  tools 
needed  in  such  a  department  and  a  storeroom 
for  the  patterns,  a  room  for  the  supplies  re- 
quired by  the  erectors. 

The  offices  are  grouped  in  a  270x41-foot  build- 
ing located  on  a  slope  so  that  at  one  end  there 
is  a  basement  containing  storerooms,  lunch 
rooms,  a  reading  room  and  minor  offices.  The 
main  entrance  hall  on  the  first  floor  separates 
the  drafting  department  from  the  offices.  The 
drafting  oflSce  is  117  feet  long  and  at  its  extreme 
end  is  the  weighing  office  with  its  windows 
looking  out  on  the  scales.  The  lighting  of  this 
building  is  as  interesting  as  that  of  the  shops. 
The  roof  is  In  three  spans,  the  center  one  being 
glazed  so  that  the  center  of  the  structure  re- 
ceives ample  illumination.  The  windows  are 
numerous   and    large,    with   their    lower   panes 
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The  Center  Aisle  of  the  New  Shops  of  Graham,  Morton  &  Company. 


roofs  of  the  side  aisles  do  not  contain  so  much 
glazing  as  that  in  the  center,  because  the  il- 
lumination from  the  sides  renders  it  unnec- 
essary. 

The  left-hand  aisle  in  the  illustration  is  used 
by  the  structural  steel  department,  which  turns 
out  railway  and  highway  bridges  as  well  as 
framing  for  buildings.  The  center  aisle  is  used 
for  smith  work  and  the  forges  have  their  hoods 
connected  to  an  exhaust  duct  teading  out  of 
doors.  The  right-hand  bay  is  the  fitting  and 
machine  shop,  where  several  of  the  tools  are  of 
American  manufacture.  At  one  end  of  the 
building  is  located  the  tool  room,  with  the  store 
room  adjoining.  On  the  floor  above,  at  one  end, 
is  the  chain  department,  where  link  belts  for 
conveyors  are  made,  with  a  section  near  it  de- 
voted to  the  manufacture  of  idlers  for  belt  con- 
veyors. The  entire  works  are  operated  by  elec- 
tricity furnished  from  a  50x55-foot  power 
station. 

All  workmen  entering  and  leaving  the  works 
pass  through  a  time  office,  where  each  man 
registers   his   time   on   a   Dey   recording   clock. 


ground  glass  and    the    upper    panes    and    the 
hinged  ventilators  transparent  glass. 


FREf:ziNG  Water  to  Store  It  has  been  suc- 
cessfully adopted  on  the  ranch  of  the  Poindex- 
ter  &  Orr  Company,  nine  miles  south  of  Dillon, 
Mont.  Natural  reservoir  sites  are  lacking  in 
that  vicinity,  so  Mr.  Penjamin  Bond,  a  Dillon 
engineer,  constructed  a  series  of  shallow  basins, 
into  which  the  winter  flow  of  a  neighboring 
stream  was  directed  and  frozen.  A  series  of 
levees  were  built  with  a  grading  machine,  form- 
ing basins  along  the  face  of  a  gentle  slope.  The 
water  was  turned  into  the  highest  basin,  over- 
flowed when  it  was  filled  into  the  next  one,  and 
so  on  through  the  entire  series.  Two  to  three 
teet  of  ice  formed,  which  melted  in  the  spring 
and  proved  very  useful  for  irrigation.  The  work 
was  so  successful  and  Inexpensive  that  Mr. 
Bond  has  suggested  the  development  of  the  plan 
on  a  larger  scale,  allowing  the  winter  flow  in 
the  streams  to  pass  slowly  into  basins  so  that 
it  would  freeze  as  it  reached  them,  thus  forming 
ii  mass  of  ice  to  melt  slowly  In  the  spring. 


A  Word  about  Photogbaphy. 

Sir: — Within  the  last  ten  or  fifteen  years  the 
engineering  world  has  come  to  make  extended 
use  of  photography  in  recording  the  various 
stages  of  developing  enterprises,  and  the  im- 
portance of  this  tool  is  now  pretty  well  recog- 
nized in  practice.  There  is  no  need  at  this  time 
to  enlarge  upon  the  value  of  the  camera  in  con- 
struction work,  through  the  preservation  of  the 
details  of  difficult  problems,  or  its  usefulness 
to  operating  companies  as  an  instantaneous  and 
accurate  eye-witness  of  unusual  events  like  ac- 
cidents, extra  heavy  trafl^c  congestion  and  tests 
out  of  the  ordinary  day's  run  of  business. 
During  the  construction  and  operation  of  the 
elevated  railway  lines  in  Boston  the  fullest  use 
of  photography  was  made  by  the  engineering 
department  of  the  operating  company,  pictures 
being  taken  of  every  detail  of  the  work  as  it 
advanced  from  the  structure  foundations  to 
the  completed  stations,  tracks  and  cars.  It 
the  writer's  memory  is  correct,  the  Boston  Ele- 
vated Railway  Company  obtained  in  this  way 
three  or  four  thousand  admirable  photographs 
constituting  a  continuous  history  of  the  devel- 
opment of  the  overhead  system  that  is  almost 
invaluable  to-day  as  an  accurate  and  complete 
record.  One  of  the  company's  civil  engineers 
devoted  his  entire  time  to  the  work,  and 
through  his  technical  knowledge  Was^  able  to 
secure  pictures  of  scientific  value,  a  result 
which  could  scarcely  have  been  obtained  by  the 
employment  of  a  professional  photographer 
alone. 

As  far  as  the  writer  is  aware,  the  engineering 
courses  of  many  of  our  professional  schools  con- 
tain no  instruction  in  either  the  theoretical  or 
practical  sides  of  photography.  Doubtless  num- 
bers of  students  acquire  the  art  as  a  pastime, 
in  these  days  of  inexpensive  camera  outfits,  but 
it  is  not  so  easy  to  find  amateurs  who  can  se- 
cure good  photographs  of  power-plant  interiors 
and  machinery  as  it  is  to  locate  experts  In 
taking  snapshots  on  sunny  days.  The  instruct- 
ing staff  of  every  college  is  sure  to  include  one 
or  two  skilled  and  enthusiastic  devotees  of  the 
camera  among  its  members;  the  departments  of 
physics  and  chemistry  are  likely  to  have  a  dark 
room  in  common  also,  so  that  the  teaching  force 
and  material  for  securing  some  sort  of  photo- 
graphic instrnction  are  generally  available. 
There  is  little  good  reason  why  at  least  a  short 
course  in  photography  should  not  be  made  a 
part  of  every  undergraduate  engineer's  curricu- 
lum. Even  three  cr  four  weeks'  practice  in  the 
photographic  course  gives  a  man  sufficient  fa- 
cility in  handling  the  camera  to  at  least  take 
satisfactory  engineering  photographs,  and  the 
time  is  pretty  sure  to  come  at  some  part  of  his 
professional  life  when  the  ability  to  use  the 
photographic  tool  will  be  the  means  of  illumi- 
nating facts  and  conditions  in  a  striking  and 
efl^cient  manner.  The  power  to  make  the  pen- 
cil express  one's  ideas  in  designing  is  scarcely 
more  useful  than  the  ability  to  record  the  em- 
bodiments of  those  ideas  in  completed  form 
upon  the  photographic  plate  and  film,  speaking 
in  a  broad  sense. 

Perhaps  any  recommendation  which  adds 
anything  more  to  the  already  overladen  cur- 
riculum is  bound  to  be  regarded  as  but  one 
more  straw  laid  upon  the  educational  camel's 
back.  It  is  certainly  a  diflBcult  question  to  find 
time  to  cover  the  ground  of  engineering  foun- 
dation studies  in  the  space  of  four  years.  Nev- 
ertheless, the  writer  firmly  believes  that  at 
least  some  practice  in  photography  should  be 
given  to  every  student  of  engineering  v»hose 
previous  work  or  recreation  has  not  included 
it.  The  chemistry  of  photography  readily  en- 
titles the  art  to  take  its  place  in  the  laboratory 
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o(  chemical  science,  and  there  certainly  can  be 
found  matter  in  every  technical  course  which 
is  BO  useless  from  the  standpoint  of  the  engi' 
neering  world's  requirements  that  it  may  be 
replaced  by  a  little  photographic  training  to 
the  advantage  of  the  student  who  otherwise 
would  know  no  more  about  taking  pictures  after 
graduation  than  he  understands  about  the  ma- 
nipulation of  an  astronomical  telescope.  Any- 
tiiing  whicli  shortens  the  gap  between  the 
academic  world  and  the  field  of  commercial  en- 
gineering is  bound  to  work  out  as  worth  while 
when  the  student  leaves  the  college  life  behind 
him.  so  long  as  it  does  not  cut  into  the  training 
in  the  great  fundamental  principles  upon  which 
engineering  rests.  That  photography  is  yet  to 
attain  still  greater  importance  in  engineering 
practice  cannot  be  doubted  by  anyone  who  has 
experienced  its  usefulness,  and  upon  the 
strength  of  its  present  and  prospective  value  to 
the  engineer  is  based  the  belief  that  it  should 
constitute  at  least  a  small  part  of  every  profes- 
sional school's  curriculum.  Yours  truly, 
Denver,  May  9.  Howard  S.  Knowlton. 


Tests  of  Piles. 

Sb: — It  is  a  well-known  fact  that  piles,  when 
left  to  stand  for  any  length  of  time,  have 
their  supporting  power  considerably  increased 
through  various  causes.  The  law  of  this  in- 
crease is  an  important  matter  in  connection 
with  the  use  of  any  pile-driving  formula. 

I  would  be  greatly  pleased  if  contractors  and 
inspectors  having  it  within  their  power  would 
test  plies  according  to  the  following  scheme 
and  submit  the  data  to  me  directly,  or  prefer- 
ably, through  the  columns  of  your  magazine: 
Length  of  pile,  depth  and  kinds  of  materials 
penetrated,  weight  of  hammer,  height  of  fall 
for  last  blow,  corresponding  penetration,  date 
and  time  of  test,  penetration  under  similar  con- 
ditions approximately  1  hour  later,  penetration 
under  similar  conditions  approximately  12  hours 
later,  penetration  under  similar  conditons  ap- 
proxmately  24  hours  later,  penetraton  under 
similar  conditions  approximately  3  days  later. 
Exact  date  and  time  of  each  test  and  actual  fall 
and  penetration  observed  should  be  given. 

Tours  very  truly,  E.  P.  Goodrich. 

New  York,  May  13. 


Strsss   Diagrams. 

Sm: — Will  yon  kindly  explain  to  me  how  to 
make  a  stress  diagram  of  enclosed  truss.  Tlte 
stumbling  block  is  the  extra  load  at  a  point 
near  the  apex,  as  well  as  the  variation  the  truss 
takes  from  the  regular  Fink  truss.  Yours  truly, 

Newark,  May  9.  Charles  J.  Bock. 

8ib: — In  reply  to  the  above  inquiry  I  would 
like  to  state  the  following: 

The  problem  presented  by  your  correspond- 
ent has  an  apparent  dilBculty  because  of  the 
five  members  which  meet  at  the  middle  points 
of  the  inclined  chord.  Their  number  does  not 
allow  of  the  usual  procedure  in  drawing  the 
Cremona  staesa  diagram  beginning  at  the  points 
of  support  and  proceeding  consecutively  from 
panel  point  to  panel  point  This  difficulty  is 
not  a  real  one,  the  truss  as  a  whole  being  stati- 
cally determinate.  Trusses  of  this  kind  are 
treated  by  Professors  Merriman  and  Jacoby  in 
the  second  volume  of  their  work  on  "Bridges 
and  Roofs,"  under  the  heading,  "Ambiguous 
Trusses."  Most  text  books  on  bridges  and 
graphical  statistics  consider  one  case  or  the 
other  of  such  trusses.  Mueller-Breslau  in  his 
great  work,  "Die  Oraphische  Statik,"  gives  sev- 
eral solutions  of  the  most  general  character. 
The  solutions  given  by  Professors  Merriman  and 
Jacoby  apply  to  certain  cases,  such  as  equal 
loads  or  panel  lengths,  parallelism  of  certain 
members,  etc.,  or  they  depend  on  the  introduc- 
tion and  temporary    substitution    of   auxiliary 


web  members.  The  solutions  presented  by 
Mueller-Breslau.  on  the  contrary,  are  quite  gen- 
eral. They  are  all  based  on  the  graphical  deter- 
mination of  the  amount  of  the  stress  in  the 
member  8-15  and  denoted  by  H,  as  shown  in 
Figure  1.  It  is  evident  that  the  latter  member 
may  be  replaced  by  the  stress  caused  in  it  act- 
ing as  an  external  force.  This  force  being  de- 
termined, the  drawing  of  the  stress  diagram 
can  proceed  In  the  usual  manner. 

The  easiest  way  to  determine  the  value  of  the 
stress  H  In  8-15  Is  to  take  moments  around  the 
apex,  a  section  through  it  cutting  this  member 
only.  The  loads  and  reactions  being  neces- 
sarily known,  their  resulting  moment  around  the 
apex  divided  by  the  perpendicular  distance  to 
the  connecting  tie  8-15  gives  the  amount  of  its 
stress  H.  In  drawing  the  stress  diagram,  Fig. 
2,  the  vertical  forces  together  with  H  .are  laid 
off  to  scale  and  the  reciprocal  figure  is  begun  in 
the  usual  way  by  considering  the  end  panel. 
When  arriving  at  the  intersection  of  8-11-12-15, 
the  place  of  the  tie  8-15  is  taken  by  the  com- 
puted force  H  and  8-11  being  determined  be- 
fore only  two  unknown  stresses  remain  which 
can,  of  course,  be  drawn.  Similarly  only  two 
unknown  stresses  remain  in  the  panel  point  op- 
posite. The  stresses  are  thus  found  in  the  ordi- 
nary way  and  the  closing  of  the  diagram  for 
one-half  of  the  truss  offers  a  check  for  the  cor- 
rectness of  both  the  computation  and  the  draw- 
ing. It  will  be  noticed  that  this  method  is  in- 
uependent  of  any  symmetrical  disposition  of 
loads  or  truss  or  of  its  geometrical  figure  as 


An   Unusual   Stress  Diagram. 

long  as  the  general  type  of  the  truss  is  pre- 
served. Fig.  2  shows  the  Cremona  stress  dia- 
gram drawn  to  scale  for  the  truss  and  loads 
shown  in  Fig.  1.     Respectfully, 

New  York,  May  18.  Leon  S.  Moisskiff. 


Steam  Hose  for  blowing  off  the  soot  in  boiler 
tubes  can  have  Its  life  increased  fourfold  by 
putting  Greenfield  tubing  inside  of  it,  accord- 
ing to  Mr.  Bdgar  B.  Greene  In  a  paper  on 
economy  In  minor  station  supplies,  read  at  the 
Boston  convention  of  the  National  Electric 
Light  Association. 


The  Refuse  Destructor  as  a  Steam  Pro- 
ducer was  referred  to  at  a  meeting  of  the  As- 
sociation of  Municipal  and  County  Engineers  at 
Great  Grimsby,  England,  In  connection  with  a 
Ocscrlptlon  of  the  destructor  in  operation  at 
that  place.  The  destructor  is  of  the  standard 
Horsfall  type  of  40  tons  daily  capacity,  though 
It  receives  on  the  average  only  18  1-2  tons 
dally.  It  is  arranged  to  deliver  steam  to  the 
adjoining  municipal  electric  plant.  For  a  pe- 
riod of  three  months  262,000  kilowatt-hours 
were  generated  in  the  latter  and  the  total  cut- 
put  from  the  steam  from  the  destructor 
•amounted  to  36,300  kilowatt-hours,  or  about  11 
per  cent,  of  the  total. 


An  Improved  Cylinder-Oil  Filter. 

The  accompanying  cut  illustrates  a  type  of 
oil  filter  built  for  several  years  'oy  the  Burt 
Manufacturing  Company,  Akron,  Ohio,  in  which 
several  improvements  have  recently  been  made. 
As  cylinder  oil  is  the  most  expensive  grade 
used  about  a  plant,  particular  attention  has 
been  paid  to  this  device,  which  is  intended  pri- 
marily for  the  purification  and  recovery  of  it. 
The  oil  enters  at  the  top,  passes  through  a 
filter  of  waste,  and  then  flows  down  a  central 
pipe  to  the  water  chamber  in  the  bottom  of  the 
apparatus.  It  moves  in  a  thin  film  along  the 
lower  surfaces  of  these  plates  and  finally  rises- 
to  the  top  of  the  chamber.  Here  it  is  inter- 
cepted by  a  second  layer  of  waste,  which  fur- 
ther filters  it  before  it  passes  into  the  pure-oU 
chamber.  The  sediment  which  collects  in  the 
bottom  of  the  water  chamber  can  be  drawn  off 
when  necessary  by  opening  the  cock  on  the 
drain  pipe  leading  to  the  sewer.  The  surplus 
water  rises  through  a  pipe  leading  from  th8 
bottom  of  the  water  chamber  to  a  small  over- 


An    Improved   Oil    Filter. 

flow  head  in  a  box  on  the  outside  of  the  appa- 
ratus.    The  pure  oil  flows  off  by  gravity. 

It  will  be  noticed  that  the  location  of  the  oil 
outlet  pipe  fixes  the  height  of  the  back  pres- 
sure head  on  the  apparatus,  while  a  cock  in  the 
water  chamber  enables  the  water  level  in  the 
latter  to  be  adjusted  so  that  the  automatic 
water  separating  apparatus  will  work  without 
further  attention.  The  apparatus  is  made  in 
several  sizes  with  capacities  ranging  from  3  to 
500  gallons  daily. 


Utiuzi.no  Tkansformek  Cooi.iNT,  Water  for 
boiler  feeding  was  outlined  by  Mr.  George  B. 
Tripp,  of  Colorado  Springs,  Colo.,  at  the  meet- 
ing of  the  National  Electric  Light  Association. 
Owing  to  the  cost  of  water,  th"  supply  from  the 
city  is  automatically  admitted  into  an  elevated 
tank  and  the  water  led  from  It  to  the  trans- 
formers and  then  discharged  into  a  second  or 
boiler  suction  tank.  This  is  arranged  to  admit 
water  from  the  upper  tank  whenever  the  sup- 
ply from  the  transformers  is  insuflicient  in 
amount  to  supply  the  boilers  and  the  second  of 
the  two  boiler-feed  pumps  installed  may  be 
used  automatically  to  return  water  to  the  ele- 
vated tank,  when  the  water  from  the  trans- 
formers exceeds  In  amount  that  required  by  the- 
boilers. 
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Dangers  to  Health  at  Panama. 

During  the  last  month  this  journal  has  re- 
ceived many  inquiries  from  young  engineers  de- 
sirous of  securing  positions  on  the  canal  work 
at  Panama,  but  deterred  from  applying  to  the 
Commission  for  such  engagements  through  a 
very  natural  tear  of  dangers  t<J  health  on  the 
Isthmus,  about  which  so  much  has  been  writ- 
ten. Many  years  ago,  when  the  Panama  Rail- 
road Wus  built  the  mortality  among  the  labor- 
ers was  very  high,  giving  rise  to  the  foolish 
statement  that  every  cross-tie  on  the  line  repre- 
sented a  death  on  the  construction  force.  Later, 
«  when  the  French  engineers  were  making  their 
attempt  to  dig  the  canal,  the  death  rate  was  cer- 
tainly very  heavy,  and  this  again  gave  rise  to 
considerable  fiction.  Nobody  expects  to  live  as 
comfortably  or  as  safely  in  the  tropics  as  In 
the  temperate  regions,  but  it  is  now  well-set- 
tled that  under  proper  precautions  a  repetition 
of  the  mortality  during  the  progress  of  early 
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engineering  work  on  the  Isthmus  need  not  oc 
cur.  Unquestionably  unacclimated  persons  will 
be  exposed  to  a  certain  measure  of  risk,  but  it 
will  not  be  so  great  as  many  assume  nor  so 
trifling  as  a  few  enthusiasts  assert.  These  state- 
ments are  made  on  the  assumption  that  a 
thorough  and  vigorous  sanitary  supervision  Is 
exercised  everywhere  on  the  canal  zone. 

In  order  that  those  who  desire  to  engage  on 
the  canal  work  may  have  a  complete  authorita- 
tive statement  of  the  sanitary  problem  which 
the  canal  work  presents,  The  Engineering  Rec- 
ord has  secured  from  Dr.  W.  C.  Gorgas,  as- 
sistant surgeon  general,  U.  S.  A.,  with  the  con- 
sent of  Admiral  Walker,  president  of  the  Isth- 
mian Canal  Commission,  the  article  on  the 
health  conditions  of  Panama  which  appears  on 
page  704  of  this  issue.  It  explains  better  than 
any  previous  note  on  this  subject  the  nature  of 
the  dangers  to  health  on  the  Isthmus,  and  the 
probability  of  keeping  them  under  control.  The 
statement  may  be  regarded  as  conservative  and 
exact.  Dr.  Gorgas  is  the  leading  American  au- 
thority on  the  subject  and  speaks  from  the  ex- 
perience gained  at  Cuba  during  the  American 
occupation  of  the  Island.  His  success  in  keep- 
ing down  fever  during  the  work  in  the  streets 
of  Havana  was  one  of  the  most  brilliant  achieve- 
ments in  sanitation,  and  gave  him  an  interna- 
tional reputation.  For  the  first  time  in  history 
he  eliminated  yellow  fever  from  an  endiSmic 
focus,  and  enabled  the  foul  soil  of  the  Cuban 
capital  to  be  trenched  without  serious  result  to 
health.  It  is  important  to  observe,  however, 
the  clear  distinction  he  makes  between  the  prob- 
lem presented  at  Havana  and  that  of  the  canal 
zone.  At  the  former  place,  he  had  to  contend 
with  yellow  fever,  while  at  the  latter  the  fight 
will  be  against  malaria,  which  presents  prob- 
lems never  before  undertaken  on  a  large  scale. 
He  believes  these  problems  can  be  solved,  al- 
though they  are  grave,  but  the  solution  will  be 
neither  easy  nor  simple.  He  looks  for  many 
disappointments  and  many  modifications  of  the 
plans. 

The  danger  to  which  the  young  engineer  will 
be  exposed  will  depend  very  largely  on  his  per- 
sonal care  of  his  health.  No  one  should  think 
of  going  there  who  does  not  have  a  sound  con- 
stitution and  is  not  willing  to  exercise  great 
care  of  himself  at  all  times.  What  may  be 
moderation  in  living  in  the  temperate  regions 
will  very  likely  be  excess  on  the  Isthmus,  and 
every  one  who  observed  carefully  the  condition 
of  our  men  in  Cuba  knows  that  those  who  were 
most  temperate  and  moderate  in  all  habits  were 
most  healthy.  The  engineers  who  take  part  in 
the  construction  of  the  canal  will  be  exposed  to 
more  dangers  to  their  health  than  exist  in  most 
parts  of  the  United  States,  but  The  Engineering 
Record  believes  these  dangers  are  far  over-esti- 
mated, as  a  rule.  No  small  proportion  of  them 
will  be  eliminated  it  the  plans  of  Dr.  Gorgas 
and  his  associates  receive  the  hearty  support  of 
all  engaged  on  the  work,  which  may  be  expect- 
ed to  be  the  case,  for  upon  these  plans  depends 
the  life  or  death  of  many  men. 

The  construction  of  this  canal,  the  greatest 
enterprise  of  the  time,  is  a  work  which  should 
attract  to  itself  the  best  of  the  young  engineers 
in  the  country.  The  commisioners  are  men  who 
have  ever  been  ready  to  give  credit  where  credit 
was  due  and  the  chief  engineer  is  a  man  whom 
it  is  great  good  fortune  to  serve  under.  The 
young  men  who  win  distinction  there  need  not 
fear  that  their  work  will  be  unknown  at  home, 
for  the  nature  of  the  service  will  be  very  differ- 
ent from  the  usual  engagement  in  foreign  lands. 
But  the  work  will  be  harder  than  similar  un- 
dertakings in  this  country,  there  will  be  fewer 
opportunities  for  amusement,  and  the  conduct 
of  daily  life  must  be  strictly  guarded.    Nobody 
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who  cannot  be  happy  under  strict  discipline  has 
any  business  to  go  to  Panama,  for  all  there  will 
be  made  to  conform  to  rules  and  regulations  of 
many  sorts  which  are  not  issued  on  work  in 
temperate  climates.  But  for  those  fitted  by  tem 
perament  for  such  work,  of  good  physique  and 
sound  engineering  knowledge  of  a  practical 
character,  the  construction  of  the  Panama  cana.1 
offers  work  of  a  character  which  it  is  seldom 
the  good  fortune  of  young  men  to  be  connected 
with.  To  these  young  men  it  will  be  a  great 
training  school  from  which  many  graduates  of 
distinction  may  be  expected. 


Fire-Resisting  Construction. 


It  is  generally  known  that  the  National  Fire 
Protection  Association,  an  organization  of  fire- 
insurance  underwriters  and  allied  interests, 
made  a  very  complete  study  through  its  Com- 
mittee on  Fire-Resistive  Construction  of  the 
ruins  of  the  Baltimore  buildings  in  the  burned 
district.  This  investigation  was  conducted  by 
men  independent  of  any  commercial  alliance, 
and  resulted  In  a  report  of  the  conditions  in 
that  city  which  is  essentially  the  same  as  that 
published  some  time  ago  in  The  Engineering 
Record.  The  most  important  statements  of  the 
committee  read  as  follows:  "The  Baltimore 
conflagration  is  directly  chargeable  to  unpro- 
tected flre  openings.  Had  the  stair  and  ele- 
vator openings  in  the  building  where  the  flre 
originated  been  properly  protected,  there  is 
every  reason  to  believe  that  the  flre  department 
would  have  been  able  to  control  the  fire  at  the 
start."  Such  an  unqualified  statement  should 
attract  the  attention  of  those  responsible  for 
the  building  regulations  of  our  cities,  for  if  the 
terrible  loss  in  Baltimore  could  have  been  pre- 
vented by  sound  methods  of  construction,  these 
should  certainly  be  required  at  once  in  all 
buildings  in  all  our  cities.  The  protective 
measures  recommended  by  the  committee  are 
both  simple  and  inexpensive,  and  their  only 
serious  drawback  is  the  limitation  they  place 
on  the  decorative  features  of  a  building.  "All 
floor  opening,"  the  committee  states,  "should 
be  enclosed  in  brick-walled  shafts  crowned  by 
a  thin  glass  skylight  and  extended  through  the  . 
roof,  with  flre  doors  at  the  openings  to  the 
stories."  It  is  considered  quite  as  important  to 
protect  the  floor  openings  in  buildings  of  ordi- 
nary construction  as  in  those  of  the  fire-resist- 
ing type. 

The  fact  that  the  flre-proof  office  building 
as  ordinarily  built  is  not  a  barrier  to  the 
spread  of  a  serious  flre  has  been  pointed  out 
several  times  in  this  journal,  and  the  commit- 
tee lays  considerable  stress  on  the  point. 
"From  a  flre-protection  viewpoint,"  it  states, 
"it  is  essential  that  solid  brick  walls  without 
openings  of  any  kind  should  be  provided  wher- 
ever possible.  Where  windows  or  other  open- 
ings of  any  kind  are  necessary  they  should  be 
few  in  number  and  of  small  area.  They  should 
also  be  provided  with  the  best  known  devices 
for  the  protection  of  such  openings  against  flre. 
This  conflagration  has  again  demonstrated  that 
where  subjected  to  fire  the  most  vulnerable 
parts  in  buildings  of  flre-resistive  construction 
are  the  window  and  wall  openings." 

The  design  of  window  openings  is  dependent 
on  so  many  conditions  that  their  fire  hazard 
cannot  always  be  made  as  preponderating  in  its 
Influence  as  is  desirable.  Prom  the  point  of 
view  of  resistance  to  flre,  all  window  openings 
should  be  single,  in  order  to  avoid  the  use  of 
mullions  and  light  piers  which  are  quickly  de- 
stroyed. The  large  cast-iron  mullions  over  the 
windows  of  some  of  the  Baltimore  buildings 
caused  considerable  trouble  by  their  expansion. 
In  general,  it  may  be  said  that  in  order  to  pro- 
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tact  buildings  against  exterior  fires  and  to  pre- 
vent the  spread  of  fires  from  within,  standard 
flre  shutters  and  doors  and  wired  and  prism 
glaai  in  substantial  metallic  frames  must  be 
proTided.  This  statement  has  been  made  sev- 
eral times  in  The  Engineering  itecord,  and  is 
expressed  by  the  committee  very  distinctly; 
Indeed,  its  report  says  on  this  subject:  "The 
general  absence  of  protection  at  exposed  wall 
openings  is  responsible  for  the  spread  of  this 
(Baltimore)  conflagration  more  than  any  other 
cause.  In  fact,  this  condition  may  be  safely 
stated  to  have  been  the  cause  for  the  spread 
of  this  flre  beyond  the  department  control." 
Such  a  statement  is  particularly  gratifying,  be- 
cause this  Journal  has  held  for  some  time  that 
flre-protection  was  more  defective  to-day 
through  a  lack  of  appreciation  of  its  general 
requirements  than  any  want  of  materials  suit- 
able for  use  in  a  flre-resisUng  building.  Jus^ 
80  long  as  owners  will  Insist  on  buildings  hav- 
ing large  fioor  areas  without  fire  partitions  and 
full  of  inflammable  materials,  stair  and  elevator 
shafts  without  walls,  and  enormous  expanses 
of  window  openings  without  proper  protection 
for  them  or  suitable  materials  in  them,  a  repe- 
tition of  the  Baltimore  fire  may  be  expected  in 
every  large  city.  No  fire  department,  however 
capable,  can  be  expected  to  accomplish  the 
Impoesible,  and  that  is  the  task  which  the 
owners  of  department  stores  apparently  put  on 
our  fire  chiefs. 

It  is  interesting  to  observe  that  the  defects  of 
fire-proofing  which  the  committee  found 'were 
those  that  have  been  repeatedly  criticised  by 
engineers.  Ordinary  red  brick  laid  properly  in 
cement  mortar  proved  to  be  the  best  protection 
for  steel  columns.  Where  tile  proved  defective 
for  column  casings  It  was  because  of  its  thin- 
ness and  the  inferior  manner  in  which  it  was 
put  In  place.  It  is  not  Just  to  charge  this  latter 
condition  against  the  material,  although  most 
builders  will  probably  agree  that  the  mortar 
and  the  workmanship  used  in  tile  construction 
are  often  inferior  to  those  with  brick  masonry. 
The  practice  of  carrying  pipes  close  to  columns 
Inevitably  leads  to  some  mutilation  of  the  pro- 
tective covering,  and  advantage  is.  too  often 
taken  of  the  readiness  with  which  tile  can  be 
chipped  to  fit  about  a  pipe.  Tile  floor  arches 
were  found  to  be  affected  more  from  their  thin- 
ness than  any  other  cause.  The  committee 
makes  the  same  criticism  of  defective  flange 
protection  which  has  been  offered  many  times 
before.  "The  failure  of  this  protection,"  It 
■tates,  "was  due  to  a  variety  of  causes,  the  most 
apparent  being  the  failure  of  the  sheet-metal 
clips  used  to  hold  the  flange  tile,  the  dropping 
of  tile  which  was  held  only  by  mortar,  the 
breaking  off  of  the  skewbacks  with  the  lower 
web  of  the  tile  arches,  and  the  breaking  off  of 
the  shoe  tile  at  a  point  opposite  the  edges  of 
the  flanges."  These  defects  relate,  however,  to 
the  value  of  the  tile  as  a  protection  of  metal. 
As  a  floor  material  the  committee  expresses  the 
opinion  of  most  observers  in  stating  that  It 
resisted  the  severe  heat  when  loaded,  and  the 
breaking  off  of  large  areas  of  its  lower  webs 
was  its  most  serious  defect..  This  is  a  matter 
which  the  makers  can  doubtless  correct,  al- 
though it  is  beyond  their  power  to  prevent  the 
wanton  destruction  of  this  web  over  large  areas 
by  workmen  engaged  in  placing  the  Interior 
finish.  In  fact,  the  flre  shows  pretty  conclu- 
sively that  tile  Is  an  admirable  material,  but  is 
too  often  misused  by  those  who  put  It  in  place. 
It  Is  equally  true  that  the  forms  in  which  it  is 
made  are  open  to  Improvement 

So  much  has  been  said  about  the  resistance 
of  concrete  In  these  buildings,  that  the  exact  . 
words  of  the  committee's  report  are  of  interest; 
they  read:     "Concrete  floor  arch  construction 


was  used  in  only  a  few  buildings  that  were  ex- 
posed to  this  conflagration,  the  highest  being 
only  four  stories.  As  far  as  here  tested  the  con- 
crete seems  to  have  stood  up  well." 

One  feature  of  the  committee's  report  which 
is  of  particular  Interest  to  designers  of  struc- 
tural steel  relates  to  the  deflection  of  columns 
In  some  of  the  buildings.  Those  columns  which 
had  equal  transverse  stiffness  in  every  direction 
merely  settled  vertically  downward.  In  the 
Calvert  Building,  where  box  sections  were  used, 
two  posts  were  affected,  each  of  which  buckled 
uniformly  on  all  sides.  In  contrast  with  this 
may  be  mentioned  a  column  in  the  Maryland 
Trust  Building,  made  of  two  channels.  This 
bent  into  the  form  of  the  letter  S. 

Attention  is  called  particularly  to  these  fea- 
tures of  .construction  and  to  the  committee's 
comments  on  them  because  their  Improvement 
is  a  matter  largely  in  the  hands  of  architectural 
engineers  and  contractors.  The  really  vital  as- 
pects of  flre-pi"otective  construction,  relating  to 
the  design  of  the  buildings,  are  up  to  the  own- 
ers. Their  professional  advisers  cannot  often 
compel  them  to  adopt  the  safest  construction, 
even  when  the  fire  Insurance  underwriters  try 
to  influence  them  along  the  right  way  by  the 
coercive  stimulus  of  well-arranged  rates.  Good 
steel,  tile  and  concrete  construction  can  be  se- 
cured by  anyone  willing  to  pay  tor  it,  but  not 
at  the  price  of  cheap  materials  and  workman- 
ship, such  as  too  often  are  deemed  all  that  are 
necessary.  Costly  decoration  will  not  make  a 
structure  fire-proof,  which  is  one  of  the  most 
important  lessons  to  be  drawn  by  owners  from 
recent  fires. 


Curved  Masonry  Dams. 

The  design  of  masonry  dams  has  been  brought 
to  a  satisfactory  degree  of  excellence  if  the  cen- 
ter line  of  the  structure  is  assumed  to  be 
straight.  Most  of  the  high  masonry  dams  of  the 
world,  like  the  new  Croton,  are  straight  and  the 
analysis  of  stress  conditions  in  them  involves 
no  special  dlfiBculties  under  the  assumptions 
ordinarily  made,  which  are  at  least  sufficiently 
exact  for  most  practical  purposes.  These  as- 
sumptions may  be  questioned  in  some  respects, 
as,  for  instance,  the  condition  of  uniformly 
varying  stress  in  any  horizontal  section  of  the 
dam  or  the  effect  of  partial  submersion  of  the 
lower  part  of  the  structure,  yet  the  variations 
from  extreme  accuracy  due  to  such  doubtful 
features  cannot  be  serious.  Nor  again  does  the 
varying  temperature  from  one  portion  of  the 
year  to  another  materially  affect  the  problem  of 
design,  although  fine  cracks  may  occasionally 
result  from  this  cause.  If  the  selection  and 
treatment  of  the  materials  used  be  such  as 
conform  to  the  requirements  of  the  best  en- 
gineering practice,  no  sensibly  disturbing  ef- 
fects need  be  apprehended. 

If,  on  the  other  band,  the  dam  be  curved, 
stress  conditions  vastly  more  complicated  than 
those  found  in  the  straight  dam  at  once  ensue. 
As  in  every  other  case  of  complicated  engineer- 
ing conditions,  there  are  always  approximate 
methods  available  which,  while  they  are  not  of 
a  character  to  meet  the  requirements  of  exact 
analysis,  may  be  employed  to  demonstrate  con- 
clusively the  safety  of  the  design.  It  is  obvious 
that  if  a  high  masonry  dam  be  curved  while  its 
cross-section  is  designed  on  a  purely  gravity 
basis,  it  will  certainly  be  safe — that  is,  the 
curvature  may  reasonably  be  expected  to  aid  its 
stability  at  least  slightly.  Again,  If  it  is  sharply 
curved  like  the  Sweetwater  dam  In  California, 
and  if  computations  show  that  it  is  safely  capa- 
ble as  a  horizontal  arch  to  carry  the  water  pres- 
sure against  It  without  regard  to  any  gravity 
considerations,  its  weight  will  increase  Its  mar- 


gin of  safety,  at  least  to  a  small  extent.  It,  how- 
ever, an  attempt  te  made  to  design  such  a 
curved  structure,  the  simple  circle  being  as- 
sumed for  the  horizontal  curvature,  as  is  usually 
the  case  in  curved  dams,  the  analytic  work  in- 
volved if  based  upon  a  combination  of  the  ef- 
fects of  gravity  and  curvature,  will  be  found 
to  be  exceedingly  complicated;  indeed,  the  ac- 
curate treatment  of  the  case  has  not  yet  been 
written. 

Probably  the  nearest  approach  to  a  close  ra- 
tional treatment  of  a  high  curved  masonry  dam 
is  that  given  by  Mr.  S.  H.  Woodard  in  Part  II 
of  the  paper  on  the  Lake  Cheesman  dam,  in  the 
"Proceedings"  of  the  American  Society  of  Civil 
Engineers  for  March  of  the  current  year.  The 
total  length  of  this  masonry  dam  is  about  700 
feet,  and  its  maximum  height  for  a  short  dis- 
tance only  is  about  230  feet.  The  horizontal 
curvature  of  Its  upstream  face  has  a  radius  of 
400  feet.  The  rocky  gorge  in  which  the  dam 
is  located  is  admirably  adapted  to  a  curved 
structure.  The  peculiarity  of  this  dam  lies  in  the 
fact  that  it  possesses  a  cross-section  giving  ample 
stability  when  its  weight  alone  is  considered. 
On  the  other  hand  its  curvature  is  sufficiently 
sharp  to  give  it  complete  stability  without  re- 
gard to  its  weight,  the  rigidity  of  its  natural  rock 
abutments  affording  it  abundant  support.  In  his 
paper,  Mr.  Woodard  undertakes  to  investigate 
the  conditions  of  stress  on  a  basis  of  the  com- 
bined influence  of  gravity  and  curvature  and  as- 
certains with  a  fair  degree  of  approximation 
the  amount  of  resistance  offered  by  the  horizon- 
tal arch  and  by  gravity.  He  reasons  properly 
that  the  relative  values  of  the  two  parts  of  the 
total  resistance  will  depend  upon  the  effects 
produced  by  the  yielding  of  the  masonry.  The 
actual  vertical  transverse  section  of  the  dam 
may  represent  a  vertical  cantilever  beam  loaded 
horizontally,  with  the  water  pressure  increasing 
from  an  intensity  of  zero  at  the  top  of  the  dam 
to  a  maximum  value  at  the  bottom.  The  load- 
ing carried  on  the  arch  will  produce  a  deflection 
equal  to  that  produced  on  the  cantilever  beam 
by  the  loading  which  it  carries.  Starting  witli 
this  fundamental  condition  and  simplifying  his 
analysis  by  assumptions  which  do  not  greatly 
detract  from  its  accuracy,  Mr.  Woodard  finds, 
as  might  be  anticipated  that  the  curvature 
largely  reinforces  the  top  or  thinner  part  of  the 
dam  but  adds  little  to  the  stability  of  the  lower 
part.  The  reinforcement  is  thus  seen  to  be  the 
greatest  where  it  is  most  needed. 

This  treatment  of  so  complicated  an  engineer- 
ing problem  is  interesting  and  valuable,  but  it 
falls  short  of  meeting  all  the  requirements  of 
the  case.  It  leaves  without  complete  answer,  in- 
quiries which  may  be  legitimately  made  as  to 
the  stress  conditions  in  thin  curved  dams  like 
the  Sweetwater  structure  In  California  and  the 
Rio  Grande  dam  in  the  Panama  canal  zone, 
built  by  Mr.  Bunau  Varilla  fifteen  or  more  years 
ago.  Essentially,  Mr.  Woodard  treats  his  hori- 
zontal arches  as  if  made  of  elastic  blocks  of 
stone  and  as  if  the  ends  were  hinged.  For  his 
purpose  that  may  be  sufficient,  indeed,  it  prob- 
ably is  sufficient.  In  the  broad  problem,  how- 
ever, the  horizontal  arch  should  be  treated  as  an 
elastfc  arched  rib,  subject  to  bending  as  well  as 
to  the  direct  arch  thrust.  These  curved  ma- 
sonry dams  are  practically  monoliths  possessing 
some  capacity  of  resistance  to  bending.  It  is 
only  rational,  therefore,  that  such  capacity 
should  be  recognized  in  the  analytic  treatment 
of  them.  In  consequence  of  the  low  coefficient 
of  elasticity  of  even  the  best  masonry,  it  is  not 
probable  that  the  bending  stresses  In  an  elastic 
masonry  rib  will  be  of  sufficient  magnitude  to 
be  serious,  but  the  problem  cannot  be  consid- 
ered satisfactorily  treated  until  they  are  recog- 
nized.    Similarly,   stresses  in  the  masonry  of 
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curved  dams  due  to  variations  of  temperature 
or  to  deformations  from  any  other  cause  must 
also  be  treated  from  the  same  point  of  view 
of  the  elastic  arched  rib,  or  at  any  rate  they 
may  be  so  treated.  All  this  sounds  like  carry- 
ing stress  analysis  to  a  degree  of  unnecessary 
refinement,  but  in  view  of  the  many  advances 
in  modern  engineering  science,  it  is  a  little  rash 
to  hold  such  a  view  too  stiffly.  The  theory  of 
the  arched  rib  properly  handled  may  be  con- 
sidered almost  or  quite  simple,  and  a  ready 
method  of  combining  it  with  the  gravity  treat- 
ment of  a  dam  is  by  no  means  Impossible. 


Regarding  Rake-Offs. 

A  few  weeks  ago  a  well-known  manufacturer 
was  asked  why  his  excellent  products  were  not 
used  in  a  certain  class  of  structures  for  which 
their  fitness  is  generally  recognized.  In  reply 
be  stated  that  the  expense  of  introducing  them 
for  tha\  particular  object  was  so  great  that  it 
was  unprofitable  to  put  any  serious  work  by  the 
selling  department  on  it.  Recently  an  explana- 
tion of  this  statement  has  come  to  hand.  The 
plans  and  specifications  for  a  work  of  this  na- 
ture were  found  to  require  all  bidders  to  tender 
on  a  certain  malve  of  the  products  in  question. 
One  prospective  bidder  requested  permission  to 
employ,  under  guaranty  as  to  quality,  a  differ- 
ent make  of  such  materials,  but  this  was  re- 
fused. On  Inquiry  as  to  the  reason  for  the 
refusal,  he  was  told  that  the  parties  preparing 
the  plans  and  specifications  had  learned  by  ex- 
perience and  careful  investigation  that  the  ma- 
terials called  for  would  answer  the  purpose, 
which  every  one  knows  they  certainly  would. 
To  secure  equally  definite  information  concern- 
ing any  other  make,  the  designers  claimed  that 
they  would  be  compelled  to  make  more  inves- 
tigations, requiring  considerable  time  and 
money.  They  saw  no  reason  for  doing  this  so 
long  as  they  had  satisfactory  knowledge  of  good 
materials  of  reasonable  cost.  If  any  maker  of 
rival  materials  cared  to  pay  them  a  proper  fee, 
It  was  stated,  they  would  investigate  the  prod- 
ucts and,  if  suitable,  admit  them  to  their  speci- 
fications. 

To  the  average  manufacturer,  such  a  state- 
ment seems  only  a  request  for  a  commission. 
In  this  particular  case  the  designers  of  the 
works  are  men  above  suspicion,  and  The  En- 
gineering Record  is  confident  they  took  the 
view  stated,  which  may  have  been  distorted  in 
repetition  from  person  to  person,  in  order  to 
protect  themselves  from  sales  agents  and  their 
clients  from  poor  materials.  It  goes  without 
saying,  however,  that  unscrupulous  men  could 
use  such  arguments  as  a  club  to  pound  out 
commissions,  and  there  is  unfortunately  some 
reason  for  believing  that  this  is  actually  done. 
Consequently,  the  reputable  designers  suffer  for 
the  practice  of  the  disreputable.  The  remedy 
lies  in  the  investigation  of  new  materials  as  a 
part  of  the  regular  work  of  a  designing  office, 
the  cost  being  charged  to  office  expenses,  like 
rent  and  similar  items. 

These  facts  are  mentioned  as  indicating  the 
top  limit  of  the  rake-off  subject,  where  the  line 
between  conservatism  and  commissions  cannot 
be  readily  drawn.  As  a  good  example  of  the 
lowest  limit,  attention  Is  drawn  to  a  decision 
of  the  Supreme  Court  of  Illinois,  printed  in 
70  N.  E.  Rep.,  page  906.  According  to  this  de- 
cision, a  contract  was  made  in  1895  between  the 
Universal  Gas  Company  of  Chicago,  party  of 
the  first  part,  and  Andrew  E.  Smythe,  party  of 
the  second  part,  to  construct  a  gas  plant  for 
11,177,000.  The  contract  states  that  the  plant 
Is  "to  be  built  and  constructed  under  the  super- 
vision of  C.  H.  Evans,  engineer,  and,  in  case  of 
his  death,   removal   or   disability,   then   under 


such  other  engineer  as  may  be  designated  by 
said  party  of  the  first  part,  which  said  engineer 
shall  pass  upon  the  sufliciency  of  the  work  done 
under  said  contract,  the  workmanship  and  ma- 
terial to  be  first-class  In  all  respects  and  the 
work  to  be  done  to  the  satisfaction  and  accept- 
ance of  the  engineer  in  charge."  Testimony 
was  given  proving  that  Evans  acted  as  chief 
engineer  of  the  gas  company  during  the  prep- 
aration of  the  plans,  which  tends  to  show  that 
he  was  also  in  charge  for  the  company  during 
construction,  as  claimed. 

Three  years  ago  he  filed  a  claim  for  $125,000 
against  the  estate  of  Smythe,  who  died  after 
the  completion  of  the  works  in  1897.  He 
claimed  that  he  was  to  have  half  the  profits  of 
Smythe  in  the  contract  for  building  the  works, 
and  that  the  latter  paid  him  $30,000  on  account 
before  his  death,  both  statements  being  unsup- 
ported by  competent  testimony.  The  estate  re- 
sisted this  claim  not  only  on  the  ground  that 
no  such  agreement  existed,  but  also  because  it 
would  have  been  contrary  to  public  policy  had 
it  been  made.  The  court  rules  very  strongly 
and  definitely  on  this  subject  in  the  following 
words:  "One  man  cannot  serve  two  masters  with 
reference  to  any  matter  where  their  interests 
are  adverse,  and  it  matters  not  whether  one  of 
those  masters  be  a  corporation,  whether  the  ser- 
vant be  a  director  or  agent.  ...  If  he 
[Evans]  was  also  in  the  employ  of  Smythe,  the 
contractor,  and  entitled  to  receive  from  Smythe 
one-half  of  the  profits  realized  by  the  latter 
from  the  contract,  then  he  was  in  a  position 
where  absolute  loyalty  to  the  interests  of  his 
employer,  the  Universal  Gas  Company,  would 
bring  him  in  confiict  with  his  own  interests  as 
an  employe  of  Smythe,  because  in  the  latter 
capacity  it  would  advance  his  own  interests  to 
accept,  as  a  compliance  with  the  contract,  work- 
manship and  material  of  a  cheaper  grade  than 
first-class,  for  the  reason  that  Smythe's  profits, 
and  consequently  his  own  compensation,  would 
thereby  be  increased." 

On  the  face  of  the  testimony  this  suit  is  one 
of  the  worst  ever  rejected  as  contrary  to  public 
policy,  but  it  has  certain  mitigating  features 
which  may  be  brought  out  in  another  trial.  In 
the  first  place,  Smythe  was  apparently  without 
experience  in  gas-works  construction,  and  may 
have  desired  Evans'  help  on  grounds  as  justifi- 
able commercially  as  they  would  be  unjustifi- 
able professionally.  If  the  Universal  Gas  Com- 
pany was  aware  of  and  consented  to  the  agree- 
ment between  its  engineer  and  its  contractor, 
then  the  matter  was  simply  a  case  of  unbusi- 
nesslike management  by  the  company,  which 
left  it  at  the  mercy  of  two  men.  But  to  prove 
this  acquiescence  in  such  an  arrangement, 
Evans  must  introduce  preponderating  testi- 
mony "that  the  Universal  Gas  Company,  acting 
through  or  by  the  authority  of  its  board  of 
directors,  expressly  agreed  that  he  should  enter 
into  the  contract  with  Smythe,  or  that,  after 
the  contract  with  Smythe  had  been  made,  the 
gas  company  was  made  aware  of  all  the  mate- 
rial facts,  and  then,  through  or  by  the  authority 
of  its  board  of  directors,  acquiesced  and  ex- 
pressly ratified  the  action  of  its  agent,  Evans, 
in  entering  into  that  agreement."  The  mere 
knowledge  by  the  company  of  such  an  agree- 
ment is  not  enough. 

Attention  is  called  particularly  to  this  case 
because  it  shows  the  danger  to  an  engineer's 
reputation  which  such  a  serious  deviation  from 
regular  professional  procedure  Involves.  It 
seems  unlikely  that  such  a  suit  would  be 
brought  unless  the  gas  company  had  consented 
to  the  agreement  of  Evans  and  Smythe,  for, 
without  such  consent,  the  agreement  is  mani- 
festly no  more  binding  in  law  than  a  gambling 
debt,  being  directly  contrary  to  public  policy. 


The  retrial  of  the  case,  to  determine  the  atti- 
tude of  the  gas  company,  will  be  of  much  In- 
terest, for  it  rarely  happens  that  an  engineer 
or  architect  seeks  the  assistance  of  the  court  In 
obtaining  commissions.  The  Importance  of  the 
judicial  opinion  just  rendered  lies  in  its  state- 
ment of  the  conditions  under  which  an  engineer 
is  legally  entitled  to  a  commission.  Profes- 
sionally, he  is  never  justified  in  accepting  one. 


Notes  and  Comments. 


Rock  Dkillino  Teste  made  in  South  Africa 
by  Messrs.  J.  B.  Carper,  E.  Goffe  and  W.  C. 
Docharty,  are  described  in  a  paper  by  them  be- 
fore the  Mechanical  Engineers'  Association  of 
the  Witwatersrand.  The  tests  were  made  by 
drilling  holes  in  a  2-foot  granite  slab,  and  a 
Rand  drill  proved  most  economical  in  air-con- 
sumption of  the  many  tested. 


The  Telephone  Tunnels  in  Chicago  between 
the  La  Salle  Street  and  Union  Passenger  sta- 
tions are  to  be  used  in  transferring  mail  mat- 
ter, according  to  an  agreement  recently  made 
between  the  Post  Office  Department  and  the  Il- 
linois Tunnel  Company.  This  experiment  will 
be  made  to  determine  the  practicability  of  the 
system,  for  it  will  involve  handling  the  mails 
between  the  special  trains  of  the  Lake  Shore 
and  Burlington  roads.  These  mails  must  be 
transferred  without  any  delay,  and  will  prove 
a  searching  test  of  the  system. 


The  Kjinsas  City  Floods  of  last  year  are  now 
being  repeated,  just  as  was  predicted  by  the 
board  of  army  engineer  officers  last  winter.  A 
number  of  temporary  pile  bridges  across  the 
Kaw  River  have  been  washed  out  and  more  or 
less  damage  done  to  other  interests.  According 
to  the  eminent  members  of  the  Corps  of  Engi- 
neers who  investigated  the  present  conditions 
at  Kansas  City,  this  damage  by  flood  may  be 
expected  every  year,  until  the  river  channel  is 
restored  to  its  original  unrestricted  condition 
or  an  equivalent.  Some  floods  are  due  to  un- 
precedented causes  which  cannot  be  foreseen, 
but  the  troubles  at  this  place  manifestly  arise 
in  a  large  measure  from  a  failure  to  obey  the 
elementary  laws  of  nature,  which  have  never 
yet  been  relaxed  for  the  convenience  of  rail- 
ways or  municipalities. 


The  Lowebing  op  the  Chicago  Tunnels  was 
recently  the  subject  of  a  hearing  before  Col.  O. 
H.  Ernst,  Corps  of  Engineers,  U.  S.  A.  While 
the  city  owned  two  of  the  tunnels,  it  claimed 
that  the  Union  Traction  Company,  which  used 
them,  should  bear  the  expense  of  the  work,  al- 
though the  city  asserted  the  right  to  do  the 
work  itself  or  have  it  done  by  methods  which 
it  approves.  The  company  maintained  that  the 
city  should  bear  the  cost  of  the  work  on  the 
two  tunnels  it  owned,  while,  in  the  case  of  the 
third,  the  company  claimed  riparian  ownership 
and  consequent  exemption  from  assessment  of 
the  cost  of  lowering  the  tunnel.  When  it  was 
built  it  was  2  feet  below  the  river  bed  and  con- 
sequently caused  no  inconvience,  and  if  it  is 
lowered  the  company  claimed  it  should  not  be 
held  responsible  for  the  expense  of  the  work. 
Other  witnesses  asked  to  have  the  ends  of  the 
approaches  closed  by  cofferdams  and  the  tun- 
nels removed  at  once,  in  order  to  improve  the 
navigation  of  the  river,  and  the  Chicago  drain- 
age board  offered  to  pay  the  expense  of  the 
bulkheads  if  this  was  done.  Other  aspects  of 
the  work  were  discussed  by  those  present  at 
the  hearing,  and  finaHy  Messrs.  Isham  Ran- 
dolph, S.  G.  Artingstall  and  George  W.  Jackson 
were  asked  to  prepare  plans  independently  for 
the  work. 
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The  Water  Supply  System  of  St.  Louis. 

B7  W.    E.  Kolf«,   Engiorvr  In  CbarK«  u(  lUiitrlbullon. 


The  present  water  supply  system  of  the  city 
of  St.  Louis  is  the  result  of  development.  The 
growth  of  the  city  has  necessitated  steady  and 
rapid  improvement  and  extension  of  the  water 
works.  Owing  to  the  able  management  of  a 
line  of  capable  water  commissioners,  St.  Louis 
to-day  stands  among  the  foremost  of  properly 
equipped  American  cities.  Her  pumps  are  the 
best,  her  supply  of  the  purest,  and  her  dis- 
tributing facilities  unequaled. 

Hi4toricai. — The  first  step  toward  the  estab- 
lishment of  a  water  works  system  wus  taken  In 
1829.  At  that  time  a  twenty-five-year  contract 
was  let  for  furnishing  "clarified"  water,  the 
approximate  supply  being  for  "about  one  hun- 
dred taps,  twelve  fire  plugs  and  a  fountain  in 
Mr.  Ashley's  yard."  Through  various  vicissi- 
tudes, owing  to  non-fulfillment  of  this  contract, 
the  city  arrived  at  the  point  of  borrowing 
125,000  in  1831  with  which  to  complete  the 
plant.  Later,  in  1835,  the  city  became  sole 
owner  of  her  water  works,  the  cost  to  that  date 
being  $54,000.  The  establishment  of  a  succes- 
sion of  pumping  stations  and  reservoirs  of  in- 


The  ordinance  under  which  the  recent  large 
extensions  have  been  made  was  passeel  in  1887. 
This  act  provided  for  the  establishment  of  a 
low-service  station  at  the  Chain  of  Rocks  with 
a  capacity  of  100,000,000  gallons  per  day.  Later, 
in  1893.  the  Baden  high-service  station  was  au- 
thorized, this  having  become  necessary  in  fur- 
nishing an  adequate  supply  for  the  higher  por- 
tions of  the  city,  then  out  of  reach  of  the  exist- 
ing high-service  stations  at  Bissell's  Point.  The 
work  authorized  by  these  ordinances  is  now 
complete,  and  further  improvements  and  exten- 
sions are  now  under  construction. 

General  Outline  of  the  System. — The  general 
plan  of  the  system  Is  shown  on  the  accompany- 
ing map  of  the  city,  and  the  views,  reproduced 
from  photographs  by  Mr.  A.  Z.  Howe,  of  the 
water  department,  show  the  important  struct- 
ures. The  water  is  taken  from  the  river  and 
clarified  at  the  Chain  of  Rocks,  the  extreme 
northern  end  of  the  city  limits.  This  point  is 
7  miles  below  the  junction  of  the  Mississippi 
and  Missouri  rivers.  The  current  of  the  latter 
stream  is  well  defined  for  several  miles  below 
the  junction,  and  the  water  received  into  the 
city  is  in  large  proportion  from  this  source. 

From  the  Chain  of    Rocks   the    water  flows 


from  the  river  at  the  Chain  of  Rocks  through 
an  inlet  tower  communicating,  by  means  of  a 
down-take  shaft,  tunnel  and  up-take  shaft,  with 
the  screen  chamber  and  wet  well  of  the  pumpa 
The  tower  is  of  massive  masonry  construction 
with  4x6-foot  inlet  gates  at  different  levels.  The 
foundation  of  the  tower  extends  to  the  bed  rock 
of  the  river  channel,  the  tunnel  being  bores' 
through  solid  rock  and  lined  with  brick.  The 
total  length  of  the  tunnel  is  2,200  feet,  and  the 
diameter  7  feet.  It  is  In  two  sections,  the  in- 
take tunnel,  1,550  feet  in  length  and  the  in- 
shore tunnel  650  feet  In  length,  the  latter  sec- 
tion being  elevated  30  feet  above  the  former, 
communicating  through  an  up-take  shaft.  From 
the  wet  well  at  the  Inshore  end  of  the  tunnel 
the  water  is  raised  through  a  height  of  70  feet 
to  a  delivery  well  connecting  with  the  filling 
conduit,  from  which  it  is  discharged  into  the 
settling  basins. 

The  equipment  of  the  pumping  station  con- 
sists of  two  Worthington  compound  duplex  and 
four  Allis  compound  pumps,  arranged  in  pairs. 
The  Worthington  pumps  are  of  20,000,000  gal- 
lons capacity  each,  and  the  Allis  of  30,000,000 
each.  The  total  pumping  capacity  of  the  station 
is   160,000.000  gallons  per  day,  the  maximum  3a- 


St.  Louis  Water  Works:       Bissell's  Point  Fuinijiny  ^idtioii  Suppiyiiiy    the  Low-Level   District  of  the  High  Service. 


creasing  size  followed  this  acquisition  until,  in 
1863,  the  "new  works"  were  authorized  by  the 
State  legislature,  and  a  board  of  water  commis- 
sioners was  established. 

The  plan  proposed,  provided  for  taking  water 
from  the  Mississippi  River  at  the  Chain  of 
Rocks.  This  was  rejected  by  the  city  council 
and  a  newly-appointed  board  of  water  commis- 
sioners, after  considerable  planning,  fixed  the 
location  of  the  plant  at  Bissell's  Point.  A 
$3,000,000  bond  issue  provided  the  funds,  and 
the  works  were  started  in  1867  and  finished  in 
1872.  The  water  works  at  this  time  consisted 
of  a  low-service  station,  four  settling  basins 
and  a  high-service  station  with  a  connecting 
storage  reservoir  at  Compton  Hill.  The  total 
capacity  of  the  works  was  32,000,000  gallons  per 
day. 

The  dty  adopted  a  new  charter  In  1876,  the 
board  of  water  commissioners  being  replaced 
by  a  single  commissioner.  Additions  to  the  ex- 
isting system,  including  a  second  high-service 
station  and  extensive  additions  to  the  distribut- 
ing system,  were  begun  in  1881  and  continued 
nntil  1894,  the  capacity  of  the  entire  system  at 
that  time  being  between  60,000,000  and  65,000,- 
000  gallons  per  day. 


through  a  conduit  to  the  high-service  pumping 
plants  at  Baden  and  Bissell's  Point.  The  first 
mentioned  station  supplies  the  higher  portions 
of  the  city,  and  the  Bissell's  Point  plant  the 
lower.  The  necessity  for  a  double  system  of 
high-service  pumps  is  due  to  the  great  differ- 
ences of  elevation,  the  city  being  built  on  a  se- 
ries of  terraces,  rising  westwardly  to  a  height 
of  200  feet  above  the  river. 

The  distribution  system  is  shown  In  skeleton 
outline.  The  pressure  in  the  Baden  or  high- 
level  district  is  regulated  by  an  overflow  stand- 
pipe  located  on  Compton  hill,  one  of  the  highest 
points  in  the  city.  The  low-level  district  is 
supplied  with  two  standplpes  located  near  the 
pumps,  serving  only  as  pressure  regulators,  and 
a  storage  reservoir  of  60,000,000  gallons  ca- 
pacity, also  located  on  Compton  hill.  In  ad- 
dition to  its  function  as  a  storage  basin  for  the 
low-level  district,  this  reservoir  receives  the 
surplus  water  from  the  high-level  standplpe. 
In  times  of  excessive  draft  on  the  low-level  dis- 
trict, the  supply  is  increased  by  means  of  extra 
pumping  over  this  overflow,  the  pumps  being 
operated  more  economically  at  Baden  than  at 
Bissell's  Point 

The  Low  Service  Station. — The  water  is  taken 


pacity  for  continuous  operation  being  100,000,- 
000  gallons.  The  boiler  equipment  consists  of 
three  batteries  of  two  water-tube  boilers  each, 
working  under  a  pressure  of  125  pounds,  the 
total  horse-power  being  1,800.  The  station  has 
a  coal  storage  capacity  of  45,000  bushels. 

The  Settling  Basins  and  Conduit. — The  set- 
tling basins  are  six  in  number,  each  400x740 
feet,  of  30,000,000  gallons  capacity.  The  method 
of  operating  the  basins,  until  the  recent  intro- 
duction of  a  scheme  of  coagulation,  consisted  in 
an  alternate  fill  and  draw  plan,  in  such  order 
as  to  permit  of  a  simple  settlement  of  24  hours. 
At  the  end  of  the  time  specified  the  water  was 
drawn  off  through  the  drawing  conduit.  This 
plan  was  effective  in  accomplishing  the  removal 
of  the  greater  part  of  the  heavy  matter  in  the 
water,  but  the  product  was  far  from  clear.  A 
peculiarity  of  Mississippi  water  Is  the  posses- 
sion of  a  certain  amount  of  finely  divided  mat- 
ter held  In  suspension,  which  plain  settling 
will  not  remove  in  any  length  of  time. 

Various  remedial  measures  have  been  sug- 
gested from  time  to  time  for  doing  away  with 
this  condition,  and  the  plan  finally  adopted  was 
that  of  coagulation  and  sedimentation,  with 
sulphate  of  iron  and   lime  as  a  medium.    The 
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various  systems  of  coagulation  in  general  use 
received  scant  consideration  previously  to  the 
Inauguration  of  the  present  municipal  adminis- 
tration. Filtration  schemes  in  plenty  were  sug- 
gested, but  were  found  to  be  undesirable  and 
Impracticable  on  account  of  the  entailed  ex- 
pense of  installation  and  operation. 

During  the  past  year  extensive  changes  and 
improvements  have  been  made  in  the  settling 
basins   with    a   view    to    the    proper    operation 
of  the  system.     The  separating  walls,  formerly 
on  the  same  level,  have  been  so  altered  as  to 
permit  of  a  slight  drop   from  basin  to   basin, 
throughout  the  series.     The  top  surfaces  of  the 
walls  have  a  slight  fall  with  double   rows  of 
brick  set  on  end  to  break  up  the  moving  sheet 
of  water  and  so  aid  in  mixing  and  aerating  It. 
The   basins   are   arranged   In   three   pairs,   the 
separating      walls      be-      ^^______^_ 

tween  basins  being  8 
feet  thick  and  the  sepa- 
ration between  pairs 
being  40  feet.  The  slop- 
ing tops  afford  a  drop 
of  6  Inches  over  the  8- 
foot  walls  and  of  12 
Inches  over  the  40-foot 
spaces.  A  receiving 
and  stilling  chamber 
communicating  with 
the  discharge  chamber 
of  the  pumps  extends 
nearly  the  full  length 
of  the  first  basin  of  the 
series,  a  distance  of  610 
feet.  From  this  cham- 
ber the  water  flows  in 
an  even,  thin  sheet  into 
the  basin. 

The  sulphate  of  iron 
is  introduced  into  the 
water  in  the  up-take 
shaft  of  the  tunnel. 
After  passage  through 
the  pumps  the  lime  is 
added  in  the  discharge 
well,  the  proportions  of 
both  constituents  being 
altered  as  required  by 
the  chemical  conditions 
of  the  water.  The  ap- 
parent crudeness  of 
these  arrangements  is 
due  to  the  hurried  in- 
stallation of  the  system 
in  advance  of  the  open- 
ing of  the  World's  Pair. 
More  convenient  and 
elaborate  mixing  facili- 
ties will  be  installed 
later.  The  desirability 
of  the  points  now  in 
use  as  the  proper  loca- 
tions for  the  introduc- 
tion of  the  coagulant 
has  been  proved  by  ex- 
periment. Future  investigation  may  develop 
more  accurate  knowledge  on  this,  point. 

The  method  of  introduction  of  the  lime  dif- 
fers from  the  plan  usually  pursued,  in  that  it 
is  Introduced  In  the  form  of  "milk  of  lime" 
(lime  slacked  with  warm  water).  The  ordi- 
nary method  is  to  dissolve  the  lime  and  intro- 
duce the  solution  (lime  water)  into  the  supply. 
This  would  have  necessitated  enormous  storage 
capacity  for  the  lime  water,  which  would  have 
been  impracticable.  No  precedent  exists  for 
the  adoption  of  the  plan  in  use  in  St.  Louis, 
and  its  successful  operation  is  highly  gratify- 
ing. Coagulation  has  been  found  to  be  com- 
plete in  the  first  basin  and  precipitation  prac- 
tically so  in  the  third.  Eighty-five  per  cent,  of 
the  total  precipitation  takes  place  in  the  first 
basin. 


The  great  improvement  in  the  clearness  of 
the  supply  is  decidedly  marked,  even  at  the 
present  comparatively  experimental  stage  of  the 
system's  operation.  It  is  confidently  expected 
that,  with  the  completion  of  the  work,  a  high 
degree  of  clarification  will  be  readily  and  con- 
stantly maintained  at  a  very  small  cost.  The 
present  cost  of  operation  is  about  three  mills 
per  week  per  inhabitant,  basing  the  calculation 
on  an  estimated  population  of  700,000. 

An  important  item  in  the  operation  of  the 
system  is  the  cleaning  of  the  basins  and  the  re- 
moval of  the  heavy  precipitated  matter.  The 
original  method  was  by  means  of  alternate 
emptying  and  removing  of  the  deposit  with 
manual  labor.  This  plan  has  been  partly  su- 
perseded by  an  electrically-operated  suction 
dredge  with  flexible  discharge. 


Two  Stand   Pipes   in   Low-Level    District;   Compton   Hili  Tower,  in  Center 


The  dredge  is  drawn  across  the  basin  by 
winding  a  cable  on  a  drum.  Through  a  nar- 
row suction  opening  10  feet  in  lateral  dimen- 
sion, the  deposit  mixed  with  water,  is  drawn  by 
a  rotary  pump,  the  suction  resting  on  the  bot- 
tom of  the  basin  as  the  dredge  moves  across. 
The  power  for  the  operation  of  the  dredge 
is  furnished  from  the  water  works  electric 
plant.  The  sediment  from  the  bottom  of 
the  basin  has  been  found  to  constitute  about 
40  per  cent,  of  the  discharge.  In  the  completed 
system  it  is  proposed  to  introduce  a  series  of 
by-pass  siphons  as  an  aid  in  the  cleaning  opera- 
tions. By  means  of  these  siphons  any  basin 
may  be  taken  out  of  service  for  cleaning  or  ex- 
amination, the  water  by-passing  temporarily  to 
the  next  succeeding  basin.  The  siphons  are  of 
cast  iron  7  feet  by  3  feet  in  effective  section. 


arranged  in  batteries  of  two,  and  supplied  with 
air-pump  connections  for  producing  flow.  They 
are  now  being  installed. 

The  improved  clarification  of  St.  Louis'  water 
supply  is  of  incalculable  benefit  to  the  city. 
The  purity  of  the  supply  has  never  been  called 
seriously  in  question  and  health  department 
records  show  remarkable  freedom  from  water- 
borne  diseases.  The  supply  has,  however,  long 
enjoyed  a  rather  uncomplimentary  reputation 
on  account  of  its  muddiness.  The  city  bacteri- 
ologist now  reports  the  removal  of  90  per  cent, 
of  the  bacteria  contained  in  the  water  during 
its  heaviest  stages.  One  of  the  most  notable 
and  valuable  results  of  the  clarlflcatlon  Is  the 
greater  adaptability  of  the  water  for  steam- 
boiler  use.  Fully  one-half  of  the  scale-produc- 
ing matter  Is  done  away  with  by  the  process  of 
precipitation,  and  steam 
users  throughout  the 
city  are  much  pleased. 
Proposed  extensions 
of  the  system  of  settling 
basins  include  two  addi- 
tional basins  at  the 
Chain  of  Rocks  to  per- 
mit of  prolonging  the 
time  of  settlement  and 
a  storage  reservoir  at 
Baden.  The  new  set- 
tling basins  are  to  be  of 
equal  capacity  with 
those  now  in  operation, 
and  the  Baden  storage 
will  have  a  capacity  of  . 
25,000,000  gallons. 

From  the  drawing 
conduit  of  the  settling 
basins  the  city's  supply 
is  carried  by  gravity 
flow  to  the  high-service 
stations  at  Baden  and 
Bissell's  Point.  From 
the  Chaiu  of  Rocks  to 
Baden  the  carrying  con- 
duit is  4  miles  in  length 
and  11  feet  in  diameter. 
From  the  Chain  of 
Rocks  to  Bissell's  Point 
the  diameter  is  9  feet 
and  the  length  3.4  miles. 
It  is  of  cement-lined 
brick  construction.  In 
cross-section  it  is  in  the 
form  of  the  upper  half 
of  an  ellipse  with  the 
major  axis  vertical,  the 
lower  half  of  the  curve 
being  replaced  by  a  fiat 
inverted  arch.  Its 
course  parallels  the 
river  bank,  falling  with 
a  uniform  slope  of  one 
In  10,000.  The  total  dis- 
charging capacity  is 
115,000,000  gallons  per 
day  through  the  11-foot  section  and  75,000,000 
gallons  through  the  9-foot  section. 

The  High-Level  Station. — The  equipment  of 
the  Baden  pumping  station  consists  of  six  Allis 
triple-expansion  engines,  two  of  10,000,000  gal- 
lons and  four  of  15,000,000  gallons  capacity,  the 
total  capacity  being  80,000,000  gallons  per 
twenty-four  hours.  The  boiler  plant  contains 
four  batteries  of  two  water-tube  boilers  each, 
with  Hawley  down-draft  furnaces,  the  total 
horse-power  being  2,400.  A  coal  storage  shed  is 
located  at  this  point  with  a  capacity  of  115,000 
bushels  in  addition  to  the  regular  coal  house, 
the  capacity  of  which  Is  20,000  bushels.  This 
station  supplies  approximately  all  points  of  the 
city  having  elevations  between  75  and  200  feet 
abovo  the  city  datum. 

In  addition  to  the  pumping  plant  the  Baden 
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•Ution  contains  the  electric  lisht  and  power 
plant  maintained  by  the  water  works.  From 
this  plant  the  entire  system  of  three  pumping 
■tations  Is  lighted  and  the  suction  dredge  and 
electric  railway  operated.  The  lighting  equip- 
ment of  the  electric  station  consists  of  one  100- 
kilowatt  alternating  current.  l'.150-Tolt,  direst- 
connected  Westinghouse  generator,  carrying  the 
full  lighting  load  of  the  system.  The  lighting 
nacessary  during  the  daytime  is  carried  by  a 
20-kilowatt  1.150-volt  generator  of  the  same 
typ*.  direct-connected  to  a  Pelton  water  wheel. 
Tlie  power  equipment  consists  of  one  100-kilo- 
watt.  550-Tolt  Westinghouse,  and  one  25-kilo- 
watt.  llO-volt  General  Electric  generator,  both 
direct-connected. 

The  electric  railway  is  now  in  operation  be- 
tween Baden  and  the  Chain  of  Rocks,  a  distance 
of  about  4>4  miles.    One  passenger  car  is  oper- 


the  water  works  independent  of  the  uncertain- 
ties of  regular  railway  switching,  and  all  trans- 
I)ortation  will  be  handled  on  water-works  prop- 
erty, by  water-works  equipment.  The  distances 
separating  the  several  stations  make  this  im- 
provement particularly  desirable  from  the 
standpoint  of  economy  and  convenience.  The 
annual  cost  of  operation  of  the  electric  plant 
for  lighting  the  water-works  stations  and  oper- 
ating the  railway  is  practically  $9,000.  The 
same  service,  before  the  installation  of  the 
plant,  cost  J16,500,  of  which  amount  fll.OOO  was 
for  lighting  and  $5,500  for  switching. 

The  Low-Level  Station. — The  Blssell's  Point 
station  Is  the  original  water-works  plant  as 
completed  In  1894,  after  various  additions  had 
been  made  to  its  original  equipment.  There  Is 
located  at  this  point  a  low-service  plant,  origi- 
nally used  to  draw  water  from  the  river,  but 


beam  engines  of  18,000,000  gallons  capacity 
each.  The  boiler  equipment  is  in  two  batteries 
of  eight,  and  one  of  ten,  return  drop-flue  boil- 
ers, the  total  horse-power  being  2,700.  The 
total  pumping  capacity  of  the  Blssell's  Point 
stations  will  be,  on  completion  of  the  remodel- 
ing of  the  old  engine  house,  about  118,000,000 
gallons  per  day.  Coal  storage  at  Blssell's  Point 
aggregates  115,000  bushels. 

A  set  of  four  basins  •  is  located  at  Bissell'a 
Point,  these  being  the  original  clarifying  reser- 
voirs of  the  water  works.  They  are  not  now 
regularly  in  service  as  settling  basins,  but  are 
used  as  storage  reservoirs  to  take  care  of  the 
surplus  water  supplied  from  the  Chain  of  Rocks. 

The  Distrihution  System. — The  distribution 
system  comprises  at  present  730  miles  of  pipe, 
varying  in  size  from  4  inches  to  48  Inches.  Of 
late  years  the  small  pipes  have  been  replaced 


ated  at  present,  five  regular  trips  being  made 
dally  in  transporting  the  employes  of  the  water 
worka,  the  regular  street  railways  of  the  city 
extending  only  to  the  Baden  station.  Addi- 
tional trips  are  made  when  necessary  for  the 
tranaportatlon  of  light  freights  and  for  the 
emergencies  occasionally  arising  In  operation 
of  the  works.  The  roadway  of  the  electric  line 
Is  used  for  the  regular  transiMrtation  and 
■witching  of  coal  and  supplies  to  the  Chain  of 
Rocks,  the  work  being  handled  by  steam  loco- 
motives under  contract  with  the  local  railroads. 
The  purchase  of  a  locomotive  Is  now  pending 
and  it  is  proposed  ultimately  to  handle  this 
work  In  the  water  department. 

The  electric  road  is  now  being  extended  from 
Baden  to  Blssell's  Point.  The  completion  of 
this  addition  to  the  present  equipment,  with 
the  introduction  of  the  locomotive,  will  make 


now  out  of  service.  The  original  high-service 
station,  recently  remodeled,  with  the  second  one 
finished  in  1894,  are  still  in  operation,  their  out- 
put being  distributed  to  points  In  the  city  with 
an  approximate  limit  of  elevation  of  75  feet 
above  the  city  datum. 

The  equipment  of  the  old  station  consisted 
until  recently  of  two  bucket-and-plunger,  con- 
densing beam  engines  of  18,000,000  gallons  ca- 
pacity each,  and  one  of  the  same  type  of  20,000,- 
000  gallons  capacity.  In  the  remodeling  of  the 
station  these  pumps  are  being  replaced  by  three 
20,000,000-gallon  Allis  triple-expansion  pumps, 
two  of  which  are  now  in  operation.  The  boiler 
plant  consists  of  lour  batteries  of  two  water- 
tube  boilers  each,  the  total  horse-power  being 
2,400. 

The  second  station  located  at  Blssell's  Point 
contains  three  bucket-and-plunger,  condensing 


by  larger  sizes  wherever  practicable,  and  no 
pipes  of  a  diameter  less  than  6  inches  are  now 
laid  as  distributing  mains.  The  standard  sizes 
in  use  are  6,  12,  20,  30  and  36-inch,  these  being 
laid  to  the  exclusion  of  the  8,  10  and  15-inch 
sizes  which  were  formerly  used. 

Reference  to  the  accompanying  map  of  the 
system  will  make  clear  Its  general  arrange- 
ment. Between  the  pump  mains  and  connect- 
ing them  20-inch  and  30-lnch  balancing  mains 
are  so  distributed  as  to  provide  for  an  even  bal- 
ance of  pressure.  The  blocks  so  formed  are 
further  subdivided  by  the  6  and  12-inch  dis- 
tributing mains.  Wherever  consumers'  supply 
is  required  on  the  line  of  a  large  main  it  Is 
paralleled  by  a  smaller  pipe,  no  taps  being  per- 
mitted on  pipes  over  20  inches  in  dianioter. 

Great  attention  Is  paid  to  the  placing  of  stop 
valves,  they  being  distributed  throughout  the 
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system  so  as  to  make  sliut-of£s  as  short  as  pos- 
sibrc.  Three  or  four  of  the  larger  valves  are 
used  per  mile  of  pipe,  while  on  the  6  and  12- 
Inch  distributing  mains  they  are  so  located  as 
to  limit  the  length  of  shut-otfs  wherever  pos- 
sible to  three  city  blocks,  or  about  1,000  feet. 
The  total  number  of  stop  valves  in  service  is 
7,668. 

The  distributing  capacity  of  the  syrtem,  as 


The  overground  plug  is  also  used  in  the  thickly 
settled  districts  where  large  fire  supply  may  be 
required,  and  also  on  account  of  its  being  less 
liable  to  be  covered  or  hidden  in  time  of  emer- 
gency. The  underground  plug  is  most  gener- 
ally used  in  the  residence  sections.  The  pres- 
sure furnished  in  the  business  district  is  be- 
tween 45  and  50  pounds;  in  the  residence  sec- 
tion it  ranges  from  25  to  100  pounds. 


Eight-Foot  Overflow  Weir  at    Chain  of  Rocks  Settling  Basins. 


shov/n  by  cross-sections  of  the  supply  mains,  is 
that  of  six  26-inch  and  one  30-inch  main.  The 
pump  pressure  at  Baden,  supplying  two  .36-incli 
and  one  30-inch  mains,  is  125  pounds.  The  Bis- 
sell's  Point  pressure  on  four  36-inch  inains  is  85 
pounds.  The  supply  into  the  business  district 
of  the  city  is  large,  being  equivalent  to  three 
36-inch  mains. 

Fire  protection  throughout  the  system  is 
amply  provided  for.  Fire  plugs  of  St.  Louis  de- 
sign are  freely  distributed.  The  maximum 
separation  in  the  least  improved  sections  is  500 
feet.  In  the  residence  districts  this  distance 
is  about  300  feet,  while  throughout  the  business 
section  plugs  are,  on  an  average,  not  over  100 
feet  apart.  The  number  of  fire  plugs  through- 
out the  entire  system  averages  11.4  per  mile  of 
pipe,  the  total  number  in  service  being  8,334. 
In  the  heart  of  the  business  district,  an  area  of 
1.2  square  miles,  there  are  1,350  plugs. 


pipe  yard.  Extension  of  the  system,  except  in 
case  of  special  need,  is  accomplished  by  con- 
tract, from  two  to  five  lettings  being  made  each 
year  by  the  board  of  public  improvements.  As 
much  as  42  miles  of  pipe  have  been  added  to 
the  system  In  a  year  by  this  means. 

In  addition  to  the  street  service,  the  distribu- 
tion department  embraces  the  tap  and  meter 
and  inspection  departments.  The  functions  of 
these  divisions  are  suggested  by  their  names. 
The  city  has  the  sole  right  to  tap  all  mains,  the 
pipe  from  main  to  building  being  the  prop- 
erty of  the  owner  of  the  premises.  Rigid  in- 
spection of  fixtures  and  connections  is  constant- 
ly in  progress,  and  repairs  are  required  on  the 
part  of  property  owners  Immediately  on  re- 
ceipt of  notice.  ' 

The  total  number  of  taps  in  service  is  74,550. 
These  connections  are  made  through  corpora- 
tion cocks.  Large  connections  for  general  and 
fire  supply  are  made  by  the  Smith  patent  saddle 
valve.  These  connections  number  1,374,  and 
range  in  size  from  3  to  12  inches.  Inside  fire 
protection  is  furnished  free  to  large  plants  hav- 
ing domestic  supply,  the  fire  system  being  sep- 
arate from  the  general  supply,  with  sealed 
valves  and  nozzles. 

St.  Louis  has  about  4,800  of  its  supplies  me- 
tered, this  requirement  being  optional  in  many 
cases,  meters  being  required  on  all  connections 
over  1%  inches  in  size.     The  assessor  and  col- 


Forty-Foot  Overflow  Weir  at    Chain  of  Rocks  Settling  Basins. 


St.  Louis  Water  Works:      Inlet  and  Stilling  Channber;  Suction  Dredge,   at    Right. 


Fire  plugs  are  of  two  types.  The  under- 
ground plug  has  a  3-inch  nozzle,  the  entire  plug 
being  below  the  pavement,  protected  by  a  flat 
cover.  The  overground  plug  has  a  4-inch  open- 
ing and  protrudes  above  the  ground  in  the  usual 
form.  The  latter  type  is  used  exclusively  on 
large  mains  where  the  plugs  serve  as  air  es- 
capes and  as  blow-offs  for  cleaning  and  draining. 


The  maintenance  of  the  system  is  effected  by 
means  of  what  is  known  as  the  street  service. 
The  city  is  divided  into  twenty-five  sections, 
each  in  charge  of  a  section  man.  These  sec- 
tions are  grouped  in  five  districts,  each  with 
district  headquarters  and  supply  station  in 
charge  of  a  superintendent.  Large  supplies  and 
reserve  materials  are  furnished  from  a  central 


lector  of  water  rates  has  the  right  to  order  any 
connection  placed  under  meter  at  the  city's  ex- 
pense. This  privilege  is  taken  advantage  of  In 
places  where,  in  his  opinion,  excessive  use  of 
water  occurs,  making  a  flat  rate  diflScult  of  com- 
putation. 

During  the  past  year  396  meters  have  been 
placed  on  connections,  and  the  number  is  to  be 
increased  as  rapidly  as  possible.  The  efficacy 
of  the  meter  as  a  preventive  of  waste  is  fully 
appreciated,  and  consumers  are  encouraged  to 
install  meters  wherever  practicable.  The  usual 
place  of  installation  has  been  under  the  side- 
walk, the  meter  being  protected  by  a  box  large 
enough  to  permit  of  entrance  for  repairs  or 
inspection.  Recent  decisions  permit  of  meters 
being  set  Inside  buildings  where  easy  of  access 
at  all  times. 

All  extension  and  repair  work  on  service 
pipes,  and  the  making  of  connections  to  corpora- 
tion cocks,  are  in  charge  of  registered  plumb- 
ers, who  are  under  bond  for  the  proper  per- 
formance of  such  work. 

Miscellaneous  Data. — The  Baden  and  Bissell's 
Point  stations  are  fully  equipped  with  machine 
shops  and  complete  facilities  for  the  ordinary 
repair  work  incidental  to  the  operation  of  the 
water  works. 

The  grounds  surrounding  the  several  stations 


704 


THE     ENGINEERING     RECORD. 


Vol.  49,  No.  23. 


aad  the  Compton  Hill  reservoir  are  laid  out  as 
parks,  large  Kreenhouses  being  maintained  at. 
Baden  for  the  purpose  of  supplying  plants.  The 
rMerroir  park  in  the  heart  of  the  city  is  par- 
ticularly well  kept,  being  a  "show  point." 

The  water  department,  in  connection  with  tho 
street  and  sewer  departments,  maintains  a 
laboratory  for  the  testing  of  brick  and  cement, 
the  work  being  in  charge  of  the  distribution 
sybtem  of  the  water  department.  Owing  to  the 
steady  increase  in  the  amount  of  work  being 
handled  by  this  deiiartment.  plans  are  now  un- 
der way  for  the  establishment  of  a  thoroughly 
modem  testing  laboratory,  fully  equipped  for 
nateriai  tests  of  all  kinds. 

The  collection  of  the  water-wprks  revenue, 
with  certain  exceptions  mentioned  below,  is  in 
charge  of  an  offlcial  known  as  the  assessor  and 
collector  of  water  rates,  the  office  being  en- 
tirely independent  of  the  water  works  proper.  ' 
The  total  revenue  for  the  past  year  from  col- 
lection of  water  rates  was  $1,707,573.75,  this 
amount  being  collected  at  a  cost  of  $64,070.84. 

The  distribution  system  is  a  source  of  rev- 
enue through  private  work  done  by  the  street 
service  and  tap  and  meter  departments.  The 
receipts  from  these  sources  amounted  during 
the  year  to  $67,000.31.  The  total  operating  ex- 
penses of  the  water  works  amounted  to  $614,- 
SI0.61.  Deducting  receipts  as  given  above, 
leaves  a  net  operating  expense  of  $547,810.  The 


Health     Conditions     on     the     Isthmus     of 
Panama, 

By    Dr.    \V.    C.    tiorgag.    Assistant    Surgeon-Oeneral, 
Vnlt<>d  States  Army. 


I  have  Just  returned  from  looking  over  the 
ground  at  Panama,  along  the  route  of  the  pro- 
posed Isthmian  canal.  I  went  down  with  the 
Isthmian  Canal  Commission,  at  their  request, 
for  the  purpose  of  getting  some  idea  of  the 
present  sanitary  conditions,  and  of  formulating 
for  them  some  general  plan  of  sanitation. 

As  some  of  your  readers  may  not  be  familiar 
with  the  literature  concerning  the  Panama 
canal,  or  with  the  character  of  the  country 
through  which  the  canal  passes,  a  rough  de- 
scription will  probably  be  of  interest,  and  make 
my  remarks  the  more  easily  understood.  The 
Isthmus,  at  flhis  point,  runs  in  a  general  direc- 
tion from  east  to  west,  and  the  canal  route  gen- 
erally from  north  to  south.  The  town  of  Colon 
is  the  northern  terminus  of  the  canal,  on  the 
Caribbean  Sea,  and  the  town  of  Panama,  the 
southern  terminus,  on  the  Pacific  Ocean.  The 
great  chain  of  mountains  which  extends  through 
North,  Central  and  South  America,  has  at  this 
point,  about  its  least  elevation,  the  highest 
point  of  the  divide  through  which  the  canal  runs 
being  here  about  500  feet.  The  country  is  gen- 
erally volcanic  in  its  formation,  thickly  studded 
with  numerous  peaks  and  ridges,  from  300  to 


is  the  case  in  all  tropical  countries  where  ma- 
laria prevails. 

I  estimate  that,  at  the  present  time,  there  are 
about  40,000  persons  on  the  strip,  20,000  at 
Panama,  3,000  at  Colon,  and  about  15,000  in  the 
little  towns  along  the  canal  route.  Not  consid- 
ering the  original  Spanish  settlements,  the  canal 
strip  has  now  been  occupied  by  the  whites  for 
about  fifty  years.  The  present  railroad,  which 
runs  along  the  canal  route,  was  finished  about 
1855.  The  next  extensive  occupation  by  the 
whites  was  in  1881  and  subsequent  years,  when 
the  French  attempted  to  build  the  canal.  The 
health  history  of  the  strip,  for  the  last  fifty 
years,  has  been  exceedingly  lugubrious.  The 
death  rate  among  the  laborers  on  the  railroad 
and  the  French  on  the  canal  has  been  enormous. 
But  this  has  generally  been  the  case  where  large 
bodies   of   unacclimated    Europeans   have   been 
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total  amount  expended  for  maintenance,  opera- 
tion and  improvement  was  $1,143,461.42. 

The  cost  of  pumping  was  $7.81  per  million 
gallons  for  the  high-level  district,  and  $11.82 
for  the  low-level.  The  average  dally  consump- 
tion was  69,925,000  gallons  per  24  hours,  the 
maximum  being  88,225,000  and  the  minimum 
49,948,000  gallons.  The  above  average,  based 
on  an  estimated  population  of  700,000  is  equiva- 
lent to  practically  100  gallons  per  capita. 

The  organization  of  the  water  department  is 
headed  by  the  water  commissioner,  who  is  chief 
engineer.  His  aides  are  the  chief  mechanical 
engineer,  in  charge  of  pumping;  the  engineer 
In  charge  of  construction,  in  charge  of  bulld- 
Inss,  erection  of  engines,  etc.;  the  principal  as- 
datant  engineer  of  extension,  in  charge  of 
basins,  conduits,  water  clarification,  etc.;  and 
the  engineer  in  charge  of  distribution,  mainte- 
nance and  extension  of  the  distribution  system. 

The  present  head  of  the  dei>artment  is  Mr. 
Ben.  C.  Adklns,  who  was  appointed  to  the  posi- 
tion of  water  commissioner  in  May,  1903.  Six- 
teen years  of  active  experience  in  the  depart- 
ment have  eminently  fitted  Mr.  Adklns  for  the 
position.  Immediately  on  assumption  of  the 
offlce  bis  efforts  were  directed  to  the  much- 
needed  clarification  of  the  water  supply,  with  a 
degree  of  success  beyond  general  expectation. 


800   feet  high.     I   should   describe   it  as   being 
very  hilly,  and  well  drained. 

The  canal,  in  general,  follows  the  line  of  the 
Chagres  river  up  to  the  divide  at  Culebra  Cut, 
some  ten  or  twelve  miles  from  Panama,  and 
from  Culebra  down  to  Panama,  the  valley  of 
the  Rio  Grande  river.  These  streams  are  not 
swampy  in  any  sense  of  the  term.  The  rivers 
mentioned  above,  of  course,  have  a  certain 
amount  of  low  ground  in  their  bottoms,  but  not 
more  than  a  stream  the  same  size  in  northern 
New  York.  Owing  to  the  warm  climate  and 
heavy  rainfall,  mosquitoes  can  find,  all  the  year 
round,  abundant  places  for  breeding,  even  in  as 
well-drained  a  section  as  the  route  of  the 
Panama  canal  Is. 

Colon  Is  built  upon  a  coral  island  in  Mmon 
Bay,  the  island  itself  being  slightly  beiow  tho 
iiialn  level  of  the  sea.  The  part  of  this  Isla^id 
on  which  Colon  is  situated  is  artificial  ground, 
having  been  filled  in  three  or  four  feet  The 
rest  of  the  islnnd  is  still  covered  with  swamp 
This  Is  the  only  point  at  which  swamps  of  any 
great  extent  would  have  to  be  dealt  with. 

The  canal  strip,  at  present,  I  consider  in  the 
normal  state  for  tropical  regions,  from  a  health 
point  of  view.  The  death  rate  would  be  very 
large  for  our  country,  probably  running  in  the 
neighborhood  of  fifty  per  thousand.     But  this 


thrown  into  tropical  countries.  We  had  the 
same  experience  with  our  Army  during  the  San- 
tiago campaign,  in  Cuba,  the  French  a  very 
much  worse  experience  during  their  military 
occupation  of  Santo  Domingo,  the  Spaniards 
during  their  military  occupation  of  Cuba,  and 
there  are  numerous  other  examples  which  I 
could  mention. 

The  records  of  the  French  hospitals  showed 
that  they  suffered  from  most  of  the  diseases  to 
which  man  is  heir.  But  their  excessive  mortal- 
ity was  caused  by  yellow  fever  and  malaria,  but 
principally  from  malaria.  While  my  plan  con- 
templates a  sanitary  organization  a  good  deal 
such  as  resulted  so  successfully  at  Havana,  the 
latter  will,  of  course,  have  to  be  mortified  to 
some  extent  to  meet  the  changed  conditions  at 
Panama.  I  would  propose  the  ordinary  health 
organization  for  the  care  of  Infectious  and  con- 
tagious diseases,  such  as  we  have  in  New  York 
or  any  other  American  city,  and  I  think  that 
there  Is  no  doubt  that  such  diseases  can  be  con- 
trolled as  they  are  in  New  York  or  elsewhere. 
I  feel  confident  of  being  able  to  eliminate  yel- 
low fever  by  the  same  methods  that  were  so 
successfully  adopted  in  Havana.  But  malaria, 
in  my  opinion,  is  the  disease  on  which  the  suc- 
cess of  our  sanitary  measures  at  Panama  will 
depend.     If  we  can  control  malaria,  I  feel  very 
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little  anxiety  about  other  diseases.  If  we  do 
not  control  malaria,  our  mortality  is  goiug  to  be 
heavy. 

The  condition  of  our  marines  is  a  very  good 
illustration  of  the  present  health  status  there. 
Since  the  middle  of  December  we  have  had  450 
marines  camped  on  one  of  the  hills  of  the  di- 
vide. The  location  is  excellent,  the  hill  some 
200  feet  high,  with  a  small  area  on  top,  not  more 
than  an  acre,  and  perfectly  drained.  The  men 
are  as  comfortably  fixed  up  as  circumstances 
will  allow.  During  the  four  months  from  the 
middle  of  December  to  the  middle  of  April,  they 
have  had  170  cases  of  malarial  fever  out  of  4.50 
men.  None  of  them  have  been  severe,  just  such 
ordinary  cases  of  chills  and  fever  as  we  have 
in  Southern  United  States.  The  men  them- 
selves, as  a  body,  were  robust  and  vigorous  in 
appearance,  of  good  color,  and,  evidently,  had 
not  been  at  all  affected,  deleteriously,  by  cli- 
matic conditions.  Nevertheless,  we  see  here, 
that  with  a  body  of  men  under  the  most  favor- 
able conditions,  one-third  of  them  have  become 
infected  within  four  months.  Now,  if  these  men 
were  our  laborers,  working  daily  in  the  Culebra 
Cut,  exposed  to  the  sun  and  weather,  many  of 
these  cases  would  be  severe  in  type,  and,  at  the 
end  of  a  year,  we  would  be  approaching  the 
mortality  of  the  French. 

At  the  foot  of  this  hill  on  which  the  marines 
are  camped,  is  a  village  of  some  400  or  500  na- 


laria,  just  as  they  would  be  the  cause  of  small- 
pox. 

If  the  population  of  this  native  village  were 
removed,  I  think  our  men  would  very  rapidly 
become  free  from  malaria,  under  the  super- 
vision and  direction  of  their  medical  officers. 
What  I  propose,  is  to  take  this  village,  put  it 
under  a  systematic  scheme  of  Inspection  where- 
by we  shall  be  able  to  control  all  water  barrels 
and  deposits  of  water,  so  that  no  mosquitoes 
will  be  allowed  to  breed,  look  after  its  street 
cleaning  and  disposal  of  night  soil,  etc.,  so  as 
to  get  it  in  good  sanitary  condition,  then  have 
the  population  examined  and  recorded,  so  that 
we  shall  have  on  a  card  a  short  history  of  each 
individual,  and  keep  track  of  them  in  this  way. 
Those  suffering  from  malaria  will  be  put  un- 
der treatment,  and  watched  as  long  as  the  ma- 
larial parasite  is  found  in  the  blood.  I  hope, 
in  this  way,  to  decrease  to  the  smallest  limit 
the  number  of  anopheles,  the  malarial-bearing 
.mosquito,  and;  at  the  same  time,  to  gradually 
eliminate  the  human  being  as  a  source  of  in- 
fection, so  that  at  the  end  of  a  year  it  will  be 
entirely  safe  for  an  unacclimated  man  to  live 
in  this  village. 

The  above  scheme  of  mosquito  destruction 
was  put  into  effect,  on  a  large  scale,  at  Havana, 
and,  though  entirely  directed  against  yellow 
fever,  was  almost  equally  successful  against 
malaria.    The  same  measures  that  destroyed  the 


at  Colon  and  Panama,  and  the  quarantine  ax- 
rangements  for  preventing  its  introduction.  But 
this  is  in  no  way  different,  in  my  opinion,  from 
the  same  problem  at  Havana,  and  the  same 
measures  there,  I  feel  confident,  will  have  the 
same  results. 

As  to  the  safety  of  the  Individual  in  going  to 
Panama  at  present,  I  think  an  Intelligent  man 
who  will  adopt  the  precaution  of  sleeping  under 
a  mosquito  bar,  such  that  mosquitoes  could  not 
get  through,  having  sleeping  quarters  as  much 
as  possible  away  from  the  natives,  and  drinking 
boiled  water,  would  be  fairly  safe. 

I  hear  two  opinions  expressed  with  regard  to 
the  health  of  Panama.  The  general  opinion, 
that  one  sees  in  the  papers,  is  that  it  is  almost 
fatal  to  live  there,  people  expressing  this  opin- 
ion thinking  that  the  conditions  there  now  are 
exactly  the  same  as  when  the  F'rench  had  fifteen 
or  twenty  thousand  laborers  on  the  work,  and 
were  losing  by  death  and  sickness  a  consider- 
able proportion  of  this  force  every  year.  This 
is,  of  course,  not  true.  The  health  conditions  of 
Panama,  at  present,  arei  not  a  bit  worse  than 
those  of  most  other  tropical  countries.  On  the 
other  hand,  particularly  down  at  Panama,  you 
hear  men  talk  as  if  it  were  a  h'ealth  resort. 
This  is  not  so.  The  death  rate  now  is  large,  as 
1  said  before,  about  like  that  of  most  tropical 
countries,  and  unless  we  can  change  conditions 
within  the  next  year  it  will  be  far  from  a  health 
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tives.  When  I  say  "natives,"  in  speaking  of  the 
strip,  I  mean  Jamaica  negroes.  I  spent  consid- 
erable time  going  through  this  village,  question- 
ing the  natives,  and  examining  the  spleens  of 
many  of  the  children.  All  the  children  that  I 
examined  had  very  much  enlarged  spleens. 
This  Is  considered  an  evidence  of  chronic  ma- 
larial infection,  and  all  the  adults  that  I  talked 
to  spoke  of  having  had  attacks  of  chills  and 
fever  within  the  preceding  six  months.  I  ac- 
cept this  as  evidence  that  this  native  population 
is  very  thoroughly  infected  with  malaria,  and  I 
think  our  marines  contract  malaria  from  these 
natives.  The  marine,  whenever  off  duty,  spends 
his  leisure  hours,  on  the  average,  in  the  village. 
Every  time  he  goes  to  the  village  he  is  bitten 
three  or  four  times  by  mosquitoes,  and  occa- 
sionally one  of  these  mosquitoes  is  an  anopheles. 
This  anopheles,  having  previously  bitten  some 
one  of  the  infected  natives,  is  herself  infected, 
and  gives  the  man  malaria.  The  condition  is 
very  much  the  same  as  if  these  four  or  five  hun- 
dred natives  had  smallpox,  and  our  marines  had 
never  been  vaccinated.  They  would  contract 
smallpox  much  as  they  are  doing  malaria  now. 
I  do  not  mean  to  say  that  the  mosquito  carries 
smallpox,  but  that  the  malaria  originates  with 
the  natives  and  is  transferred  from  them  to  the 
men,  and  that  the  natives  are  the  cause  of  ma- 


stegomyia,  the  yellow  fever  mosquito,  destroyed 
the  anopheles,  the  malarial  mosquito.  The  aver- 
age death  rate,  for  a  number  of  years,  from 
malaria,  in  Havana,  was  about  400.  The  year 
preceding  the  inauguration  of  our  mosquito 
work,  we  had  325  deaths  from  malaria.  During 
the  first  year  of  mosquito  work  this  was  re- 
duced to  150  deaths;  the  second  year,  70  deaths; 
the  third  year,  50  deaths.  In  a  srdall  village, 
such  as  I  have  described,  the  mosquito  work 
could,  of  course,  be  made  very  much  more  ef- 
fective than  in  a  large  city  of  300,000  inhabi- 
tants, and  I  am  very  confident  that  in  the 
course  of  two  or  three  years  mosquito  work 
alone  would  eliminate  malaria  in  such  a  village. 
We  must,  however,  attain  our  results  within  a 
year,  and,  therefore,  I  would  attempt,  in  addi- 
tion, the  freeing  of  human  beings  from  ma- 
laria. This  has  been  done  successfully,  on  a 
small  scale,  in  two  or  three  instances,  notably 
by  Koch,  in  South  Africa.  The  village  above 
described  is  a  fair  example  of  what,  in  my  opin- 
ion, will  have  to  be  done  all  along  the  strip.  I 
have  not  described  in  detail  the  ordinary  sani- 
tary measures  that  will  have  to  be  adopted 
along  the  strip,  and  at  the  towns  of  Panama 
and  Colon.  Yellow  fever,  which,  in  the  past, 
has  been  almost  as  fatal  at  Panama  as  malaria, 
will  depend  principally  upon  the  sahitary  work 


resort,  when  our  large  force  of  laborers  are  on 
the  ground  and  the  work  is  in  full  swing.  I  re- 
cently saw  an  engineer,  who  had  been  on  the 
ground  for  some  time  and  was  a  man  of  con- 
siderable experience,  quoted  as  saying  that  both 
the  engineering  and  sanitary  problems  were 
simple  and  could  be  easily  solved.  Of  the  en- 
gineering problems  I  am  no  judge,  but  such 
statements  with  regard  to  the  sanitary  prob- 
lems, by  men  of  position  and  experience,  I  think 
are  very  rash  and  tend  to  do  harm.  In  my  opin- 
ion, the  sanitary  problems  are  grave.  The  ques- 
tion of  eliminating  yellow  fever  from  an  en- 
demic focus  has  only  been  once  before  success- 
fully managed,  and  that  was  at  Havana.  And, 
from  this  successful  work,  to  argue  that  it  is 
easy  and  simple,  I  think  is  not  warranted.  The 
malarial  work,  on  the  scale  at  Panama,  Is  en- 
tirely new.  It  has  never  been  attempted  else- 
where, and  any  health  officer,  who  has  had  any 
experience  in  enforcing  measures  of  individ- 
ual prophylaxis,  such  as  will  be  required  at 
Panama,  can  understand  how  great  the  diffi- 
culties of  administration  will  he.  Personally,  I 
believe  it  can  be  done,  and  I  approach  the  work 
with  great  hope  of  success,  but  I  know  that  it 
will  be  neither  easy  nor  simple,  that  we  will 
meet  with  many  disappointments  and  have  to 
modify  our  plans  many  times. 
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The   Hew   Electric   Works   at   Neuchatel, 
Switxerland. 

By  A.  St«?n?. 


Switzerland  Is  the  favored  country  of  central 
vater-power  stations,  but  the  cities  which  pos- 
aan  distribution  systems  of  electric  power  de- 
Urered  from  the  hydraulic  plants  are  often  led 
to  supplement  them  by  auxiliary  installations. 
T%is  la  what  has  made  Zurich,  Chaux-de-fonds, 
Lanaaiine;  it  la  what  is  also  going  to  make  the 
city  of  NeuchAtel  through  the  Interesting  ui- 
•tallation  which  we  are  to  describe.  For  sev- 
eral years  it  has  been  foreseen  that  the  power 
fnmlsbed  by  the  Oreuse  is  no  longer  sufficient 
to  supply  the  needs  of  NeuchAtel.  These  v^orKs 
■t  Pr6-aux-Ciee8,  near  Boudry,  utilize  a  fall  of 
18S^  feet,  w^ith  six  turbines  of  300  horse-power; 
they  requiring  for  1.500  horse-power  about  95 
cubic  feet  of  water  per  second,  and  the  demands 
have  more  and  more  approached  this  figure.  It 
was  thus  decided  to  locate  an  auxiliary  steam 
plant  at  the  foot  of  the  lake  on  the  quav  of 
Champ-Bougln. 

The  two  electric  traction  railway  systems 
of  the  city  take  their  current  from  two  trans- 
former stations,  belonging  to  two  companies. 
Their  consolidation  and  the  extension  of  thntr 
lines  made  it  necessary  to  increase  the  power 
r«sottrces.  It  appeared  desirable  to  consolidate 
tliese  alao  with  the  steam  plant  which  the  city 
planned  to  construct  to  reduce  the  general  ex- 
penses and  the  cost  of  traction. 

The  building  has  been  designed  for  six  bollerr 
of  2,470  square  feet  of  heating  surface,  for  foui 
■team  turbines  of  300  kilowatts,  for  six  con- 
verters, three  of  300  kilowatts  and  three  of  65 
kilowatts.  The  foundations  rest  on  rock.  The 
facades  are  built  for  the  most  part  of  ashlar 
masonry  of  ^^rd  stone  from  the  Juras.  The 
ceiling  is  of  reini.rced  concrete  and  cost  $3,400. 
It  is  covered  with  Val  de  Travers  asphalt,  % 
inch  In  thickness,  on  which  is  about  8  inches  of 
cinder  filling.  The  object  of  this  filling  is  to 
insulate  the  operating  room  from  the  effects  of 
outside  temperature  and  to  protect  the  asphalt 
against  severe  variations  of  beat  and  cold.  The 
pavement  of  the  operating  room  co'nsistti  of 
white  squares  of  stone  laid  in  a  bed  of  asphalt. 
The  squares  (grfs  cf-rame)  tested  under  a  pres- 
sure of  36,000  volts  have  shown  a  remarkable 
insulating  power. 

The  chimney  is  182  feet  high  from  the  ground 
to  the  top  and  its  interior  diameter  is  9.84  feet 
at  the  base  and  6.56  feet  at  the  top.  The  two 
boilers,  of  2,420  square  feet  of  beating  surface 
each,  are  of  the  water-tube  type  built  by  the 
Onillaume  Works,  of  Neustadt.  The  pressure 
carried  is  12  atmospheres.  A  superheater  of 
687  square  feet  surface  is  placed  under  the 
steam  dome  at  the  last  point  of  the  flow  of 
the  gases  of  combustion.  Water  from  the  Lake 
Neuchiltei  Is  employed,  but  previously  purified. 
The  steam  is,  of  course,  utilized  in  the  turbines.. 
The  choice  of  steam  turbines  was  first  brought 
about  owing  to  the  limited  fioor  space  at  dis- 
posal and  then  the  decision  was  strengthened 
bjr  a  comparison  with  cylinder  machines.  The 
type  of  turbine  adopted  is  the  Brown-Bovcrl- 
Parsons,  built  by  Brown,  Boveri  &  Company,  of 
Baden.  This  turbo-dynamo  has  a  capacity  of 
300  kilowatts  with  steam  at  11  atmospheres. 
The  number  of  revolutions  is  about  3,000  at  full 
load  and  3.050  at  no  load.  The  speed  can  be 
varied  10  per  cent,  more  or  less. 

The  Parsons  turbine  is,  as  everyone  knows,  of 
the  reaction  type.  The  300-kilowatt  size  has  48 
sets  of  stationary  blades  and  as  many  of  mov- 
ing blades,  arranged  on  three  cylinders  of  in- 
creasing diameter.  One  of  the  accessories  is  a 
valve  that  serves  to  admit  steam  directly  to 
the  second  set  of  blades,  in  case  the  pressure  is 


insufficient  or  the  presence  of  air  reduces  the 
power.  Brown,  Boveri  &  Company  have  given 
every  attention  to  the  apparatus  for  lubrica- 
tion and  regulation.  For  lubrication  the  jour- 
nals of  the  bearings  are  formed  of  concentric 
bronze  cylinders  placed  one  within  the  other. 
The  oil  is  delivered  under  a  pressure  of  1  to  2 
atmospheres  and  the  bearings  run  in  a  bath  of 
oil.  The  oil  pump,  driven  from  a  counter-shaft, 
which  is  operated  by  means  of  gearing  from  the 
vertical  shaft  of  the  governor,  draws  the  oil 
from  a  reservoir  in  which  is  established  a  cir- 
culation of  cold  water.  The  water  for  cooling 
is  furnished  by  an  ejector,  operated  by  city 
water  under  pressure;  the  water  taken  from 
the  lake  is  finally  discharged  into  the  sewer. 
The  oil  attains  a  temperature  of  about  100  to 
105  degrees  Fahrenheit.  The  number  of  oscil- 
lations of  the  steam  inlet  valve  to  the  turbine, 
or  the  number  of  putts  of  steam  is  120.  The 
steam  is  delivered  into  a  water-tight  chamber 
near  the  bearings,  where  its  object  is  to  prevent 
the  re-entrance  of  air  into  the  condenser. 

The  dynamo,  mounted  on  the  turbine  shaft,  is 
designed   to  operate  at  constant  speed.     Being 


level  and  connected  to  the  pump  by  belt.  A 
three-way  valve  allows  for  discharging  the 
steam  directly  into  the  discharge  pipe  of  the 
water  of  condensation. 

As  to  the  consumption  of  steam,  two  series  of 
tests  have  been  made  with  the  NeuchAtel  ma- 
chine; the  first  at  Baden  and  the  second  at  the 
works  at  Champ-Bougln.  A  .  Baden  the  con- 
sumption of  23  pounds  per  .!ilowatt-hour  was 
obtained,  but  at  NeuchAtel  a  slightly  higher  fig- 
ure resulted,  proving  that  at  Baden  the  testing 
plant  presented  means  for  very  precise  measure- 
ments of  the  condensed  steam.  The  results  of 
the  tests  at  Baden  are  given  in  an  accompanying 
table: 

Tests   of   the    Neuchfttel    Steam  Turbine. 

Load  In  Condition  Pounds  per 

iillowatts.  of  Steam.  Kllowatt-IIour. 

290  Saturated  23 

311  Superheated,  100  deg.  21.2 

140  Saturated  27.5 

149  Superheated,  82  deg.  23.1 

No  load,  dynamo  excited   (per  hour)    9,l.i0 

No  load,  dynamo  not  etclted   (per  hour) 8, HOG 

The  last  two  figures  are  given  without  deduction 
for  the  work  of  the  condenser,  which  would 
have  added   to   them   about   550   pounds,  or  10 


Neuchatel    Steam    Turbine,    Showing    Regulating    Apparatus. 


built  for  3,000  revolutions,  its  dimensions  are 
necessarily  restricted  and  this  is  a  serious  diffi- 
culty In  the  auto-regulation  of  the  electric  end. 
It  is  a  compound-wound  machine,  but  the  shunt 
and  series  field  windings  are  not  superposed 
but  at  right  angles.  The  object  is  to  obtain  a 
resultant  field  fixed  in  space,  and,  as  a  result, 
to  avoid  the  displacement  of  the  axis  of  com- 
mutation, which  produces  sparking  at  the 
bushes.  The  commutator,  which  is  very  long. 
Is  bound  at  the  middle  and  the  ends  by  hoops  of 
steel  to  resist  centrifugal  force.  The  brushes 
are  of  copper.  The  operation  is  very  good,  with- 
out heating,  without  sparking  and  without  its 
being  necessary  to  shift  the  brushes  with  varia- 
tions of  load.  The  only  inconvenience  is  that 
peculiar  to  a  compound  dynamo — and  this  one  is 
over-compounded — because  the  tension  rises 
slightly  with  the  load.  It  Is  thus  necessary  for 
parallel  operation  with  other  machines  to  pro- 
vide the  switchboard  with  compensating  de- 
vices, resistances  and  the  like. 

The  condenser  pumps  are  driven  by  an  Inde- 
pendent electric   motor   placed   at  the   turbine 


kilowatts  at  55  pounds.  It  was  assumed  that 
the  work  of  condensing,  not  being  measured, 
was  about  10  kilowatts,  but  it  has  been  deter- 
mined at  NeuchAtel  and  found  .a  little  lower 
than  the  amount  stated.  The  testa  at  Baden 
should  rightly  be  corrected  for  this  and  would 
better  the  results. 

The  current  furnished  ly  the  hydraulic  works 
of  the  Pr6-aux-Clf'es  is  three-phase  current  at 
33  cycles  and  3,800  volts.  It  Is  necessary  to 
convert  this  to  continuous  current  at  600  volts. 
For  this  purpose  the  Champ-Bougin  station  con- 
tains two  old  units,  of  100  horse-power,  each 
consisting  of  a  three-phase  Induction  motor  of 
3,800  volts  and  a  shunt  dynamo  of  500  to  720 
volts.  The  common  speed  is  600  revolutions  per 
minute.  There  has  also  been  installed  a  new 
unit  with  a  synchronous  motor,  driving  a  250- 
kilowaft  direct-cumnt  machine.  Thi«  type  it 
motor  was  selected  for  improving  regulation  in 
the  lines  from  the  hydraulic  works.  The  syn- 
chronous motor  Is  of  large  size  and  reduces  the 
transmission  losses  to  a  notable  degree  and  in 
any  event  absorbs  less  current.    This  is  its  only 
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advantage,  for  in  practical  operation  the  induc- 
tion motor  is  much  superior.  As  a  matter  of 
fact,  with  future  units  Induction  motors  will  be 
employed,  the  present  synchronous  motor  suffic- 
ing for  controlling  the  current  with  all  of  these 
motors.  The  converters  were  furnished  by  the 
Societfi  d'Electricit6  Olioth,  of  Muenchenstein. 
It  now  remains  to  say  a  few  words  concern- 
ing the  switchboards  erected  by  Brown,  Boveri 
&  Company.  They  are  grouped  in  a  passage  or 
gallery,  communicating  by  four  broad  bays  with 
the  operating  room  of  the  station.  This  passage 
contains  the  switchboards  of  the  three-phase  dis- 
tribution and  a  monophase  at  high  tension  and 
of  the  continuous  current  at  580  revolutions. 
The  apparatus  which  require  handling  or  of 
which  the  records  are  constantly  observed  are 
located  in  the  bays  at  the  side  of  the  room.  The 
rest  are  grouped  on  frames  In  the  middle  of  the 
passage.  The  conductors  which  connect  the 
switchboards  and  the  machines  are  encased  in 
lead;  the  floor  of  the  room  is  crossed  by  deep 
trenching,  lined  with  stone  and  covered  with 
white  marljle,  for  the  run  of  the  cables.  As  the 
site  of  the  works  is  of  rock,  expensive  to  exca- 
vate, and  as  the  proximity  of  the  lake  tended  to 


The  Zoelly  Steam  Turbine. 

The  Zoelly  steam  turbine  Is  of  the  multi- 
stage impulse  type,  in  which  the  expansion  oi 
the  steam  takes  place  in  the  passages  in  the  sta- 
tionary parts  of  the  apparatus.  Its  main  point 
of  difference  from  others  of  the  type  Is  in  the 
construction  of  the  rotors  or  bucket-wheels, 
which  are  intended  for  high  peripheral  veloci- 
ties and  require  correspondingly  few  stages. 
The  accompanying  elevation  of  a,  compound 
turbine  shows  its  general  features.  The  high 
and  low  pressure  ends  are  mounted  indepen- 
dently on  a  single  base.  The  housings  are  of 
cast-iron  or  cast-steel,  divided  on  the  horizontal 
plane  through  their  axis,  so  that  the  upper  half 
can  be  readily  lifted  off,  and  the  flanges  are 
fitted  so  closely  that  no  packing  is  needed.  The 
details  of  the  mounting  have  been  worked  out 
with  a  special  view  to  avoiding  any  appreciable 
displacement  of  the  axis  through  temperature 
changes.  The  housings  are  covered  with  non- 
,  conductors  and  steel  lagging. 

The  three  main  bearings  are  supported  di- 
rectly by  the  frame,  and  are  thus  independent 
of     the     housings.       This     arrangement     was 


Neuchatel   Turbine,  Showing  the    IVIotor  for   Driving   tiie  Condenser. 


render  the  place  moist,  in  short  for  economical 
reasons,  it  was  not  excavated  except  for  the  tur- 
bine condensers.  The  part  of  the  switchboard 
which  pertains  to  the  electric  railway  contains 
In  each  section  a  meter,  an  ammeter,  two  hand 
switches  and  two  automatic  circuit  breakers. 


Pressure  Head  Measurement  for  hydraulic 
investigations  in  the  laboratories  of  the  Univer- 
sity of  California  is  made  by  a  device  described 
In  the  "Calfornia  Journal  of  Technology,"  by 
Prof.  Joseph  N.  Leconte,  assistant  professor  of 
mechanical  engineering.  A  small  bronze  cylin- 
der reamed  inside  and  fixed  in  a  vertical  posi- 
tion. Is  connected  to  the  pressure  pipe  and  Into 
this  is  Inserted  a  hardened  and  ground  steel 
piston  14  square  inch  In  area  and  3  inches  in 
length.  Supported  on  the  stem  of  this  piston 
Is  a  circular  platform  on  which  can  be  placed 
■weights,  and  the  whole  is  rotated  continuously 
by  a  cord  driven  by  a  small  motor.  By  means 
of  Idlers  the  cord  is  arranged  to  avoid  any  side 
thrust,  so  that  by  rotation  the  effect  of  friction 
is  eliminated. 


adopted  to  prevent  any  heating  of  the  bearings 
by  the  steam  or  by  conduction  from  the  hous- 
ings, thus  keeping  them  uninfluenced  by  the 
condition  of  other  parts  of  the  turbine.  They 
are  readily  accessible  and  easily  inspected. 

A  rotary  pump  placed  on  the  frame  and 
driven  from  the  main  shaft  by  worm-gearing 
supplies  lubricating  oil  to  the  bearings.  The 
oil  from  the  bearings  is  piped  to  a  reservoir 
in  the  base,  where  it  is  purified  and  cooled  in 
a  coil  if  necessary,  and  is  then  ready  for  use 
again.  In  this  way,  although  the  lubrication  is 
profuse,  the  consumption  of  oil  is  kept  very 
low. 

The  disks  of  the  rotors,  of  the  b^st  Siemens- 
Martin  steel,  are  keyed  to  the  shaft  and  have 
fastened  on  one  side  of  their  periphery  a  thin 
ring.  This  ring  forms  with  the  periphery  of 
the  wheel  a  dove-tail  groove  in  which  the 
buckets  and  their  spacers  are  held.  The  radi- 
ally located  buckets  are  made  of  nickel  steel, 
polished  to  reduce  friction  to  a  minimum. 
Nickel  steel  is  employed  on  account  of  its  re- 
sistance to  rust.     The  disks  of  the  wheels  are 


also   highly   polished   to  keep  down   frictlonal 
losses. 

It  is  considered  of  great  Importance  to  have 
the  cross-section  of  the  blades  decrease  from 
their  inner  to  their  outer  ends.  In  this  way 
there  is  correspondingly  small  tension  due  to 
centrifugal  action  in  the  roots  of  the  blades, 
even  with  high  rotative  velocity.  In  other 
words,  with  the  same  stresses  the  gradually 
thinning  blades  can  be  made  much  longer  than 
those  of  uniform  section.  The  resistance  to 
bending  due  to  the  impact  of  the  steam  is  great- 
est where  the  bending  moment  is  greatest.  The 
strength  of  the  rotor,  in  consequence  of  this 
design,  is  so  great  that  a  high  peripheral  speed 
can  be  attained,  and  the  number  of  stages  cor- 
respondingly reduced,  as  before  stated.  This  , 
enables  the  length  of  the  turbine  to  be  dimin- 
ished and  its  cost  reduced.  The  steel  spacing 
pieces  between  the  blades  have  their  tops  coin- 
ciding with  the  curved  surface  corresponding  / 
to  the  widening  of  the  steam  passage  between) 
the  blades,  and  consequently  form  an  lnner( 
limit  for  the  steam  jet.  The  rotors  are  care-j 
fully  balanced  and  tested  at  speeds  above  their/ 
nominal  rates  before  they  are  put  in  place. 

Between  each  rotor  there  is  a  guide  wheel  or 
diaphragm  in  which  the  guide  blades  are  held. 
Since  the  expansion  of  the  steam  takes  place  In 
these  diaphragms  between  the  blades,  and  there 
is  a  corresponding  excess  of  pressure  on  one 
side  of  them,  each  must  be  steam-tight  in  the 
housing,  as  well  as  strong  enough  to  resist  the 
one-sided  pressure.  Cast-steel  is  used,  and  the 
guide  blades  are  arranged  in  groups  in  the  rim, 
as  shown  in  the  illustrations.  Between  the 
groups  are  thick  projecting  pieces  to  which  a 
wrought-iron  ring  or  tire  is  attached.  The 
diaphragms  are  placed  close  together,  the  rims 
touching,  and  in  this  way  the  pressure  Is  trans- 
mitted to  the  end  wall  of  the  housing.  The 
hubs  of  the  bucket  wheels  fit  with  slight  play 
in  holes  in  the  bosses  of  the  diaphragms,  the 
construction  being  evident  from  the  cuts.  The 
blades  have  small  ears  which  slip  into  slots  in 
both  the^rim  of  the  diaphragm  and  the  outside 
tire.  When  they  have  been  slipped  into  place 
they  are  held  there  by  two  rings  screwed  on 
the  low-pressure  face  as  illustrated.  These 
diaphragms  are  made  in  halves,  with  tight-' 
fitting  surfaces,  and  the  upper  halves  are 
screwed  to  the  top  part  of  the  housing,  so  as  to 
be  lifted  with  it.  The  shaft  passes  Into  and 
from  the  housing  in  stuffing  boxes  fitted  with 
metal  packing. 

The  governor  is  a  slight  modification  of  the 
well-known  regulator  used  by  the  makers, 
Escher  Wyss  &  Company,  of  Zurich,  Switzer- 
land, in  many  water  turbine  installations.  It 
consists  of  a  ball  governor  which  operates  a 
pilot  valve  controlling  the  motion  of  a  plunger 
directly  over  the  main  steam  valve  and  mounted 
on  the  same  rod.  The  pilot  valve  and  the 
chamber  of  the  plunger  are  connected  by  two 
small  pipes,  and  the  various  operations  are 
produced  by  the  discharge  of  water  under  pres- 
sure through  one  or  the  other  of  the  pipes.  As 
this  governor  is  one  of  the  best-known  water- 
wheel  regulators,  it  is  unnecessary  to  describe 
it  in  detail.  The  pressure  water,  or  oil,  in  the 
case  of  the  steam  turbine,  is  furnished  by  a 
rotary  pump  driven  from  the  main  shaft  by 
worm  gearing.  According  to  Mr.  J.  Welshaupl, 
chief  engineer  of  the  company.  Vie  regulator 
has  behaved  excellently  in  this  new  service,  and 
the  variation  in  rotative  speed,  even  with  the 
maximum  fluctuation  in  the  load,  is  very  slight. 
Regulation  by  throttling  the  steam  was  chosen 
as  being  the  simplest  method  for  the  purpose. 
In  addition  it  has  the  great  advantage  of  not 
Influencing  the  steam  consumption  unfavor- 
ably at  different  loads. 
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If  it  beeoiBM  neeessary  to  furnish  more  than 
the  rmted  power  of  the  turbine,  the  governor 
opermtes  a  valve  which  admits  a  part  of  the 
steam  at  the  throttle  pressure  directly  into  the 
aecond  and  third  stages.  There  is  also  a  safety 
goTemor  which  shuts  off  the  steam  in  case  the 
number  of  revolutions  rises  above  the  normal 
to  a  predetermined  limit  such  as  10  per  cent. 

In  impulse  wheels,  the  play  of  the  rotating 
parts  in  the  rasing  can  be  made  as  great  as 
naais  desirable,  and  for  the  same  reason  the 
axial  play  between  the  rotors  and  diaphragms 
may  be  made  very  large  without  affecting  the 
working  of  the  turbine.  Hence  there  need  be 
no  fear  that  in  consequence  of  temperature 
changes  or  wear  the  running  and  stationary 
parts  may  rub  against  each  other.  It  should. 
be  stated  that  a  corrugated  bearing  like  a 
thrust  bearing  is  employed  to  keep  this  free 
play  unchanged. 

A  ten-stage  turbine  of  this  type  was  put  in 
operation  at  the  works  of  Escher  Wy8S  &  Com- 
pany last  fall.  It  is  rated  at  500  horse-power 
per  minute  at  3,000  revolutions  per  minute,  with 
steam  at  147  pounds.  It  is  directly  coupled  to 
a  Siemens  ft  Halske  dynamo.  A  surface  con- 
denser driven  by  an  independent  steam  engine 
is  osed.  Part  of  the  water  for  the  condenser 
was  taken  from  the  city  mains  and  part  was 
pumped  electrically  from  the  works  well.  This 
renders  it  very  difBcult  to  determine  the  power 
needed  for  the  condensing  plant.  The  unit  has 
been  tested  by  Professor  Stodola  and  Director 
Wagner,  of  the  municipal  electric  station.  They 
made  no  attempt  to  determine  the  steam  con- 
sumption of  the  condenser,  and  the  output  of 
the  turbine  was  figured  from  the  current  de- 
livered by  the  generator.  The  following  state- 
ments concerning  the  test  and  its  results  are 
condensed  from  their  report. 

The  pressure  and  temperature  of  the  steam 
were  observed  in  the  main  in  front  of  the  sepa- 
rator, which  is  close  to  the  turbine.  During 
the  tests  with  superheating  a  thermometer  was 
also  placed  in  front  of  the  throttle  valve.  The 
pressure  and  temperature  were  also  measured 
immediately  in  front  of  the  first  diaphragm  and 
the  pressure  behind  the  first  rotor  was  ob- 
served, from  which  data  a  check  on  the  feed- 
water  determinations  was  obtained.  The  pres- 
sure in  the  pipe  connecting  the  two  halves  of 
the  turbine,  and  the  pressure  and  tem- 
perature at  the  entrance  to  the  exhaust 
main  were  also  observed.  The  temperature 
of  the  cooling  water  entering  and  leav- 
ing the  condenser  and  the  temperature  of 
the  discharge  from  the  air-pump  were  meas- 
vnd.  The  cooling  water  was  only  occasionally 
measured,  while  the  circulating  pump  was 
stopped  and  the  supply  obtained  through  » 
meter  from  the  city  mains.  The  pressures  were 
dstsrmined  by  manometers  which,  like  the  ther- 
mometers, were  calibrated  at  the  mechanical 
laboratory  of  the  Federal  Polytechnic  Insti- 
tute. The  vacuum  was  measured  directly  by  a 
mercury  column,  and  the  heights  reduced  to 
their  equivalents  at  32  degrees  Fahrenheit,  a 
correction  which  seemed  necessary  on  account 
of  the  high  temperature  of  the  housings.  The 
revolutions  were  measured  every  few  minutes 
by  a  Uchometer.  Owing  to  other  uses  of  the 
steam  from  the  boiler  a  measurement  of  the 
feed-water  was  useless.  In  consequence,  such 
determlnatlobs  were  limited  to  weighing  the 
condensed  water  delivered  by  the  air  pump. 
This  was  discharged  Into  an  elevated  reservoir 
with  inclined  bottom,  from  which  it  flowed  to 
the  scales.  The  net  weight  of  the  apparatus 
was  determined  after  each  emptying,  since  the 
readings  were  restricted  to  ten-minute  Inter- 
rals.  On  account  of  the  large  capacity  of  the 
air  pump,  more  frequent  weighing  would  have 


resulted  in  less  uniform  readings.  That  a 
steady  operating  condition  had  been  reached 
during  the  tests  was  shown  by  the  uniform 
amount  of  condensation  and  the  constant  tem- 
perature of  different  parts  of  the  turbine. 

The  electrical  measurements  were  made  with 
instruments  calibrated  by  Professor  Weiss,  of 
the  physical  department  of  the  Federal  Poly- 
technic Institute.    A  water  rheostat  was  used. 

The  turbine  was  first  run  with  a  mixture  of 
moderately  superheated  steam  from  one  source 
and  saturated  steam  from  another.  In  front  of 
the  separator  It  showed  a  few  degrees  of  super- 
heat, but  this  had  practically  disappeared  in 
front  of  the  throttle  valve.  The  results  of  the 
tests  are  given  In  the  accompanying  table.  The 
first  eight  are  with  decreasing  loads,  but  a  con- 
stant speed  and  steam  pressure.  The  tests  were 
at  first  arranged  In  the  opposite  order,  begin- 
ning with  no  load,  but  the  temperature  read- 


peratures  of  the  exhaust  and  of  the  base  of 
the  high-pressure  housing  were  still  falling. 
On  this  account  the  computation  of  the  steam 
consumption  is  based  only  on  the  results  of  the 
last  35  minutes.  With  heavy  loads,  a  prelimi- 
nary run  of  15  minutes  was  sufficient.  The  last 
three  tests  were  made  with  superheated  steam. 
In  all  of  these  eleven  runs  the  turbine  operated 
with  very  little  shaking  of  the  shaft.  The  oil 
for  the  bearings  was  delivered  at  a  temperature 
of  86  to  95  degrees  Fahrenheit  and  came  from 
them  at  104  to  122  degrees. 


Smoke  Preventing  Devices  are  installed  In 
859  out  of  2,041  steam  boilers  in  the  city  of 
St.  Louis.  According  to  Mr.  Charles  H.  Jones, 
chief  smoke  Inspector,  in  a  pamphlet  Issued  by 
the  Civic  Improvement  League  of  that  city, 
these  devices  are  divided  up  about  as  follows: 
Some  66  per  cent,  use  steam  jet  and  air-blast 
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Longitudinal    Sectional    Elevation     and   Some   Details   of  Zoeily  Steam    Turbine. 

Condensed  Table  of  Tests  of  a  Five  Hundkbd   Hohse-Poweb  Zoelly   Steam  Tuebinb. 

Date —                      Dec.  12,   Jan.  2.'),  Jan.  25,  Jan.  25,  Jan. 25,  Jan.  18,  Jan.  25,  Jan.  25,  Feb.S,     Feb.  5,  Feb.  8, 

1903.       1904.        1904.       1904.  1904        1004        1004         1904       1904         1904       1004 

Length,  minutes 180           80           50           50  50           60           60           35           70           20           80 

Current,   kilowatts 363         388         335         240  182  86  392        31H)        300 

Revolutions  per  miD 2,067      2,967      2,977       2,983  2,984       2,995      2,995      3,000      2,972      2,973       2,968 

Before    Separator — 

PrpgHure,    lbs 149          149          145          147  146           147          147          149          173          178          150 

Temp.,  degs.  Fahr 369          870          364          866  365          365          365          366          477          497          440 

Before    First   Diaphragm — 

Pressure,   lbs 133         134         118           87  66           81              3             7.5*    128         128         129 

Temp.,  degs.  Fahr 356         356         347         329  314         277         228         217         422         427         422 

Exhaust — 

Vacuum.   Ins.    mercury...       27.7        27.7        27.9        27.9  27.9        28.4        28.4        28.4        27.9        27.9        27.8 

Temp.,  degs.  Fahr 102         104         102           99  !)8           91            90         108         100         102         100 

Steam  con.  per  hour,  lbs. 7,887      8,308       7,411       5,766  4,673       2,644      1,023          650      7,438      7,319       7,712 

Hteam  con,  per  kw.-hr.  lbs      21.7        21.4        22.1        24.0         25.6        33.0      19.0        18.8        19.7 

•Ins.   of  mercury, 

ings  Of  different  parts  of  the  turbine  showed  devices;   23  per  cent,  down-draft  furnaces;   4% 

that  a  steady  operating  condition  would  not  be  per   cent,    use   firebrick  arches;    3Vj    per   cent. 

reached  for  hours.    The  observations  made  dur-  have   changed   from   steam   to   electricity;    1% 

Ing  the  eighth  of  the  tabulated  tests  show  this  per  cent,  use  automatic  stokers,   and   1%   per 

clearly.    In  this  run,  the  unit  was  first  operated  cent,   use   smokeless  fuels.     In  addition  there 

at  half  load  for  about  20  minutes.  In  order  to  are  273  plants,  mostly  small  or  heating  plants, 

warm  it  up,  and  two  hours  afterward  the  tem-  which  have  no  special  devices. 
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A  French  Breaking  Test  of  Reinforced  Con- 
crete Bridge  Trusses. 

By  Leon    S.    Molsseiff,    Assoc.    M.   Am.    Soc.    C.   E. 


In  November  last  a  bridge  of  65.6  feet  span, 
built  by  the  Paris-Orleans  Railway  Company  at 
Its  freight  yard  in  Paris  for  this  purpose,  was 
tested  to  destruction.  It  consisted  of  two  bow- 
string trusses  spaced  8.2  feet  center  to  center 
and  having  a  maximum  depth  of  about  7.5  feet 
center  to  center  of  chords.  The  lower  chord 
and  the  web  members  were  of  concrete  rein- 
forced by  longitudinal  steel  rods  while  the 
upper  chord  was  of  hooped  concrete.  The  con- 
struction and  the  breaking  test  of  the  bridge  are 
fully  described  and  discussed  by  A.  Considere 
In  a  recent  volume  of  the  "Annales  des  Fonts 
et  Chauss6es." 

The  great  resistance  shown  by  Considere's 
experiments  on  hooped  concrete,  which  have 
been  described  in  The  Engineering  Record  and 
are  given  in  full  in  the  English  version  of  his 
experiments,  published  in  book  form  under  the 
title  "Experimental  Researches  in  Reinforced 
Concrete,"  led  him  to  believe  that  concrete  so 
reinforced  would  prove  an  excellent  material 
for  bridges  of  spans  longer  than  those  usually 
so  constructed.  He  prepared  plans  for  a  bow- 
string truss  of  about  196.8  feet  span  and  about 
25  feet  width,  but  before  executing  them  it  was 
thought  advisable  to  construct  first  a  bridge  to 
one-third  scale  of  the  one  contemplated  and  test 
It  to  destruction. 

The  bridge  tested  really  represents  not  a 
bridge  built  for  a  span  of  65.6  feet,  but  one  of 
196.8   feet   reduced   in   all    its   dimensions   and 


of  1.2  inches,  as  indicated  in  Figure  2.  Members 
which  had  thus  been  reinforced  were  used  for 
twelve  panels  of  the  truss  and  are  considered 
suitable  for  bridges  of  average  spans.  A  sec- 
ond type  of  compression  member,  of  smaller 
cross-section  but  containing  a  higher  percentage 
of  reinforcing  metal,  was  used  for  the  center 
panel.  It  is  intended  for  bridges  of  longer  spans 
where  the  weight  of  the  structure  itself  be- 
comes of  great  importance.  This  member  had 
a  diameter  of  7.9  inches  and  steel  rods  of  about 
0.4  inch  diameter  hooped  to  an  average  diam- 
eter of  about  6.3  inches,  with  an  average  spac- 
ing between  hoops  of  0.95  and  a  maximum  of 
1.4  inches.  To  avoid'  any  possible  tendency  to 
flexure  in  this  member  it  was  supported  by  a 
small  vertical  strut  from  the  intersection  of  the 
diagonals.  This  was  ill-advised  as,  instead  of 
preventing  flexure,  it  produced  bending,  as  will 
be  seen  later.  In  addition  to  the  spiral  rods 
the  hooped  members  contained  eight  longitudi- 
nal soft  steel  rods  of  7/16  inch  diameter. 

The  reinforcing  of  each  lower  chord  consisted 
of  37  soft  steel  rods  of  about  0.52  inch  diam- 
eter. They  passed  through  cast  steel  abutting 
plates  and  were  upset  at  each  end,  preventing 


afterwards  that  this  fault  somewhat  hastened 
the  failure  of  the  bridge,  not  by  rupturing  the 
connection,  but  by  adding  an  unnecessary  ad- 
ditional local  stress  on  the  hooping  spirals. 

Construction. — As  stated  above,  the  bridge 
was  Intended  to  test  the  design  and  connections 
which  would  prove  effective  for  bridges  of  rela- 
tively long  spans  where  the  reduction  of  the 
dead  load  is  of  great  Importance.  For  the  ten- 
sion chord  it  is,  therefore,  advisable  to  increase 
as  much  as  possible  the  percentage  of  the  metal 
in  the  concrete  and  to  use  a  steel  of  great  re- 
sistance and  high  working  stresses.  But  if  the 
numerous  rods  of  the  lower  chord  are  not  per- 
fectly straight  it  is  to  be  feared  that  they  will 
tend  to  straighten  under  the  applied  load  and 
cause  deformations  and  possibly  cracks  in  the 
surrounding  concrete.  To  avoid  this  inconven- 
ience, it  suflices  to  put  on  the  rods  part  of  the 
stress  which  they  will  sustain  later  and  to  place 
the  concrete  around  them  after  they  have  been 
straightened  under  the  stress.  To  obtiin  the 
required  tension  on  the  rods  a  simple  method 
was  used  in  the  experimental  bridge.  Instead 
of  building  the  falsework  as  usual  of  struts  and 
ties,  the  former  only  were  used  and  their  ends 


. Span  65.6'      k- 

Figure  1. — General  Shape  of  Experimental  Bridge. 
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The    Experimental    Bridge    of    Hooped    Concrete. 


parts  to  one-third.  This  has  resulted  in  some 
Inconveniences.  First,  the  form  of  truss  tested 
is  not  exactly  suitable  for  the  shorter  span,  and, 
second,  the  diameters  of  the  reinforcing  mem- 
bers and  the  spacing  of  the  hooping  had  to  be 
reduced  to  a  point  where  the  ramming  of  the 
concrete  became  diflScult. 

Design. — As  stated  above,  the  bridge  consisted 
of  two  bowstring  trusses.  The  upper  chord  of  the 
truss  was  made  parabolic,  the  lower  chord 
straight  and  the  web  of  verticals  and  diagonals 
in  panels  of  about  5.1  feet.  Except  in  the  two 
panels  at  each  end,  the  bridge  had  an  upper 
lateral  system  of  horizontal  struts  of  reinforced 
concrete  and  diagonals  of  steel  angles.  The 
continuous  concrete  floor  was  of  a  thickness  of 
2.4  inches  and  was  supported  on  concrete-steel 
floor-beams  at  each  panel  point. 

The  exact  dimensions  and  sizes  which  were 
prescribed  for  the  compression  members  were 
not  realized.  The  upper  chord  members  had 
an  octagonal  shape  of  9.8  inches  diameter  and 
the  hooping  spirals  were  of  soft  steel  rods 
%  inch  in  diameter  bent  to  a  curve  with  an 
average  diameter  of  about  7.9  inches,  with  a 
maximum  spacing  of  1.4  and  an  average  spacing 


the  spreading  of  the  plates.  An  iron  wire  0.16 
inch  in  diameter  was  wound  around  the  strand 
formed  by  the  37  rods.  The  distances  between 
its  spirals  were  relatively  great  and  almost  use- 
less for  the  middle  portion  of  the  panels,  but 
they  became  closer  when  approaching  the  panel 
points,  in  order  to  prevent  any  spreading  of  the 
longitudinal  rods  under  the  action  of  the  load 
and  the  pull  of  the  web  members.  The  mortar 
which  was  poured  into  the  bundle  of  rods  and 
surrounded  it  had  an  octagonal  surface  of  9.8 
inches   diameter. 

The  longitudinal  reinforcing  rods  of  each  of 
the  web  members  were  four  in  number  and  had 
a  diameter  of  0.59  inch  in  the  verticals  and  7/16 
inch  in  the  diagonals.  Figure  2  shows  the  de- 
tail of  the  connection  between  the  web  members 
and  the  chords.  These  were  followed  exactly 
in  the  execution  of  the  lower  connections,  but, 
owing  to  an  unfortunate  error,  the  semi-circles 
which  connected  the  reinforcing  rods  were 
omitted  in  most  connections.  Instead  the  rein- 
forcing rods  of  the  web  members  consisted  of 
independent  rods  bent  over  hook-like  at  their 
ends  and  frequently  penetrating  into  the  hooped 
chord  to  a  very  slight  extent.     It  was  proved 


were  made  to  abut  against  the  cast  steel  bear- 
ing plates  so  that  the  reinforcing  rods  of  the 
lower  chord  acted  as  ties  for  the  falsework. 
The  latter  were  thus  put  under  part  of  the 
stress  which  they  were  designed  to  carry  and 
part  of  the  falsework  material  was  saved.  After 
thus  erecting  the  falsework,  It  was  braced  later- 
ally and  distance  pieces  were  suspended  for  the 
rods  to  regulate  their  spacing.  The  necessary 
molding  boards  for  the  various  concrete  mem- 
bers were  then  suspended.  The  verticals  and 
diagonals  were  first  built,  then  the  hooped  mem- 
bers of  the  upper  chord  and  the  upper  lateral 
bracing.  This  was  followed  by  the  execution  of- 
the  floor,  and  since,  because  of  the  short  span 
of  the  experimental  bridge,  the  weight  of  the 
suspended  structure  was  not  sufficient  to  cause 
in  the  rods  the  stress  required  to  straighten 
them  perfectly,  five  tons  of  rails  were  added  to 
it.  This  would  not  be  necessary  in  bridges  of 
longer  spans.  Only  after  the  reinforcing  rods 
were  thus  stressed  was  the  concrete  put  on  the 
bars.  It  goes  without  saying  that  no  such  pre- 
cautions would  be  taken  for  a  66-foot  span,  for 
it  would  sufllce  to  reduce  the  percentage  of  steel 
and  thereby  increase  the  dead  load  of  the  bridge. 
In  the  prisms  of  hooped  concrete  which  Con- 
sid&re  had  previously  tested  in  his  laboratory 
experiments,  the  hooping  was  done  with  unan- 
nealed  wire  of  high  resistance.  The  use  of  steel 
of  this  kind  for  larger  construction  where  the 
spiral  rods  required  diameters  much  above 
those  required  by  wire  manufacturers  was  im- 
possible, and  soft  steel  rods  of  an  elastic  limit 
of  about  37,000  pounds  and  an  ultimate  resist- 
ance of  58,000  pounds  per  square  inch  were  used 
for  the  main  members  and  of  33,800  and  55,000 
respectively  for  short  members.  The  percent- 
age of  metal  was  increased  to  allow  for  its 
lower  elastic  limit,  but  only  slightly  so,  be- 
cause the  great  strength  of  wire  cannot  be  util- 
ized in  hooped  concrete  before  it  undergoes 
large  deformations.  Unlike  the  method  of  the 
laboratory  experiments,  the  spirals  were 
doubled    here,    and    the    slight    inconvenience 
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which  may  result  from  the  discontinuity  of  the 
wirM  WAS  prevented.  It  was  not  possible  to 
mold  and  tamp  the  members  vertically,  as  was 
done  In  the  experiments,  but  the  tamping  had 
to  be  done  between  the  hoops  perpendicularly 
to  the  longitudinal  axis  of  the  member  which  is 
the  pMition  least  favorable  to  It.  Nevertheless 
the  results  were  fully  satisfactory.  Candlot 
Portland  cement  and  gravel  of  0.5  to  0.6  inch 
diameter  were  used.  A  concrete  made  of  1,680 
pounds  of  cement  to  one-half  cubic  yard  of 
sand  and  one  cubic  yard  of  gravel  was  used  for 
the  hooped  members.  For  the  ordinary  gravel, 
which  is  commonly  used  and  which  Is  double 
the  sixe  of  that  employed  here,  about  nine- 
tenths  of  the  amount  of  cement  will  give  an 
equally  good  concrete.  Only  1,260  pounds  of 
to  the  same  volume  of  sand  and  gravel 
SMd  for  the  rest  of  the  main  truss  mem- 
ben,  and  this  was  again  reduced  to  one-half 
for  the  floor  system  and  lateral  bracing. 

The  Test  and  Itt  Retults. — On  Invitation  of 
Mr.  Considi're  the  French  Government  Ckimmls- 
sion  on  Reinforced  Concrete  was  present  at  the 
teet,  which  was  conducted  under  the  super- 
vision of  M.  Mesnager.  The  bridge  was  finished 
July  28,  1903,  and  was  tested  Nov.  11,  12  and 
13,  when  the  temperature  was  from  50  to  55 
degrees  Fahr.  The  test  was  made  with  different 
positions  of  increasing  loads,  both  symmetric 
and  unsymmetric,  rails  being  used  as  load.  The 
deflections  and  deformations  were  measured  by 
deflection  meters  and  extensometers. 

A  load  of  66  tons  of  rails  added  to  the  dead 
weight  of  the  bridge  of  27.6  tons  caused  in  the 
upper  chord  member  in  the  first  panel  from  the 
center  a  stress  of  1,270  pounds  per  square  inch 
of  total  section,  or  practically  the  amount  which 
Mr.  Considdre  has  Indicated  before  as  the  safe 
working  load  for  a  weakly  hooped  concrete. 
The  pressure  on  the  section  included  between 
the  hoops  was  about  1,970  pounds.  No  injuries 
of  any  kind  were  observed  under  these  stresses, 
whidi  were  very  high  in  comparison  with  those 
sustained  usually  by  reinforced  concrete.  After 
the  load  had  been  on  twelve  hours  the  observed 
deflection  at  the  center  of  the  span  was  slightly 
more  than  one  two-thousandth  of  the  span.  This 
deflection  is  greater  than  that  observed-  on  ordi- 
nary reinforced  concrete  structures.  The  rea- 
son for  it  is  quite  evident  In  the  latter  the 
greatest  compressive  stress  allowed  is  between 
400  aad  600  pounds  per  square  inch,  while  in  this 
case  the  stress  was  more  than  three  times  as 
much,  and,  although  the  hooping  Increases  the 
coefflcient  of  elasticity  of  the  concrete,  it  does 
not  increase  It  In  the  same  proportion  as  the 
ultimate  resistance.  It  was  found  that  an  equiv- 
alent steel  member  would  be  compressed  more 
than  one  and  one-half  times  as  much  as  was  ob- 
served on  the  hooped  member.  The  comparison 
would  prove  still  more  favorable  to  the  experi- 
mental bridge  if  the  average  deformations  of  all 
the  members  were  taken  in  account.  It  would 
then  be  found  that  the  deformation  of  the  tested 
bridge  was  60  per  cent,  of  that  of  a  steel  bridge 
of  the  same  form.  It  may  be  added  that  the 
greater  dead  load  of  the  concrete  bridge  wlil, 
of  course,  reduce  the  proportion  of  live  load 
to  dead,  and  with  it  the  Influence  of  live  load 
in  causing  deflections.  The  superiority  of  con- 
crate  structures  becomes  still  more  apparent 
when  Tibrations  and  shocks  are  considered. 

The  bridge  did  not  show  any  weakness  until 
the  load  reached  about  200  tons,  when  the  first 
injuries  became  apparent  simultaneously  at 
several  places.  At  about  a  third  of  the  span 
almost  invistble  capillary  cracks  appeared  In 
the  lower  chord.  At  the  panel  points  1  and  2 
of  the  northern  truss  and  2  of  the  southern 
inclined  cracks  appeared  In  the  concrete  sur- 
rounding the  hooped   members.     At  the  same 


time,  the  four  masonry  pillars  which  supported 
the  bridge  settled  unequally,  causing  a  cross- 
strain  in  the  bridge. 

Under  a  load  of  220  tons  the  previously  ob- 
served phenomena  were  multiplied.  In  the 
compression  chord  in  the  center  panel,  which 
had  the  reduced  cross-section  previously  men- 
tioned, the  concrete  surrounding  the  hooping 
began  to  crack  oft  and  finally  almost  the  whole 
envelope  cracked  off  and  uncovered  the  hoop- 
ing. The  stress  which  caused  this  surface  in- 
jury amounted  to  5,200  pounds  per  square  inch 
of  total  section  and  to  8,650  pounds  of  the 
hooped  core. 

Under  a  load  of  266  tons  failure  took  place 
by  the  rupture  of  five  spirals  which  hooped  the 
upper  chord  of  the  northern  truss  at  panel 
point  1  and  caused  the  crushing  and  oblique 
shearing  of  the  concrete  when  it  lost  its  rein- 
forcing. The  failure  of  the  upper  chord  was 
accompanied  by  a  definite  noise  which  was  fol- 
lowed almost  immediately  by  another  caused 
by  the  rupture  in  the  two  last  panels  at  one 
end  of  the  south  truss.  The  second  failure  was 
evidently  due  to  the  first.     The  lower  chords 


of  other  faults  of  construction  which  had  no 
injurious  effect  under  the  breaking  load.  Be- 
cause the  hooped  cylinder  has  a  much  higher  re- 
sistance and  coefflcient  of  elasticity  than  the  sur- 
rounding concrete,  it  is  evidently  important  to 
have  it  well  centered.  Instead,  the  work  done  was 
so  faulty  that  in  some  places  the  spirals  touched 
the  surface.  This  resulted  in  excessive  deflec- 
tions in  the  member.  By  providing  suitable 
concrete  spacers  such  eccentricity  can  be  avoid- 
ed. The  center  lines  of  the  members  meeting 
at  a  panel  point  should,  of  course,  intersect  in 
one  point,  but  actually  this  was  not  observed. 
In  the  hooped  member  of  reduced  cross-section 
the  spacing  of  the  spirals  was  very  Irregular,^ 
but  no  harm  resulted.  While  the  spirals  can 
easily  be  correctly  spaced  absolute  regularity 
of  spacing  is  of  no  importance.  Some  spirals 
were  not  bent  over  at  their  ends  and  some  of 
them  scarcely  penetrated  2  to  2.5  inches  into 
the  hooped  core,  but  owing  to  the  considerable 
friction  produced  in  the  compressed  concrete 
no  trouble  resulted.  It  was  the  opinion  of  sev- 
eral engineers  who  were  present  at  the  test 
that  the  results  might  be  considered  the  least 
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Details  of  Construction  of  Experimental  Concrete-Steel    Bridge. 


were  practically,  intact.  Notwithstanding  con- 
siderable deflections  and  shocks  they  show  only 
slight  cracks.  Much  more  damaged  were  the 
web  members  which  were  reinforced  by  longi- 
tudinal rods  only.  The  verticals  and  diagonals 
of  the  two  first  panels  were  completely  dislo- 
cated and  show  fragments  of  concrete  held  to- 
gether by  distorted  reinforcing  rods. 

Outside  of  the  points  of  rupture  the  upper 
chords  stood  the  test  well  and  for  four-fifths  of 
their  length  the  concrete  envelope  was  still  In- 
tact. According  to  the  numerous  laboratory 
experiments  which  have  been  published,  this 
proves  that  when  the  bridge  failed  these  mem- 
bers were  still  far  below  their  ultimate  resist- 
ance. This  leads  to  the  conclusion  that  the 
bridge  failed  because  of  a  local  fault  and  would 
otherwise  have  sustained  a  still  higher  load. 
On  account  of  faulty  connection  in  not  follow- 
ing the  design  at  the.  point  of  rupture,  the 
spirals  were  overstressed  locally  which,  to- 
gether with  their  hooping  stress,  caused  their 
rupture. 

Besides  the  above,  the  bridge  had  a  number 


favorable  which  should  be  expected  from  such 
structures.  The  poor  construction  of  the  bridge 
was  due  to  two  reasons — the  author  could  not 
supervise  the  work  personally  all  the  time,  and 
the  workmen  employed  had  never  built  any- 
thing similar. 

Resistance  and  Ductility. — From  the  pub- 
lished experiments  the  compressive  resistance 
of  a  hooped  concrete  member  was  found  to  con- 
sist of  the  sum  of  the  following  three  elements: 
1.  Compressive  resistance  of  the  concrete  with- 
out reinforcing.  2.  Compressive  resistance  of 
the  longitudinal  rods  stressed  to  their  elastic 
limit.  3.  Compressive  resistance  which  would 
have  been  produced  by  imaginary  longitudinals 
at  the  elastic  limit  of  the  hooping  metal,  the 
volume  of  the  imaginary  longitudinals  being 
taken  as  2.4  times  that  of  the  hooping.  The 
amount  of  hooping  metal  referred  to  the  section 
of  the  core  was  4.6  per  cent.,  and  that  of  the 
longitudinal  reinforcing  2.42  per  cent.  This  is 
for  the  average  spacing  of  hoops.  The  resist- 
ance computed,  according  to  the  above  rule,  is 
7,540  pounds  per  square  inch.     Computing  the- 
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same  for  the  maximum  spacing  between  hoops 
7,000  pounds  is  obtained.  The  compression  ac- 
tually resisted  by  the  chords  did  not  exceed 
6,540  pounds.  It  fell  below  the  computed  value 
and  did  not  verify  the  given  rule,  but  it  must 
be  remembered  that  not  only  the  chord  mem- 
bers did  not  fall  under  this  stress,  but  even  the 
concrete  envelope  did  not  crack  off  for  four- 
fifths  of  their  length.  As  found  from  numerous 
laboratory  experiments,  the  latter  cracks  off  at 
a  considerably  lower  stress  than  the  ultimate 
resistance.  This  was  verified  in  the  case  of 
the  member  with  reduced  section  in  which  the 
envelope  cracked  off  under  a  compression  of 
about  7,900  pounds  per  square  inch  of  core,  yet 
resisted  without  failure  10,200  pounds.  For  this 
member  the  computed  value  for  the  average 
spacing  is  11,900  pounds  per  square  inch,  and 
for  the  maximum  spacing  9,240  pounds.  The 
value  of  10,200  pounds,  which  probably  would 
be  still  higher,  lies  between  the  two  latter 
values. 

As  the  failure  of  the  bridge  was  caused  by 
the  rupture  of  the  spirals  at  a  panel  point  con- 
nection, there  was  no  opportunity  to  observe 
the  remarkable  ductility  of  hooped  concrete  to 
its  full  extent.  It  was  thought  necessary  to 
strengthen  the  upper  chord  of  the  center  panel, 
which  was  of  reduced  cross-section,  by  a  ver- 
tical sub-strut,  as  shown  in  Figure  1.  This 
proved  to  be  a  mistake.  The  shortening  pro- 
duced by  the  compression  of  the  member  tended 


has  been  verified  by  winding  in  iron  wire 
around  a  cylinder  cut  out  of  old  mortar  and 
testing  it.  With  3.4  per  cent,  of  wire  an  ulti- 
mate resistance  of  about  10,500  pounds  per 
square  inch  of  total  cross-section  was  obtained. 
Effects  of  Poor  Work. — As  mentioned  above, 
the  adhesion  of  the  concrete  to  the  reinforcing 
is  not  necessary  for  the  strength  of  hooped  con- 
crete, because  the  friction  of  the  metal  in  the 
compressed  concrete  is  sufficient  to  grip  the 
ends  of  the  hooping  rods  even  if  they  are  not 
deeply  embedded  in  the  concrete.  This  has  also 
been  demonstrated  by  the  experience  with  the 
tested  bridge,  due  to  the  poor  work  in  its  con- 
struction. As  to  the  longitudinal  reinforcing  rods 
they  exert  on  the  concrete  normal  stresses  only 
which  do  not  require  adhesion.  Naturally,  ad- 
hesion is  also  of  no  value  in  the  lower-chord 
tension  members,  because  the  ends  of  each  re- 
inforcing rod  are  fixed  to  a  bearing  plate  and 
the  tensile  stress  in  the  metal  Is  practically 
constant  from  one  end  to  the  other.  An  idea 
of  the  effect  of  poor  concrete  on  the  resistance 
of  members  such  as  those  in  the  experimental 
bridge  can  be  obtained  from  the  following  fig- 
ures. If  the  resistance  of  the  concrete  itself 
were  reduced  one-half,  the  total  compressive 
resistance  of  the  member  would  be  reduced 
from  7,540  to  6,250  pounds  per  square  inch  in 
the  chord  and  from  11,900  to  10,600  pounds  in 
the  member  with  reduced  cross-section.  The 
margin  of  safety  left  is  still  very  considerable. 


cessfully  employed  for  supporting  machinery, 
causing  most  violent  vibrations.  The  durability 
of  reinforced  concrete  structures  against  rust 
is  patent  to  every  engineer.  Mr.  Considitre  con- 
cludes from  the  above  that  in  a  few  years  the 
same  factors  of  safety  will  be  adopted  for 
hooped-concrete  as  are  at  present  in  use  for 
steel  structures.  For  the  present  he  proposes 
to  allow  a  working  stress  of  2,130  pounds  per 
square  inch  for  members  in  compression  con- 
taining 6  per  cent,  in  spirals  and  2.5  per  cent, 
in  longitudinal  reinforcing  rods.  This  corre- 
sponds to  a  factor  of  safety  of  3.7  compared  to 
the  results  obtained  In  the  experimental  bridge 
and  to  a  small  factor  of  safety  relative  to  the 
compression  at  which  the  cracking  of  the  outer 
concrete  begins.  According  to  the  conditions, 
varying  with  length  and  width  of  member  and 
length  of  span,  the  percentage  of  metal  in  the 
hooped-concrete  members  may  vary  from  2.5  to 
6  per  cent,  in  the  spirals  and  from  1.5  to  2.5  per 
cent,  in  the  longitudinals,  with  an  allowable 
compressive  stress  of  1,300  to  2,130  pounds  per 
square  inch  of  total  cross-section. 


The  Ventilation  of  the  Albespeyre  Tunnel, 
Fiance. 

By  Dr.  Alfred   Gradenwitz. 


A  striking  example  of  the  difficulties  met  with 
in  the  aeration  of  tunnels,  as  well  as  of  the 
large  size  machinery  necessary  for  this  purpose, 
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Albespeyre    Tunnel:      Train    before    Entering;    Train    Within;    Train  Passed   Out   but   Fan   in    Operatioh. 


to  bring  the  upper  ends  of  the  adjacent  ver- 
ticals nearer  together,  the  sub-strut  prevented 
the  free  motion,  and  flexure  took  place  as  was 
shown  by  the  instruments.  It  was  found  that 
under  the  final  loads,  the  extreme  upper 
"fibers"  of  the  member  underwent  a  shortening 
four  times  as  great  as  those  of  the  extreme 
lower  ones,  while,  at  the  same  time,  resisting  a 
compression  of  10,200  pounds  per  square  inch. 

Symptoms  of  Approaching  Failure  of  Hooped 
Concrete. — Hooped  concrete  is  made  up  of  two 
elements  which,  while  of  the  same  material, 
differ  much  in  their  resistance  and  ductility. 
While  the  hooped  core  is  stressed  far  below  its 
ultimate  resistance  the  concrete  surrounding  it 
has  reached  its  breaking  strength  and  limit  of 
deformation,  and  begins  to  crack  and  finally 
breaks  down  completely.  This  takes  place  when 
the  structure  is  still  completely  safe.  Thus  in 
the  experimental  bridge  several  noticeable 
cracks  appeared  under  a  load  equal  to  three- 
quarters  of  the  breaking  load.  This  is  very  im- 
portant aa  Indicating  approaching  danger,  but 
especially  so  for  hooped  concrete,  because  it 
can  be  repaired  and  reinforced  at  small  cost. 
All  it  needs  is  to  break  off  the  surrounding 
concrete  and  to  wind  around  the  hooped  core 
additional  wire.     The  efficiency  of  this  method 


Factor  of  Safety. — The  considerations  gov- 
erning the  selection  of  a  factor  of  safety  for 
hooped-concrete  structures  are,  of  course,  prima- 
rily the  same  as  for  structures  of  other  mate- 
rials. Liability  of  errors  in  assumptions  and 
methods  of  computation  and  possible  increase 
of  working  loads  are  more  or  less  likely  to 
occur  in  any  structure.  Possible  defects  in 
construction  must  be  considered,  but,  as  shown, 
in  hooped  concrete  such  defects  are  of  small 
importance.  Secondary  stresses  caused  by  rigid 
connections  and  stresses  produced  by  settling 
or  leaning  of  supports  must  be  borne  in  mind. 
The  dangers  resulting  from  these  causes  are 
mostly  counteracted  by  the  ductility  of  the  ma- 
terial. The  high  ductility  which  is  character- 
istic of  hooped-concrete  sufficiently  warrants  the 
adoption  of  factors  of  safety  not  much  higher 
than  commonly  used  for  steel  structures  of  the 
same  class,  though  It  is  advisable  to  be  careful 
at  the  beginning.  As  to  the  effect  of  shocks  and 
vibrations,  the  greater  weight  of  the  hooped- 
concrete  structure  will  always  be  in  its  favor. 
It  may  also  be  well  stated  here  that  bridges  of 
reinforced  concrete  which  have  been  in  service 
for  five  years  on  a  French  railroad  have  re- 
sisted all  shocks  and  vibrations  and  are  in  per- 
fect condition.    Reinforced  concrete  is  also  suc- 


is  afforded  by  the  recent  installation  of  a  large 
ventilator  built  by  Mr.  Emmanuel  Farcot  flls, 
Plaine  St.  Denis,  France,  for  the  Albespeyre 
tunnel  on  the  Langogne-Alais  line,  belonging  to 
.  the  Paris-Lyons-Mediterranean  Company,  be- 
tween Pr6vench6res  and  Villefort  stations.  This 
tunnel  traverses  the  parting  of  waters  between 
the  Atlantic  and  the  Mediterranean;  it  is  a 
single-track  tunnel,  258  square  feet  In  cross- 
section  and  4,930  feet  in  length;  its  mean  gra- 
dient is  about  25  in  1,000. 

The  ventilation  of  this  tunnel,  which  is  tra- 
versed by  a  large  number  of  heavy  trains,  pre- 
sented special  difficulties.  While  the  natural 
aeration,  being  frequently  acted  against  by  vio- 
lent winds,  proved  quite  inefficient;  three  shafts 
sunk  for  the  purpose,  10.76  square  feet  In  cross- 
section  and  200,  395  and  490  feet  in  depth,  re- 
spectively, had  but  a  negligible  action.  In  the 
beginning  the  trains  going  up-hill  had  to  be 
pushed  by  an  auxiliary  engine  placed  at  the  rear 
of  the  train;  moreover,  the  trains  had  to  stop 
at  Villefort  to  take  on  water,  clean  the  grates 
and  make  up  a  good  fire.  The  high  gradient, 
however,  resulted  in  a  large  consumption  of 
fuel,  giving  rise  to  the  production  of  a  great 
amount  of  toxic  gases,  which  repeatedly  caused 
serious  accidents  of  asphyxia,  as  well  as  stop- 
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within  the  tunnel.  Moreover,  tlie  two- 
loooaiotiTe  (reiglit  trains  did  not  run  at  a  speed 
aboTe  I5U  to  17  miles  per  tiour  on  the  high 
gradient  The  head  locomotive  would,  accord- 
Insljr.  meet  a  supply  of  fresh  air  on  traversing 
the  tnnnel.  As  the  steam  and  smoke  escaping 
from  it  would  be  thrown  backward,  the  engineer 
and  fireman  of  the  rear  locomotive,  situated  at 
about  60  feet  distant  from  the  former,  would 
have  to  pass  through  a  contaminated  and  rather 
dangerous  atmosphere.  This  plan  was  therefore 
•rmtnally  abandoned,  and  the    train    divided 


long  tons.  The  spiral  casing,  consisting  half  of 
sheet-iron  and  half  of  masonry  (at  its  lower 
part),  is  9.84  feet  in  breadth;  the  air  issues 
through  a  conduit,  the  cross-section  of  which 
increases  from  97  to  225  square  feet.  This 
conduit  terminates  in  a  compartment,  surround- 
ing the  sheet-iron  pipe  continuation  of  the  tun- 
nel, whence  the  annular  ejector  starts  with  a 
cross-section  of  issue  of  64.5  square  feet. 

The  fan  is  operated  by  a  Corllss-Garnler- 
Faure-Beaulleu  engine,  with  a  cylinder  of  18. Ix 
37.5  Inches  in  size,  non-condensing,  developing 
156  horse-power  at  a  speed  of  95  revolutions  per 
minute.  The  fan  is  driven  through  a  belt  at 
a  speed  of  122  revolutions;  the  pulley  of  the  fan 
is  11.28  feet  in  diameter  by  20  inches  In  width. 


Longitudinal     S©c+lon    A-B-C-D 


The  speed  of  16.4  feet  per  second,  corresponding 
with  a  total  output  of  4,250  cubic  feet,  is  still 
too  great,  and  10  feet  per  second  should  not  be 
exceeded  during  the  time  the  men  are  working. 

The  service  is  performed  in  the  following 
way:  As  long  as  no  uphill  train  is  signaled,  the 
fan  runs  at  low  speed,  viz.,  50  turns  per  minute. 
As  soon  as  a  train  approaches,  the  speed  is 
raised  to  150  revolutions,  this  speed  being  main- 
tained for  about  8  minutes;  4  minutes  are  re- 
quired for  the  passage  of  the  train  through  the 
tunnel,  and  a  further  4  minutes  are  necessary 
for  clearing  away  the  smoke. 

As  trains  running  uphill  will  go  in  a  direc- 
tion opposite  to  the  air  current  at  a  speed  of 
15V.  to  18%  miles  per  hour,  or  2614  feet  per 


Horizontal    Section   E-F-G-H. 
Arrangement  of  the   Albespeyre  Tunnel    Plant. 


The    Fan   Wheel. 


Into  two  parts;  however,  the  atmosphere  of  the 
tniinel  would  remain  in  a  contaminated  con- 
dition, sometimes  for  about  40  minutes  after  the 
passage  of  the  train,  and  this  solution  did  not 
yrore  satisfactory. 

n«  Paris  -  Lyons-Mediterranean  Company 
therefore  decided  on  trying  artificial  ventilation 
for  the  tunnel  according  to  the  Saccardo  sys- 
tem, used,  for  Instance,  in  the  double-track  St. 
Gothard  tunnel,  9%  miles  in  length..  The  Sac- 
cardo ejector,  as  Is  well  known,  consists  of  a 
faa  blowing  into  an  annular  compartment, 
which  terminates  in  a  pipe  fitted  to  the  perl- 
meter  of  the  tunnel,  so  as  to  constitute  an  annu- 
lar injector  of  a  circular  cross-section.  The  fan. 
Installed  at  the  highest  point  throws  the  air 
■Oder  a  definite  pressure  through  the  pipe,  pro- 
ducing a  kind  of  screen,  which  retards  the 
speed  of  the  air  thrown  back  by  the  uphill 
train  and  gives  rise  to  a  circulation  from  one 
mmi  of  the  tannel  to  the  other  without  its  being 
asecMary  to  fit  the  same  with  any  inconvenient 
and  dangerous  doorways. 

While  the  output  of  the  fan  Installed  in  the 
Pimcchla  tnnnel  (In  the  Apennines,  1%  miles 
te  length)  is  950  to  3,530  cubic  feet  per  second, 
and  that  of  the  two  fans  in  the  St  Oothard  tun- 
•el  double  that  figure,  for  a  pressure  variable 
between  0.39  and  1  Inch,  the  output  required 
for  the  Albespeyre  tunnel  was  5,300  cubic  feet 
par  second,  the  corresponding  pressure  in  the 
«]ector  compartment  being  1.58  inches,  and  the 
aanolar  section  of  outflow  64.5  square  feet  In 
fact  a  much  more  energetic  ventilation  than 
with  the  two  preceding  applications  was  aimed 
at  in  the  present  case. 

The  Farcot  ventilator,  a  tnrblne  of  the  reac- 
tkm  type,  falfiUIng  these  conditions,  is  19.68 
feet  In  diameter  by  8.2  feet  in  breadth,  with 
paddles  bent  in  a  direction  opposite  to  the  direc- 
tion of  rotation  of  the  wheel;  the  turbine  com- 
prises two  symmetrical  halves,  each  of  which 
has  64  sheet-iron  paddles.  The  total  weight  of 
the  turbine,  ineladlng  the  shafts,  is  about  10 


The  Ventilating    Plant   during   Construction. 


Though  the  angular  speed  of  the  fan  is  not 
much  above  that  of  the  motor,  the  operation  by 
means  of  a  belt  was  preferred  to  a  direct  coup- 
ling, lest  the  steam  engine  obstruct  the  access  of 
air  to  the  fan  inlets. 

With  an  output  of  5,300  cubic  feet  per  second, 
as  measured  at  the  ejector,  a  mean  speed  as  high 
as  34.4  feet  per  second  is  obtained  throughout 
the  tunnel,  corresponding  with  an  output  of 
6,500  cubic  feet  due  to  the  carrying  along  of  the 
air  entering  at  the  mouth  of  the  tunnel.  This 
speed,  however,  discommodes  the  workmen 
occupied  in  the  tunnel  and  puts  out  the  torches. 


second,  being  equivalent  in  absolute  value  to 
that  of  the  air  in  the  tunnel  before  the  train 
enters  the  latter,  the  air  current  is  practically 
stopped  during  the  time  the  train  traverses 
the  tunnel,  the  air  being  thrown  back  to  the 
northern  end.  As  a  certain  amount  of  air  still 
surrounds  the  train,  the  atmosphere  will  re- 
main respirable  for  the  occupants.  It  has  been 
possible  to  revert  to  the  former  use  of  the  rear 
locomotive.  As  the  atmosphere  is  renewed  after 
the  passage  of  each  train,  the  front  engine  does 
not  contaminate  the  air  in  such  a  way  as  to 
affect  the  men  on  the  second. 


June  4,  1904. 

Tests  made  on  delivery  have  shown  that  the 
conditions  stipulated  have  heen  fulfilled.  The 
fan  should  give  for  five  hours  outputs  of  4,250 
to  5,300  cubic  feet  per  second,  the  speeds  of  the 
motor  varying  between  95  and  98  revolutions 
per  minute. 

In  a  communication  by  Mr.  Farcot  to  the 
Society  for  the  Encouragement  of  National  In- 
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installed  at  Vincennes,  with  a  view  to  ventilat- 
ing this  tunnel  as  far  as  La  Bastille,  where  the 
tunnel  terminates  into  the  open  air.  As  this 
fan  was  started  during  the  hours  of  service,  at 
the  moment  that  the  doors  of  either  the  Vin- 
cennes or  the  neighboring  Place  de  la  Nation 
station  were  opened,  a  most  violent  air  current 
was  produced  that  was  absolutely  unbearable. 
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A   Beinforced   Concrete    Store   Building   in 
Chicago. 


An  interesting  embodiment  of  advanced  ideas 
in  reinforced  concrete  construction  Is  the  store 
building  now  being  erected  in  Chicago  at  the 
northeast  corner  of  Thirteenth  Street  and 
Michigan  Avenue.  This  building  is  100x130 
feet,  seven  stories  in  height,  with  brick  outer 
walls.  The  basement  is  10  feet  6  inches  high; 
the  first  story  is  15  feet  high,  and  the  remain- 
ing stories  are  12  feet  high.  Each  floor,  with 
its  supporting  girders  and  columns,  is  a  con- 
crete monolith  reinforced  with  round  steel  rods 
of  an  elastic  limit  of  36,000  pounds.  The  rods 
are  of  widely  varying  sizes  to  suit  their  loca- 
tions. The  general  scheme  and  some  of  the 
details  of  the  construction  are  shown  by  ac- 
companying drawings.  The  columns  are  spaced 
15  feet  6  inches  by  20  feet,  and  have  bases  11 
feet  square,  so  as  to  reduce  the  load  to  4,000 
pounds  per  square  foot  on  the  fine  sand  in 
which  the  foundations  are  laid. 

The  construction  of  the  column  bases  Is 
shown  by  some  of  the  drawings.  A  layer  of 
1:2:3  Portland  cement  concrete  4  inches  thick 
was  'first  laid  in  the  bottom  of  each  pit,  and 
then  four  %-inch  rods  were  placed  side  by 
fide,  near  and  parallel  to  each  edge  of  the 
square  pier.  Next  came  two  sets  of  %-lnch 
rods,  seven  in  each  set,  spaced  6  inches  apart 
and  laid  both  ways  at  right  angles,  across  the 
central  portion  of  the  footing,  as  seen  in  the 
drawing.  Lastly,  two  sets  of  diagonal  l-inch 
rods,  seven  in  each  set,  were  laid  on  an^ 
parallel  to  the  diagonals  of  the  square.  The 
rods  were  then  tied  together  at  their  intersec- 
tions, and  1:4  mortar  was  poured  on  to  and 
around  the  rods  to  a  depth  of  5  inches  above 
the  first  layer  of  concrete,  the  rods  being 
shaken  to  settle  the  mass,  which  was  then 
thoroughly  tamped.  Above  this  second  layer 
1:2:3  concrete  was  placed  in  forms  to  finish 
the  pier  as  shown.  The  bending  moment  was 
plotted  as  the  dotted  parabolic  curve  shown  in 
the  transverse  section  of  the  footing,  and  at  its 
highest  point  there  was  embedded  in  the  pier  a 
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Structural  Details  of  a  Reinforced  Concrete  Store  Buildin 
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dustry,  Paris,  some  experiments  were  reported 
on  mechanical  ventilation  recently  made  in 
Paris  on  the  Metropolitan  Railway  between  the 
Vincennes  and  La  Bastille  stations.  A  fan  8.2 
feet  In  diameter,  giving  an  output  of  1,770  to 
1.950  cubic  feet  per  second  and  being  susceptible 
both  of  aspiring  and  blowing  actions,  had  been 


whereas  the  regular  air  current  did  not  go-  as 
far  as  La  Bastille,  on  account  of  the  frequent 
passages  of  trains  running  in  an  opposite  direc- 
tion. By  night,  however,  the  air  current  would 
be  established  regularly  throughout  the  length 
of  the  tunnel  at  a  speed  of  4.9  feet  per  second, 
corresponding  to  175  cubic  feet  per  second. 


%-inch  steel  plate,  2  feet  square,  upon  which 
stand  the  four  vertical  column  rods. 

These  vertical  rods  in  the  corners  of  the  col- 
umns extend  only  from  floor  to  floor,  with 
joints  6  inches  above  the  floor  level  in  each 
story.  Each  joint  is  made  with  a  sleeve  of  gas 
pipe,  into  which  the  ends  of  the  two  sections 
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of  a  rod  are  wedged.  The  rods  are  2  7/16 
lachee  in  diameter  for  the  first  story,  and  de- 
crease to  1  inch  diameter  for  the  top  story. 
Bars  of  %-lnch  square  steel,  at  intervals  of 
about  24  inches,  bind  all  four  vertical  rods  to- 
gether. These  tiands  have  loops  of  wire  twisted 
tightly,  connecting  the  centers  of  the  opposite 
sides  and  offering  additional  resistance  to  the 
tendency  of  the  vertical  rods  to  spread. 

One  of  the  detail  drawings  shows  the  design 
of  the  reinforcement  in  a  girder,  the  rods  form- 
ing a  sort  of  truss.  The  average  girder  con- 
tains three  of  these  trusses,  thus  having  three 
1-inch  tension  rods  at  its  bottom,  three  1-inch 
shear  rods,  and  three  A4-inch  top  rods  in  com- 
praasion.  The  design  limited  the  floor  thick- 
nea  to  6  inches,  with  a  girder  depth  below  this 
of  1!  inches.  The  girder  trusses  were  designed 
to  come  within  1  inch  of  the  top  of  the  floor.  In 
order  to  gain  the  fullest  advantage  possible. 
The  three  girder  rods  of  each  truss  are  con- 
nected by  means  of  electrically-welded  fabric, 
one  net  enveloping  each  girder  at  each  end  for 
one-third  of  the  span  and  being  securely  tied 
to  the  rods  at  the  intersections.  The  three 
tmsaes  are  tied  together  by  means  of  another 
net  extending  across  the  center  third  of  the 
span  only.  These  details  are  plainly  shown 
ih  some  of  the  sections  reproduced  among  the 
drawings.  This  mode  of  application  of  the  stir- 
nips  connects  the  latter  horizontally  every  4 
inches  of  the  depth  of  the  girder.  One  of  the 
views  shows  the  intersection  and  interlocking 
of  the  girders  at  a  column,  also  the  ends  of  the 
four  column  rods,  the  conduit  for  electric  wires, 
which  is  carried  inside  the  concrete  among  the 
rods,  and  the  ends  of  the  electrically-welded 
fabric  mentioned  above.  The  corbels  under  the 
ends  of  the  girders  at  each  column  are  rein- 
forced, as  shown,  by  bent  %-inch  rods  fastened 
'  to  the  girder  rods. 


ends  of  each  girder  and  floor  rod  are  bent  at 
right  angles  to  the  body  of  the  rod  to  act  as 
anchors.  These  anchors  are  3  inches  long  on 
the  girder  rods  and  IVs  inches  on  the  floor 
rods.  The  outer  or  brick  side  walls  are  not 
built  above  the  levels  of  the  girder  trusses 
until  the  latter  are  put  In  place.  Thus  the 
ends  of  the  girders  are  built  into  the  walls  as 
they  go  up. 

As  the  weight  of  the  floors  is  75  pounds  per 
square  foot,  the  molds  for  them  are  str'bngly 


place  the  tension  reinforcing  rods  too  near  to 
the  neutral  axis,  a  thing  which  has  been  known 
to  happen  in  reinforced  concrete  work.  These 
girder  mold  planks  also  carry  the  molds  for 
the  floor.  The  floor  molds  are  in  the  form  of 
inverted  boxes  4  feet  7  inches  by  15  feet,  and 
four  of  them  are  laid  and  bolted  together  to- 
form  a  section,  the  outer  exposed  ends  and 
sides  forming  the  sides  of  the  girder  molds. 

The  cement  used  is  Vulcanite,  and  the  con- 
crete is  being  mixed  in  a  Smith  machine  of  60 


Intersection  of  Girders   and  Column,   Showing  Steel    Rods   In    Position. 


Reinforced   Concrete    Building:       Floor    Rods    in    Position. 


The  main  floor  rods  are  7/16  inch  in  diam- 
eter, are  spaced  4  inches  apart  in  both  direc- 
tions, and  are  carried  through  the  girder 
trusses.  Additional  floor  rods,  as  can  be  seen 
in  one  of  the  photographs,  as  well  as  In  the 
drawings,  are  run  over  the  trusses,  extending 
8  to  S  feet  on  either  side,  with  hooked  ends 
fastened  to  the  bottom  floor  rods.  These  addi- 
tional rods  are  intended  to  take  care  of  the 
negative    bending    moments    developed.      The 


made  and  securely  fastened  together.  An  ac- 
companying view  gives  a  good  idea  of  the  ar- 
rangement of  the  molds  and  bracing.  For  the 
columns  1  %-inch  material  Is  held  every  30 
inches  by  wedges  in  reinforcing  clamps  of  2x6- 
inch  stuff.  The  girder  bottom  molds  are  sup- 
ported on  4xC-inch  posts,  each  resting  upon  a 
double  wedge  by  means  of  which  a  precise 
alignment  Is  obtained,  thus  preventing  the  sag- 
ging of  these  bottom  girder  strips,  which  might 


cubic  yards  capacity  per  day  of  eight  hours. 
The  proportion  of  voids  in  the  materials  is 
measured  every  morning  and  the  concrete  is 
mixed  accordingly,  the  desired  ratio  being 
1:2:2  of  cement,  sharp  torpedo  sand  and  clean 
screened  roofing  gravel  of  a  size  to  pass  through 
a  %-lnch  mesli. 

The  concreting  is  carried  on  by  two  eight- 
hour  shifts,  the  interval  of  no  work  between 
1  A.  M.  and  7  A.  M.  not  being  deleterious  to  the 
result.  One  of  the  views  also  shows  the  trestle 
adopted  to  carry  the  barrows  of  concrete  over 
the  floor  rods.  The  concrete  is  mixed  very  wet, 
and  after  being  poured  on,  is  puddled  with 
small  rods  to  work  the  air  out.  The  mixtures 
used  in  the  floors,  columns  and  girders  have 
proven  practically  watertight.  After  one  floor 
has  set  ten  days  the  molds  are  dropped,  leaving 
in  place  girder  and  panel  supports.  The  molds 
are  then  carried  up  one  story,  re-erected,  and 
the  next  floor  put  in.  About  fifteen  days  per 
floor  are  required  for  this  building.  All  the 
work  of  bending  the  ends  of  the  rods,  building 
up  and  tying  the  girders,  etc.,  is  done  on  the 
spot  by  two  men  and  two  helpers. 

Mr.  E.  Lee  Heidenreich  is  the  engineer  for 
the  armored  concrete  construction;  Mr.  James 
Gamble  Rogers,  the  architect  for  the  building, 
and  Mr.  James  O.  Heyworth  is  the  contractor. 


TiiK  SiiiKBiAN  Railway  Is  4,100  miles  long 
from  the  frontier  to  Vladivostok  and  has  many 
bridges.  The  aggregate  length  of  the  bridges  is 
estimated  to  be  more  than  30  miles.  Among 
the  most  Important,  according  to  "Indian  En- 
gineering," are  those  over  the  Irtish,  2,250  feet 
long;  the  Tobol  bridge,  1,540  feet  in  length;  the 
bridge  over  the  Yenessel,  3,000  feet  long,  and  the 
Obi  bridge  of  2,600  feet  length,  ai:  single-track 
structures. 
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Air-lift  Pumping  Machinery  at  the  Inverted 

Siphon  of  the  New  Croton  Aqueduct, 

New  York  City.— U. 


In  connection  with  the  old  bailing  apparatus 
6x8-inch  vertical  hard-pine  guides  had  been  set 
for  the  buckets  to  travel  on.  There  were  four 
of  these  guides,  two  attached  to  the  cast-iron 
lining  and  two  fastened  to  a  number  of  cast- 
iron  I-beams  placed  at  intervals  on  diameters 
of  the  pump  well.  All  the  guides  are  set  in  a 
diametral  plane  of  the  well.  Advantage  was 
taken  of  these  guides  as  an  aid  in  keeping  each 
pair  of  tanks  in  alignment  as  they  were  lowered. 
Two  guides  were  available  for  each  pair  of 
tanks,  but  it  was  decided  to  use  only  one,  the 
one  in  each  half  of  the  well  farther  from  the 
aqueduct  shaft,  because  if  the  two  guides  of  a 
pair  were  not  truly  in  the  same  plane  or  if  the 
tanks  should  cant  slightly  during  the  lowering, 
with  the  great  weight  of  the  moving  mass  a  ser- 
ious binding  or  jamming  might  occur,  which, 
with  the  tanks  at  a  great  depth  under  water, 
might  have  been  very  difficult  to  overcome.  It 
was  desired   to  have  the   four   tanks  when   in 


buckling  out  of  line.  This  was  accomplished 
by  means  of  clamps,  each  of  which  was  made 
in  two  pieces  bolted  together  so  as  to  hold  all 
three  pipes  from  one  pair  of  tanks.  Each  clamp 
has  a  groove  at  each  end  and  engages  the  two 
guides  in  one  side  of  the  pump  well.  These 
guide  clamps  were  spaced  about  60  feet  apart 
vertically,  being  clamped  to  the  discharge  pipe 
just  above  a  flange  as  the  successive  lengths  of 
pipes  were  added  as  the  tanks  were  lowered. 
The  pipe  fittings  and  flanges,  the  tank  heads 
and  all  other  important  castings  are  of  steel  and 
were  made  by  the  Chester  Steel  Casting  Com- 
pany, of  Chester,  ,Pa.  The  tanks  were  made  by 
the  International  Boiler  Company,  of  Strouds- 
burg,  Pa.  The  pipes  are  extra-heavy  lap-welded 
steel  tubes  manufactured  by  the  National  Tube 
Company,  of  Pittsburg. 

Ine  faces  of  the  pipe  flanges  as  furnished 
were  not  absolutely  true,  and  in  all  cases  the 
end  of  the  pipe  projected  slightly  through  the 
flange.  While  such  small  discrepancies  might 
be  passed  in  ordinary  piping,  they  were  deemed 
■unsafe  in  pipe  columns  330  feet  or  more  in 
height.  This  made  it  necessary  to  face  the 
ends  of  the  pipes,  and  as  there  was  no  machine 


Reinforced  Concrete   Building:       Erecting   IVIolds  for  a  Floor. 


their  final  position  as  far  as  practicable  from 
the  connection  to  the  aqueduct  shaft  so  as  to 
leave  as  much  free  space  as  possible  around  the 
opening. 

For  the  pair  of  tanks  farther  from  the  aque- 
duct shaft,  the  southerly  pair,  the  guide  at- 
tached to  th3  cast-iron  lining  was  used,  and  for 
the  other  pair  the  guide  on  its  side  of  the 
I-beams.  Guide  grooves  about  2  feet  high  were 
formed  on  the  outside  of  one  of  the  special  pipe 
castings  just  above  the  tanks,  and  for  the  south 
pair  of  tanks  this  groove  and  ■  another  of  the 
same  height  riveted  to  a  plate  connected  to  the 
tanks  near  the  bottom  were  used.  For  the  north 
tanks  *he  groove  on  the  special  pipe  casting 
could  not  be  used,  as  it  was  on  the  wrong  side, 
and  so  its  sides  were  planed  off.  and  two 
grooves  riveted  to  connecting  plates  near  the 
top  and  the  bottom  of  the  tanks  were  used. 
A  long  piece  of  steel  angle  was  also  riveted  to 
the  top  and  down  the  side  of  each  tank  of  the 
north  pair  so  that  its  edge  would  touch  the 
flanges  of  the  I-beams,  to  aid  in  guiding  the 
tanks. 

Further  use  was  made  of  these  old  guides  to 
hold  the  air  and   discharge  rising  pipes  from 


shop  within  several  miles  which  was  equipped 
suitably  for  the  job,  the  erecting  engineer,  after 
some  loss  of  sleep  over  the  predicament,  de- 
vised an  ingenious  and  simple  apparatus  for  do- 
ing the  work.  This  was  made  mostly  of  mater- 
ials and  tools  at  hand  and  proved  not  only  very 
economical,  but  efficient  and  rapid  also.  An  ac- 
companying view  shows  this  Improvised  ma- 
chine, which  is  described  below.  After  being 
faced,  the  flange  joints  of  the  pipes  under  water 
were  made  up  with  red  gasket  paper  about  1-32 
inch  thick,  furnished  by  Messrs.  C.  B.  Hewitt 
&  Brothers,  of  New  York,  and  known  as 
grade  K. 

Two  10-inch  I-beams  20  feet  long,  several 
pieces  of  old  cut  granite  10  inches  thick  and 
some  cast-iron  floor  gratings  were  the  crude 
materials  from  which  a  very  respectable  lathe 
was  evolved.  First,  four  of  the  stones  were 
leveled  up  on  the  ground  with  some  of  the 
gratings  below  them  to  act  as  washers.  On  the 
stones  were  placed  the  beam  and  two  pieces  of 
12xl2-inch  timber,  near  one  end  to  carry  the 
boxes  for  the  facing  bar.  The  facing  bar  was 
obtained  from  the  company's  shop,  together 
with  a  small   engine  to  drive  it.     Two  cradle 


castings  were  made  to  fit  the  pipes  and  also  the 
I-beams  and  were  held  on  by  long  eye-bolts 
which  passed  down  between  the  stones  and 
through  the  gratings,  with  nuts  below.  Four 
hook  bolts  engage  the  eyes  to  swing  up  to  two 
wooden  clamps  with  slotted  ends  for  holding 
the  pipes  in  the  cradles  while  being  faced.  The 
bar  was  carefully  lined  up  to  one  of  the  pipes. 
The  engine  was  set  on  two  planks,  lined  up, 
lag-screwed  down  to  them  and  held  in  position 
by  piling  stones  on  the  planks.  A  6-lnch  pulley 
on  the  engine  shaft  and  a  24-inch  pulley  on  a 
short  piece  of  shaft  at  right  angles  to  the  bar 
and  geared  to  it  in  a  1  to  3  drive  completed  the 
outfit. 

The  pipes  were  run  along  the  ground  on 
rollers,  rolled  up  planks  into  the  cradles  and 
made  fast.  To  turn  the  pipe  end  for  end  an 
hydraulic  jack  came  in  handy.  This  was  placed 
on  a  steel  plate  on  the  ground  and  had  a 
wooden  V-block  on  top  recessed  to  fit  the 
jack  and  prevent  slip.  With  one  man  .to  steady 
the  pipe  and  one  to  pump,  the  pipe  was  raised,, 
swung  around  and  lowered  in  about  three  min- 
utes. Various  rates  of  progress  were  made,  one 
day  six  pipes  or  twelve  flanges  in  eight  hours,, 
another  day  one  flange  in  four  hours,  but  this 
latter  was  very  hard  and  badly  out.  The  aver- 
age was  ahead  of  most  jobbing  shops,  cramped 
for  room  and  with  poor  crane  facilities.  The 
facing  was  well  up  to  the  average  shop  work. 

The  two  14-lnch  discharge  risers  after  the- 
two  pairs  of  tanks  had  been  seated  at  the  bot- 
tom of  the  well,  were  united  3  feet  above  the 
erecting  platform  by  a  special  Y-branch  flange 
connected  to  a  tee  set  vertically  in  each  line. 
Above  these  tees  the  risers  were  extended 
about  22  feet  as  open-top  standpipes,  which 
were  used  only  during  the  tests  as  a  sort  of 
safety  valve  for  the  meter.  To  the  special 
Y-branch  a  21-lnch  S-curve  was  bolted  in  order 
to  direct  the  discharge  into  a  cast-iron  box  or 
catchbasin,  from  which  the  water  flows  into- 
the  48-inch  cast-iron  blow-off  pipe  leading  to  the 
Harlem  River.  During  the  efficiency  tests  of 
the  apparatus  a  20-inch  Gem  meter,  made  by 
the  National  Meter  Company,  of  New  York,  was 
substituted  for  the  S-curve,  with  its  end  pro- 
jecting into  the  48-lnch  pipe. 

The  four  air  pipe  risers  were  carried  up  ver- 
tically from  the  connections  on  the  tops  of  the- 
tanks  to  and  just  through  the  erecting  plat- 
form; then  they  were  all  deflected  into  one 
plane  near  the  south  side  of  the  shaft  and  ex- 
tended vertically  to  the  machinery  room.  This 
necessitated  their  passing  through  the  two-brick 
diaphragms  built  across  the  shaft.  It  was  not 
convenient  to  pass  these  pipes  through  the 
manholes,  and,  besides,  the  manholes  have 
heavy  iron  covers  which  it  is  necessary  to  bolt 
down,  because  the  water  in  the  well  might 
otherwise  rise  into  the  working  chamber  above, 
since  the  aqueduct  Is  under  pressure  here  suffi- 
cient to  raise  the  water  to  elevation  130,  or 
about  35  feet  above  the  floor  of  the  machinery- 
room.  The  eight  pipe  holes  through  the  brick- 
work of  the  diaphragms  were  cut  by  means  of 
a  9-inch  Davis  Calyx  drill,  which  removed 
clean  *3res  of  brick  and  mortar,  like  small 
pillars,  and  also  cut  disks  from  the  li^-inch 
cast-iron  plates  on  which  the  brickwork  rested. 
The  holes  for  the  various  pipes  through  the 
manhole  plates  and  the  diaphragms  were  fitted 
with  stuffing  boxes  and  made  watertight. 

Into  each  hole  a  heavy  cast-iron  pipe  was- 
inserted  and  made  tight  in  the  following  man- 
ner: Each  pipe  had  one  end  flanged  and  one 
end  spigot-shaped.  Four  of  the  pipes  were  put 
In  from  below  the  lower  diaphragm  and  bolted 
to  the  cast-iron  lining  under  this  diaphragm; 
the  other  four  went  in  from  above  and  met  the 
first  four  between  the  diaphragms,  where  all 
were   connected    by   heavy   sleeves   leaded    and 
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nlkad.  after  which  all  were  grouted  solid. 
These  pipes  were  7^  inches  inside  diameter, 
or  large  enough  to  pass  the  5-inch  pipes  and 
coapUngs  eadly.  Their  upper  ends  carried  the 
Ijaads,  which  were  also  made  to  pass  the  pipe 
eoopUngs  by  the  removal  of  a  loose  ring  in  the 
bottom  of  th«- stuffing  bos.  Each  of  the  air 
Unea  had  a  section  of  brass  pipe  jointed  in 
where  It  passed  through  the  gland,  which  was 
also  lined  with  brass  to  prevent  corrosion. 

It  will  be  seen  that  the  pumps  are  in  dupli- 
cate, each  pump  consisting  of  two  tanlcs  with 
their  independent  pipe  connections.  E^ch  tanK 
has  in  Its  top  head  an  air  inlet  and  outlet  open- 
ing, a  water  inlet  and  outlet  opening  and  a 
manhole.  The  two  water  openings  of  the  pair 
of  tanks  are  connected,  through  two  check 
Talves,  to  one  water  intake  pipe,  as  indicated 
In  the  illustrations.  The  intake  pipe  extends 
down  beside  the  tanks  to  a  level  about  5  feet 
below  the  check  valves,  or  about  12  feet  abovA 
the  bottom  of  the  well,  and  has  a  flaring  end. 
A  pipe  also  extends  down  inside  of  each  tank 
from  the  inlet  and  outlet  connection,  nearly  to 
the  bottom,  as  shown  in  the  detailed  drawing 
of  the  tank.  The  pipes  from  the  two  water 
openings  of  the  pair  of  tanks  are  extended 
above  the  inlet  connection  and  united  through 
two  other  check  valves  and  a  T-branch  to  the 
discharge  riser.  Near  this  point,  also,  an  air 
chamber  is  connected  to  the  side  outlet  of  a  tee 
inserted  in  the  riser  Just  above  the  Y-branch. 

The  four  air  pipes  from  the  four  tanks  are 
led  up  to  the  two  manifolds  at  the  top  of  the 
■haft,  from  the  top  of  which  8-inch  pipes  lead 
to  the  air  switch.  It  will  be  readily  seen  that 
«ach  g-inch  pipe,  and  consequently  each  manl- 


The  operation  of  pumping  or  ejecting  the 
water  may  be  briefly  described  as  follows: 
Water  under  the  pressure  due  to  its  depth  in 
the  pump  well  enters  an  empty  tank  through 
the  inlet  pipe.  When  the  tank  is  filled  the  au- 
tomatic air  switch  directs  air  from  the  com- 
pressor into  this  tank,  which  forces  the  water 
through  the  discharge  riser  to  the  outlet,  the 
check  valve  in  the  inlet  connection  to  this  tank 
closing  when  the  air  under  pressure  is  ad- 
mitted. The  tank  having  been  emptied  of 
water,  the  air  is  diverted  by  the  switch  to 
the  other  tank  of  the  pair,  which,  meanwhile, 
had  been  filled  with  water.  This  alternating 
process  is  continued  by  tho  two  pairs  of  tanks 
until  the  water  is  reduced  to  the  desired  level. 
It  will  be  perceived  that  it  is  necessary  to  set 
the  tanks  so  that  their  tops  are  slightly  below 
the  level  down  to  which  the  water  is  to  be 
pumped,  and  that  a  portion  of  the  air-pressure 
is  recovered  as  the  water  fills  the  tank.  This 
recovery  of  air  under  partial  pressure  is  due  to 
the  use  of  a  constant  working  pressure  from 
the  compressor  and  the  return  of  the  air  to  the 
compressor  under  the  pressure  due  to  the  depth 
of  water  above  the  tanks,  instead  of  exhausting 
the  air  to  the  atmosphere.  Of  course,  as  the 
water  is  lowered  in  the  well,  the  pressure  on 
the  air  returned  to  the  compressor  drops,  and 
it  becomes  nil  when  the  well  is  empty. 

The  automatic  air  switch  is  made  to  operate 
and  is  controlled  by  the  difference  between  the 
return  pressure  and  that  due  to  the  head  of 
water  In  the  pump  well.  This  pump  well  pres- 
sure is  obtained  by  running  a  %-lnch  galvan- 
ized iron  pipe  to  within  G  feet  of  the  bottom  of 
the  well.     A  branch  from  this  pipe  runs  to  a 


The  operation  during  one  cycle  Is  as  follows: 
The  switch  having  just  moved,  the  return  pres- 
sure on  one  side  of  the  diaphragm,  being 
greater  than  the  pump-well  pressure,  causes  the 
diaphragm  to  move  and  this  closes  the  valve 
operating  the  small  cylinder,  previously  re- 
ferred to,  causing  It  to  exhaust  and  the  piston 
to  return  to  its  lower  position  by  means  of  a 
weighted  lever.  The  tension  on  the  diaphragm 
can  be  varied  by  a  spring  on  the  side  opposite 
to  the  valve  so  that  when  the  return  pressure 
falls  5  pounds  below  the  pump-well  pressure,  or 
that  due  to  the  difference  in  length  of  the 
pump-well  gauge  pipe  and  the  depth  to  the  top 
of  the  tank,  then  the  pump-well  pressure,  being 
the  greatest,  moves  the  diaphragm  and  thereby 
the  switch.  This  may  seem  cumbersome  and 
somewhat  ,roundabout,  but  no  other  scheme 
presented  itself  which  could  be  made  sufficient- 


Sect  ion  a  1    Elevation  of  Tqnk. 


Air-Lift   Pumping    Machinery:      Lathe  for   Facing   Pipe   Flanges;    Details  of  One  of  the  Tanks  at  Bottom  of  Pump  Well. 


fold,  acts  alternately  as  the  pressure  side  and 
a*  the  return.  The  compressor  forces  the  aif 
In  one  direction,  or  always  through  one  of  the 
four  connections  to  the  switch;  the  return  is 
alao  onchangeable,  hence,  the  two  8-inch  pipes 
I«a«Ung  to  the  manifold  are,  during  one  cycle, 
eonaactad  to  pre«Ru«  and  the  next  to  the  in- 
take of  the  compreaaor,  through  the  switch. 
The  manifolds  serve  the  further  purpose  of 
making  It  iwssible  to  pump  with  any  two  tanks, 
no  matter  which  two.  This  is  accomplished  by 
one  by-pass  from  each  manifold  to  one  of  the 
pipes  on  the  other  manifold.  The  advantage 
■of  this  la  apparent,  for  if  it  should  become  nec- 
to  pump  alone  from  the  two  tanks  on 
manifold,  one  of  the  tanks  would  have  to 
ba  connected  to  the  opposite  port  on  the  switch 
in  such  a  case.  The  pipes  lead  from  the  mani- 
folds to  the  tanks  In  such  a  way  that  but  one 
tank  of  each  side  is  discharging  at  any  time. 
The  air  from  the  compressor  passes  througH 
an  after-cooler  on  its  way  to  the  switch,  and  in 
the  pipe  between  the  after-cooler  and  the  switch  . 
there  la  a  tee  from  which  an  8-inch  pipe  leads 
to  the  42  lnd>  by  10  foot  receiver. 


gauge  reading  in  pounds  pressure  and  the  cor- 
responding feet  of  water.  A  small  regulating 
cock  connects  it  to  the  main  air  line  and  keeps 
it  charged;  as  the  water  falls  air  leaves  the 
bottom  of  the  pipe  and  the  gauge  at  once  gives 
the  water  level.  A  connection  from  this  pipe 
runs  to  one  side  of  a  5-inch  diaphragm  in  the 
switch,  and  the  opposite  side  of  the  diaphragm 
Is  connected  to  the  return  pressure-pipe  from 
the  switch  to  the  compressor. 

The  diaphragrm  has  a  movement  of  3/32-inch 
and  controls  a  valve  which  admits  or  exhausts 
air  from  a  2-lnch  vertical  cylinder  with  a  pis- 
ton movement  of  I14  inches,  which  in  turn 
moves  a  valve  that  admits  and  exhausts  air 
from  an  8-lnch  diameter  by  6%-inch  stroke 
cylinder,  the  piston  of  which  moves  the  switch. 
Air  for  this  purpose  is  reduced  to  50  pounds 
and  stored  in  a  small  receiver.  The  object  of 
all  this  is  to  cause  the  switch  to  operate  the 
Instant  a  tank  is  full.  The  movement  is  gov- 
erned by,  and  takes  advantage  of,  the  pressure 
due  to  the  head  returning  to  the  compressor 
and  prevents  Its  being  drawn  down  below  that 
required  to  fill  the  tanks. 


ly  sensitive.  In  practice  it  worked  out  very 
nicely.  The  5-pound  difference  in  pressure 
available  on  the  two  sides  of  the  diaphragm 
made  it  possible  to  follow  the  filling  exactly, 
since  the  diaphragm  could  be  made  to  start  its 
movement  just  before  the  filling  of  a  tank  was 
completed  and  timed  to  meet  it. 

The  work  at  shaft  No.  25,  as  on  other  parts 
of  the  new  Croton  aqueduct,  is  in  charge  of 
the  Aqueduct  Commissioners,  for  whom  Mr.  J. 
Waldo  Smith  is  chief  engineer,  Mr.  P.  S.  Cook, 
assistant  engineer,  and  Major  F.  W.  Watkins, 
the  division  engineer  in  local  charge.  The 
pumping  apparatus  was  designed  and  installed 
by  the  Pneumatic  Engineering  Company,  of 
New  York,  for  which  Mr.  B.  L.  Mills  is  the  de- 
signing and  erecting  engineer.  In  the  efficiency 
test  of  the  apparatus  Mr.  Will  J.  Sando  was  the 
expert  representing  the  Commissioners. 


A  Reheating  System  fob  Steam  Turbines  is 
described  in  a  recent  issue  of  the  "Mechanical 
Engineer."  The  superheated  steam  is  led  partly 
to  the  turbine  proper  and  partly  to  the  reheat- 
ers,  one  for  each  stage. 
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Efficiency  of  Rotary  Cement  Kilns. 

By    Dr.    W.    Michiielis,    Jr.,    Consulting   Engineer. 


In  reviewing  the  articles  that  have  appeared 
In  The  Engineering  Record  during  recent  . 
months  on  the  subject  of  the  efficiency  of  rotary 
cement  kilns,  I  see  that  the  time  has  come 
when  American  cement  manufacturers  also  real- 
ize the  importance  of  the  highest  fuel  economy 
possible.  The  efforts  that  have  been  made  in 
this  country  in  saving  fuel  have  been  divided 
into  two  classes.  One  consists  in  enlarging  the 
diameter  of  the  kilns  and  using  double  burners. 
More  heat  is  thus  produced,  which  will  drive 
oft  the  carbonic  acid  from  a  greater  amount  of 
raw  material.  This  process  results  in  great 
wasto  of  heat  at  the  upper  end  of  the  kiln,  part 
of  which  is  utilized  under  boilers  and  saved 
this  way.  The  other  method  aims  to  utilize 
the  heat  within  the  kiln.  The  material  is  ex- 
posed to  the  heat  for  a  longer  time,  as  in  the 
150-foot  kiln  of  the  Edison  plant.  The  article 
describing  these  different  methods  ends  with 
this  remark:  "At  the  present  time  the  second 
method  of  Increasing  the  utilization  of  the  heat 
is  undoubtedly  considered  the  better." 

The  last  article  that  The  Engineering  Record 
published  on  this  subject,  on  May  14,  discussed 
again  the  possibilities  of  reducing  the  fuel  con- 
sumption and  suggested  dififerent  methods  for 
this  purpose,  for  instance,  reducing  the  amount 
of  air  admitted  to  the  kilns.    The  writer  of  the 


the  kiln,  the  method  above  referred  to  as  "un- 
doubtedly the  better."  With  a  90-foot  kiln  of 
the  same  design  as  used  by  American  manufac- 
turers, German  cement  makers  at  present  turn 
out  dally  300  barrels  of  clinker  per  kiln  in  the 
dry  process,  with  an  expense  of  only  from  15  to 
18  per  cent,  of  fuel,  or  from  60  to  75  pounds  of 
powdered  coal  for  a  barrel  (400  pounds)  of 
cement.  This  comes  very  near  to  the  low  fuel 
consumption  of  upright  kilns,  and  is  about  half 
as  much  as  is  generally  used  by  American 
cement  manufacturers.  All  that  is  required  for 
this  purpose  is  some  inexpensive  additional  ma- 
chinery that  regulates  the  amount  of  air  and 
fuel  at  the  lower  end  of  the  kiln  and  a  raw  ma- 
terial feeding  device  that  takes  care  of  regu- 
lating the  feeding  of  the  kiln. 

From  this  it  will  be  seen  that  it  is  unneces- 
sary to  make  a  kiln  150  feet  long,  if  a  90-foot 
kiln  can  be  run  so  that  there  is  no  waste  of  heat 
at  the  upper  end  of  the  kiln,  and  so  little  as 
15  to  18  per  cent,  of  fuel  is  required  for  the 
burning. 

The  Engineering  Record  points  out  that  the 
trouble  in  the  wet  process  is  even  greater, 
which  is  true,  and  declares  that  the  only  direc- 
tion in  which  any  improvements  have  been  sug- 
gested, regarding  the  kiln  itself,  is  the  length- 
ening of  it.  Referring  to  this  latter  remark,  I 
wish  to  call  attention  to  a  patent  of  mine,  U.  S. 
Patent  No.  743538,  that  was  secured  with  a  view 
of  increasing  especially  the  capacity  of  a  rotary 


Rotary  Cement   Kiln  for  Wet   Process   Works. 


article  regards  this  as  a  "proposition  worthy  of 
careful  consideration  by  experienced  manufac- 
turers," and  calls  attention  to  the  low  percent- 
age of  fuel  required  in  the  burning  in  upright 
kilns.  The  last  aim  in  the  improvement  of 
rotary  kilns  seems  to  be  to  him  to  make  the 
fuel  consumption  as  low  as  that  of  dome-kilns. 
Then  the  only  advantage  that  may  be  claimed 
for  upright  kilns  at  places  where  the  cost  of 
fuel  is  high  will  disappear  and  the  rotary  kiln 
will  be  superior  in  all  cases. 

Being  familiar  with  the  progress  that  has 
been  made  in  rotary  kiln  practice  not  only  in 
the  United  States  but  all  over  the  world,  I  can 
assure  the  writer  that  this  question  has  been 
settled.  On  account  of  the  higher  price  of  coal 
In  Europe,  German  cement  manufacturers  had 
from  the  beginning  to  pay  more  attention  to  the 
saving  of  fuel  than  Americans.  They  succeeded 
in  gradually  lowering  the  consumption  of  fuel 
by  devir'es  that  make  the  coal  feed  and  the  feed- 
ing of  raw  material  as  uniform  as  can  be 
imagined,  and  especially  by  making  better  use 
of  the  heat  of  the  flame.  All  their  endeavors 
vent  along  the  line  of  utilizing  the  hent  within 


kiln  under  the  wet  process.  It  belongs  to  the 
methods  that  aim  to  utilize  the  heat  within  the 
kiln  and  yet  does  not  require  the  lengthening 
of  the  kiln  beyond  practicability. 

The  idea  of  this  patent  is  to  hold  back  the 
material,  especially  the  slurry  In  the  wet 
process,  in  the  upper  part  of  the  kiln,  by  means 
of  spiral  partitions  that  discharge  the  material 
only  gradually  toward  the  lower  end  of  the 
kiln.  Thus  the  material  is  kept  a  longer  time 
in  the  upper  part  of  the  kiln,  has  more  time 
to  give  off  its  moisture,  and  arrives  sufficiently 
dried  and  calcined  at  the  burning  zone,  while 
up  to  this  time  it  usually  happens  that  the  ma- 
terial rushes  down  in  the  kiln  undrled  and  un- 
calcined,  and  that  part  of  the  heat  of  the  burn- 
ing zone  that  should  serve  to  vitrify  the  ma- 
terial is  still  needed  for  drying  the  slurry  and 
driving  off  the  carbonic  acid.  The  result  is  that 
the  heat  of  the  flame  is  better  utilized  and  that 
more  material  can  be  taken  care  of  at  the  same 
time  and  with  the  same  amount  of  fuel  as  be- 
fore, thus  resulting  in  a  great  saving  of  fuel. 

The  lengthening  of  the  rotary  kiln  resulted 
from  the  experience  that  there  is  plenty  of  heat 


at  the  lower  end  of  the  kiln  to  vitrify  twice  as 
much  material,  if  it  should  have  been  suffi- 
ciently prepared,  dried  and  calcined  In  the 
upper  part  of  the  kiln. 

The  slurry  that  in  Michigan  contains  from  50 
to  75  per  cent,  of  water,  according  to  the  state 
of  the  marl  and  its  physical  properties,  passes 
in  too  short  a  time  through  the  upper  part  ot 
the  kiln,  because  there  has  been  nothing,  so  far, 
to  hold  it  back.  A  150-foot  kiln  would  probably 
be  required  to  dry  and  calcine  in  the  upper  120 
feet  the  material  that  can  easily  be  clinkered  in 
the  lower  30  feet  of  the  kiln.  With  partitions 
to  hold  the  slurry  back,  to  retard  its  downward 
movement,  it  is  not  necessary  to  build  a  kiln 
longer  than  90  or  100  feet. 

It  may  be  said  against  this  that  the  same  can  be 
obtained  by  rotating  the  kiln  more  slowly; 
then  the  material  will  be  exposed  to  the  waste 
heat  in  the  upper  part  of  the  kiln  for  a  longer 
time.  But  in  this  case  the  drying  will  be  im- 
perfect, because  the  material  necessarily  has  to 
be  turned  over  and  over  in  order  to  give  oft  its 
moisture.  The  speed  of  the  kiln  cannot  be  de- 
creased, and  yet  the  material  has  to  be  retained 
in  the  upper  part  of  the  rotating  cylinder,  in 
order  to  give  off  its  moisture.  The  speed  of  the 
kilns  cannot  be  increased,  and  yet  the  material 
has  to  be  retained  in  the  upper  part  of  the  ro- 
tating cylinder. 

Further,  it  may  be  said  against  this  patented 
device  that  if  the  speed  of  the  kiln  cannot  be 
decreased,  the  downward  movement  of  the  raw 
material  can  be  retarded  by  making  the  rotary 
kiln  less  inclined.  But  this,  in  my  opinion, 
would  be  a  very  poor  suggestion.  On  the  con- 
trary, I  regard  it  as  one  of  the  greatest  advan- 
tages of  these  spiral  partitions,  that  they  make 
possible  a  greater  inclination  of  a  rotary  kiln. 
So  far,  there  has  been  much  trouble  on  account 
of  the  lack  of  draft,  especially  in  the  wet  proc- 
ess, where  an  enormous  back  pressure  is  caused 
by  the  superheated  steam  in  the  upper  part  of 
the  almost  horizontal  cylinder.  Blowers  have 
been  used  at  the  rear  end  of  the  kiln  in  order 
to  suck  the  air  out  of  the  kiln  into  the  stack. 
This  is  easily  explained  by  the  insufficient  in- 
clination of  the  present  kiln.  The  large  body  of 
hot  air  inside  the  kiln  has  no  tendency  to  leave 
it  in  a  horizontal  direction,  but  would  readily 
escape  if  the  kiln  were  more  inclined. 

The  accompanying  illustration  shows  a  set  of 
shelves  of  L  shape  extending  along  the  inside 
of  the  upper  part  of  the  kiln  parallel  to  its 
axis.  At  several  points,  say,  10,  20  and  30  feet 
from  the  upper  end  of  the  kiln,  small  partitions 
between  these  shelves  form  a  spiral  dam  of  the 
height  of  the  shelves.  These  spiral  dams  each 
have  but  a  single  turn  around  the  inside  of  the 
kiln,  and  the  pitch  is  moderate,  12  to  24  inches. 
Thus  the  spiral  partitions  divide  the  upper  part 
of  the  kiln  into  several  compartments.  By  the 
rotation  of  the  kiln  the  slurry  is  lifted  up  and 
drops  back  through  the  hot  air  current,  most 
of  it  remaining  in  the  same  compartment.  A 
small  quantity,  however,  is  discharged  through 
the  opening  of  the  spiral  toward  the  lower  end 
of  the  kiln  at  each  revolution. 

In  the  upper  part  of  the  kiln  these  longitu- 
dinal shelves  and  radial  partitions  are  made  of 
boiler  steel;  farther  down  toward  the  middle  of 
the  kiln  they  consist  of  flrebrick.  The  lower 
half  of  the  kiln  Is  free  of  shelves  and  partitions. 
In  the  dry  process  fire-brick  is  used  exclusively 
in  the  building  of  these  shelves  and  spiral  par- 
titions. 

One  feature  generally  neglected  is  that  for 
drying  moist  materials  not  only  heat  is  re- 
quired, but  at  the  same  time  sufficient  space  for 
the  evaporated  moisture,  for  the  steam.  The 
last  article  of  The  Engineering  Record  again 
points  out  that  a  large  surplus  of  air  must  be 
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iBtrodncvd  into  m  rotary  kiln  run  on  wet  mate- 
rial, in  order  to  carry  off  the  moisture  of  the 
alorry.  Thla  shows  once  more  how  this  point  is 
CMierally  understood.  It  is  not  so  much  a 
qneaUon  of  a  sarplus  of  air  as  a  question  of 
aVMM  at  the  upper  end  of  the  kiln',  or  rather  of 
both.  Thejr  hare  to  be  well  balanced,  and 
neither  must  be  neglected.  Rotary  kilns  run  on 
wet  material  are  generally  not  wide  enough  at 
the  upper  end,  where  much  space  is  required 
for  the  steam  created  by  evaporation. 


Some  Details  of  the   Service   Plant  of  the 
Louisiana  Purchase  Exposition. 

It  will  doubtless  be  remembered  that  in  The 
BnsiiMering  Record  of  February  27  the  service 
power  plant  for  the  Louisiana  Purchase  Expo- 
sition was  described  at  some  length,  with 
•peclal  reference  to  some  of  the  more  inter- 
esting details  of  the  work.  It  is  intended  to 
Bopplement  that  account  at  this  time  with  fur- 
ther details,  these  covering  chiefly  the  support- 
ing and  anchoring  of  pipe  lines,  but  also  the 
cooling  towers  for  the  condensing  installation. 
Am  stated  in  the  former  article,  the  general 
engineering  work  ih  connection  with  the  serv- 
ice power  plant  was  entrusted  to  Westinghouse, 
Church,  Kerr  A  Co.,  of  New  York,  who  also  in- 
stalled the  plant 

Among  the  accompanying  illustrations  -is  one 
showing  the  run  of  the  steam  mains  in  the 
boiler  house,  which,  it  will  be  recalled.  Is  the 
Steam  and  Fuels  Building.  The  boiler  plant  is 
arranged  in  two  independent  groups,  each 
group  consisting  of  eight  boilers  in  two  rows 
of  four  each,  the  two  rows  bein^  set  back-to- 
Iwck  with  a  flue  between  them.  This  makes 
three  firing  floors  for  the  sixteen  boilers,  the 
center  floor  having  eight  boilers  facing  on  it 
and  each  of  the  outside  floors  havfng  four  boil- 
ers facing  on  it.  Elach  group  of  boilers  feeds 
into  a  separate  ring  steam  main.  From  each 
of  these  ring  mains  a  12-lnch  pipe  is  carried 
through  a  tunnel  to  the  service  plant  in  the 
Machinery  Building.  In  the  boiler  house  these 
mains  are  supported  by  towers,  as  the  build- 
ings were  not  designed  for  carrying  the  pipe 


Support   for  Exhaust   Main. 

loads.  The  location  and  general  dimensions  of 
these  towers  is  shown  in  the  drawings  in  ques- 
tion. It  will  be  seen  that  each  tower  has  four 
vertical  posts.  These  are  made  up  of  4-inch 
piping  screwed  at  the  bottom  into  an  extra 
heavy  flange.  Every  6  or  7  feet  these  verticals 
are  tied  together  by  a  rectangle  of  3x3x5A6- 
Inch  angle  Iron,  and  are  also  braced  by  %-lnch 
diagonal  rods.  At  the  top  the  rectangle  Is 
formed  of  channel  bars,  but  the  details  of  the 
connections  are  shown.  One  of  the  Interesting 
things  to  which  attention  may  be  called  is  the 
-arraagement  for  longitudinal  movements  of  the 
pipes  for  expansion  and  contraction.  The  main 
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rests  on  a  short  length  of  4-inch  pipe  which 
serves  as  a  roll,  set  in  a  similarly  short  piece 
of  12-inch  channel  iron,  this  limiting  the  travel 
of  the  roll.  At  the  top  the  4-inch  verticals  fit 
into  cast-iron  caps.  At  the  intermediate 
points  the  verticals  are  fixed  to  the  angle  iron 
horizontals  by  bolts  bent  into  a  semi-circle 
and  pulled  tight  against  the  angle  bar  by  nuts. 
The  pipes  are  anchored  at  the  point  indicated 
by  a  similar  arrangement,  shown  in  one  of  the 
details. 

The  tunnel  piping  is  supported  by  pipe  rolls 
in  the  manner  shown  in  the  former  article, 
but   that    illustration    did     not    indicate    the 


Two       Boilers. 


Z4'0' — *'  5'4^  >«• 24'/0" 


Vol.  49,  No.  23. 

angle  Iron  4  feet  long.     The  last  is  anchored 
directly  to  the  concrete. 

In  Machinery  Hall  an  interesting  form  of 
support  for  the  main  exhaust  pipes  has  been 
provided,  and  this  is  sliown  In  an  accompany- 
ing illustration.  It  is  fixed  to  the  top  of  a  pipe- 
tower,  which  tower,  in  this  case,  is  built  up  of 
6-inch  pipes,  and  it  is  designed  to  carry  cast- 
iron  saddles  in  which  the  pipes  rest.  As  the 
lengths  of  exhaust  piping  between  engines  and 
condensers  are  not  very  great,  no  elaborate  pro- 
visions had  to  bo  made  for  expansion  and  con- 
traction, but  the  support  shown  serves  more  or 
less  as  an  anchor  to  restrict  the  movements  of 
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method  of  anchoring  the  tunnel  piping.  The 
pipe  is  clasped  by  a  pair  of  straps  or  clamps, 
each  encircling  half  of  the  pipe,  and  the  two 
are  brought  together  by  %-inch  bolts.  The 
clamps  are  8  inches  wide  and  of  %-inch  metal. 
Where  the  tunnel  is  constructed  of  timber,  the 
clamp  is  bolted  to  a  4x6x%-lnch  angle  Iron, 
which  is  4  feet  long.  This  In  turn  is  lag- 
screwed  through  two  thicknesses  of  2x8-lnch 
yellow  pine  planks,  each  10  feet  long,  which 
are  spiked  and  lag-screwed  to  the  side  plank- 
ing of  the  tunnel.  Where  the  tunnel  is  of  con- 
crete, the  clamps  are  fastened  to  a  %-lnch 
plate,  which,  in  turn,  is  bolted  to  a  4x6x%-inch 


the  pipes  at  the  points  where  they  are  fixed  and 
to  transfer  such  movements  over  the  other 
supports.  These  are  of  the  same  general  de- 
sign as  that  shown,  but  they  are  proportioned 
to  receive  the  pipe  itself  and  not  its  flanges. 
To  make  the  support  shown  act  as  an  anchor 
a  2x6xi,i-inch  plate  is  bolted  to  each  side  of  the 
support  lapping  over  the  sides  of  the  flanges, 
as  indicated. 

The  distribution  of  feed  water  to  the  boilers 
is  also  one  of  the  interesting  points  in  connec- 
tion with  the  service  plant,  which  was  not 
Illustrated  in  the  article  of  t^bruary  27.  There 
are   two    main    water   lines   running   from   the 
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feed  pumps,  these  two  pipes  carried  across 
both  groups  of  boilers  at  a  central  line.  They 
are  supported  partly  from  pipe  hangers  of  an 
A-frame  structure,  which  was  shown  among  the 
illustrations  of  the  former  description.  The . 
piping  connections,  typical  of  each  pair  of  bat- 
teries, is  given  in  the  present  connection.  It 
will  be  seen  that  each  pipe  feeds  independently 
Into  the  two  sub-mains,  and  these  in  turn  feed 
the  corresponding  pair  of  boilers.  The  two  sub- 
mains  can  be  connected  together,  so  that  either 
feed  main  or  both  may  be  employed  to  deliver 
the  water.  The  arrangement  of  check  and 
other  valves  is  clearly  shown. 

The  general  construction  of  the  cooling  tow- 
ers is  the  subject  of  the  remaining  illustra- 
tions. It  will  be  remembered  that  there  are 
four  of  these  grouped  together  immediately  out- 
side of  the  Steam  and  Fuels  Building.  Each 
of  them  is  a  rectangular  brick  stack  52  feet  in 
height,  containing  ten  tiers  of  wooden  grat- 
ings occupying  20  feet  of  the  height  of  the 
tower.  These  gratings  are  constructed  of  %x6- 
inch  pine  timber  set  on  edge  four  deep,  with 
uniform  side  spacing.  This  construction  forms 
a  horizontal  grating  24  Inches  in  height  and 
filling  the  entire  area  of  the  tower,  the  ten 
tiers  of  grating  being  at  right  angles,  in  order 
to  break  up  more  completely  descending 
streams  of  water  and  secure  maximum  effec- 
tiveness of  the  cooling  surface.  The  dimen- 
sions of  the  cooling  towers  should  be  consid- 
ered in  connection  with  the  capacity  of  the 
condensing  plant.  There  are  two  condensers, 
each   Intended   to   serve   one-half  of  the   plant. 


A  space  of  121/i  feet  beneath  the  gratings  of 
the  water  tower  provides  for  the  Introduction 
of  fans,  of  which  there  are  four,  two  on  each 
side.  These  are  of  the  Seymour  pattern.  The 
horizontal  discharge  from  the  fans  is  turned 
upward  by  curved  vanes  formed  by  wooden 
strips  set  on  edge  so  as  to  allow  a  clear  de- 
scent of  water  to  the  settling  well  beneath. 
Above  the  gratings  there  is  space  of  20  feet 
which  conducts  the  vapor  above  the  adjacent 
building  roof  and  provides  some  natural  draft 
in  addition  to  that  furnished  by  the  fans.  The 
water-distributing  system  of  each  tower  com- 
prises a  20-inch  cast-iron  supply  pipe  extending 
through  the  walls  of  the  pump-room,  against 
which  the  tower  is  located.  This  pipe  runs  the 
full  length  of  the  tower  and  supplies  thirty 
transverse  pipes  4  inches  in  diameter.  These 
are  drilled  with  numerous  holes  from  which 
the  water  falls  upon  the  gratings.  The  entire 
piping  system  is  suspended  from  steel  cross- 
beams anchored  in  the  walls.  The  20-inch  cast- 
■  iron  main  in  each  tower  is  run  from  a  24-inch 
main  from  the  circulating  pumps.  Each  branch 
is  controlled  by  a  gate  valve.  The  arrange- 
ment of  the  pumping  equipment  for  the  con- 
densers and  the  cooling  tower  was  shown  in 
the  former  article. 


The  New  York  Times  Building. 

Part   IV. — Abrangement   and   Connections   of 
Beams  and  Girders. 
In  the  second  sub-basement  story  there  is  a 
mezzanine  floor  which  forms  a  gallery  extend- 


Louisiana   Purchase   Exposition    Service   Plant:      Steam    Piping   in    Boiler  Room. 


that  is,  two  2,000-kilowatt  units.  Each  of  these 
is  of  the  elevated  jet  type,  and  the  water  is 
finally  discharged  Into  a  well  underneath  the 
cooling  towers.  Water  from  this  is  ordinarily 
delivered  to  the  top  of  the  cooling  towers  by 
means  of  one  Worthington  centrifugal  pump  of 
the  turbine  pattern,  which  has  a  capacity  of 
17,000  gallons  per  minute  under  a  head  of  50 
feet.  Including  equivalent  friction  head.  The 
operating  head  Is  approximately  45  feet,  in- 
cluding suction.  The  pump  may  be  regulated 
according  to  the  water  required  by  means  of 
the  hand  wheels  at  the  end  of  the  engine  shafts. 
By  these  the  speed  of  the  engine  driving  the 
pump  is  regulated. 


ing  across  the  middle  of  the  building  and  along 
the  east  and  west  walls.  It  has  transverse 
floorbeams  from  10  to  15  inches  deep,  which  are 
supported  at  the  outer  ends  on  cast-Iron  wall 
plates  and  at  the  inner  ends  are  framed  to 
longitudinal  beams  carried  by  light  one-story 
vertical  columns  made  with  pairs  of  6x4-inch 
angles.  The  section  of  this  floor  which  crosses 
the  building  is  entirely  independent  of  the  main 
columns,  which  it  encloses,  and  is  made  with 
long-span  20-inch  girders. 

The  first  sub-basement  floor,  inside  the  build- 
ing lines,  is  framed  similarly  to  the  upper 
floors.     Outside  the  building  lines  the  floor  Is 


supported  on  15  and  20-inch  I-beams  transverse 
to  the  vault  retaining  walls,  which  carry  their 
outer  ends  on  cast-iron  bearing  plates.  The 
inner  ends  of  these  beams  are  web-connected 
to  plate-glrders  in  the  planes  of  the  wall  col- 
umns. The  basement  floor  plan  corresponds  to 
that  of  the  sub-basement,  except  that  It  Is 
smaller,  because  a  large  portion  of  the  east 
side  and  north  end  of  the  building  at  this  level 
is  occupied  by  the  subway,  and  the  floorbeams 
are  made  to  clear  Its  walls. 

At  the  first  floor  level  the  exterior  walls  of 
the  superstructure  are  carried  by  plate-girders 
connected  to  the  wall  columns.  Bracketed  to 
these  girders  there  are  horizontal  I-beams, 
usually  15  Inches  in  depth,  which  are  set  out 
beyond  the  exterior  faces  of  the  columns  and 
are  built  solidly  into  the  brickwork.  Parallel 
I-beams,  generally  12  inches  deep,  are  bracketed 
out  from  the  inner  sides  of  the  girder-webs,  and 
carry  the  adjacent  portions  of  the  floor.  These 
girders  and  beams  are  set  at  different  levels  and 
are  connected  by  riveted  transverse  diaphragms 
in  the  same  vertical  planes  on  both  sides  of  the 
girder,  as  indicated  in  the  cross-section  detail, 
which  is  typical  of  the  construction  at  this 
story. 

In  the  upper  stories  the  walls  are  not  so  thick 
and  heavy,  and  are  carried  in  some  cases  by  the 
girders  only,  but  generally  are  supported  on  12- 
inch  channels  bracketed  out  from  them,  as 
shown  in  the  third  floor  section  between  col- 
umns 1  and  8.  A  continuous  3x4  or  3x3-inch 
angle  is,  in  many  cases,  riveted  to  the  back  of 
the  channel  web,  as  there  shown,  with  its  hori- 
zontal flange  entering  the  joint  between  the 
courses  of  face  masonry.  In  other  cases  the 
masonry  is  grooved  to  clear  the  flange  of  the 
girder  and  the  channel  is  omitted,  as  shown  In 
the  second  floor  section  between  columns  2 
and  3. 

From  the  fourth  to  the  twelfth  floor,  inclu- 
sive, the  wall  girders  support  the  adjacent  por- 
tions of  the  floors  directly  from  skewback 
angles  riveted  to  the  inner  sides  of  their  webs, 
as  indicated  in  the  cross-section  between  col- 
umns 4  and  8  in  the  tenth  story.  At  the  thir- 
teenth floor  there  is  a  wide  projecting  terra 
cotta  belt  course  with  buttresses  projecting 
about  3  feet  beyond  the  building  line  opposite 
each  wall  column.  Here  the  heavy  terra  cotta 
blocks  are  seated  directly  on  the  top  flanges  of 
the  wall  girders,  and  beams  and  channels  are 
bracketed  out  from  both  sides  of  them  to  carry 
the  masonry  and  the  floor  loads,  as  indicated  In 
the  section  between  columns  2  and  3.  At  the 
fourteenth  and  fifteenth  floors  the  exterior  but- 
tresses are  carried  on  15-inch  channels  brack- 
eted out  from  the  20-lnch  I-beam  wall-girders 
so  as  to  enclose  the  column  sections,  as  shown 
in  the  diagram  plans  of  intermediate  wall  col- 
umn 11  and  corner  column  9,  and  by  the  cross- 
section  at  ZZ. 

At  the  sixteenth  floor  there  Is  a  very  wide 
projecting  terra  cotta  cornice  course  which  is 
carried  by  a  15-inch  beam  and  a  15-inch  channel 
supported  on  gusset  plates  riveted  to  the 
flanges  of  the  columns.  The  channel  has  an 
outside  flange  angle  flllered  out  from  its  web 
so  as  to  leave  a  space  through  which  suspension 
bolts  are  passed  to  carry  the  terra  cotta.  At 
the  Forty-second  Street  corners  of  the  build- 
ing, columns  1  and  16  have  gusset  plates  riveted 
to  them  to  support  the  ends  of  the  wall  girders 
cantilevering  beyond  them  so  as  to  carry  a  light 
horizontal  platform  of  15-inch  channels  wWch 
circumscribe  a  circle  about  6  feet  in  diameter 
and  support  the  foot  of  the  tower  pier  starting 
at  this  level.  In  the  sixteenth  story  there  Is 
a  mezzanine  floor  or  gallery  which  extends 
around  all  sides  of  the  building  and  across  the 
central  part.     It  is  framed  chiefly  with  12-inch 
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cbaaiMls  parallel  to  the  walls,  which  are  brack- 
•tod  oat  from  the  columns  and  serve  as  girders' 
for  6-lnch  I-beams  nearly  perpendicular  to  them, 
about  3  feet  apart. 

The  seventeenth  floor  framing  corresponds 
with  that  of  the  other  upper  floors  in  most  re- 
spects, except  that  there  Is  a  deep  transverse 
plate-girder  extending  through  the  full  width 
of  the  building  from  column  4  to  column  13. 
It  Is  made  In  two  pieces,  with  their  adjacent 
ends  supported  on  column  21.  Between  col- 
umns 4  and  21  this  girder  carries  tower  column 


21A,  and  between  columus  21  and  13  it  carries 
tower  column  21B.  Girder  13-4  is  made  con- 
tinuous through  the  building  by  the  rigid  con 
neotions  of  both  pieces  above  column  21.  Both 
parts  of  the  girder  resemble  the  piece  21-4, 
which  is  here  illustrated.  The  wall  ends  of  the 
girder  are  web-spliced  to  the  kneebrace  plates 
on  the  columns  which  are  engaged  between 
their  projecting  flange  angles.  The  adjacent 
ends  of  the  girders  are  fleld-riveted  together 
through  their  end  vertical  web-stittener  angles, 
and  are  seated  on  the  cap  of  column  21,  to  which 


girder  21-4  only  is  kneebraced.  The  base  plates 
of  tower  columns  21-A  and  21-B  are  seated  on 
the  top  flange  cover-plates  of  the  girders,  and 
are  field-riveted  to  them  with  solid-web  gusset- 
plates  engaging  the  connection  angles  shown  In 
the  aocompanying  illustration. 

North  of  this  girder,  13-4,  in  the  narrow  end 
of  the  building,  the  seventeenth  tier  of  beams 
serves  as  the  roof  of  the  sixteenh  story,  except 
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in  the  middle  portloQ,  where  there  U  a  monitor 
and  the  transverse  beams  cross  the  open  space 
between  its  walls.  The  flat  roof  over  the  moni- 
tor Is  made  with  transverse  I-beams  from  A% 
to  S^  feet  apart,  which  are  supported  on  the 
10-iach  channels  forming  the  upper  part  of  the 
monitor  wall  framing,  and  carried  by  Tertlcal 
T-bars  about  6  feet  apart. 

The  first  tower  floor,  which  corresponds  with 
the  eighteenth  floor  of  the  building,  is  made 
with  12-incb  transrerse  I-beams  about  5^  feet 
apart,  framed  to  20-lnch  longitudinal  I-beams 
about  18  ^  feet  apart  The  walls  are  carried 
directly  on  the  outer  2(>-inch  I-beams,  which 
have  12-inch  channels  bracketed  out  from  them 
to  carry  the  column  buttresses,  as  in  the  four- 
teenth and  fifteenth  stories.  The  beam  plans 
for  the  nineteenth,  twentieth,  twenty-first, 
twenty-second  and  twenty-third  stories  are  simi- 
lar, except  that  at  the  twenty-second-floor  bal- 
conies project  about  6  feet  from  the  lace  of 
the  wall  and  are  carried,  as  shown  in  the 
plan  diagram  and  cross-section  detail,  by  braced 
cantilever  braclcets  seated  on  pairs  of  wall  gir- 
ders and  anchored  to  the  floorbeams  3  feet  above 
them. 

The  tower  has  a  flat  roof  and  cornice,  as 
shown  by  the  perspective  view  published  in 
The  Engineering  Record  of  May  14.  This  will 
be  framed  with  longitudinal  and  transverse 
beams  and  girders  corresponding  with  those  in 
the  lower  floors,  except  for  the  provision  made 
to  support  the  cornice  and  to  carry  the  central 
circular  observatory,  which  stands  on  a  cylin- 
drical base  29  feet  In  diameter.  The  wall  gir- 
ders overhang  the  column  tops  and  carry  cor- 
nice l>eams  suspended  from  their  cantilever  ex- 
tremities by  stilt  riveted  angle  connections,  as 
shown  in  the  details  of  column  1,  which  is  sim- 
ilar to  the  other  three  corner  (OUimns.  The  out- 
line of  the  cornice  and  parapet  is  shown  by  the 
detail  at  intermediate  cross-section  GG,  looldng 
toward  column  1. 

The  walls  of  tho  circular  story  below  the  ob- 
stTv-atory  are  framed  with  C-inch  vertical  I- 
beams  4  feet  aiiart.  connected  by  horizontal 
curved  6-inch  intermediate  channels  and  by  a 
vertical-web  circular  12-inch  channel  and  3x3- 
incb  angle  at  the  top.  The  octagonal  obsen-atory 
roof  12  feet  in  diameter  is  framed  with  12-inch 
longitudinal  and  transverse  I-beams  with  12- 
inch  channels  across  the  comers  and  an  outer 
line  of  4x3-incb  angles  in  the  cornice.  The  con- 
nections are  made  with  bent  riveted  web-plates, 
as  shown  in  the  detail  at  the  top  of  one  of  the 
observatory  columns.  These  columns  are  made 
with  pairs  of  6x4-lnch  angles,  back  to  back, 
stiffened  by  top  and  bottom  kneebraces.  The 
former  are  made  with  solid  web  plates  and  the 
latter  with  pairs  of  bent  angles.  A  steel-pipe 
flagpole  60  feet  long  and  10  inches  in  diameter 
at  the  foot,  passes  through  the  observatory  roof 
and  floor,  and  Is  seated  in  a  flanged  cast-iron 
shoe  on  the  main  roof  of  the  tower. 

The  main-roof  cornice  at  the  seventeenth  floor 
level,  is  carried  by  independent  cantilevers 
about  2  feet  apart  between  the  columns,  and  by 
framed  outriggers  at  column  points  which  sup- 
port the  tops  of  the  buttresses  or  pilasters  in 
the  ornamental  facade.  The  arrangement  of 
the  outriggers  and  cantilevers  adjacent  to  col- 
umns 7  and  8,  as  shown  in  the  diagram,  is 
typical  of  the  others.  The  cantilevers  are  all 
made  with  pairs  of  3x.S-inch  angles  about  3  feet 
long,  which  are  riveted  together  back  to  back 
with  filler  plates  between  their  vertical  flanges, 
enabling  eye-l>olt  hangers  to  pass  between  them 
and  take  nut  bearings  on  tbeir  upper  edge,  so 
as  to  support  the  terra  cotta  blocks.  Where 
these  cantilevers  are  supported  by  the  wall  • 
girders  only,  they  are  hook-bolted  to  their  top 
flanges,  as  shown  In  the  detail  of  the  Korty- 


second  Street  hanger.  On  the  Broadway  side 
they  are  supported  by  two  wall  beams  and  are 
not  bent  as  in  the  previous  case.  The  out- 
riggers at  intermediate  columns  are  composed 
of  four  intersecting  cantilevers  framed  together 
and  riveted  to  the  plate-girder  wall  girders,  as 
shown  at  column  2,  or  they  are  hook-bolted  to 
the  top  flanges  of  the  I-beam  well  girders,  as 
shown  in  column  5,  which,  in  plan,  corresponds 
substantially  with  the  outrigger  at  column  2. 
At  corner  columns  8  and  9  the  outriggers  are 
similar  in  principle  to  those  of  the  intermediate 
columns,  but  are  more  elaborate  and  provide  a 
platform  covering  270  degrees  of  a  circular  area 
about  8  feet  in  diameter.  In  all  cases  the  out- 
rigger cantilevers  are  braced  by  inclined  struts 
with  horizontal  flanges  on  the  lower  ends, 
which  are  built  solidly  into  the  masonry  walls. 
Messrs.  Cyrus  L.  W.  Eidlitz  and  Andrew  C. 
McKenzie  are  the  architects,  and  Mr.  W.  B. 
Bamford  and  Mr.  Paul  Gemelin,  of  their  staff, 
are  respectively  general  superintendent  in 
charge  of  the  building  and  chief  draftsman. 
The  designing  of  the  structural  steel  was  done 
in  the  New  York  oflSce  of  Purdy  &  Henderson. 
(To  be  continued.) 
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.\bstract  of  a  paper  presented  by  Prof.  Lionel  S. 
Marks,   of    Harvard   University,   before"   the   American 
Society  of  Mechanical   Engineers. 


The  object  of  this  paper  is  to  present  the 
results  of  a  number  of  unpublished  tests  made 
during  the  past  five  years  on  several  high- 
speed, two-cylinder  compound  engines,  all  built 
by  the  same  makers,  and  all  of  the  same  type. 
The  engines  tested  differ  from  one  another  only 
in  size,  in  cylinder  proportions,  and  in  their 
working  conditions.  The  investigations  were 
made  to  determine  the  performance  of  the  en- 
gines under  different  loads,  both  with  aiid 
without  Jacketing  and  reheating.  A  compari- 
son of  the  results  for  the  different  tests  throws 
some  light  on  the  influence  of  the  thermal 
efficiency  of  large  size  four-valve  compound 
engines  of  the  following  factors:  (o)  The  use 
of  a  reheater.  ( 6 )  The  use  of  moderately  super- 
heated admission  steam,  (c)  The  load,  (d) 
The  size  of  the  engine,  (e)  The  cylinder  pro- 
portions. 

The  results  recorded  here  are  for  tests  made 
on  nine  separate  engines  and  for  28  different 
tests. 

Engine  A  is  at  the  L  Street  station,  Soutb 
Boston,  of  the  Edison  Electric  Illuminating 
Company.  The  tests  at  this  station  were  con- 
ducted by  the  author. 

Engines  B,  C,  D,  E  and  F  are  at  the  Atlantic 
Avenue  station  of  that  company.  Messrs  C.  H. 
Parker  and  H.  Cook,  both  members  of  this 
Society,  were  in  charge  of  most  of  the  tests, 
but  in  some  tests  their  places  were  taken  by 
Messrs.  C.  R.  Brown  and  S.  G.  Colt. 

Engines  G,  H  and  K  are  at  the  new  plant  of 
the  Cambridge  Electric  Light  Company,  and 
were  tested  by  the  author.  The  first  two  sta- 
tions were  described  in  the  "Electrical  World 
and  Engineer"  of  May  27,  1899,  and  May  18, 
1901,  respectively,  and  the  last  in  The  Engi- 
neering Record  of  November  1,  1902. 

The  engines  tested  vary  from  750  to  2,500 
rated  horse-power,  and  were  all  built  by  Mc- 
intosh, Seymour  &  Co.,  of  Auburn,  N.  Y.  Each 
high-pressure  cylinder  is  Jacketed  on  the  bar- 
rel, and  both  heads  and  the  Jackets  are  piped  in 
series;  the  steam  enters  the  Jacket  on  the  top 
head,  passes  into  the  barrel  Jacket,  goes  to  the 
jacket  on  the  lower  head  and  then  to  the 
reheater  colls.     In  this  way  a  very  active  cir- 


culation in  the  Jackets  is  insured.  As  there  is 
no  separate  steam  supply  to  the  reheater  coils, 
nor  any  separate  drain  from  the  high-pressure 
Jackets,  it  Is  not  possible  to  use  either  Jackets 
or  reheater  alone.  The  low-pressure  cylinder  is 
unjacketed. 

Tests  of  Engine  A. — This  engine  is  rated  to 
develop  2,400  indicated  horse-power  at  0.23  cut- 
off, 4,128  indicated  horse-power  at  0.6  cut-oft, 
and  has  a  maximum  cut-oft  at  0.8  stroke.  Its 
piston  speed  is  960  feet  per  minute.  It  is  direct 
connected  to  a  1,500  kilowatt,  three-phase 
General  Electric  generator  delivering  current 
at  2,250  volts.  The  ratio  of  low-pressure  to 
high-pressure  piston  displacements  is  4.3  to  1. 
The  reheater  coil  has  777  square  feet  of  heat- 
ing surface,  but  the  steam  supply  to  it  was  too 
small. 

Two  full  load  tests  were  made:  one  with  the 
Jackets  and  reheater  in  use,  the  other  with 
both  out  of  use.  The  principal  results  of  the 
test  are  given  in  the  accompanying  table.  The 
reheater  was  not  very  effective  owing  to  the 
deficient  steam  supply;  it  superheated  the  re- 
ceiver steam  35  degrees  Pahr.  The  economic 
results  as  indicated  by  the  steam  consumption 
in  line  13  shows  practically  no  saving  at  alt 
by  the  use  of  the  high-pressure  Jackets  and 
the  reheater.  The  steam  consumption,  how- 
ever, is  not  a  fair  quantity  by  which  to  Judge 
the  performance  of  the  engine,  since  in  Test  1 
about  7  per  cent,  of  the  total  steam  is  rejected 
as  condensation  at  about  the  boiler  tempera- 
ture, whereas  in  Test  2  all  is  rejected  at  the 
condenser  temperature. 

The  heat  units  per  indicated  horse-power, 
measured  above  the  ideal  feed  temperature 
(which  is  obtained  by  mixing  the  condensa- 
tions in  the  reheater  and  receiver,  each  at  its 
own  proper  temperature,  with  the  condensa- 
tion water  in  the  condenser  supposed  to  be  at 
the  exhaust  pipe  temperature),  necessary  to 
form  steam  such  as  exists  at  the  throttle,  is 
an  accurate  measure  of  the  performance  of  the 
engine,  and  it  is  this  quantity  which  Is  given 
in  line  20,  and  from  which  the  calculation  in 
line  23  of  the  saving  by  Jacketing  and  reheat- 
ing has  been  made.  Lines  16  and  17  show  that 
the  high-pressure  jackets  have  been  moderately 
effective,  raising  the  quality  of  the  steam  in 
the  high-pressure  cylinder  6  per  cent,  through- 
out the  expansion.  The  small  total  gain  by 
both  Jackets  and  reheater  indicate  then  that 
the  reheater  is  of  small  value,  or  may  even  be 
a  source  of  loss  when  It  superheats  only  35 
degrees. 

Test  of  Engine  B. — The  engines  C,  D,  E  and 
F  are  all  of  the  same  size  and  are  rated  at 
about  2,400  indicated  horse-power.  Engine  B 
develops  only  about  one-half  the  power  of  the 
other  engines;  it  is  also  the  only  one  of  these 
engines  fitted  with  a  surface  condenser.  The 
engine  is  intended  to  run  at  100  revolutions 
per  minute  and  to  develop  1,200  indicated 
horse-power  at  0.22  cut-off  with  160  pounds 
steam  pressure  and  26  inches  vacuum.  At  0.6 
cut-off  it  develops  2,200  indicated  horse-power. 
It  drives  an  800-kilowatt  General  Electric  di- 
rect-current generator.  The  reheater  consists 
of  coils  of  brass  pipe  aggregating  440  square 
feet  total  heating  surface. 

Ten  separate  tests  were  made  on  this  engine 
in  order  to  determine  its  economy  at  different 
loads,  both  with  and  without  the  Jackets  and 
reheater  In  use.  The  principal  results  are 
given  in  the  table.  The  superheat  was  slight  in 
all  cases,  but  was  greater  during  the  series  of 
tests  without  Jackets  and  reheater.  The  vacuum 
was  not  constant,  but  fell  at  the  higher  loads; 
it  averaged  higher  than  in  the  tests  of  any  of 
the  other  engines.  In  order  to  eliminate  the 
effect  of  variation  in  the  vacuum  on  the  econ- 
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omy  of  the  engine  a  correction  lias  been  applied 
reducing  all  the  results  to  an  effective  vacuum 
of  26  inches.  The  corrected  heat  consumptions 
per  indicated  horse-power  per  minute,  and  the 
method  of  variation  with  the  engine  load,  are 
shown  graphically  in  the  accompanying  chart 
of  curves;  the  same  figure  shows  also  the  per- 
centage of  the  total  steam  used  in  the  jackets 
and  reheater.  The  most  striking  feature  of  the 
curves  is  the  small  variation  of  the  efficiency 
of  the  engine  when  jackets  and  reheater  are 
used  throughout  the  range  of  load  from  one- 
half  load  to  one-quarter  overload.  Within  this 
range  the  total  variation  of  economy  did  not 
exceed  2  per  cent,  and  the  economy  was  great- 
est at  about  the  rated  load.  It  should  also  be 
noted  that  the  percentage  of  the  total  steam 
used  in  the  jacket  and  reheaters  is  lowest  when 
the  efficiency  is  greatest. 

Without  the  jackets  and  reheater  in  use  the 
economy  increases  with  increase  of  load,  and 
in  such  way  as  to  indicate  that  there  would  be 
but  little  advantage  in  the  use  of  jackets  and 
reheater  when  the  engine  is  much  overloaded. 
With  light  loads  up  to  full  load  the  saving  by 
jackets  and  reheater  ranges  from  9  to  4  per 
cent,  and  Is  obtained  by  using  from  10  to  7 
per  cent,  of  the  total  steam  in  the  jackets  and 
reheater.  The  increase  in  economy  with  the 
loan  and  the  reheater  in  use  w^ould  have  been 


the  admission  steam.  The  saving  by  jacketing 
and  reheating  at  full  load  is  only  3  per  cent. 
The  jacketing  is  shown  by  the  steam  qualities 
in  the  high-pressure  cylinder  to  be  of  no  value 
with  80  degrees  admission  superheat,  and  the 
reheater  is  of  but  small  value  when  it  super- 
heats only  60  degrees. 

The  economic  results  of  engine  D  are  better 
than  on  engine  C,  as  a  result  of  higher  super- 
heat of  the  admission  steam  and  a  better 
vacuum.  The  effect  of  the  higher  superheat  is 
most  plainly  shown  by  the  very  high  steam 
qualities  during  expansion  in  the  high-pressure 
cylinder.  The  saving  in  this  engine  by  the  use 
of  jackets  and  reheater  is  4.5  per  cent. — a  little 
greater  than  in  engine  C.  The  full  load  tests 
on  engines  E  and  F  give  results  agreeing  very 
closely  with  those  obtained  on  engine  D — the 
running  conditions  were  very  similar  in  all 
three  cases.  The  half  load  test  on  engine  E 
gives  the  same  economic  result  as  the  full  load 
test  on  the  same  engine. 

Tests  of  En-gines  G,  H  and  K. — Engines  G 
and  H  are  exactly  similar  units,  developing  760 
indicated  horse-power  at  0.24  cut-off  with  135 
pounds  initial  steam  pressure  and  26  inches 
effective  vacuum,  and  direct  connected  to  600- 
kilowatt,  60-cycle  alternating  generators  built 
by  the  General  Electric  Company.  Engine  K 
develops    2,320    indicated    horse-power    at    0.24 
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Chart  Showing  Value  of  Jackets  and  Reheater. 


greater  had  the  reheater  been  of  greater  ca- 
pacity. As  is  seen  in  line  10,  the  superheat  of 
the  steam  entering  the  low-pressure  cylinder 
decreased  from  100  degrees  to  46  degrees  as  the 
amount  of  steam  used  increased.  This  is  prob- 
ably the  reason  for  the  close  approach  of  the 
two  heat  consumption  curves.  The  steam  quali- 
ties tabulated  in  lines  16  to  19  show  that  the 
qualities  during  expansion  in  the  high-pressure 
cylinder  are  but  slightly  affected  by  the  steam 
jackets.  On  the  other  hand,  the  qualities  dur- 
ing expansion  in  the  low-pressure  cylinder 
show  very  clearly  the  beneficial  results  of  re- 
heating, especially  in  the  low  load  tests  where 
the  superheat  in  the  receiver  Was  greatest. 

Tests  of  Engines  C,  D,  E  and  F.— Each  of 
these  engines  is  direct  connected  to  a  1,G00- 
kilowact  direct-current  General  Electric  gene- 
rator. Engines  C  and  D  have  each  740  square 
feet  of  reheating  surface  in  the  receiver;  the 
other  two  engines  have  each  800  square  feot. 
All  four  exhaust  into  a  central  condensing 
plant  consisting  of  jet  condensers  and  Blake 
twin  vertical  air  pumps. 

The  tests  on  engine  C  show  the  efficiency  of 
the  engine  to  change  very  slightly  with  change 
of  load — the  better  economy  at  half  load  being 
principally  due  to  the  better  vacuum,  though 
this  is  offset-  in  part  by  the  lower  superheat  of 


cut-off  with  135  pounds  in  initial  steam  pres- 
sure and  26  inches  effective  vacuum,  and  is 
direct  connected  to  a  1,500-kilowatt  General 
Electric  generator. 

The  engines  G  and  H  are  the  smallest  of  the 
whole  series  tested.  The  results  of  the  two 
full  load  tests  of  G  agree  very  closely  with  the 
results  of  tests  of  engine  B  under  full  load, 
although  this  latter  engine  is  50  per  cent,  larger 
than  G.  The  reheaters  gave  practically  the 
same  superheat  in  both  cases;  the  steam  pres- 
sures in  the  high  pressure  cylinders  were  prac- 
tically the  same,  so  that  the  disadvantage  of 
smaller  size  and  poorer  vacuum  in  engine  G  is 
just  about  offset  by  the  greater  superheat  of  its 
admission  steam.  The  gain  by  the  use  of 
jackets  and  reheater  was  about  7  per  cent,  in 
both  cases.  It  will  be  seen  by  an  examination 
of  the  steam  qualities  in  the  high-pressure  cyl- 
inder that  the  jacket  is  effective  in  this  com- 
paratively small  cylinder  even  with  moderate 
superheat  at  the  throttle.  The  performance  of 
engine  H  at  20  per  cent,  overload  is  consider- 
ably better  than  that  of  engine  B  under  ap- 
proximately similar  conditions.  That  the 
superheat  of  the  admission  steam  is  probably 
responsible  for  this  is  suggested  by  the  higher 
quality  of  steam  in  the  high-pressure  cylinder. 
This  particular  engine,  H,  was  known  to  be  in 


better  condition  than  G,  Its  pistons  were 
tighter,  and  it  had  run  with  unusual  smooth- 
ness from  the  beginning. 

The  tests  on  K  again  emphasize  the  fact 
brought  out  on  tests  of  C  and  E  that  the  eflS- 
ciency  throughout  the  ordinary  range  of  loads 
is  practically  constant  in  these  engines,  though 
it  naturally  falls  off  when  the  load  is  reduced 
to  one-quarter.  The  advantage  of  jacketing 
and  reheating  is  again  found  to  be  about  7 
per  cent. 

High-Pressure  Jackets  and  Reheating. — 
There  are  certain  facts  which  the  author  be- 
lieves may  be  postulated  with  reference  to  the 
effectiveness  of  jacketing  and  reheating,  and 
which  are  supported  by  the  results  of  these 
tests. 

The  saving  by  jacketing  varies  with  the  fol- 
lowing factors:  (a)  It  increases  as  the  cut-off 
becomes  earlier,  (b)  It  decreases  as  the  super- 
heat of  the  entering  steam  increases,  (c)  IL 
decreases  with  increase  in  size  of  the  engine. 

There  is  no  saving  by  reheating  when  the  re- 
heater does  no  more  than  to  dry  the  steam.  If 
there  is  any  advantage  in  using  dry  and  satu- 
rated steam  in  the  low-pressure  cylinder  over 
the  use  of  wet  steam,  it  can  be  obtained  by  the 
use  of  a  separator  between  the  cylinders.  In 
tests  2,  7,  9  and  24,  when  the  reheater  was  not 
in  use,  the  receiver  acted  as  an  almost  perfect 
separator,  taking  away  all  the  condensation 
which  calculations  showed  to  have  occurred  in 
the  high-pressure  cylinder.  If  the  reheater 
merely  vaporizes  the  condensed  steam  at  the 
expense  of  a  practically  equal  quantity  of  high- 
pressure  steam  it  is  not  only  non-effective  but 
is  also,  probably,  a  source  of  actual  loss,  since 
more  work  could  have  been  obtained  from  the 
total  steam  used  if  it  had  all  gone  into  the 
high-pressure  cylinder.  The  reheater  then 
should  be  regarded  merely  as  a  superheating 
device  for  the  steam  entering  the  low-pressure 
cylinder,  and  it  may  be  expected  to  be  more 
effective  the  greater  the  amount  of  superheat  it 
gives  the  receiver  of  steam.  It  is  probable  that 
the  reheater  would  be  more  effective  if  the  only 
work  were  superheating,  as  it  might  be  if  the  wet 
steam  exhausting  from  the  high-pressure  cylin- 
der passed  through  a  good  separator  before 
reaching  the  reheater.  As  the  reheater  will' 
have  less  to  do  when  the  engine  is  running  at 
low  loads  it  may  be  expected  to  give  a  higher 
superheat  at  low  loads,  and  consequently  to  be 
more  effective.  With  the  above  in  mind,  an 
examination  of  the  tests  already  described 
throws  some  light  on  the  conditions  under 
which  the  jacketing  of  the  high-pressure  cylin- 
der and  the  practice  of  reheating  are  desirable, 
and  shows  the  saving  to  be  expected  from  them 
in  large  size  engines. 

In  engine  A,  where  saturated  steam  is  used,, 
the  jackets  at  full  load  keep  the  steam  about  6 
per  cent,  dryer  in  the  high-pressure  cylinder, 
and  the  reheater  superheats  35  degrees.  As  the 
greater  part  of  the  6.8  per  cent,  of  the  total 
steam  which  is  condensed  in  the  jackets  and 
reheater  must  have  been  condensed  in  the  latter 
place,  it  is  obvious  that  the  reheater  cannot 
have  contributed  anything  to  the  small  total 
saving  of  1.3  per  cent.  The  conditions  in  en- 
gine B  are  much  more  satisfactory  for  effective 
action  of  jackets  on  reheater,  especially  at  the 
lower  loads.  The  engine  is  smaller,  and  its 
reheater  is  more  effective.  At  half  load,  with 
75  degrees  superheat  of  the  receiver  steam,  the 
saving  was  9  per  cent.;  at  three-quarter  load, 
with  60  degrees  superheat,  there  was  7  per 
cent,  saving;  at  full  load,  with  46  degrees 
superheat,  there  was  still  7  per  cent,  saving, 
and  even  at  one-quarter  overload  with  26  de- 
grees superheat  there  was  4  per  cent,  saving. 

The  larger  engines  C  and  D,  with  80  degrees 
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•ad  tS  d«sr««8  inlU*!  superheat  and  60  degrees 
■■perkaat  by  the  reheater.  show  but  3  per  cent 
and  4.5  per  cent  saving  respectively.  The  en- 
gine G  is  only  one-third  the  power  of  engines 
C  and  D.  consequently  the  Jackets  are  much 
more  effective  (raising  the  steam  quality  10 
per  cent  in  the  high-pressure  cylinder),  so  that 
with  49  degrees  superheat  going  to  the  low- 
preasure  cylinder  the  saving  !s  7.5  per  cent 
The  teaU  on  engine  K  at  half  load,  with  59  de- 
greM  superheat  by  the  reheater.  show  7.2  per 
cent  saving.  The  engines  C,  D  and  K  have 
Sttfflclent  initial  superheat  and  are  of  such 
alae  as  to  make  the  high-pressure  jackets  of  but 
little  value,  so  that  the  savings  shown  are  due 
principally  to  the  action  of  the  reheater. 

A  study  of  the  above  results  appears  to  indi- 
cate that  the  reheater  will  not  Justify  its  use 
(except  as  a  separator)  unless  It  superheats 
the  low-pressure  admission  steam  at  least  30  de- 
grees. An  examination  of  the  qualities  at  re- 
lease in  the  low-pressure  cylinders  indicates 
that  100  degrees  superheat  of  the  receiver 
steam   will   probably  be  enough   to  make  the 
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opposite  way;  that  Is,  increased  with  decrease 
of  load,  these  two  variations  tended  to  offset 
one  another  in  their  influence  on  the  engine 
efficiency.  The  tests  without  the  reheaters  in 
use  will  then  be  the  most  valuable  for  showing 
the  influence  of  the  superheat  of  the  high-pres- 
sure steam.  The  tests  at  full  load  show  that 
engine  A  uses  248  British  thermal  units  per 
indicated  horse-power  per  minute  with  no 
superheat;  engine  C,  of  about  the  same  size, 
with  78  degrees  superheat,  uses  239  British 
thermal  units,  and  engine  D,  with  98  degrees 
superheat,  uses  226  British  thermal  units,  a 
saving  of  about  9  per  cent;  some  of  which, 
however,  is  also  due  to  a  better  vacuum  and 
better  cylinder  proportions.  Engine  B,  a 
smaller  engine,  uses  267  British  thermal  units 
with  15  degrees  superheat — which  is  practically 
the  same  result  as  that  obtained  from  G,  a  still 
smaller  engine,  with  a  poorer  vacuum  but  with 
72  degrees  superheat.  In  the  test  of  D  with  98 
degrees  superheat  the  quality  of  the  steam  at 
release  Is  87  per  cent,  so  that  it  is  evident  that 
when  the  Jackets  are  not  used  a  much  greater 
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better  vacuum  at  that  load.  The  general  result 
was  to  be  expected,  because  the  effect  of  super- 
heat is  to  reduce  the  amount  of  heat  disappear- 
ing during  admission,  and,  consequently,  to  per- 
mit the  increased  expansion  at  low  loads  to 
occur  without  excessive  cylinder  condensation. 
In  engine  B,  with  very  small  superheat  of  the 
admission  steam,  there  is  a  slight  decrease  in 
economy  as  the  load  decreases  from  full  load, 
and  in  the  tests  without  reheater,  and  conse- 
quently with  no  superheat  going  to  the  low- 
pressure  cylinder  this  decrease  in  economy  is 
very  marked. 

It  is,  perhaps,  hardly  necessary  to  emphasize 
the  fact  that  the  constancy  of  heat  consumption 
referred  to  above  is  in  terms  of  the  indicated 
horse-power.  In  all  these  engines  the  friction 
horse-power  is  low,  and  the  mechanical  efficien- 
cies at  the  rated  loads  are  high,  varying  (line 
25)  from  91.4  to  94  per  cent,  and  averaging  93.2 
per  cent.  The  friction  horse-powers  were  de- 
termined by  taking  cards  with  no  load  on  the 
engine,  but  they  really  represent  more  than  the 
friction  of  the  engine  power,  since  they  include 


Pbixcipal  Eksults  of  ALr,  THE  Tests. 


1.  Nambrr    of    c«st 1  2 

2.  h:n|[lo«    A  A 

3.  Nominal    load..: 1  1 

4.  JackFta  and  reheater With  With- 

out 

5.  li.  P.  cylinder  diameter.  In 28  28 

0.  L.  P.  cylinder  diameter.  In 58  58 

7.  Stroke.  Inches    48  48 

8.  l>reMare  at  throttle,  lbs l.-i9  161 

».  Koperbeat  at  throttle,  deg.  Kahr Wet  Wet 

10.  Superheat  entering  L.  V.  cylinder.  . .  3."j.5  Wet 

11.  Vacnum  Id  exhaust.   In 25  24.5 

12.  Indicated   horae-power    1.904  1,084 

13.  Tout  ateam  per  I.  h.-p.  per  hr 13..50  13.68 

14.  Per  rent,  used  In  jackets  and  reheat.  6.8  .... 

15.  P.  C.  of  cyl.  steam  drained  from  rec.  1.6  6.0 

16.  Qnallty  at  cnt-off  h.-p.  cyl 81.6  75.5 

17.  Uuallty   at   release  h.-p.   cyl 83.8  79.6 

18.  guallty  at  rut-off  l.-p.  cyl 92.4  87 

10.  guallty  at  release  l.-p.  cyl 95.5  03 

2«.  M.  T.  r.  fHT  I.  h.  p.  per  min 245  248 

21.  Thermodynamic  elBolency.   per   cent.  17.3  17.1 

Tl.  Ther.  efll.  c<)mpare<l  with  Ideal  cycle.  65.4  65 

23.  Per  cent,  saving  by  jadt.  and  reheat.  1.3  .... 

24.  Engine  friction  at  no  Toad.  I.  h.  p.  .  .  118  .... 

25.  Mechanical  efficiency  at  rated  load.  .  94.1  

1.  Number    of    test 15  16 

2.  Kngtne    C  C 

3.  .Nominal    load %  Vi 

4.  Jackets  and   reheater With         With 

6.  H.  P.  cylinder  diameter,  to 29  29 

•.  U  1*.  cylinder  diameter.  In 60  60 

7.  Stroke.    Inches .^6  56 

8.  I>reaaure  at  throttle,  lbs 167  169.4 

B.  Soperbeai  at  throttle,  deg.  Fahr....      '64.5  48.3 

10.  Saperheat  entering  L.  P.  cylinder. . .      67  84.8 

11.  Vacuum  In  ezhaost   In 25.6  26.1 

12.  Indicated   horse-power    1,831  1,239 

13.  Total  steam  per  1.  h.-p.  per  hr 12.71  12.38 

14.  Per  cent,  used  In  jackets  and  reheat.        7.2  9.3 

15.  P.  «".  of  cyl.  steam  drained  from  rec .... 

16.  gualliy  at  rut-off  h.-p.  cyl 77  65 

17.  guallty  at   release  h.-p.   cyl 82  80 

18.  ijaality  at  cut-off  l.-p.  cyl 03  09 

10.  Quality  at  release  l.-p.  cyl 98.5  09 

2ri.  B.  T.  r.  per  I.  h.  p.  per  mln 235  227 

21.  Thermodynamic  efflclency.   per   cent.       18.1  18.7 

22.  Ther.  elll.  romjiared  with  Ideal  cycle.       67.3  67.7 

23.  Per  rent,  narlng  by  Jack,  and  reheat .  . .  . 

24.  Knglne  friction  at  no  load.  I.  h.  p .  . .  . 

25.  Mechanical  efflrlency  at  rated  load .... 

ateam  dry  and  saturated  at  release.  As  it  is 
not  desirable  to  have  superheated  steam  at  re- 
lemae,  this  suggests  the  probable  desirable  limit 
to  the  amount  of  superheat  to  be  given  by  the 
reheater. 

yalue  of  Moderate  Buperheating. — The  en- 
gines C,  D,  E,  F,  O,  H  and  K  were  all  supplied 
with  steam  from  Babcock  and  Wilcox  boilers, 
fitted  with  superheaters  giving  from  100  de- 
to  125  degrees  superheat  at  the  boiler 
running  at  the  rated  power.  The  amount 
of  superheat  at  the  engine  depends  on  the  load 
at  which  the  engine  Is  running;  (a)  because 
the  superheat  at  the  bolter  decreases  as  its 
load  is  decreased,  and  (b)  because  the  fall  of 
temperature  in  the  steam  pipe  increases  as  the 
weight  of  steam  passing  through  it  diminishes. 
For  these  two  reasons  the  superheat  was  less  at 
low  loads  than  at  higher  loads,  except  in  some 
cases  where  the  number  of  boilers  used  could 
be  decreased  as  the  load  decreased.  As  the 
superheat  going  to  the  low-pressure  cylinder 
when  the  reheaters  were  in  use  varied  in  the 
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superheat  is  desirable  in  order  to  prevent  con- 
densation in  the  high  pressure  cylinder — prob- 
ably at  least  150  degrees  will  be  necessary.  An 
even  greater  superheat  will  be  necessary  to 
keep  the  steam  dry  In  both  cylinders.  With 
the  Jackets  In  use  and  with  98  degrees  super- 
heat, the  quality  In  the  high  pressure  cylinder 
at  cut-off  is  99  per  cent.,  and  at  release  is  94 
per  cent.  The  advantage  gained  by  superheat- 
ing Is,  of  course,  greater  in  the  smaller  engines. 
Variation  of  Economy  with  Engine  Load. — 
The  engines  B,  C,  E  and  K  were  all  tested  at 
several  loads  so  as  to  determine  the  effect  of 
variation  of  engine  load  on  the  efflclency  of  the 
engine.  In  engines  C,  E  and  K,  where  moder- 
ately superheated  steam  was  admitted  to  both 
cylinders,  the  important  fact  was  brought  out 
that  the  heat  consumption  per  indicated  horse- 
power Is  practically  constant  through  a  range  of 
load  varying  from  one-half  load  to  lull  load,  and 
probably  even  to  a  considerable  overload.  The 
apparent  exception  in  the  better  performance 
of  engine  C  at  half  load  is  probably  due  to  a 


some  losses  properly  chargeable  to  the  gene- 
rator— such  as  the  brush  friction,  the  armature 
windage,  the  bearing  friction  of  the  armature 
and,  in  some  cases,  a  low  excitation  of  the  fleid. 
Consequently,  the  real  mechanical  efficiencies 
of  the  engines  are  somewhat  higher  than  the 
quantities  given  In  the  table. 

Conclusions. — The  following  conclusions  ap- 
pear to  the  author  to  be  justified  when  ap- 
plied to  large  size,  high-speed,  compound,  four- 
valve  engines  of  common  proportions. 

The  jacketing  of  the  high-pressure  cylinder 
is  of  but  little  value  when  moderately  super- 
heated steam   (100  degrees  Fahr.)   is  used. 

Reheating  is  probably  a  source  of  loss  unless 
It  superheats  the  receiver  steam  at  least  30 
degrees  Fahr.,  and  is  not  fully  effective  unless 
It  superheats  about  100  degrees.  In  the  latter 
case  It  may  be  expected  to  effect  a  saving  of  6 
to  8  per  cent,  of  the  total  heat  used  per  indi- 
cated horse-power. 

Jacketing  the  low-pressure  cylinder  is  shown 
by  the  steam  qualities  during  expansion  in  the 
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low-pressure  cylinder  to  be  unnecessary  and 
therefore  undesirable  when  the  reheating  is 
effective.  The  eitect  of  admitting  moderately 
superheated  steam  to  both  the  high-pressure 
and  low-pressure  cylinders  is  to  keep  the  heat 
consumption  per  indicated  horse-power  practi- 
cally constant  throughout  a  considerable  range 
of  loads — from  half  load  to  about  one-quarter 
overload. 

The  variation  within  the  ordinary  limits  of 
the  ratio  of  stroke  to  diameter  in  large  size  en- 
gines of  the  same  power  when  using  moderately 
superheated  steam,  does  not  have  any  marked 
effect  upon  the  economy  of  the  engine.  The 
size  of  the  engine  is  an  important  factor  in 
determining  its  efficiency.  The  engine  G  has 
about  10  per  cent,  greater  heat  consumption  per 
indicated  horse-power  than  K,  which  Is  three 
times  larger. 


Power-Plant  Papers  at  the  Meeting  of  the 
American  Society  of  Mechanical  Engineers. 

At  the  meeting  this  week  in  Chicago  of  the 
American  Society  of  Mechanical  Engineers,  a 
number  of  papers  were  presented  on  power- 
plant  subjects.  These  included  contributions 
on  the  steam  turbine,  the  use  of  superheated 
steam  and  of  reheaters  In  compound  engines, 
the  power-plants  in  tall  office  buildings,  refuse 
destructors,  the  description  of  a  plant  in  Eng- 
land, and  commercial  gas  testing.  On  account 
of  their  general  relation  to  the  question  of 
power  generation,  as  many  as  possible  of  them 
are  discussed  in  the  following  reviews  under 
the  above  title. 
The   Power-Plakt   in   Taix   Office   Buildings. 

There  were  two  papers  read  on  "The  Power- 
Plant  in  Tall  Office  Buildings,"  by  Mr.  J.  Mollis 
Wells  and  Mr.  Reginald  Pelham  Bolton,  both 
of  New  York  City.  Mr.  Wells  paid  chief  atten- 
tion to»  the  steam  plant,  including  the  heating 
installation,  and  to  the  electric  plant  and  wir- 
ing, introducing  an  instructive  analysis  of  the 
latter,  based  on  actual  experience.  Mr^  Bol- 
ton's paper  treated  especially  of  the  elevator 
equipment  of  the  lofty  office  structure,  pub- 
lishing the  typical  plans  of  a  considerable 
number  of  buildings  in  that  connection,  but  it 
gave  a  general  review  of  the  current  practice 
in  respect  to  the  mechanical  apparatus  of  this 
type  of  building.  The  following  is  an  abstract 
of  both  papers: 

As  to  the  proportions  of  the  elevator  plant  as 
based  on  the  floor-space  of  the  building,  Mr. 
Wells  gave  some  figures  of  actual  Installations 
in  New  York  City,  reproduced  In  the  accom- 
panying table.  The  first  five  buildings  named 
in  the  table  are  equipped  with  hydraulic  ele- 
vators and  the  remaining  three  with  electric 
elevators.     The    third   column    gives   the   total 

Floor  Area  Ratios  for  Office  Building  Elevators. 

Area 

Per  Car 

No.  of  No.  of     Area  per       per 

Bnlldlng.  Stories.  Cars.         Car.         Floor. 

Broad    Exchange    ....      20  18         25,860  1,293 

Amer.  Exchange  Bank.     16  3  24,000  1,.'500 

Bank    of    Commerce..  .      19  7  4,600  242 

Wall    St.    Exchange...      25  IjO  22,500  900 

Sixty    Wall    St 26  8         21,500  827 

Park    Row 25  10  31,500  1,260 

Bishop     12  4  24,000  2,000 

Beaver    15  4         21,000         1,400 

floor  area  in  square  feet  that  there  is  through- 
out the  building,  including  rentable  area  and 
halls  and  corridors,  for  each  elevator.  The 
fourth  column  has  been  added  to  the  author's 
table  to  give  the  number  of  square  feet  of 
total  floor  area  there  are  on  each  floor  for  each 
elevator.  These  flgures  show  a  variation  from 
242  to  2,000  square  feet  to  be  served  by  one 
elevator,  with  an  average  of  1,175.  The  author 
stated,  however,  that  in  most  cases  the  service 
in  the  buildings  cited  is  satisfactory,  and  that 
the  number  of  elevators  depends  on  the  class 


of  the  building  and  its  location,  and  on  the 
nature  of  the  business  to  be  transacted. 

Compound  pumps,  he  stated,  generally  re- 
quire 70  pounds  of  steam  per  water  horse-power 
hour,  triple  expansion  pumps  about  36  pounds, 
and  fly  wheel  pumps  slightly  less.  High-speed, 
single-cylinder  engines  are  guaranteed  at  36 
pounds  of  steam  per  horse-power-hour,  compound 
engines,  26  pounds,  and  steam-jacketed,  four- 
valve,  compound  engines,  20  pounds.  An  aver- 
age of  6%  water  horse-power  per  car-mile  per 
hour  is  required  for  hydraulic  elevators,  and 
for  electric  elevators  an  average  of  3%  kilo- 
watts. 

In  regard  to  the  steam  plant  he  made  the  fol- 
lowing observations:  In  designing  the  boiler 
plant  it  is  customary  to  allow  about  50  per 
cent,  reserve  over  the  estimated  peak  loads. 
Superheaters  of  sufficient  capacity  to  allow  the 
steam  produced  by  the  boilers  to  receive  a 
superheat  of  from  75  to  100  degrees  Fahr. 
have  been  used  with  excellent  results.  Van 
Stone  joints,  or  joints  somewhat  similar  in  de- 
sign, for  pressure  piping  exceeding  5  inches  in 
diameter,  have  given  very  satisfactory  results. 
In  designing  the  mains  and  risers  for  steam 
distribution  to  the  steam  heating  system,  the 
sizes  of  pipes  are  determined  by  the  amount  of 
the  condensation  of  the  radiating  surfaces  and 
the  velocity  of  the  steam  flowing  through  the 
pipes.  In  mains  this  velocity  is  assumed  to  be 
from  60  to  80  feet  per  second,  and  in  risers 
from  25  to  50  feet  per  second. 

To  illustrate  the  method  of  designing  the 
electric  plant,  he  took  a  speciflc  case,  explain- 
ing, however,  that  the  figures  are  average  re- 
sults of  tests  and  records  of  perhaps  fifty  of  the 
tall  buildings  of  New  York  City.  The  building 
in  question  is  designed  for  banking  rooms  on 
the  first  and  second  floors;  above  for  offices. 
Three  boilers  of  350  horse-power  each  are  lo- 
cated in  the  cellar  and  the  plant  in  the  base- 
ment. The  electric  portion  of  this  plant  con- 
sists of  two  125-kilowatt,  one  100-kilowatt,  and 
one  50-kiIowatt  generators,  two  fan  motors  of 
15  horse-power  each,  and  engine  plant  of  suffi- 
cient horse-power  to  operate  the  entire  elec- 
trical installation.  These  engines  will  be  of  the 
four-valve  tandem  compound  type  and  the 
dynamos,  direct  current,  120-volt  machines. 
The  total  floor  area  to  be  lighted  is  196,700 
square  feet,  and  taking  the  average  rate  at  one 
light  for  each  37  square  feet  of  floor  area,  the 
number  of  lights  as  laid  out  on  the  plans  is 
5,316  plus  250  lights  allowed  for  decorative 
effect  In  banking  rooms;  the  total  number  of 
lights  to  be  wired  for  is  5,566.  Lamps  are 
guaranteed  at  50  watts  per  16  candle-power, 
but  this  is  when  they  are  new;  we  therefore 
assume  an  average  of  55  watts;  this,  therefore, 
means  that  with  all  the  lights  burning  the  total 
output  would  be  306  kilowatts. 

Prom  his  experience  he  finds  the  absolute 
peak  load  is  70  per  cent,  of  the  connected  load; 
the  average  peak  and  running  load  for  dark 
days,  60  per  cent.;  the  average  day  load  for 
eight  months,  30  per  cent;  the  average  low 
load  for  twelve  months,  16  per  cent.;  and  the 
average  of  nights,  Sundays  and  holidays,  50 
kilowatts.  In  addition,  an  Increase  of  10  per 
cent,  over  the  above  running  loads  is  made  on 
account  of  the  desires  of  tenants.  Under  ordi- 
nary conditions  it  is  customary  to  allow  1.6 
horse-power  in  engine  for  each  kilowatt  output 
of  the  generator  and  1.8  horse-power  In  boilers 
for  each  kilowatt  in  generators. 

To  operate  under  the  load  conditions  enu- 
merated we  have  selected  the  following  plant: 

Two  generators  of  125  kilowatts  capacity 
each,  either  of  which  will  carry  the  average 
peak  running  load,  or  both  connected  in  mul- 
tiple will  carry  the  absolute  peak  loads  which 


are  on  for  short  isolated  periods  only.  One 
generator  of  100  kilowatts  capacity  to  carry 
early  running  and  low  average  loads  for  12 
months,  and  one  generator  of  50  kilowatts 
capacity  as  an  auxiliary  unit  for  nights,  holi- 
days, Sundays  and  odd  times. 

The  cost  of  operating  this  electric  plant  may 
be  estimated  from  the  accompanying  table,  al- 
lowing in  addition  for  motor  operation  for  304 
days  at  10  hours  per  day  and  20  kilowatts  per 
hour,  amounting  to  60,800  kilowatt-hours  per 
year.  The  table  shows  the  percentages  of  con- 
nected load,  so  that  the  number  of  kilowatt- 
hours  for  each  period  and  for  all  of  the  work- 
ing days  can  be  calculated.  Such  a  calculation 
gives  a  total  day  load  of  292,850  kilowatt- 
hours.     To  this   Is  added   a  night  load   of   5 

Distribution  of  Lighting  Loads  over  the  Working  Day. 
Per  cent,  of  connected  load  for  the 
different  periods. 

Winter  Schedule 7  to  8       8  to  3       3  to  6  6  to  7 

.Tanuary    20              25              60  50 

February    18              24              50  40 

March    17              23              33  20 

October    17              24              34  21 

November    19              30              60  50 

December    21             34             70  60 

Summer  Schedule. ..  .7  to  8       8  to  4       4  to  6  6  to  7 

April    14              21              30  20 

May    14              19              29  19 

June    11              18              28  18 

July    10              17              27  17 

August    10              17        .27  17 

September   12             19             29  19 

per  cent.,  which  for  365  nights  and  12  hours 
per  night  amounts  to  70,080  kllowatt-hours  for 
the  year.  The  average  Sunday  and  holiday 
loads  is  taken  at  10  kilowatts,  and  for  61  days 
of  12  hours  each  amounts  to  7,320  kilowatt- 
hours.  These,  added  to  the  motor  consumption 
of  60,800  kilowatt-hours,  gives  a  grand  total  of 
431,050  kilowatt-hours. 

With  the  ratios  already  stated,  of  1.6  and  1.8. 
the  engines  would  generate  689,680  horse- 
power-hours, and  the  boilers,  775,890  horse- 
power-hours. The  author  assumes  an  engine 
guarantee  of  24  pounds  of  steam  per  horse- 
power per  hour  and  a  direct  evaporation  of 
S  pounds  per  pound  of  coal.  This  is  equivalent 
to  3  pounds  of  coal  per  engine  horse-power- 
hour.  He  evidently  based  his  further  calcula- 
tions on  the  boiler  horse-power-hours,  though 
it  would  appear  that  a  typographical  error  ex- 
isted in  the  paper  as  printed  for  distribution. 
The  ratio  of  1.6  to  1  between  the  horse-power 
of  the  engines  and  the  kilowatts  of  the  gene- 
rator would  Indicate  an  efficiency  of  the  gene- 
rating units  of  about  83.5  per  cent,  while  the 
ratio  of  1.8  to  1,  in  comparing  boiler  horse- 
power to  kilowatts  output  would  seem  to  pro- 
vide steaming  capacity  in  excess  of  the  direct 
requirements  of  the  generating  unit,  or  to  pror 
vide  for  auxiliary  steam  machinery  and  any 
losses  from  condensation  and  the  like.  If  the 
3  pounds  is  charged  to  each  boiler  horse-power- 
hour,  the  total  coal  consumption  will  be  about 
1,164  short  tons,  and  at  8  pounds  of  steam  per 
pound  of  coal,  the  total  evaporation  will  ap- 
proximate 299,000  cubic  feet.  It  is  safe  to 
assume,  he  says,  that  only  50  per  cent,  of  this 
water  is  wasted  and  that  the  remainder  is  re- 
turned to  the  boilers.  His  summary  of  cost  Is 
made  up  as  follows:  Taking  the  cost  of  good 
grade  of  coal  at  J3.75  per  ton,  water  at  10  cents 
per  100  cubic  feet,  oil  and  waste  at  $400,  in- 
terest and  depreciation  of  $3,000,  ash  removal 
at  $225  (5  per  cent  of  the  cost  of  the  coal), 
and  charging  one-half  the  cost  of  the  force  in 
the  fire  and  engine  rooms  to  this  account,  or 
$2,500,  would  make  the  total  cost  of  operating 
the  electric  plant  $10,642.80,  or  a  little  less 
than  2V2  cents  per  kilowatt-hour. 

Mr.  Bolton's  paper  Is  in  abstract  as  follows:  ■ 
The  present  practice  in  tall  office  building  con- 
struction has  settled  down  to  a  general  adop- 
tion of  a  height  affording  space  for  16  to  20 
stories.      The    limitation    of    height    has   come 
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abont  In  a  natural  manner  by  r«alltation  of 
the  dlsadrantacea  of  tbe  remoteness  of  such 
loftT  floors  from  the  street  and  the  excessive' 
ezpenae  of  maintaining  a  suitable  elevator 
tTATCl  schedule  on  such  long  runs. 

The  proportioning  of  the  number  and  travel 
of  elevators  to  the  area,  character,  and  height 
of  theae  buildings  has,  so  far.  proceeded  in  a 
very  haphasard  manner.  Mere  increase  of  the 
area  of  the  cars  is  the  cause  of  delay  in  han- 
dling the  passengers,  and  the  speed  of  travel  is 
practically  limited  to  600  feet  per  minute  for 
stopping  or  way  cars,  and  to  750  feet  for  ex- 
press cars,  beyond  which  speeds  more  time  is 
lost  than  gained  by  over-running  the  landings. 
A  basis  for  the  due  proportioning  of  elevator 
aerrlce  may  be  found  in  the  provision  of  an 
elevator  to  an  area  of  1,000  square  feet  of 
rented  space  repeated  on  16  floors.  For  heights 
exceeding  16,  the  basis  of  calculation  should 
be  the  above,  plus  a  provision  for  an  average 
number  of  opportunities  .of  access  to  cars  at 
the  average  or  medium  traveling  floors. 

In  New  York,  the  general  traveling  public 
has  learned  to  make  use  of  the  signal  system. 
The  importance  of  satisfactory  signal  systems 
between  floors  and  cars,  announcing  the  proxi- 
mate arrival  of  cars  to  waiting  passengers,  and 
of  the  presence  of  the  latter  to  the  operators, 
has  had  a  more  important  bearing  on  the  econ- 
omy of  operation  than  any  economic  Improve- 
ment In  operative  machinery.  Where  elevator 
employes  have  been  placed  under  the  orders 
and  directions  of  the  operating  engineer,  re- 
markable improvements  have  resulted,  particu- 
larly in  the  operation  of  electric  elevators.  In 
which  the  operators  get  into  habits  of  continu- 
ally fidgeting  with  the  little  levers  of  some 
types  of  control. 

Indicator  cards  were  exhibited  to  show  the 
varying  loads  on  a  simple  engine  operating 
electric  elevators.  Ten  cards  taken  at  one- 
minute  intervals  indicated  an  average  of  108 
horse-power,  with  the  largest  154  horse-power 
and  the  smallest  54  horse-power.  As  to  the 
use  of  a  storage  battery  with  an  electric  ele- 
vator, he  referred  to  the  experience  in  the  Dun 
Building,  New  York.  The  battery  stands  for 
a  capiui  cost  of  $18,000,  representing"  annual 
maintenance  and  interest  of  $2,150,  tbe  equiva- 
lent of  nearly  20  per  cent  of  the  coal  bill.  In 
addition,  one  engineer  is  employed  to  attend 
to  the  operating  mechanism  of  the  five  elevator 
machines,  a  further  cost  of  $1,000  per  annum. 
The  following  extracts  from  the  paper  give 
information  regarding  other  parts  of  a  building 
plant  The  exhaust  of  elevator  power  is  the 
main  source  of  heat  supply  during  the  cold 
season.  This  exhaust  in  heavy  schedule  service 
is  nearly  always  in  excess  of  heat  require- 
ments during  the  business  hours.  The  feed 
system  is  in  summer  a  direct  cold  feed  from 
outside  supply,  the  entire  exhaust  being  wasted, 
except  in  those  cases  where  an  open  heater  is 
used,  by  which  about  20  per  cent  of  the  feed 
water  is  returned  as  condensed  exhaust.  The 
compound  engine  has  not  made  much  head- 
way, more  for  similar  reasons  of  space,  than  of 
disregard  of  its  economy.  The  four-valve  en- 
gine is  a  type  well  adapted  to  the  conditions, 
and  has  found  some  favor  recently. 

In  the  Dun  Building,  15  stories  high,  the  au- 
thor found  a  sufficient  supply  to  justify  sinking 
a  tube  well  30  feet  deep  below  cellar  floor, 
whence  a  pump  discharges  the  supply,  which  is 
fairly  clear  but  chemically  Impure  surface 
water,  over  the  coils  of  the  refrigerating  plant 
thence  to  the  eleventh  floor  to  a  tank.  From 
this  tank  the  air  supply  of  an  Adams  sewage 
lift  is  compressed,  and  by  it  all  sewage  of  the 
kitchen,  of  the  restaurant,  as  well  as  that  of 
the  basement  toilets,   is   lifted   to   the   sewer. 


The  water,  after  compressing  the  air,  descends 
to  another  tank  on  the  fourth  level,  whence  it 
supplies  the  flushes  of  the  fixtures  below,  and 
is  thus  used  three  times  over,  reducing  the 
water  bill,  he  stated,  of  the  building  by  $1,100 
per  annum. 
The    Power   Requtbemests   of   Chakes   and 

Capstans. 
One  of  the  papers  read  at  the  meeting,  pre- 
sented by  a  member  of  the  Institution  of 
Mechanical  Engineers,  described  the  Middles- 
brough dock  electric  and'hydraullc  power  plant 
of  the  North  Eastern  Railway.  It  was  con- 
tributed by  Mr.  Vincent  L.  Raven,  chief  as- 
sistant mechanical  engineer.  At  this  dock 
there  are  hydraulic  and  electric  appliances 
working  side  by  side,  on  which  some  detail 
tests  were  made.  It  will  be  out  of  the  question 
to  describe  without  Illustrations  the  details  of 
the  cranes  and  capstans,  but  reference  may 
here  be  made  to  the  results  of  the  tests. 

The  figures  will  be  given  first  for  the  hy- 
draulic apparatus  and  second  for  the  electric, 
in  every  case.  The  total  number  of  lifts  made 
were  825  and  834,  the  latter  figure  relating,  as 
stated,  to  the  electric  appliances.  The  total 
weight  of  rails  lifted  were  1,210.4  and  1224.9 
long  tons.  The  time  occupied  for  loading  was 
7  hours  and  5  hours  15  minutes,  respectively, 
showing  a  gain  effected  by  the  electric  cranes 
of  1-  hour  45  minutes.  The  total  coal  burned 
at  the  power  station  during  the  test  was  3,584 
and  2,912  pounds,  showing  a  saving  effected  by 
the  electric  cranes  of  672  pounds.  The  savings, 
it  may  be  stated,  were  all  on  the  side  of  the 
electric  apparatus.  The  total  costs  of  working 
at  the  power  station  during  the  test  was  $3.35 
and  $3.03,  showing  a  saving  of  32  cents.  The 
cost  of  working,  including  capital,  interest  and 
repairs,  was  $8.73  and  $7.03,  effecting  a  saving 
of  $1.70.  When  the  total  cost  of  men's  wages 
was  included,  the  cost  per  100  long  tons  is 
$6.55  and  $4.89,  showing  a  saving  of  $1.65.  The 
total  saving  effected  by  the  electric  cranes  was 
given  as  25  per  cent 

As  to  the  performance  of  the  capstans,  a 
number  of  hauls  of  100  feet  were  made,  with  a 
load  varying  from  29  to  174  long  tons.  In 
every  case  the  electric  capstans  consumed  less 
time  than  the  hydraulic,  with  the  exception  of 
the  29-ton  load,  when  the  hydraulic  apparatus 
required  less  ime.  The  speed  per  minute  was 
In  general  higher,  for  the  electric  the  ratio 
being  greater,  the  heavier  the  load  hauled. 
For  the  total  of  the  six  runs  that  were  made 
the  electric  capstan  required  226  seconds,  as 
against  691%  seconds;  the  mean  speed  was  161 
feet  per  minute  with  the  electric  and  96  with 
the  hydraulic,  while  the  actual  power  used  by 
the  machines  was  calculated  as  5,600,000  foot- 
pounds In  the  case  of  the  electric  machine  and 
6,100,000  for  the  hydraulic. 

Commercial  Gas  Engine  Testing. 
Another  one  of  the  papers  which  can  be  re- 
ferred to  under  the  foregoing  general  head  of 
power-plant  papers,  was  one  on  "Commercial 
Gas-Engine  Testing,"  by  Mr.  William  P.  Flint 
of  East  Pittsburg.  While  the  paper  starts  out 
with  general  directions  covering  the  testing  of 
gas  engines,  it  is  mainly  devoted  to  a  proposed 
standard  of  comparison  between  gas  engines. 

The  maximum  power  of  a  given  gas  engine  de- 
pends on  the  number  of  British  thermal  units 
it  can  take  in  per  minute,  and  on  the  percent- 
age of  this  heat  which  it  can  turn  Into  brake 
horse-power.  With  engines  of  about  10  brake- 
horse-power  per  cylinder  and  larger,  there  Is 
but  little  variation  in  the  efficiency  of  similar 
engines,  which  may  be  attributed  to  the  size. 
The  consequence  of  this  is  that  the  power  of 
gas  engines  of  the  four-stroke  cycle  type  varies 
almost  in  proportion  to  their  suction  displace- 


ment, and  some  one  size  of  engine  may  be 
taken  as  a  standard  to  which  to  reduce  the 
figures  obtained  on  other  engines.  The  curves 
thus  obtained  Irom  the  results  of  tests  on 
many  sizes  of  engines  are  mutually  comparable. 
They  furnish  a  basis  for  predicting  what  still 
other  sizes  of  engines,  not  yet  tested,  may  be 
expected  to  do. 

The  results  of  tests  on  a  large  number  of 
similar  engines  using  natural  gas  for  fuel  have 
shown  that  every  345  cubic  feet  mixture  dis- 
placement per  minute  will  give  in  the  neigh- 
borhood of  115  maximum  brake  horse-power, 
or  100  rated  brake  horse-power.  The  above  dis- 
placement is  figured  from  the  area  of  the  pis- 
ton, length  of  stroke,  and  the  greatest  number 
of  charges  per  minute  at  full  load  speed,  and 
furnishes  the  data  upon  which  it  is  proposed 
herein  to  establish  a  basis  of  comparison. 

Comparisons  of  the  engine  are  made  on  the 
100-horse-power  basis  in  the  following  way: 
The  number  345,  being  the  number  of  cubic 
feet  mixture  displacement  that  will  give  about 
100  horse-power,  is  divided  by  the  suction  dis- 
placement of  the  engine  in  question,  and  the 
quotient  gives  a  reduction  factor  by  which  both 
the  brake  horse-power  and  the  British  thermal 
units  used  per  hour  are  multiplied  to  bring  the 
engine  on  a  100-horse-power  basis.  By  plotting 
In  this  manner  the  results  of  a  large  number 
of  tests  of  gas  engines,  a  manufacturer  may, 
the  author  says,  ascertain  the  characteristic 
British  thermal  units  brake-horse-power  curve 
for  each  size  and  type,  and  from  these  can 
predict  what  new  sizes  should  do.  Experieiiee 
teaches  that  when  reduced  to  a  common  basis 
there  is  but  little  more  variation  between  the 
curves  for  similar  engines  of  different  sizes 
than  between  individual  engines  of  the  same 
size.  There  are  so  many  factors  influonciug 
the  exact  location  of  the  curves  in  question, 
that  under  commercial  conditions  a  goo^  many 
tests  have  to  be  run  before  safe  average  curves 
can  be  drawn.  For  this  reason  it  is  most  help- 
ful to  be  able  to  readily  and  Intelligently  com- 
pare the  results  of  different  sizes,  to  the  end 
that  the  experience  gained  on  a  size  which 
many  engines  have  been  built  may  be  utilized 
in  criticizing  the  performance  of  a  new  size. 


The  Cost  or  Thawing  Water  Pipes  by  elec- 
tricity, according  to  figures  given  at  the  recent 
meeting  of  the  National  Electric  Light  Associa- 
tion, was  as  follows  on  the  basis  of  125  house 
services  thawed  in  Rutland,  Vt.,  during  Febru- 
ary: On  the  average,  17  amperes  alternating 
current  at  2,200  volts  were  required  and  the 
average  time  consumed  was  27  minutes.  At  10 
cents  per  kilowatt-hour  the  current  cost  was 
$1.68;  and  the  cost  of  labor  was  $1.85  and  of 
teams  and  drivers  58  cents,  making  the  total 
cost  per  service,  $4.11. 


St.  Petersburg  Disposes  of  Its  Wastes  by 
antiquated  methods.  The  street  drainage  and 
the  partial  drainage  of  the  properties  in  the 
central  parts  of  the  city  is  accomplished  by 
means  of  pipes  discharging  into  the  nearest 
canal  or  the  river.  This  system  has  been  in 
use  since  1770;  consequently,  all  the  waterways 
are  seriously  polluted.  Furthermore,  according 
to  "Public  Works,"  house  sewage  and  other 
refuse  are  removed  by  night  carts  and  river 
barges,  which  deposit  their  loads  on  suburban 
fields.  Much  foul  matter  also  percolates  into 
the  soil.  The  capital  of  Russia  is  thus  shown 
to  be  several  generations  behind  the  progress 
of  civilization.  On  the  other  hand,  the  ma- 
jority of  the  inhabitants  are  said  to  indulge  in 
a  steam  Ijath  once  a  week,  and  there  are  350 
establishments  leased  by  the  municipality 
where  such  baths  can  be  taken. 
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The  Electric  Locomotives  of  the  New  York 
Central  Railroad. 


The  readers  of  this  journal  have  been  kept 
informed  of  the  general  progress  of  the  New 
York  Central  &  Hudson  River  Railroad  Com- 
pany in  equipping  its  lines  near  New  York  with 
electricity  for  both  suburban  and  through 
trains.  In  a  number  of  respects  it  is  the  most 
important  application  of  electricity  to  traction 
which  has  yet  been  considered,  and  particular 
Interest  has  attached  to  the  design  of  locomotive 
adopted  for  hauling  the  heavy  express  trains 
which  run  into  the  Grand  Central  Station.  The 
importance  of  handling  such  trains  as  promptly 
as  by  steam  locomotives,  and  more  promptly  if 
possible,  was  so  recently  pointed  out  in  The 
Engineering  Record  that  it  need  not  be  dis- 
cussed again.  The  General  Electric  Company 
and  the  American  Locomotive  Company,  the 
joint  builders  of  the  new  motive  power  equip- 
ment, believe  that  it  will  excel  the  best  records 
of  steam.  With  a  light  train  the  electric  loco- 
motive is  expected  to  give  a  speed  of  75  miles 
an  hour,  if  desired,  while  heavier  trains  can  be 
hauled  at  this  rate  by  coupling  together  two 
locomotives  and  working  them  as  a  single  unit. 

The  locomotive  has  been  designed  in  accord- 


Speciflcatlons  embodying  these  conditions 
were  prepared  by  the  Commission  and  sent  to 
all  the  principal  electrical  manufacturing  com- 
panies, both  here  and  abroad.  It  will  be  ob- 
served that  no  restriction  was  placed  on  bid- 
ders as  to  whether  direct  or  alternating  current 
was  to  be  used.  The  successful  bidders  were 
the  General  Electric  Company  in  conjunction 
with  the  American  Locomotive  Company,  as  an- 
nounced some  time  ago.  The  choice  of  a  direct 
current  type  of  locomotive  was  dictated  largely 
by  Its  known  reliability  of  service,  owing  to  the 
amount  of  experience  which  had  been  accumu- 
lated with  the  direct  current  motor. 

The  new  electric  locomotive  will  be  37  feet 
in  length  over  all.  The  wheel  base  will  consist 
of  four  pairs  of  motor  wheels  and  two  pairs  of 
pony  truck  wheels,  the  length  of  the  total  wheel 
base  being  27  feet,  and  of  the  rigid  wheel  base, 
consisting  of  the  four  pairs  of  motor  wheels,  13 
feet.  The  diameter  of  the  driving  wheels  will 
be  44  inches  and  of  the  truck  wheels  36  inches. 
The  driving  axles  will  be  8%  inches  in  diam- 
eter. It  will  be  what  is  known  as  a  double 
ender  and  will  weigh  approximately  190,000 
pounds. 

The  weight  which  will  rest  upon  each  of  the 
driving   wheels   will    be    about    17,000    pounds. 


Electric    Locomotive    for   tlie    New   York    Central    Railroad's    Passenger   Service  at  New  York. 


ance  with  specifications  prepared  by  the  Electric 
Traction  Commission  appointed  by  the  railroad 
company,    the    members   being   Messrs.   W.   J. 
Wilgus,  John  F.  Deems,  B.  J.  Arnold,  Frank  J. 
Sprague,  and  George  Gibbs.     The  secretary  to 
the  commission  is  Mr.   Edwin  B.  Katte.     The 
locomotives  are  to  handle  trains  to  Croton,  on 
the  Hudson  division,  and  North  White  Plains, 
on  the  Harlem  division,  34  and  24  miles,  respec- 
tively,  from  the  Grand  Central  Station.     The 
conditions    which    the    commission    determined 
must  be  fulfilled  by  the  locomotive  were  that  it 
must  be  capable  of  making  two  regular  succes- 
sive trips  of  one  hour  each  between  Grand  Cen- 
tral Station  and  Croton  with  a  total  weight  of 
550  tons,  a  single  stop  in  each  direction  and  a 
lay-over  not  to  exceed  20  minutes.     In  addition 
to  this  it  was  provided  that  a  similar  schedule 
should   be   maintained    with    somewhat   lighter 
trains  making  more  frequent  stops.    Finally,  it 
was  provided  that  with  a  total  train  weight  of 
;    35  tons  the  electric  locomotive  should  be  able 
I  10  run  from  Grand  Central  Station  to  Croton 
Iwithout  stop  in  44  minutes,  and,  with  one  hour 
Slay-over,  be  able  to  keep  up  this  service  con- 
;  tinuously.    This  last  schedule  is  the  equivalent 
!  of  the  present  timing  of  the  Empire  State  Ex- 
press, though  the  latter  has  a  lighter  train. 


Proper  distribution  and  division  of  the  weight 
among  axles  will  be  accomplished  by  swinging 
the  main  frames  from  a  system  of  elliptical 
springs  and  equalizing  levers  of  forged  steel, 
the  whole  being  so  arranged  as  to  cross  equalize 
the  load  and  furnish  three  points  of  support. 

The  frame  will  be  of  cast  steel,  the  side  and 
end  frames  being  bolted  together  at  machined 
surfaces  and  stiffened  by  cast-steel  cross  tran- 
soms. The  journal  boxes  and  axles  will  be  de- 
signed to  permit  sufficient  lateral  play  to  en- 
able the  locomotive  to  pass  easily  around  curves 
of  230-foot  radius.  The  superstructure  of  the 
locomotive  is  to  be  of  steeple  form,  so  designed 
as  to  offer  the  least  practicable  wind  resistance 
consistent  with  the  adequate  housing  of  the 
apparatus  and  its  convenient  operation.  The 
cab  is  designed  so  as  to  afford  a  clear  view  of 
the  track.  The  whole  of  the  superstructure  is 
to  be  of  sheet  steel  with  angle  iron  framing, 
and  the  doors  and  windows  of  the  cab  are  to  be 
fireproof. 

The  driving  power  of  the  locomotive  will  be 
furnished  by  four  600-volt  direct-current  gear- 
less  motors,  each  of  550  horse-power.  This  will 
make  the  normal  rating  of  the  locomotive  2,200 
horse-power,  with  a  maximum  rating  of  about 
2,800  horse-power,  or  about  50  per  cent,  greater 


than  that  of  the  largest  steam  passenger  loco- 
motives now  In  service. 

The  armatures  will  be  mounted  directly  on 
the  axles  and  will  be  centered  between  the  poles 
by  the  journal  boxes,  sliding  within  finished 
ways  in  the  side  frames.  The  armature  core 
will  be  of  the  Iron-cIad  type,  the  laminations 
being  assembled  on  a  quill  which  will  be  pressed 
on  the  axle.  The  commutator  will  be  supported 
on  the  quill.  Unlike  the  ordinary  four-pole 
motor  where  the  magnetic  circuit  is  made 
through  a  separate  box  casting,  the  magnetic 
circuits  In  this  type  of  electric  locomotive  are 
completed  through  the  side  and  end  frames.  The 
pole  pieces  are  cast  In  the  end  frames  and  there 
are  also  double  pole  pieces  between  the  arma- 
tures carried  by  bars  which  act  as  part  of  the 
magnetic  circuit.  The  pole  pieces  will  be  shaped 
so  that  the  armature  is  free  to  move  between 
them  with  ample  clearance  on  the  sides.  As  the 
poles  move  up  and  down  with  the  riding  of  the 
frame  on  the  springs,  they  will  always  clear  the 
armature,  and  provision  is  made  so  that  the 
armature  will  not  strike  the  pole  pieces,  even 
if  the  springs  are  broken. 

The  Sprague-General  Electric  multiple  unit 
control  will  be  used  on  this  type  of  electric 
locomotive.  There  will  be  two  master  con- 
trollers in  the  cab,  so 
placed  that  the  operating 
engineer  looking  ahead 
will  always  have  one  of 
these  under  his  hand.  The 
control  system  will  permit 
two  or  three  locomotives  to 
be  coupled  together  in  any 
order  in  which  they  hap- 
pen to  come  and  to  be 
Operated  as  one  unit  by  the 
engineer  In  the  leading 
cab.  The  control  system 
will  also  be  semi-automatic 
In  its  action,  as  it  will  pro- 
vide a  check  on  the  rate  of 
acceleration  of  the  train, 
which  the  engineer  cannot 
exceed,  while  he  may  ac- 
celerate at  any  slower  rate 
if  he  so  desires.  Should 
two  locomotives  break 
apart  the  control  current " 
will  be  automatically  and 
instantly  cut  off  from  the 
second  locomotive  without 
affecting  the  ability  of  the  engineer  in  charge 
to  control  the  front  locomotive  under  his 
charge.  The  control  system  is  designed  for  a 
minimum  of  300  volts  and  a  maximum  of  750. 
The  locomotive  will  be  provided  with  all  the 
usual  accessories  of  a  steam  locomotive,  includ- 
ing an  electric  air  compressor  to  furnish  air 
for  the  brakes;  it  will  have  whistles,  a  bell,  and 
an  electro-pneumatic  sanding  device,  and  elec- 
tric headlights  at  each  end.  The  interior  of 
the  cab  will  also  be  heated  by  electric  colls. 


The  Austbian  Government  is  investigating 
the  probable  cost  and  the  feasibility  of  operat- 
ing its  Alpine  railways  by  electricity,  according 
to  European  contemporaries.  The  principal  ob- 
jection to  the  present  operation  by  locomotives 
is  the  difficulty  experienced  In  ventilating  "the 
twenty-seven  long  tunnels  on  the  line. 


The  Length  of  Russian  Railways  at  the  be- 
ginning of  this  year  is  officially  reported  to 
have  been  36,673  miles,  of  which  31,493  miles 
were  in  Europe  and  5,180  in  Asia.  These  figures 
do  not  include  1,944  miles  In  Finland  and  1,555 
miles  of  the  Eastern  Chinese  line.  Of  the 
European  lines  nearly  two-thirds  of  the  mileage 
are  operated  by  the  Government. 
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Book  Notes. 


ducers  is  arranged  with  similar  thoroughness 
and  regard  to  the  convenience  of  the  user. 


The  seventeenth  annual  report  of  the  Inter- 
state Commerce  Commission  is  a  most  intereet- 
tBC  hook  of  3S2  pages,  giving  a  full  account  of 
th«  work  done  during  the  year  ending  June  30, 
1903.  Those  familiar  with  previous  reports  do 
not  ne«d  to  be  told  that  this  one  gives  a  com- 
prehensive view  of  many  of  the  most  important 
financial,  operating  and  construction  problems 
of  the  present  time.  Abstracts  are  given  of  all 
decisions  made  during  the  year  by  the  Commis- 
sion and  there  are  valuable  sections  describing 
the  progress  made  in  introducing  various  appli- 
aaecB  and  methods  to  insure  the  greater  secur- 
ity of  employee  and  travelers. 


The  Connecticut  Society  of  Civil  Engineers, 
the  secretary  of  which  is  Mr.  J.  P.  Jackson,  of 
New  Haven,  has  issued  a  volume  containing  its 
papers  and  proceedings  for  1903.  Among  the 
papers  may  be  mentioned  descriptions  of  the 
water  power  development  at  New  Milford  and 
the  new  storage  reservoir  at  New  London,  and  a 
valuable  discu&sion  by  Prof.  H.  S.  Graves  of 
the  relation  which  forestry  work  may  l)e  made 
to  liear  to  city  water  supplies.  There  are  also 
a  large  number  6t  short  papers,  mostly  on  mu- 
nicipal engineering  subjects,  which  contain  val- 
uable practical  information. 


Any  one  who  has  had  to  figure  discounts,  par- 
ticularly those  Involving  three  deductions  be- 
fore getting  the  final  result,  knows  well  the  ad- 
vantage of  a  well  arranged  table  of  such  figures, 
giving  at  a  glance  the  value  of  $1.00  after  the 
total  discount  has  been  subtracted.  For  exam- 
ple, to  figure  the  value  of  $1.00  after  taking  off 
discounts  of  55,  TV>,  5  and  2>m  per  cent,  is  a 
time-absorbing  task,  but  a  book  which  will  give 
the  result.  $0.3585,  at  a  glance,  is  worth  a  great 
deal.  Moreover,  if  this  book  also  gives  this  dis- 
count for  every  unit  from  1  to  50,  inclusive, 
still  more  figuring  is  saved,  and  the  Whole 
process  of  taking  off  the  discount  and  obtaining 
the  final  amount  is  simply  the  addition  of  a 
few  figures.  Such  a  book,  "The  Thomas  Dis- 
count Book."  has  l)een  compiled  by  M.  T. 
Thomas,  of  Williamsport.  Pa.,  who  publishes  it 
in  cloth  covers  at  $1.00  and  in  leather  at  $1.25. 
It  contains  81  pages,  giving  all  the  discounts 
in  general  use,  and  Is  arranged  with  a  thumb 
Index  on  the  side  of  the  page  so  as  to  be  used 
with  the  utmost  facility. 


Natioicai.  Ino!f  ajtd  Steel,  Coai.  asd  Coke 
BiiE  Book.  Edited  by  B.  H.  Morwood.  Pitts- 
burg: R.  L.  Polk  k  Co.;  cloth,  9x6  in.;  890 
pages;  $7.50. 

The  second  edition  of  this  well'  known  direc- 
tory of  the  iron,  steel,  coal  and  coke  Industry 
in  the  United  States  retains  the  features  of  the 
first  edition  and  has  a  number  of  new  ones.  The 
first  half  of  the  work  is  devoted  to  iron  and 
steel,  and  begins  with  an  index  of  products,  so 
that  any  one  desirous  of  ascertaining  the  mak- 
fra  of  an  article  can  readily  find  their  names. 
This  is  followed  by  a  general  grouping  of  the 
works  under  Bessemer  steel  plants,  crucible 
■teel  plants,  merchant  mills,  plate  mills,  sheet 
mills,  skelp  mills,  blast  furnaces,  open-hearth 
steel  works,  rail  mills,  structural  mills  and 
■teel  casting  works.  The  next  section  is  an 
alphabetical  list  of  companies  and  firms,  giving 
so  far  as  possible  the  date  of  incorporation, 
capital  stock,  board  of  directors,  purchasing  and 
•ales  managers,  superintendents,  shipping  facil- 
ities and  equipment  of  works.  After  this  comes 
an  alphabetical  index  of  directors,  officers,  man- 
agers and  superintendents,  and  then  geograph- 
ical lists  of  blast  furnaces  and  steel  mills.  The 
part  of  the  book  devoted  to  coal  and  coke  pro- 


Hexdbick's  Commerciai.  Rgoisteb  of  the 
United  States.  Thirteenth  edition.  New  York: 
Samuel  E.  Hendricks  Co.;  cloth,  10x7Vi  ins.; 
1,226  pages;  $6. 

This  directory  is  a  carefully  compiled  direc- 
tory of  the  architectural,  mechanical,  engineer- 
ing, contracting,  electrical,  railroad,  iron,  steel, 
mining,  mill,  quarrying  and  kindred  industries. 
It  contains  over  350.000  names,  classified  and 
cross-indexed  with  much  skill,  and  readily  con- 
sulted by  means  of  an  elaborate  index.  The 
manufacturers  and  dealers  in  the  machinery 
used  in  these  industries,  their  products  and  the 
purchasers  of  the  products  are  all  covered  by 
the  book,  which  Is  revised  annually.  The  book 
is  compiled  with  care,  and  no  one  accustomed 
to  using  it  will  care  to  be  without  it,  for  it  is  a 
unique  and  valuable  publication. 

Geseral  Index  to  the  Street  Railway  Jour- 
XAL.  Arranged  by  subjects  and  authors.  Octo- 
ber, 1884,  to  December,  1903.  New  York:  Mc- 
Graw  Publishing  Co.;  cloth,  10x7  ins.;  162 
pages;   $5. 

The  information  given  in  a  really  good  class 
publication  is  invaluable  for  any  one  interested 
in  the  subjects  it  covers,  but  this  material  is 
often   only    partially   available   because   of   the 


Instrument  for  Finding  Pinhole  Centers. 


lack  of  a  suitable  index  to  the  volumes.  The 
"Street  Railway  Journal"  covers  so  thoroughly 
the  entire  field  of  city,  suburban  and  interurban 
ailways  that  a  really  good  index,  such  as  this, 
is  invaluable  to  those  who  wish  to  investigate 
any  feature  of  such  roads.  The  unique  posi- 
tion of  this  publication,  the  manner  in  which 
it  covers  every  part  of  its  field,  and  the  accu- 
racy of  its  information  are  everywhere  acknowl 
edged.  The  index  has  been  prepared  with  evi- 
dent care  and  thoroughness  and  is  arranged  in 
a  typographical  form  very  easy  to  use. 


Directort  op  American  Cement  Industries. 
Third  edition.  Edited  by  Charles  Carroll 
Brown.  Indianapolis:  Municipal  Engineer- 
ing Co. ;  cloth,  9x6  ins. ;  734  pages ;  $5. 

The  new  edition  of  this  directory  has  been  much 
improved  by  a  marked  expansion  of  the  real 
directory  parts  of  the  earlier  editions,  and  the 
omission  of  the  sections  on  the  uses  of  cement 
and  concrete.  The  combination  of  a  technical 
manual  and  trade  lists  is  rarely  a  happy  one. 
The  growth  of  the  cement  industry  in  recent 
years  Is  well  shown  by  the  largely  Increased 
number  of  cement  manufacturers  which  are  re- 
ported. Brief  descriptions  of  most  of  the  lead- 
ing works  are  given,  and  these  have  been  large- 
ly rewritten  for  this  edition.  The  directors, 
capital  stock,  nominal  output  and  shipping  fa- 


cilities of  the  companies  are  given,  together 
with  lists  of  brands  and  sales  agents.  An  inter- 
esting feature  is  the  statement  of  companies' 
names  not  now  in  use,  a  compilation  very  diffi- 
cult to  carry  out.  It  might  be  stated  that  the 
note  concerning  the  sale  of  the  Warners  plant 
to  the  Mohawk  Portland  Cement  Company  and 
its  reconstruction  by  the  latter  is  incorrect,  for 
the  plant  has  been  idle  for  several  years  and 
can  be  bought  for  two-thirds  or  half  the  money 
actually  invested  in  it.  The  artificial  stone 
and  concrete  block  business  has  increased  so 
rapidly  that  a  section  of  the  book  has  been  set 
aside  solely  for  it.  The  lists  of  dealers  in  ce- 
ment, contractors  using  the  material,  ensineers 
and  testing  laboratories  are  very  full,  while  the 
directory  of  manufacturers  of  machinery  >ised 
in  cement  mills  has  been  much  enlarged  in 
comparison  with  previous  editions. 


Letter  to  the  Editor. 


An  Insthi'.mext  for  Bridoe  Shop  Inspectors. 

Sir: — We  send  you  herewith  a  photograph  of 
a  small  instrument,  which  can  be  made  by  any 
careful  mechanic,  and  one  which  is  extremely 
handy  in  shop  inspection  work  where  pin-con- 
nected truss  members  are  to  be  measured.  It 
was  devised  by  us  for  use  during  our  shop  in- 
spection of  the  Fraser  River  Bridge,  recently 
erected  at  New  Westminster,  B.  C.  in  which 
structure  there  are  several  heavy  pin-connected 
spans.  (See  recent  numbers  of  The  Engineer- 
ing Record:) 

The  principle  of  the  instrument  is  simply 
this:  the  perpendicular  bisector  of  the  chord  of 
a  circle  passes  through  the  circle's  center,  and 
the  intersection  of  two  such  perpendiculars  de- 
termines the  center.  The  material  used  is  thin 
saw  blade  steel.  Arm  X  is  composed  of  two 
such  plates,  and  arm  Y,  which  is  a  single  plate, 
slides  between  them,  rotating  about  the  rigid 
pin  B.  The  left-hand  edge  (as  shown)  of  arm  Y 
is  a  perpendicular  bisector  of  the  line  joining 
the  centers  of  the  pins  C  and  B.  Similarly,  the 
left-hand  edge  of  arm  X  bisects  perpendicularly 
the  center  line  of  pins  A  and  B.  The  instru- 
ments shown  in  the  cut  are  two  inches  center 
to  center  of  pins,  with  arms  six  and  one-half 
inches  long.  This  will  cover  a  range  of  pin- 
holes from  3  to  11 14  inches  in  diameter. 

When  the  three  pins.  A,  B,  C,  are  brought  to 
bear  against  the  circumference  of  any  pinhole, 
the  intersection  of  the  edges  of  the  arms  X  and 
Y  determines  the  center  of  that  pinhole. 

The  more  care  taken  in  their  manufacture, 
the  more  accurate  they  become,  and  may  be  used 
in  determining  the  overall  lengths  of  truss  mem- 
bers, and  make  this  part  of  the  work  very  much 
easier,  especially  if  the  holes  be  of  different  di- 
ameters expressed  in  fractions  or  decimals  of 
inches.     Very  truly  yourg,  G.  B.  AsiicKorr. 

The   DeLaao-Osborn   Eng.  Co. 

Toronto,  May  29. 


A  System  of  Street  Grades  has  been  estab- 
lished at  Havre,  Mont.,  by  an  ordnance  drawn 
by  City  Engineer  C.  W.  Swearingen  which  con- 
tains many  interesting  features.  A  U.  S.  Geo- 
logical Survey  bench  mark,  carefully  described 
In  the  ordinance,  is  made  the  official  bench 
mark  for  all  the  streets.  Grades  are  established 
at  each  block  corner  in  the  city,  and  other 
points  are  determined  as  follows:  "Curb 
grades  at  all  points  shall  be  at  an  elevation  de- 
termined by  a  fall  of  2V2  per  cent,  from  the 
property  line  grade  to  the  top  of  the  curb." 
This  ordinance  not  only  fixes  all  grades,  but 
enables  any  surveyor  to  run  them  out  for  a 
property  owner.  It  is  too  often  the  case  that 
the  notes  concerning  such  work  are  considered 
private  property  by  surveyors. 
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The  Utilization  of  Inferior  Timber. 


Engineers  and  architects  have  had  occasion 
many  times  during  the  last  few  years  to  feel 
considerable  uneasiness  regarding  estimates  of 
the  cost  of  timber  structures.  For  years  they 
were  accustomed  to  call  for  certain  grades  of 
material  and  could  estimate  within  a  compara- 
tively narrow  range  what  these  grades  would 
cost.  In  times  of  plenty  the  best  is  none  too 
good  for  everybody  and  so  specifications  were 
cast  in  a  certain  mold,  as  regards  the  require- 
ments for  timber,  from  which  it  is  high  time 
they  should  be  freed.  Not  only  is  the  best  tim- 
ber much  more  costly  than  it  was  when  these 
specifications  were  drawn,  but  it  is  occasion- 
ally impossible  to  obtain  it  at  any  reasonable 
figure.  The  day  has  come  when  it  is  the  duty 
of  the  engineer  and  architect  to  investigate  this 
whole  subject  afresh  and  ascertain  the  possi- 
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bility  of  utilizing  for  many  of  their  purposes 
woods  which  were  considered  unserviceable  no 
longer  than  ten  years  ago.  In  fact,  it  is  per- 
fectly well  known  by  those  acquainted  with  the 
lumber  trade  that  a  large  amount  of  these  so- 
called  inferior  timbers  are  sold  under  the  old- 
time  specifications  for  the  highest-grade  species. 
The  dealers  know  that  they  look  much  the 
same,  answer  the  purpose  just  as  well,  and 
can  be  secured  at  lower  cost  and  in  ample  quan- 
tity. 

The  good  work  that  the  Bureau  of  Forestry 
is  doing  in  making  known  the  /aluable  proper- 
ties of  many  timbers  deserves  the  hearty  sup- 
port of  all  users  of  wood  in  any  form.  The  en- 
gineer and  architect  are  particularly  assisted 
by  these  investigations,  because  they  furnish  in- 
formation that  will  not  only  enable  them  to  use 
the  cheaper  species  of  wood  with  the  same 
facility  as  the  expensive  pines,  but  will  also 
enable  these  users  to  draw  good  specifications 
for  such  timber.  At  the  present  time  very  few 
aVe  in  possession  of  such  information,  but  its 
value  is  evident  from  some  data  presented  before 
the  National  Lumber  Manufacturers'  Associa- 
tion a  short  time  ago  by  Dr.  Hermann  von 
Schrenk.  A  brief  summary  of  these  statements 
will  illustrate  their  importance. 

In  Washington  and  Norfolk  there  is  sold  a 
"Virginia"  pine  in  sticks  up  to  ten  inches 
square,  almost  entirely  sapwood  of  such  rapid 
growth  that  sometimes  only  four  rings  occur 
in  three  inches.  It  is  a  second  growth  tim- 
ber, usually  very  knotty.  Farther  south,  at 
Charleston,  considerable  "North  Carolina"  pine 
is  produced  which  is  shipped  north.  It  gives 
large-size  lumber,  fairly  free  from  knots,  some- 
what close-ringed  and  of  much  structural  merit. 
Both  these  timbers  are  the  same  species,  the 
loblolly  pine,  but  of  different  grades.  The  lob- 
lolly pine  has  a  bad  name  among  users  of  tim 
ber  because,  doubtless,  the  publisned  informa- 
tion regarding  it  is  based  on  the  results  of 
tests  of  the  poorer  grades,  like  that  sold  as 
"Virginia"  pine.  The  better  grades,  the  "North 
Carolina"  pine,  are  favorably  known,  and  there 
is  no  reason  why  the  name  loblolly  should  be 
regarded  any  longer  as  denoting  a  materia'  fit 
only  for  chicken  coops.  The  species  grows 
easily  and  rapidly,  and  lends  itself  readily  to 
good  forestry  management.  Although  it  decays 
rapidly  under  certain  conditions,  it  may  be 
treated  very  successfully  by  preservative  pro- 
cesses. 

Another  species  which  should  receive  more 
attention  is  known  as  red  fir,  Douglas  spruce, 
Oregon  pine  and  Oregon  fir.  It  forms  nine- 
tenths  of  the  timber  from  southern  Oregon  to 
Vancouver  and  from  the  Cascade  Mountains  to 
the  coast.  It  differs  very  much  in  its  hard- 
ness and  other  properties,  and  can  be  obtained 
in  very  long  sticks  of  large  cross-section.  It 
is  common  in  the  Chicago  market  and  some  of 
it  has  been  used  for  special  purposes  in  the 
Atlantic  States. 

The  western  hemlock  is  another  species  that 
has  suffered  from  its  name.  Hemlock  does  not 
sound  well  to  the  Eastern  builder,  and  the  vig- 
orous western  species,  which  grows  to  a  height 
of  250  feet  and  a  diameter  of  15  feet,  is  mis- 
judged on  its  mere  name. 

These  three  species  of  timber  can  be  obtained 
in  large  quantities  and  two  of  them  in  very  large 
sticks.  Their  availability  for  many  purposes 
for  which  long-leaf  pine  is  specified  is  manifest 
from  their  strength.  Taking  8xl4-inch  joists 
on  a  16-foot  span,  the  long-leaf  pine  will  carry 
a  center  load  of  44,500  pounds  and  deflect  214 
inches  before  breaking,  the  loblolly  pine  will 
carry  32,500  pounds  and  deflect  3  inches,  the 
red  fir  will  carry  30,500  pounds  and  defiect  5 
inches,    and    the    western    hemlock   will    carry 
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28,300  pounds  and  deflect  1%  Inches.  These 
figures,  which  Dr.  Schrenk  gives  as  representa- 
tiVH  of  merchantable  timber,  can  also  be  stated 
in  another  way.  For  the  same  strength,  in 
beams  8  inches  wide  and  of  16  feet  span,  the 
long-leaf  pine  will  be  14  inches  deep,  the  lob- 
lolly pine  and  red  fir  16  inches  and  the  western 
hemlock  18  inches.  These  figures  show  that 
while  the  long-leaf  pine  unquestionably  deserves 
its  reputation  for  strength,  the  other  species 
are  good.  Before  long,  enough  information  will 
doubtless  be  gathered  by  the  Bureau  of  For- 
estry to  enable  anyone  to  write  a  good  specifi- 
cation for  all  these  woods,  so  that  advantage 
can  be  taken  of  the  condition  of  the  market  and 
that  species  used  which  will  be  to  the  best  ad- 
vantage of  the  owner  of  the  structure. 

One  feature  of  the  timber  market  which  ought 
to  be  mentioned  in  this  connection  is  the  de- 
sirability of  specifying  so  far  as  possible  mer- 
chantable sizes  of  timber.  On  large  work  this 
is  particularly  necessary  and  every  builder  of 
large  structures  has  had  occasion  to  deplore 
the  readiness  of  mill  architects  and  others  to 
call  for  timber  that  must  be  cut  to  order.  This 
practice  often  delays  the  time  of  completion  of 
the  structures  and  leads  to  the  use  of  wood 
which  is  only  nominally  dried. 

These  notes  refer  to  the  use  of  so-called  in- 
ferior woods  for  structural  purposes.  This  is 
an  important  subject  because  many  of  these 
woods  are  in  no  way  inferior  to  long-leaf  pine 
provided  they  are  properly  used.  Timber  is 
employed  for  many  other  purposes,  however, 
where  cheaper  grades  than  those  now  used 
would  be  equally  serviceable.  An  inspection 
of  the  packing  cases  of  German  and  American 
manufacturers  will  show  how  securely  the  for- 
mer put  up  their  goods  with  boxing  material 
that  would  be  Immediately  rejected  in  the 
United  States.  The  subject  of  cross-ties  has 
been  discussed  so  recently  In  this  paper  that 
it  is  unnecessary  to  do  more  than  refer  to  it 
again  as  a  great  field  for  utilizing  other  tim- 
bers than  those  previously  employed.  In  short, 
the  more  carefully  the  whole  subject  of  our  tim- 
ber supplies  is  considered  the  more  evident 
becomes  the  value  of  this  work  of  the  Bureau 
of  Forestry  to  timber  producers  and  users. 


The  Education  of  an  Engineer. 


In  this  season  of  graduation  of  young  engi- 
neers from  the  many  engineering  schools  of  the 
country  it  is  well  to  give  a  little  careful  thought 
to  the  education  of  an  engineer.  The  practical 
side  of  the  profession  of  engineering  is  too 
immanent  a  matter  in  the  affairs  of  the  com- 
munity ever  to  fail  of  most  thorough  considera- 
tion, but  the  educational  training  of  an  engi- 
neer is  far  differently  circumstanced.  There  is, 
however,  no  lack  of  expressions  of  opinion  on 
this  subject  from  a  great  variety  of  sources, 
nor  has  there  ever  been  such  lack.  Great  pro- 
fessional organizations  like  the  American  So- 
ciety of  Civil  Engineers  and  the  Institution  of 
Civil  Engineers  of  Great  Britain  have  discussed 
it  at  length,  and  individual  engineers  without 
number  not  only  have  expressed  a  correspond- 
ing diversity  of  opinion  as  to  the  proper  educa- 
tion of  an  engineer,  but  are  doing  so  still,  and 
will  continue  to  do  so.  The  most  positive  judg- 
ment has  been  recorded  in  favor  of  a  "prac- 
tical" character  for  the  work  of  the  professional 
school  meaning  a  comparatively  small  amount 
of  "theory,"  if  anyone  really  knows  what  that 
is.  Others  would  have  a  "judicious  balance" 
between  "theory"  and  "practice,"  while  a  few 
modestly  insist  upon  the  value  of  a  training 
nearly  wholly  "theoretical."  Again,  another 
party  believes  that  the  nearest  approach  to  per- 
fection will  be  attained  by  taking  the  Military 
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Aeademr.  at  West  Point,  as  a  model  for  a 
■dMwl  of  civil  engiDe«riiiK:  and  so  on  to  the 
end  of  tlie  list. 

The  Enslneering  Record  Is  not  a  partisan  of 
any  of  these  views  on  engineering  education, 
nor  of  any  other  special  views  of  the  subject. 
It  recognlaes  any  excellence  found  in  such  crit- 
ical obaervatlons  as  those  cited,  but  it 
MMnewhat  farther  than  that.  It  has 
found  that  experience  usually  con- 
veys a  reasonable  amount  of  information 
r^ardlng  that  special  fleld  of  activity  cov- 
ered by  it.  This  general  rule  is  seldom 
controverted  in  connection  with  the  practice  of 
the  engineering  profession.  Occasionally  the 
mental  caliber  and  quality  of  the  practltiont^r 
may  be  small  or  detective,  so  that  the  results 
of  experience  in  such  cases  are  not  satisfactory, 
but  thai  in  no  way  militates  against  the  general 
rule.  Critics  of  engineering  education  too  fre- 
quently forget  this  general  but  simple  principle. 

Few  who  prescribe  a  sure  panacea  for  all  the 
Ills  of  professional  training  have  ever  eiijoye<l 
even  a  day's  experience  in  the  work  of  instruc- 
tion. As  a  matter  of  fact,  in  all  the  wide  flcld 
of  engineering  activity  there  are  nowhere  found 
problems  of  so  great  difficulty  or  so  urgently 
needing  extended  experience  for  their  best  solu- 
tion as  in  the  work  of  educational  training. 
The  question  is  not  one  of  relative  amounts  of 
"practice"  and  "theory,"  and  therein  the  ordi- 
nary critic  commonly  fails,  and  most  radically. 
Confusion  "worse  confounded"  has  been  intro- 
duced into  the  consideration  of  this  question 
by  that  imaginary  and  false  distinction  be- 
tween practice  and  theory.  What  in  reality  is 
usually  covered  by  those  words  is  mal-developed 
knowledge  on  the  one  hand  and  unbalanced 
knowledge  on  the  other.  In  the  best  and  only 
true  educational  training  of  the  engineer  there 
is  no  such  distinction:  they  are  harmonious  and 
absolutely  essential  parts  of  a  well-rounded 
whole.  If  correct  views  of  engineering  educa- 
tion are  ever  to  be  attained  in  the  profession, 
that  fundamental,  simple  fact  must  be  recog- 
nised as  the  corner-stone  of  the  educational 
structure. 

It  is  the  business  of  the  professional  school 
to  impart  to  its  students  that  particular  class 
of  knowledge — and  the  use  of  it — required  In 
their  subsequent  professional  careers,  and  it 
is  of  exceptional  importance  that  they  should 
acquire  that  kind  of  training  which  the  school 
can  most  efficiently  give  and  which  the  pressing 
duties  of  active  life  subsequently  render  essen- 
tially Impossible  to  secure.  There  are  few  men 
so  resolute  in  their  pursuit  of  knowledge  as  to 
persist  in  that  line  of  work  after  graduation 
from  the  professional  school,  even  though  the 
knowledge  thus  gained  be  of  the  highest  value 
to  them.  Again,  there  Is  a  certain  mental  and 
individual  development,  a  well-rounded  shaping 
of  personality,  gained  by  educational  training 
that  Is  rarely  possible  of  accomplishment  in 
after  life,  yet  of  distinct  value  to  the  profes- 
sional man.  The  engineering  school  must  con- 
fer on  its  graduates  this  educational  finish  and 
also  supply  the  beet  quality  of  technical  knowl- 
edge afforded  by  advanced  engineering  science 
and  practice. 

The  broad,  general  principles  of  every  branch 
of  the  philosophy  of  engineering  should  be  thor- 
oughly taught,  for  In  no  other  way  can  the 
student  acquire  a  comprehensive  view  of  his 
profession  or  an  intelligent  control  of  Its  prac- 
tice. There  can  be  no  greater  educational  error 
than  the  narrowing  restriction  of  a  student's 
work  to  special  demonstrations  and  their  appli- 
eatlona  If  a  student  possesses  a  thorough  . 
grasp  of  general  principles  illustrated  by  their 
applications  to  larger  engineering  works,  the 
whole  BUMS  of  q>eclal  applications  become  self- 


evidently  clear,  and  much  time  devoted  to  them 
is  essentially  wasted. 

Memorized  mathematical  demonstrations  in- 
sisted upon  under  the  old  regime  are  largely 
useless,  but  judicious  applications  of  intelli- 
gently derived  formulae  to  typical  engineering 
problems  constitute  the  essence  of  the  highest 
grade  of  instruction.  There  is  no  better  test  of 
a  student's  knowledge  than  his  capacity  to  use 
it.  The  real  question  is  not  as  to  the  relative 
amounts  of  "theory"  and  "practice"  that  the 
student  should  have,  but  as  to  the  most  efficient 
methods  of  imparting  to  him  a  thorough  knowl- 
edge of  the  fundamental  principles  of  his  pro- 
fession and  the  power  to  use  them.  The  com- 
pletion of  such  a  course  of  professional  study 
will  not  make  a  young  man  iv  ripe  and  finished 
practitioner,  but  it  is  the  best,  if  not  the  only 
initiative  leading  to  that  end. 


Pensions  for  Disabled  Workmen. 


The  unrest  among  machinists,  railway  em- 
ployes and  others  whose  work  is  more  or  less 
(iangerous  has  long  been  attracting  the  atten- 
tion of  some  of  the  leading  men  in  public  life 
as  well  as  that  of  employers  who  feel  their  re- 
sponsibility toward  their  men.  This  feeling 
has  found  expression  in  the  compulsory  old-age 
and  disability  pension  system  of  Germany,  and 
the  accident  pensions  of  railways  in  many  coun- 
tries. It  has  been  investigated  by  students  of 
social  economy  of  many  nationalities,  and  a 
great  number  of  papers  on  the  subject  have 
been  written.  A  defect  of  most  discussions  of 
the  subject  has  been  a  prejudiced  point  of  view, 
i>reventing  an  equitable  weighing  of  all  the  re- 
lations of  such  pensions  to  employers,  employes 
and  the  community.  Hence  it  is  not  at  all  sur- 
prising that  the  eminent  manufacturers  who  at- 
tended the  graduating  exercises  at  Bryn  Mawr 
College  on  June  2  paid  a  degree  of  attention  to 
the  commencement  address  of  Dr.  Carroll  D. 
Wright  which  such  speeches  seldom  receive.  It 
was  one  of  the  clearest  explanations  of  the  pen- 
sion proposition  that  has  ever  been  made,  and 
is  particularly  marked  by  its  frank  avowal  that 
a  really  good  system  of  pensions  cannot  be 
worked  out  in  detail  until  more  comprehensive 
data  are  available.  This  statement,  from  the 
conservative  director  of  the  Government's  Bu- 
reau of  Labor,  was  coupled  with  an  equally  im- 
portant assertion  that  the  time  had  come  when 
a  pension  system  must  be  inaugurated  as  a 
matter  of  justice  to  a  great  proportion  of  the 
community. 

The  argument  advanced  to  support  this  claim 
deserves  careful  consideration.  The  owner  of 
an  industrial  establishment  lays  aside  a  certain 
sum  each  year,  so  that  by  the  time  his  ma- 
chinery is  worn  out  he  has  funds  for  replacing 
it.  This  is  considered  good  business;  anyone 
who  fails  to  do  it  is  regarded  with  suspicion, 
and  the  community  makes  no  objection  to  the 
additional  charge  for  the  products  which  this 
course  entails.  It  is  the  public  which  pays  for 
this  conservation  of  capital,  not  the  manufac- 
turer, and  the  justness  of  the  system  is  every- 
where recognized  to  rest  on  the  fact  that  the 
capital  is  employed  for  purposes  of  general  ser- 
vice to  the  community. 

The  men  whose  labor  is  just  as  essential  as 
capital  to  carry  on  these  enterprises  are  to-day 
generally  without  any  sinking  fund  system 
within  their  comprehension.  According  to  Dr. 
Wright,  during  the  year  of  the  Spanish  war  the 
number  of  railway  employes  killed  and  injured 
in  this  country  greatly  exceeded  the  number  of 
soldiers  who  were  killed  and  wounded.  Statis- 
•  tics  of  injuries  in  other  callings  might  be  given 
to  show  their  hazards  to  efficiency  and  even  to 
life.    When  these  data  of  injury  and  death  are 


taken  into  careful  consideration,  there  is  reason 
for  asserting  that  the  community  should  pay  to 
workmen  the  same  insurance  and  sinking  fund 
contributions  that  it  already  pays  to  capital. 
The  moderate  wages  of  these  men  leave  them 
little  money  for  their  old  age,  and  few  of  them 
have  any  training  or  knowledge  which  aids 
them  to  invest  their  scanty  savings  to  the  best 
advantage.  It  is  true  that  there  are  savings 
banks  and  insurance  companies  always  ready 
to  assist  them,  but  tlie  existence  of  these  com- 
panies does  not  lead  the  men  to  utilize  their 
advantages  as  much  as  they  should. 

The  men  are  entitled,  according  to  Dr. 
Wright,  to  the  same  protection  against  depre- 
ciation that  the  community  has  willingly  given 
to  capital  for  many  generations.  The  man's 
skill  and  strength  are  his  capital.  The  trouble 
in  endeavoring  to  introduce  any  such  project 
lies  in  the  lack  of  information  concerning  the 
hazards  of  the  various  callings.  To  learn  these 
thoroughly  it  will  be  necessary  to  compile  a 
great  mass  of  statistics  and  to  investigate  them 
by  the  same  methods  that  actuaries  employ  in 
computing  their  tables  of  the  expectancy  of  life. 
Having  such  tables,  the  machinery  for  caring 
for  workmen  would  be  little  more  complicated 
than  that  now  in  force  in  Germany.  In  that 
country  the  funds  for  the  purpose  are  partly 
contributed  by  the  employers  and  partly  by  the 
government.  In  the  United  States  the  funds 
would  probably  be  provided  by  the  companies, 
as  in  this  way  the  money  would  most  easily  be 
raised  indirectly  from  the  community  by  a  very 
slight  increase  in  the  prices  charged  for  the 
products.  The  cost  of  supervising  such  a  sys- 
tem by  the  government  would  not  necessarily  be 
great. 

It  is  important  to  observe  that  such  a  pro- 
posal is  not  a  government  charity  in  any  sense 
and  has  none  of  the  poor-house  features  that 
are  sometimes  asserted  Figainst  it.  The  propo- 
sition is  merely  to  extend  to  skilled  labor  the 
same  privileges  that  capital  alone  enjoys  to-day. 
It  must  be  studied  and  discussed  a  long  time 
before  a  fairly  just  solution  can  be  reached, 
and  it  may  be  questioned  if  it  will  do  much 
to  allay  the  social  unrest  which  is  now  more 
marked  than  ever  before.  It  cannot  be  re- 
garded as  a  remedy  for  existing  conditions,  but 
merely  as  one  more  step  forward  in  the  evolu- 
tion of  the  skilled  workman.  He  has  passed 
from  a  slave  to  a  serf  and  from  a  serf  to  a 
freeman.  It  now  remains  to  be  seen  whether 
society  can  find  some  way  to  guarantee  to  his 
skill  the  same  protection  that  it  has  long  and 
willingly  given  to  capital.  This  is  D^-.  Wright's 
view.  In  his  official  capacity  as  United  States 
Commissioner  of  Labor  he  has  made  a  careful 
study  of  the  subject,  abroad  as  well  as  in  this 
country,  and  his  belief  that  a  good  system  of 
pensions  is  possible — and  is  warranted  by  logi- 
cal deductions  from  the  pensions  paid  to  me- 
chanical equipment — is  certainly  deserving  of 
more  than  passing  attention. 


Municipal  Improvements  in  New  York. 


One  of  the  most  interesting  reports  on 
municipal  engineering  that  has  appeared  in  a 
long  time  is  by  Mr.  Nelson  P.  Lewis,  chief  en- 
gineer of  the  Board  of  Estimate  and  Appor- 
tionment of  New  York,  for  the  last  two  years. 
Greater  New  York  is  one  of  the  few  municipali- 
ties that  has  no  city  engineer.  Under  the  re- 
vised charter,  which  went  into  effect  on  the 
first  day  of  1902,  a  large  part  of  the  public  im- 
provements are  brought  up  by  the  local  boards 
of  the  different  boroughs,  but  must  be  reviewed 
and  authorized  by  the  Board  of  Kstimale  and 
Apportionment  before  they  become  accepted 
projects,  as  they  may  be  called  for  lack  of  a 
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better  term.  The  position  of  engineer  to  the 
board  had  no  precedents  to  govern  it,  and  it 
has  developed  into  the  nearest  equivalent  to  the 
ofBce  of  city  engineer  that  there  is  in  the  city's 
organization.  The  work  is  very  comprehensive 
in  character,  for  the  conditions  in  lower  Man- 
hattan Island  are  as  different  from  those  of  the 
market  gardens  of  Queens  or  the  suburban  com- 
munities north  of  the  Harlem  River  as  it  is 
possible  to  conceive.  For  this  reason  alone,  the 
city  engineering  work  of  Greater  New  York 
is  of  interest,  but  there  are  other  causes  as  well 
for  its  particular  novelty. 

The  sewerage  problems  of  the  city  offer  a 
good  example  of  the  peculiar  features  that  can 
be  observed.  All  things  considered  Broadway 
may  safely  be  considered  the  most  important 
thoroughfare  in  America,  and  yet  there  are 
many  blocks  of  it  which  are  without  public  sew- 
ers of  any  description.  The  reason  for  this  is 
the  fact  that  in  the  lower  part  of  Manhattan 
Island  Broadway  occupies  a  ridge  from  which 
the  side  streets  fall  away  in  both  directions, 
and  many  of  the  buildings  fronting  on  it  drain 
through  side  streets  or  reach  the  sewers  by 
private  connections.  But  this  is  simply  an  un- 
usual condition,  and  not  a  serious  problem,  such 
as  that  of  some  of  the  old  sewers  in  the  lower 
part  of  the  island.  Some  of  these  are  very  old, 
of  a  type  now  obsolete,  and  of  a  capacity  in- 
adequate to  serve  the  great  population  which 
throngs  the  lofty  office  buildings  of  the  district 
every  working  day.  The  design  of  a  system  of 
sewers  for  this  part  of  the  city  presents  prob- 
lems of  a  nature  never  yet  undertaken  in  some 
of  its  features.  The  investigations  of  Mr.  Nich- 
olas S.  Hill,  Jr.,  chief  engineer  of  the  Water 
Department  of  the  city,  have  shown  that  the 
water  consumption  in  this  part  of  the  city  is 
very  high,  far  above  what  was  estimated  at  the 
time  his  investigations  were  begun,  and  the 
volume  of  sewage  will  be  correspondingly  raised 
above  that  which  was  estimated  when  the  old 
drains  now  in  service  were  designed. 

The  sewerage  problem's  in  the  other  boroughs 
are  no  less  complicated.  In  Brooklyn  the  great 
growth  of  the  borough  inland,  by  the  develop- 
ment of  farming  lands,  has  made  it  necessary  to 
construct  very  extensive  systems  of  sewers,  in- 
cluding two  expensive  outfall  tunnels  to  tide 
water,  which  are  now  being  described  in  this 
journal.  But  such  a  system  of  relief  is  impossi- 
ble in  Queens,  because  the  communities  are  rel- 
atively small  and  scattered.  Mr.  Lewis  frankly 
acknowledges  that  expert  advice  should  be 
sought  in  making  a  comprehensive  study  of  the 
sewerage  of  the  borough.  This  recommendation 
is  a  thoroughly  sound  one,  which  has  many  pre- 
cedents. The  plans  for  such  work  must  be 
drawn  with  a  view  to  future  as  well  as  present 
conditions.  The  relative  merits  of  the  com- 
bined and  separate  systems  for  different  locali- 
ties in  such  an  extensive  territory  must  be  care- 
fully weighed.  These  tasks  call  for  an  extensive 
experience  and  a  high  degree  of  specialized 
knowledge,  which  only  a  comparatively  few  men 
possess,  and  the  city  will  doubtless  save  money 
in  the  end  by  utilizing  this  knowledge  in  a  care- 
ful study  of  the  problems  before  the  growth  of 
the  district  renders  them  too  complex  for  really 
satisfactory  solution.  It  is  always  well  to  bear 
in  mind  that  plans  can  be  changed  much  more 
quickly  and  cheaply  than  executed  works  can 
be  reconstructed.  The  drainage  problem  in  Ihe 
Borough  of  the  Bronx  is  also  a  complicated  one, 
because  the  picturesque  stream  which  runs 
through  its  center  is  fast  approaching  the  con- 
dition of  a  fetid  sewer.  The  pollution  is  not 
only  due  to  New  York  but  also  to  other  com- 
munities, and  joint  action  by  them  all  will  be 
needed  to  bring  about  a  really  successful  solu- 
tion of  the  problem. 


Sewerage  is  only  one  of  the  branches  of  en- 
gineering which  fall  to  the  supervising  province 
of  the  engineer  of  the  Board  of  Estimate  and 
Apportionment.  Paving  is  even  more  important 
just  now.  The  most  noteworthy  feature  about 
it  is  the  Board's  refusal,  in  all  but  a  very  few  ' 
cases,  to  sanction  the  use  of  macadam.  This 
course  has  been  followed  because  in  cities  such 
pavement  has  a  short  life,  and,  while  its  first 
cost  is  small,  the  expense  of  maintenance  is  far 
greater  than  that  of  any  other  pavement  in 
general  use.  "The  necessity  for  repairs  begins 
immediately  upon  the  completion  of  the  work, 
and  if  the  street  ^Is  subjected  to  considerable 
traffic  such  necessity  continues  during  the  life 
of  the  pavement,  while  constant  sprinkling  is 
required  not  only  to  prolong  its  life,  but  to 
make  tolerable  the  use  of  and  residence  upon 
streets  so  paved."  Under  the  charter  a  street 
once  paved  by  funds  raised  by  assessing  the 
abutting  property,  must  be  maintained  and  re- 
newed out  of  the  general  funds,  unless  the 
owners  of  over  half  of  the  frontage  agree  to 
another  local  assessment;  such  an  agreement 
"it  it  practically  impossible  to  obtain."  Hence  it 
is  unfair  to  property  owners  who  have  paid  for 
a  durable  pavement  to  permit  those  on  adjacent 
streets  not  only  to  escape  with  a  light  assess- 
ment for  macadam,  but  also  to  avoid  liability 
for  the  maintenance  of  such  streets.  If  it  were 
possible  to  assess  part  of  the  cost  of  renewals 
of  macadam  on  abutting  property,  it  would 
change  the  aspect  of  the  problem,  but  up  to  the 
present  time  all  attempts  to  secure  legislation 
to  this  end  has  been  of  no  avail.  This  decision 
of  the  Board  will  receive  the  approval  of  most 
engineers  who  have  tried  to  maintain  macadam 
pavements  in  cities. 

A  feature  of  Greater  New  York's  municipal  en- 
gineering which  deserves  favorable  comment  is 
the  triangulation  of  the  city,  which  is  being  con- 
ducted under  the  supervision  of  Mr.  A.  T.  Mos- 
man,  representing  the  U.  S.  Coast  &  Geodetic 
Survey,  which  co-operates  in  the  work.  The 
value  of  this  work  to  the  city  can  hardly  be  ap- 
preciated now,  but  later,  when  more  of  it  is 
closely  built  up,  the  importance  of  the  triangu- 
lation will  be  more  evident.  Few  cities  have  un- 
dertaken triangulation  of  high  accuracy,  and  in 
this  respect  New  York  sets  a  good  example. 


The  outlet  of  the  discbarge  pipe,  which  is 
turned  down  stream,  is  fitted  with  a  clapper 
valve.  This  is  a  large  check  to  prevent  a  back- 
flow  during  high  water,  and  consists  essentially 
of  a  Mi-inch  steel  plate  hinged  at  the  top  and 
seating  against  a  3/16-inch  leather  ring. 


Notes  and  Comments. 


Civil  Service  Examinations  for  New  Yofk 
State  and  county  positions  will  be  held  July  9. 
The  examinations  of  interest  to  readers  of  this 
journal  are  those  for  architectural  draughts- 
man, bridge  designer,  bridge  draughtsman,  and 
photographic  assistant.  Applications  for  these 
examinations  must  be  made  on  or  before  July  5. 
Full  particulars  of  the  examinations  and  blank 
applications  may  be  obtained  by  addressing  the 
Chief  Examiner  of  the  Civil  Service  Commis- 
sion at  Albany. 


CoNDENSEB  CIRCULATING  PiPES  of  14-inch  riv- 
eted steel  were  adopted  for  the  main  railway 
power  house  of  the  New  Orleans  Railways  Com- 
pany in  preference  to  cast-iron  on  account  of 
the  vibration  of  the  ground,  due  to  the  char- 
acter of  the  soil  and  the  very  frequent  passing 
of  steam  railroad  freight  trains  immediately 
above  them.  There  are  two  24-inch  suction 
pipes,  287  and  312  feet  in  length,  and  one  36- 
inch  discharge,  324  feet  in  length.  All  three  in 
their  run  into  the  Mississippi  River  are  carried 
on  a  framework  on  65-foot  piles.  The  strainers 
of  the  foot-valves  on  the  suction  lines  are  of 
the  form  of  an  inverted  truncated  cone,  with 
the  idea  that  fish  clogging  the  perforations  wiH 
fall  off  when  the  use  of  the  pipe  is  discontinued. 


The  Importance  of  the  Vacuum  In  steam 
turbine  operation  is  generally  recognized,  but 
some  figures  on  the  subject  given  by  the  Hon. 
Charles  A.  Parsons  will  surprise  those  who 
have  not  followed  the  turbine  situation.  He 
states  that  the  amount  of  cooling  water  gener- 
ally allowed  is  about  fifty  times  the  full-load 
steam  consumption,  which  will  increase  the 
vacuum  under  the  normal  conditions  about 
three-fourths  to  one  inch  above  that  with  the 
usual  circulating  allowance  of  thirty  times  the 
steam  used.  In  other  words,  the  output  of  the 
turbine  can  be  increased  four  or  five  per  cent, 
by  Increasing  the  power  needed  for  circulating 
water  from  six-tenths  to  one  per  cent.,  about 
four-tenths  of  one  per  cent,  of  the  total  power 
being  required  to  produce  this  additional 
vacuum.  This  need  of  a  high  vacuum  has  led 
to  the  design  of  a  vacuum  augmenter.  A  pipe 
is  led  from  near  the  bottom  of  the  main  con- 
denser to  an  auxiliary  condenser  of  about  one- 
twentieth  of  its  cooling  surface.  In  this  pipe 
a  small  steam  jet  is  placed  which  sucks  nearly 
all  the  residual  air  and  vapor  from  the  con- 
denser and  delivers  it  to  the  air  pump.  With 
an  expenditure  of  steam  amounting  to  about 
one  and  a  half  per  cent,  of  that  used  by  the 
turbine  the  vacuum  can  be  raised  from  26  to 
27%  or  28  inches.  The  air  pump  need  not  be  of 
large  size,  because  the  jet  compresses  the  air 
and  vapor  mixture  to  about  half  Its  original 
volume. 


Industrial  Plant  Promotion,  not  for  the  pur- 
post  of  legitimate  manufacturing  but  to  dicker 
in  stocks  and  other  alleged  securities,  has  re- 
ceived another  setback  in  the  situation  of  the 
investors  In  a  New  England  steel  plant.  A  few 
years  ago  the  leading  magazines  had  advertise- 
ments of  the  great  prospects  of  these  works, 
describing  the  fine  character  of  the  plant  and 
the  high  character  of  its  product.  The  shares 
of  the  company  were  offered  as  a  desirable  in.- 
vestment  of  the  savings  of  people  In  moderate 
circumstances.  The  works  are  now  proved  to 
be  unprofitable  and  the  stockholders  recently 
met  to  devise  some  way  of  obtaining  at  least  a 
part  of  the  sums  they  sunk.  The  only  purpose 
in  mentioning  this  incident  of  high  finance  in 
these  pages  is  to  point  out  the  minor  place  en- 
gineering really  fills  In  such  an  enterprise. 
Probably  every  statement  made  in  the  adver- 
tisements of  this  corporation  were  true,  so  far 
as  they  related  to  the  plant  and  product.  The 
works  were  built  from  the  plans  of  an  eminent 
engineer,  and  the  character  of  the  product  was 
certainly  good  for  many  purposes.  The  trouble 
lay  in  the  fact  that  the  location  of  the  works 
was  not  a  particularly  happy  one  and  there  was 
not  much  demand  for  the  product.  It  makes  no 
difference  whether  a  cent  or  a  million  dollars 
is  spent  on  such  works  if  there  is  no  demand 
for  the  product,  and  it  certainly  does  not  pay 
to  build  a  plant  in  a  location  where  freight 
rates  on  both  raw  materials  and  manufactures 
are  a  maximum.  There  are  a  number  of  people 
always  ready  to  invest  money  in  projects  which 
they  have  not  carefully  investigated,  and  they 
will  always  lose  their  money  to  promoters  in 
consequence.  The  effect  of  their  losses  ought 
not  to  be  considered  any  indication  of  market 
conditions,  however,  for  the  failure  of  plants 
which  have  little  or  no  legitimate  reason  for 
existence  is  merely  an  incidental  and  not  an  im- 
portant feature  of  business  conditions. 
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The  City  Island  Bridge,  New  York. 

Th«  bridxe  connecting  City  Island  and  Pel- 
ham  Bay  Park  at  Rodman  Neck,  Borough  of 
Bronx.  Nev  York,  is  about  1.500  feet  long,  in- 
cluding approaches  and  50  feet  wide  over  all.  It 
has  a  steel  superstructure  supported  on  six  ma- 
sonry piers  and  two  abutments  all  sunk  to  rock 
or  hard  material  at  a  maximum  depth  of  about 
M  fe«t  below  high  water.  There  are  five  deck 
plate-girder  spans  80  feet  long  on  centers,  and 
one  swing  span  168  feet  long  from  center  to 
c«nter  of  rest  piers,  which  has  two  openings  of 
55  feet  3  inches  in  the  clear  and  is  supported  on 
a  circular  pivot  pier.  The  80-foot  spans  have 
two  lines  of  plate-girders  6Vi  feet  deep  and  35 
feet  apart  on  centers.  They  are  made  with 
web  plates  9/16-inch  thick  and  6x6x%-inch 
flange  angles  reinforced  with  14-inch  cover 
plates.  Riveted  shoes  are  riveted  to  the  ends 
of  the  lower  flanges  and  engage  the  414-inch 
bearing  pins  through  riveted  pedestals.  At  the 
fixed  end  the  pedestals  are  seated  on  bolsters 
mmde  of  channels  2  feet  long  having  24x38  Vj- 
inch  cover  plates  top  and  bottom. 

At  the  shore  abutment  a  nest  of  3-inch  rollers 
is  inserted  between  the  bolsters  and  pedestals 
and  only  one  other  expansion  joint  is  provided 
b  tween  this  point  and  the  City  Island  end  of 
the  steel  superstructure  at  the  draw  span.  This 
requires  that  the  webs  of  each  pair  of  adjacent 
girders  be  connected  so  as  to  expand  and  con- 
tract together.  This  connection  is  made  by 
■ingle  12x^-incb  cover  plates  5%  feet  long 
which  are  shop-riveted  to  one  girder  and  field- 
riveted  to  the  other  girder. 

The  floorbeams  are  plate  girders  44  inches 
deep  made  with  a  %-inch  web  and  pairs  of 
5x3^x11/1 6-inch  fiange  angles.  They  are  web- 
oonnected  to  the  main  girders  with  their  lower 
flanges  just  clearing  those  of  the  latter.  They 
are  fleld-riveted  through  the  outstanding  fiange 
of  the  vertical  web-stitfener  angles  in  the  main 
girder  and  through  a  single  vertical  welvstlff- 
ener  angle  on  the  opposite  side  of  the  floorbeam 
web.  They  carry  9-inch  longitudinal  I-beams  4 
feet  10  inches  apart  flush  with  their  top  flanges, 
which  support  steel  buckle  plates  laid  in  trans- 
verse strips  with  the  convex  sides  upward  and 
3-lnch  angles  riveted  over  their  transverse 
JQfnts.  The  buckle  plates  are  leveled  up  with 
bituminous  concrete  filling  covered  with  a  1%- 
inch  wearing  surface  sloped  214  inches  from 
the  center  to  the  gutters.  The  7-foot  sidewalks 
are  carried  on  cantilever  brackets  on  the  out- 
aides  of  the  main  girders  and  have  buckle 
plates  and  concrete  floors  similar  to  those  of 
the  carriageway. 

The  swing  span  is  mounted  on  a  turntable  28 
feet  in  diameter  and  is  operated  by  hand  power, 
although  provision  is  made  for  the  future  in- 
stallation of  an  electric  motor.  The  trusses  are 
interesting  on  account  of  the  peculiar  outline 
and  the  combination  of  separate  riveted  mem- 
bers with  open  panels  in  the  center  and  solid 
web  plate-girders  at  the  ends.  The  maximum 
height  of  the  truss  is  22  feet  and  its  length  is 
54  feet  from  the  center  of  the  turntable  to  the 
commencement  of  the  plate-girder  extremities 
which  are  each  about  30  feet  long  and  6l^  feet 
deep.  It  was  the  purpose  In  the  design  to  secure 
the  stiffneae  and  stability  of  overhead  bracing 
for  the  trusses  of  the  draw  span  over  the  turn- 
table where  the  depth  must  necessarily  be  the 
greatest.  At  the  ends  of  the  draw  span  where 
the  girders  are  shallow  the  solidity  of  the  ad- 
joining plate  girders  is  gained  by  using  plate 
webe. 

The  top  chord  has  a  U-shaped  section  made 
with  vertical  side  plates  and  a  horizontal  cover- 
flange  angle  in  each  channel  being  much 
plate  connected  by  two  angles  with  their  flanges 


turned  inward.  The  bottom  chord  has  a  rec- 
tangular cross-section  made  with  two  built 
channels  latticed  top  and  bottom,  the  upper 
smaller  than  the  lower  fiange  angle  and  all  of 
them  being  turned  Inward.  The  buckle-plate 
floor  corresponds  with  that  in  the  girder  spans. 

The  pivot  pier  has  a  maximum  diameter  of 
35  feet  and  is  protected  by  a  longitudinal  crib 
pier  228  feet  long  and  51  feet  wide  over  all. 
This  pier  is  built  with  45-degree  cutwater  ends 
and  is  sheathed  with  4-inch  yellow  pine  vertical 
planks  14  feet  long,  extending  from  1  foot  below 
mean  water  level  to  the  top  of  the  crib,  5  feet 
above  mean  high  water.  It  is  divided  by  longi- 
tudinal and  transverse  timbers  Into  pockets 
about  7  feet  square,  which  are  filled  with  stone. 
The  pivot  pier  occupies  a  rectangular  space  63 
feet  long  and  37  feet  wide,  each  side  of  which 
the  faces  of  the  crib  are  continued  across  the 
open  pocket  with  horizontal  timber  trusses  63 
feet  long  and  about  7  feet  deep.  In  each  end 
of  the  crib  there  is  also  an  open  pocket  about 
21  feet  square. 

The  trusses  were  built  without  any  adjustable 
members  by  which  the  vertical  or  horizontal 
alignment  could  be  perfected  after  the  erection 
was  complete.  It  was  therefore  necessary  to 
take  unusual  pains  In  assembling    the    super- 


Water  Service  at  the  Baltimore  Fire. 

Hxtracts  from  a  paper  bi'fciro  tlif  .\merican  Water 

Works  Association,    by  Alfred   M.  Quick,    Water   Kngl 

noer,  Baltimore,  Md. 


There  are  three  points  on  which  experience 
connected  with  the  fire  of  Feb.  7  and  8  suggest 
something  valuable,  or  at  least  interesting,  to 
water-works  officials:  (1)  As  to  the  adequacy 
of  any  water  service  to  successfully  cope  with 
such  on  emergency.  (2)  As  to  the  effectiveness 
of  private  fire  service  fixtures  In  protecting 
property.  (3)  As  to  the  possibility  of  the  waste 
from  broken  water  pipes  In  buildings  destroyed 
by  fire  temporarily  crippling  the  water  service. 
[The  readers  of  The  Engineering  Record  were 
given  a  general  account  of  the  fire  and  detailed 
descriptions  of  many  of  Its  features,  and  in  the 
issue  of  February  20  there  was  reproduced  a 
map  prepared  from  official  plans.  Consequent- 
ly, this  part  of  the  paper  may  be  omitted.] 

Baltimore's  water  supply  is  derived  from  two 
rivers,  Jones  Falls  and  the  Gunpowder  River. 
From  each  of  the  two  Impounding  reservoirs, 
tunnels  convey  the  water  to  two  clear-water 
storage  reservoirs  in  the  city.  The  minimum 
average  daily  flow  of  the  two  sources  of  supply 
is  about  120,000,000  gallons.  The  total  capacity 
of  the  two  impounding  reservoirs  is  about  910,- 


City  Island   Bridge,   New  York,  Showing  Swing-Span  Truss. 


structure  In  order  to  secure  proper  bearings 
and  clearances  throughout.  After  the  trusses 
were  assembled  on  the  falsework  and  before 
any  field  rivets  were  driven,  the  four  vertical 
posts  for  the  central  tower  were  verified  for 
vertlcality  and  exact  position,  instrument 
readings  were  taken  on  the  outer  ends  of  the 
trusses,  and  they  were  set  with  great  accuracy 
and  blocked  up  at  Intermediate  panel  points,  so 
as  to  be  at  exactly  the  same  level  and  in  perfect 
vertical  and  horizontal  alignment  throughout. 
The  field  rivets  In  the  floorbeam  and  girder  con- 
nections and  in  the  trusses  were  then  driven, 
with  the  exception  of  those  In  the  adjustment 
joints  of  the  lower  chord.  These  joints  were 
located  jupt  outside  the  foot  of  each  vertical 
tower  post,  and  were  first  assembled  with  a 
%-lnch  bolt  In  each  hole. 

The  bridge  was  built  by  the  Department  of 
Bridges  of  New  York  City,  Mr.  S.  R.  Probasco, 
chief  engineer;  Prof.  W.  H.  Burr,  consulting 
engineer,  who  designed  both  substructure  and 
superstructure.  Mr.  J.  S.  Theban  was  resident 
engineer.  Messrs.  Stevens  &  O'Rourke,  suc- 
ceeded by  John  F.  O'Rourke,  were  the  general 
contractors  and  built  the  substructure,  the  su- 
perstructure being  built  by  the  King  Bridge 
Company. 


000,000  gallons.  The  delivering  capacity  of  the 
two  tunnels  conveying  the  water  to  the  city  is 
about  200,000,000  gallons  a  day  under  the  mini- 
mum head.  The  total  available  capacity  of  the 
four  storage  reservoirs  is  about  1,240,000,000 
gallons.  The  average  daily  consumption  Is 
about  63,000,000  gallons.  For  distribution  pur- 
poses the  city  is  divided  into  four  service  areas, 
designated  as  low,  middle,  high,  and  upper.  The 
low  service  area,  from  tide  water  up  to  ele- 
vation 50,  comprising  most  of  the  business  and 
manufacturing  districts,  is  supplied  from  the 
two  Gunpowder  storage  reservoirs,  having  an 
elevation  of  163  and  a  combined  capacity  of 
about  760,000,000  gallons,  by  gravity  through 
two  40-lnch  main  feeds.  The  middle  service 
area,  between  elevations  50  and  100,  compris- 
ing business  and  residence  sections  in  about 
equal  proportions.  Is  supplied  from  the  two 
Jones  Falls  storage  reservoirs,  having  an  ele- 
vation of  217  and  a  combined  capacity  of  about 
479,000,000  gallons,  by  gravity  through  one  40 
and  two  30-inch  main  feeds.  The  high  service 
area,  between  elevations  100  and  250,  entirely 
a  residence  section.  Is  supplied  l)y  two  pumping 
stations,  taking  suction  from  one  of  the  low 
service  storage  reservoirs.  The  east  side  sta- 
tion, with  two  10,000,000-ganon  pumps,  pumping 
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through  the  distribution  system  to  a  36,000,000- 
gallon  reservoir  at  elevation  340.  The  west  side 
station  with  two  17,500,000-gallon  pumps,  pump- 
ing through  the  distribution  system  to  a  22,500,- 
000-gallon  reservoir  at  elevation  348.  The  up- 
per service  area,  from  elevation  250  to  the  high- 
est elevation  in  the  city  (about  460),  is  sup- 
plied from  a  pumping  station  talcing  suction 
from  one  of  the  middle  service  reservoirs,  with 
two  4,000,000-gallon  pumps,  pumping  through 
the  distribution  system,  one  to  an  east  side 
200,000-gallon  standpipe  with  a  high  water  ele- 
vation of  450,  and  the  other  to  a  west  side  330,- 
000-galIon  standpipe  with  a  high  water  eleva- 
tion of  550.  There  are  also  connections  at  both 
high  service  pumping  stations  to  the  middle 
service  distribution  system  to  sustain  the  mid- 
dle service  in  dry  seasons  when  the  flow  of 
Jones  Falls  is  insufficient  to  keep  up  the  supply. 
About  seven  years  ago  our  distribution  sys- 
tem was  extremely  defective  and  inadequate. 
At  that  time  a  general  plan  of  improvements 
was  entered  upon,  involving  the  laying  of  miles 
of  additional  large  mains  all  over  the  city,  cut- 
ting out  of  service  old  small  pipes  that  were 
choked  with  sediment  and  corrosion,  connecting 
up  dead  ends  and  mains  at  street  intersections, 
transferring  hydrants  from  old  small  mains  to 
large  mains  and  Increasing  pressures  generally 


Lombard  Streets,  a  double  line  of  10-inch  in 
Baltimore  Street,  and  10-inch  mains  also  in 
a  number  of  the  north  and  south  streets,  all 
inter-connected.  Also  in  that  section  is  a  12- 
inch  middle  service  special  fire  line,  making  a 
loop  through  its  center,  running  down  Saint 
Paul  Street,  to  Light,  to  German,  to  South,  to 
Water,  to  Frederick,  and  up  Frederick  Street. 
In  the  whole  of  the  burned  district  are  about 
130  hydrants,  including  five  with  two  steamer 
nozzles,  making  about  fourteen  to  each  mile  of 
main  street  in  the  district.  There  are  eleven 
hydrants  within  200  feet  of  the  location  of  the 
Hurst  building  where  the  fire  started,  and 
twenty-two  within  400  feet  of  the  building. 

The  fire  started  in  the  middle  service  area, 
where  the  normal  pressure  is  from  55  to  65 
pounds.  About  three  hours  after  the  fire  started, 
as  soon  as  it  was  evident  that  it  had  developed 
into  a  confiagration,  we  opened  the  connection 
to  the  middle  service  distribution  system  at  one 
of  our  high  service  pumping  stations,  to  which 
I  have  referred,  and  by  that  means  increased 
the  pressure  in  the  middle  service  section  of  the 
burned  district  to  70  or  80  pounds.  After  the 
flre  had  burned  out  of  the  middle  service  dis- 
trict into  the  low  service  we  opened  a  12-inch 
division  stop  between  the  two  services,  and  at 
intervals  thereafter  we  opened  another  12-inch 
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all  over  the  city  by  fioating  the  upper,  high  and 
middle  service  down  into  the  higher  sections  of 
the  high,  middle  and  low  service  areas.  These 
improvements  were  planned  to  give  a  pressure 
of  not  less  than  40  pounds  at  any  point,  with 
the  maximum  domestic  consumption  drawing, 
and  to  allow  at  least  10,000  gallons  a  minute 
to  be  concentrated  for  fire  service  on  any  block 
in  the  closely  built  up  section  of  the  city,  with- 
out a  serious  reduction  of  pressure.  This  work 
was  practically  completed  last  year  and  press- 
ures taken  all  over  the  city  indicate  that  the 
desired  result  has  been  accomplished  so  far  as 
the  supply  for  domestic  service  is  concerned. 

With  the  improvements  the  distribution  sys- 
tem in  the  burned  district  was  in  fairly  good 
shape.  The  extreme  northwestern  end  of  the 
district  is  in  the  middle  service  area,  with  10- 
Inch  mains  in  nearly  all  of  the  main  streets  and 
these  supplied  from  a  40-inch  main  running  di- 
rectly from  the  largest  middle  service  reservoir 
to  a  point  on  Lombard  Street  about  three  or 
four  blocks  west  of  the  burned  district.  The 
rest  of  the  district  is  in  the  low  service  area, 
with  a  40-inch  main  running  through  its  very 
center  from  east  to  west,  feeding  directly  from 
the  two  large  low  service  reservoirs.  In  that 
section    are   also    10-inch   mains   in    Pratt   and 


and  a  20-inch  division  stop,  at  the  same  £ime 
keeping  open  the  connection  to  the  middle 
service  at  the  pumping  station,  so  as  to  sustain 
the  pressure  in  that  service.  The  normal  pres- 
sure in  the  low  service  section  of  the  burned  dis- 
trict is  from  40  to  55  pounds.  The  opening  of 
these  division  stops  from  the  middle  service  did 
not  increase  that  pressure  because  by  that  time 
the  draught  for  engine  service  was  at  the  maxi- 
mum, and  the  waste  through  broken  service 
pipes  in  the  burned  buildings  had  become  very 
.great;  but  it  did  serve  to  hold  the  pressure  up 
to  the  normal  all  over  the  low  service  district 
where  fire  engines  were  stationed.  As  the  flre 
progressed  employes  of  the  water  department 
went  to  all  flre  engines  in  service  at  flre  hy- 
drants to  note  the  pressure  and  see  if  they  were 
getting  enough  water.  At  no  point  was  there 
any  complaint  of  slack  supply.  If  there  hari 
been  we  were  prepared  to  open  the  middle  serv- 
ice to  the  low  at  many  other  points,  and,  if  nec- 
essary, to  run  either  one  or  both  of  our  reserve 
10,000.000  and  17,500,000-gallon  pumps  at  the 
high  service  stations  directly  into  the  middle 
service  system. 

We  have  Venturi  meters  on  all  of  the  five 
mains  leading  from  the  middle  and  low  service 
reservoirs  to  the  distribution  system.     Regular 


weekly  readings  are  taken  from  these  meters 
every  Saturday  afternoon.  Consequently  we 
know  exactly  what  the  excess  of  consumption 
was  for  week  of  the  fire.  It  was,  in  round  fig- 
ures, 170,000,000  gallons.  We  estimate  that  for 
the  two  days  of  the  flre  the  total  consumption 
of  water  in  the  city  was  about  230,000,000  gal- 
lons. With  this  largely  increased  consumption 
and  with  the  outlet  gates  from  our  impound- 
ing reservoirs  remaining  as  flxed  to  deliver  only 
the  ordinary  domestic  consumption,  our  storage 
reservoirs  in  the  city,  which  have  from  20  to 
25  feet  available  depth,  were  drawn  down  only 
by  from  2  to  21/2  feet.  Even  this  slight  reduc- 
tion of  head  could  have  been  prevented,  if  we 
had  deemed  it  necessary,  by  simply  opening 
wider  the  gates  at  the  impounding  reservoirs. 

As  with, an  adequate  water  supply  for  a  flre- 
engine  service,  the  flre  was  not  stopped  until  It 
had  practically  burned  itself  out  at  the  water's 
edge,  we  are  up  to  the  question  as  to  the  ade- 
quacy of  any  water  service  to  successfully  cope 
with  such  an  emergency.  Certain  questions 
naturally  suggest  themselves,  such  as: 

Was  there  a  sufliciency  of  flre  apparatus? 
During  the  first  few  hours  of  the  flre,  only  our 
own  flre  department  force  and  apparatus  were 
available  for  work.  There  are  43S  men,  25  fire- 
engines,  one  fire-boat,  a  water-tower,  11  hook 
and  ladder  trucks,  some  of  which  have  hose  and 
chemical  tanks,  and  3  chemical  wagons.  The  25 
fire-engines  have  a  combined  capacity  of  about 
19,000  gallons  a  minute.  As  the  hook  and  lad- 
der and  chemical  companies  took  care  of  all 
fires  in  outlying  districts,  all  of  the  fire-engine 
companies  were  available  for  fighting  the  main 
flre.  These  engines,  of  course,  were  not  all 
pumping  continuously.  It  is  estimated  by  the 
fire  department  that  the  average  conditions 
amounted  to  about  two  continuous  flre  streams 
to  each  engine,  which  would  make  50  flre 
streams  in  constant  service.  In  about  three 
hours  after  the  flre  started  the  first  outside 
flre  company  was  in  service,  and  from  that  time 
on  other  outside  companies  arrived  and  got  into 
service  very  rapidly.  By  the  time  the  flre  was 
at  its  height  with  a  maximum  front  of  not  over 
flve  blocks,  the  flre  flghting  force  and  equip- 
ment was  augmented  to  1,073  men,  with  57  flre- 
engines  and  2  fire-boats,  having  a  total  capacity 
of  over  50,000  gallons  a  minute  keeping  in  con- 
tinuous service  over  100  fire  streams. 

Were  the  firemen  efficient  and  under  intelli- 
gent supervision?  As  to  the  efficiency  of  the 
firemen  and  apparatus  there  can  be  no  question. 
Baltimore's  fire  department  has  a  well  deserved 
reputation  throughout  the  country  for  fearless- 
ness and  intelligent  and  effective  flre  fighting. 
All  of  its  equipment  is  first-class  in  every  par- 
ticular and  is  kept  in  perfect  condition.  Cer- 
tainly no  one  who  witnessed  the  work  of  the 
companies  from  other  cities  could  question  for 
a  moment  their  efficiency.  As  to  the  manage- 
ment of  the  men  and  apparatus  there  can  also 
be  no  question.  Although  our  veteran  chief 
was  disabled  shortly  after  the  fire  began,  there 
were  in  command  at  various  points  six  expe- 
rienced district  engineers  from  our  own  depart- 
ment, in  addition  to  several  experienced  chiefs 
or  assistant  chiefs  from  other  cities. 

Would  the  work  of  these  men  have  been  any 
more  effective  in  stopping  the  flre  with  an  inde- 
pendent high  pressure  flre  service  system?  As- 
suming such  a  system  to  have  been  installed  in 
Baltimore,  completely  covering  the  burned  dis- 
trict and  embodying  all  of  the  most  desirable 
features,  the  greatest  advantages  that  could 
have  been  claimed  for  it,  compared  with  what  ' 
our  ordinary  water  supply  system  offered,  it 
seems  to  me,  would  be,  that  more  streams  of  a 
somewhat  larger  diameter  and  at  a  somewhat 
higher  pressure  would  have  been  available  for 
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eoMeestrmtion  at  any  one  point,  that  these 
■trvuiH  (ould  have  been  more  quickly  brought  - 
lato  play,  and  that  the  same  force  of  firemen 
could  have  covered  a  greater  area  or  handled 
iMf*  atnuBS  at  any  one  point.  In  an  emer- 
SHMT  of  tnth  magnitude,  involving  so  many 
elements  of  uncertainty,  one  hesitates  to  ven- 
ture a  positive  opinion  as  to  what  would  have 
raaulted  with  a  different  system  or  a  different 
of  procedure.  Nevertheless.  I  believe 
it  ia  extremely  doubtful,  in  view  of  the 
pecnliar  conditions  under  which  the  fire  orig- 
inated and  spread,  if  an  independent  high- 
prtMsr*  Are  aerrice  system  would  have  enabled 
Um  livinen  to  stop  the  Are  before  it  could  burn 
itaeir  out. 

The  peculiar  conditions  are  as  follows:  The 
Are  started  in  the  heart  of  the  wholesale  busi- 
aeas  section  on  Sunday,  in  the  middle  of  the  day, 
a  condition  favorable  to  its  gaining  considera- 
ble headway  before  discovery.  It  originated  in 
a  building  baring  large  floor  area  with  no  fire 
walls,  large  area  of  window  openings,  no  auto- 
matic fire  senrlce,  and  filled  with  inflammable 
materials;  a  condition  favorable  to  the  explo- 
sion that  caused  the  building  to  collapse  and 
scatter  flaming  debris  all  over  the  adjoining 
property  before  any  fire  apparatus  could  be 
brought  into  play.  The  building  was  on  the 
■ortkeast  comer  of  a  block  and  consequently 
Ike  hlgb  buildings  on  the  three  opposite  comers 
were  all  directly  exposed  to  its  flames,  driven 
by  a  wind  blowing  about  12  miles  an.hour  from 
the  southwest:  thus  in  a  very  few  minutes  the 
Are  was  communicated  to  three  other  blocks. 
Only  a  few  minutes  after  the  explosion  of  the 
building  where  the  fire  originated,  an  iron  safe 
fnll  of  gunpowder,  on  the  sidewalk  in  front  of 
a  hardware  store,  directly  opposite  the  Hurst 
building,  on  Hopkins  Place,  exploded  with  such 
force  as  to  shatter  nearly  all  the  windows  in 
the  neighborhood,  thus  giving  the  flames  an  im- 
mediate opening  into  several  buildings.  The 
result  was  that  six  or  more  buildings  in  four 
different  blocks  were  on  fire  before  any  fire  ap- 
paiBtas  could  be  brought  into  effective  play,  and 
Iko  lamnn  spread  so  rapidly  that  one  flre-engine 
bad  to  t>e  abandoned  in  the  street  wbere-the  flre 
started. 

Inside  of  an  hour  from  the  start,  the  wind  in- 
-ereaaed  in  velocity  to  aboiit  20  miles  an  hour, 
aad  in  three  or  four  hours,  before  the  first  out- 
side company  was  in  position  to  aid  our  fire- 
men, the  flre  covered  an  area  about  three  blocks 
long  and  two  blocks  wide.  From  noon  on  Sun- 
day until  the  flre  was  over  the  wind  held  a 
Telocity  of  from  15  to  25  miles  an  nour,  with  a 
Btaximum  velocity  for  short  periods  of  30  miles 
an  hour. 

AH  Sunday  night  and  Monday  morning  it  fre- 
quently occurred  that,  in  attempting  to  use  hy- 
drants a  block  ahead  of  the  main  flre  and  in  line 
with  the  wind-driven  flames,  the  flremen  and 
borses  would  be  singed  by  the  heat  before  they 
could  attach  the  hose,  and  would  have  to  move; 
and  at  various  times  single  buildings  were  on 
Are  several  blocks  ahead  of  the  main  body  of 


Under  such  conditions  one  cannot  but  believe 
that  such  advantages  as  an  independent  high 
preaanre  Are  system  would  have  offered  would 
have  made  very  little,  if  any,  difference,  either 
la  the  rate  of  progress  or  the  extent  of  the  flre. 
In  stating  this  conclusion.  I  wish  to  emphasize 
that  I  have  a  full  appreciation  of  the  value  of 
such  ^a  system.  I  believe  that  in  the  great  ma- 
jority of  cases,  with  proper  provisions,  it  would 
be  much  more  effective  than  the  flre-engine  serv- 
ice, and  I  am  frank  to  say  that  I  believe  it 
would  be  very  much  to  our  advantage  to  have 
sncb  a  system  in  Baltimore. 

As  to  the  effectiveness  of  private  flre  services 


in  protecting  property,  we  have  in  Baltimore, 
as  there  are  in  all  large  cities,  about  every  kind 
of  private  fire  service  fixtures,  connections  and 
private  hydrant  lines.  We  have  also  nearly 
ever>-  variety  of  flre  service  connection  from  our 
mains,  except  that  we  have  no  connections  used 
exclusively  for  flre  service  that  are  metered. 
In  the  burned  district  the  great  majority  of  fire 
services  were  a  tap  off  from  the  main  meter 
supply  to  a  standpipe  of  2  inches  or  smaller 
diameter.  There  were  a  few  buildings  having 
larger  standpipes.  Nearly  all  of  the  larger 
stores  and  factories  and  the  tall  office  buildings 
had  fire  pumps  and  tanks.  About  half  a  dozen 
stores  and  factories  had  inside  sprinkler  sys- 
tems, and  several  buildings  had  outside  hose 
connections.  There  were  no  properties  with 
private  flre  hydrant  lines,  and  none  with  out- 
side sprinkler  systems.  In  a  number  of  build- 
ings that  were  burned  hose  connected  to  stand- 
pipes  was  used  to  play  on  the  roofs  and  walls 
of  adjoining  buildings  with  the  sole  effect  of 
preventing  flaming  brands  from  setting  them 
on  fire  before  the  main  body  of  flame  reached 
them. 

The  notable  instances  of  the  effectiveness  of 
private  fire  services  in  preventing  destruction 
of  property  were  at  buildings  on  the  immediate 
margin  of  the  burned  district.  Only  a  few  ot! 
the  cases  given  by  Mr.  Quick  can  be  included  in 
these  extracts. 

The  Lloyd  L.  Jackson  building  is  a  largfi 
eight-story  warehouse,  located  on  the  southeast 
corner  of  Lombard  and  Liberty  Streets,  on  the 
extreme  southwest  margin  of  the  burned  .lis- 
trict.  It  has  a  10-inch  fire  service  connection 
from  a  10-inch  main  in  Lombard  Street,  supply- 
ing the  following  flre  service  fixtures:  a  Grin- 
nell  wet-pipe  sprinkler  system  with  4,094  heads; 
an  outside  dry-pipe  sprinkler  system  on  the 
east  and  south  sides  with  78  heads;  a  750-gallon 
fire  pump  with  three  2%-ineh  hose  outlets  on 
the  discharge;  three  tanks  on  the  roof  holding 
7,000  gallons  each,  and  two  outside  Siamese  con- 
nections for  flre  engines.  As  the  fire  approached 
this  building  from  the  north,  employes  started 
the  flre  pump,  forcing  water  up  to  the  tanks 
until  they  overflowed  on  to  the  roof,  and  kept 
it  up  until  the  roof  was  flooded  and  the  water 
overflowed  the  cornice  on  the  exposed  north  side 
of  the  building,  thus  forming  a  water  curtain 
which  effectually  kept  the  flames  from  getting 
a  foothold  on  the  cornice  or  in  the  windows  of 
the  upper  floors.  A  hose  pipe  was  also  attached 
to  one  of  the  2M>-inch  discharge  outlets  from 
the  flre  pump  and  run  up  over  the  roof  to  the 
exposed  side  of  the  building,  from  which  a 
stream  was  played  on  the  Jackson  building  it- 
self, on  the  building  across  the  street,  which 
burned,  and  on  the  building  adjoining  the  Jack- 
son building  on  the  east,  which  was  saved.  The 
only  damage  to  the  Jackson  building  was  tho 
slight  charring  of  a  few  window  frames  and 
the  crackihg  of  some  glass  on  the  exposed  north 
Bide.  While  it  is  true  that  a  fire-engine  helped 
to  protect  the  lower  floors  by  playing  continu- 
ously on  the  north  side,  and  that  the  wind  was 
in  a  direction  to  blow  the  flames  away  from  the 
building,  yet  there  is  no  question  but  that  this 
building  would  have  been  destroyed  if  it  had 
not  been  for  the  work  of  the  private  flre  service. 

The  Baltimore  Bargain  House  is  a  group  of 
seven  four  and  five-story  buildings  on  the  north 
Bide  of  Baltimore  Street  just  west  of  Liberty 
Street,  next  to  a  lower  four-story  building  on 
the  northwest  corner.  It  was  exposed  not  only 
to  the  flames  from  the. lower  building,  which 
was  partially  burned,  but  also  to  the  showers 
of  sparks  and  flaming  brands  from  the  mass  of 
burning  buildings  to  the  south  and  southeast. 
These  buildings  had  then  two  6-inch  fire  service 
connections  from  a  10-inch  main  in  Garrett  Al- 


ley in  tlie  rear,  supplying  the  following  fix- 
tures: a  Grinnell  wet-pipe  sprinkler  systetn 
with  2,291  heads;  two  15,000-gallon  roof  tanks; 
a  2'«-inch  standpipe  with  a  2V4-inch  hose 
outlet  on  each  floor,  and  two  outside 
Siamese  hose  connections.  Shortly  after  the 
flre  started,  employes  of  this  firm  ran  a  line 
of  hose  from  one  of  the  standpipe  outlets  on  the 
top  floor  to  the  roof  and  played  continuously  on 
the  roofs  of  these  buildings  and  on  the  lower 
four-story  building  on  the  corner.  By  this 
means  they  not  only  saved  the  Bargain  House 
buildings,  but  also  helped  to  save  the  four-story 
corner  building  from  complete  destruction.  The 
only  damage  to  any  of  the  Bargain  House  build- 
ings was  the  cracking  of  some  of  the  most 
easterly  show  windows  from  the  heat. 

Oppenheim,  Obendorf  &  Company  have  two 
large  five  and  six-story  buildings  on  the  north 
side  of  Fayette  Street  just  west  of  Charles,  at 
the  extreme  northwest  angle  of  the  burned  dis- 
trict. These  buildings  were  exposed  to  flames 
from  a  burning  building  across  the  street  and 
one  adjoining  on  the  east,  and  also  to  showers 
of  sparks  from  the  burning  blocks  to  the  south. 
This  property  has  a  6-inch  fire  service  connec- 
tion from  a  10-inch  main  in  Fayette  Street,  sup- 
plying the  following  flre  service  fixtures:  a 
manufacturer's  wet-pipe  sprinkler  system  with 
1,406  heads;  two  4-inch  and  two  6-inch  stand- 
pipes  with  24  i/i-inch  hose  outlets;  two  roof 
tanks,  one  of  8,000  and  one  of  10,000  gallons 
capacity,  one  tank  in  the  cellar  of  28,000  gal- 
lons capacity;  one  Underwriter  fire  pump  with 
a  capacity  of  500  gallons  a  minute,  and  four 
outside  Siamese  liose  connections.  Soon  after 
the  fire  started,  when  sparks  began  to  fall  in 
the  vicinity  of  these  buildings,  employes  started 
the  fire  pump,  two  lines  of  hose  pipe  were  con- 
nected to  outlets  on  the  roof  supplied  from  the 
pump,  and  two  other  lines  of  hose  were  at- 
tached on  one  of  the  upper  floors  to  outlets  on 
another  standpipe,  taking  supply  direct  from 
the  city  main.  Streams  from  these  four  lines 
of  hose  were  played  all  over  the  exposed  por- 
tions of  these  buildings  and  on  buildings  im- 
mediately adjoining  and  across  the  street.  As 
the  main  body  of  flame  drew  nearer  the  tanks 
were  pumped  to  overflow  on  to  the  roofs  until 
water  overflowed  the  roofs  at  the  cornices, 
forming  a  water  curtain  on  the  exposed  sides. 
When  the  building  adjoining  these  on  the  east 
burned,  the  flames  broke  through  some  doors 
and  windows  on  the  lower  floor  of  one  of  these 
buildings  and  started  a  few  of  the  sprinkler 
heads.  The  water  from  these  sprinltlers  soon 
put  out  the  flames.  This  was  the  only  damage 
done  to  these  buildings.  It  is  true  that  all  of 
the  numerous  windows  on  the  east  side  walls 
were  protected  by  flre  siiutters,  but  very  little, 
if  any,  water  was  thrown  on  the  buildings  from 
fire-engines. 

O'Neill  &  Company  have  two  buildings  at  the 
southwest  corner  of  Charles  and  Lexington 
Streets,  one  old  four-story  building  on  the  cor- 
ner and  a  new  six-story  building  adjoining  on 
the  south.  These  buildings  were  more  severely 
attacked  than  any  others  of  those  I  am  con- 
sidering, being  directly  in  the  path  of  the  wind- 
driven  flames  and  exposed  to  burning  buildings 
adjoining  on  the  south  and  southwest  and 
across  Charles  Street  on  the  east.  They  have 
an  8-lnch  flre  service  connection  from  a 
10-inch  main  in  Lexington  Street,  supplying 
tho  following  flre  service  fixtures:  an  inside 
Grinnell  wet-pipe  sprinkler  system  with  955 
heads;  a  15,000-gallon  tank  on  the  roof,  an  out- 
side sprinkler  system  on  the  west  side  with 
spray  heads  over  each  of  the  eighty-six  windows 
on  that  side,  and  two  outside  Siamese  hose  con- 
nections. When  the  flre  approached  the  vicinity 
of  these  buildings,  employes  of  this  firm  opened 
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the  supply  to  the  outside  sprinkler  system.  For- 
tuiiately  this  property  was  efficiently  protected 
from  the  flames  on  the  south  side  by  having  on 
that  side  a  blank  ilre  wall  of  brick  laid  in  ce- 
ment. A  fire-engine  company  helped  to  protect 
the  exposed  front  of  these  buildings,  but  the 
fire  attacked  the  cornice  of  the  six-story  build- 
ing and  ate  its  way  into  the  roof,  where  it  was 
put  out  by  the  automatic  action  of  9  sprinkler 
heads  located  in  the  space  between  the  roof  and 
the  ceiling  at  the  top  floor.  The  outside  sprink- 
ler system  saved  the  buildings  from  any  damage 
whatever  In  the  rear,  and  the  only  damage  sus- 
tained in  addition  to  the  burning  of  the  cornice 
mentioned,  was  the  partial  burning  of  the  roof 
tank  and  the  cracking  of  some  of  the  show 
windows.  It  is  generally  conceded  that  the 
sprinkler  system  was  the  main  Instrument  in 
saving  these  buildings  from  destruction,  and 
that  if  they  had  burned  a  great  many  other 
buildings  in  that  vicinity  would  have  been  de- 
stroyed. 

The  lessons  to  be  drawn  from  this  experience 
would  therefore  seem  to  warrant  the  conclusion 
that  private  fire  services  are  of  great  mutual 
advantage  to  the  owners  of  property,  the  insur- 
ance companies,  and  the  city  in  general ;    also 


the  curbs,  on  account  of  the  debris  from  the 
burned  buildings,  and  consequently  we  had  to 
shut  off  the  mains  in  some  streets.  We  do  know 
from  observation,  however,  that  hundreds  of  the 
small  service  pipes  and  nearly  all  of  the  large 
service  pipes  were  broken,  except  those  in  the 
buildings  that  were  saved  from  destruction,  and 
those  in  the  banks  and  oflice  buildings  where 
the  walls  and  floors  were  left  standing. 

As  we  had  the  great  majority  of  the  broken 
services,  including  nearly  all  the  larger  ones, 
shut  off  by  the  end  of  the  week  of  the  flre,  the 
amount  of  waste  after  that  was  comparatively 
small,  and  I  will  therefore  only  consider  the 
waste  for  that  week.-  We  know  from  our  Ven- 
turi  meter  readings  that  the  total  excess  of 
consumption  due  to  the  fire  for  the  week  from 
February  7  to  13,  inclusive,  was  in  round  num- 
bers 170,000,000  gallons.  This  was  the  excess 
consumption  over  that  of  the  previous  week. 
To  obtain  the  total  amount  of  water  used  for 
flre  service  and  wasted  through  broken  service 
pipes  there  should  be  added  to  this  the  normal 
.weekly  consumption  of  the  burned  district,  as 
there  was  practically  no  domestic  consumption 
in  that  district  after  the  flre  started.  This 
amount  we  estimate  from  meter  records  to  he 


which,  from  the  viewpoint  of  a  water-works 
official,  I  draw  from  this  experience:  (1)  There 
are  some  fires  which  no  water  supply  system, 
no  matter  how  adequate  it  may  be,  will  put  out. 
(2)  Private  fire  services  can  do  very  effective 
work  in  protecting  property  and  their  installa- 
tion should  therefore  be  encouraged  within  rea- 
sonable limits.  (3)  Every  water  supply  system 
should  have  a  liberal  excess  of  storage,  pump- 
ing, or  delivering  capacity  over  the  demands 
for  ordinary  domestic  consumption  to  prevent 
the  very  large  increase  in  draught  for  flre  serv- 
ice and  waste  from  crippling  the  service  In  such 
emergencies. 


Round  Hill  Dam,  Spring  Brook,  Pennsylvania. 

Hy  .Marshall  O.  Leighton,  U.  S.  Geological  Survey. 

Along  the  heights  bordering  the  valley  of  the 
Lackawanna  River  and  in  the  mountains  form- 
ing the  perimeter  of  Wyoming  Valley,  in  the 
State  of  Pennsylvania,  are  exceptional  sites 
for  the  construction  of  water  supply  systems. 
In  fact  these  localities  are  excellent  examples 
of  that  class  of  lands  which  in  the  opinion  of 
hydrographic  experts  should  be  forever  set 
aside  for  the  raising  of  timber  and  the  conser- 
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that  any  water  department  or  water  company 
is  justified  in  granting  all  reasonable  require- 
ments of  the  Underwriters'  Association  in  re- 
gard to  such  services,  that  the  limitations  of 
the  water  works  system  will  permit. 

Some  of  the  experts  who  have  Investigated 
the  experiences  of  this  flre  have  expressed  the 
opinion  that  the  most  instructive  suggestion 
which  it  affords  in  relation  to  water  service  is 
as  to  the  possibility  of  waste  from  broken 
water  pipes  in  buildings  destroyed  by  fire  tem- 
porarily crippling  the  water  service.  There 
were,  in  round  numbers,  about  1,400  separate 
buildings  destroyed.  The  great  majority  of  the 
buildings  were  small  stores  and  warehouses, 
having  only  small  service  pipes  of  one  inch  or 
less  (Jiameter.  As  to  service  pipes  over  one 
inch  in  diameter,  there  were  in  the  burned  dis- 
trict, about  40  IVa-inch,  40  2-inch,  165  3-inch,  60 
4-inch,  and  15  6-inch,  but  no  connections  over 
fi  inches  in  diameter.  It  is  impossible  for  me  to 
state  exactly  how  many  of  these  supply  pipes 
were  broken  during  the  fire  as  hundreds  of 
them  are  completely  buried  by  the  debris.  In 
attempting  to  stop  the  leakage  immediately  af-» 
ter  the  flre  it  was  in  many  cases  even  impossi- 
ble to  get  at  the  stops  on  the  service  pipes  at 


about  22,000,000  gallons.  Consequently  the  totkl 
amount  of  water  used  in  flghting  the  flre  and 
wasted  through  broken  service  pipes  was  about 
192,000,000  gallons.  Subtracting  from  this  the 
estimated  70,000,000  gallons  used  for  flre  serv- 
ice, we  have  about  122,000,000  gallons  wasted 
through  broken  service  pipes.  Of  this  quantity 
we  estimate  that  the  maximum  amount  run  tu 
waste  in  any  one  day  of  the  week,  which  was, 
of  course,  in  the  first  twenty-four  hours  after  . 
the  fire,  was  about  21,000,000  gallons,  or  about 
33  per  cent,  of  our  normal  daily  consumption  at 
that  time.  This  very  large  amount  of  waste, 
in  addition  to  the  amount  drawn  for  flre  service 
and  for  ordinary  domestic  consumption,  did  not 
seriously  affect  our  water  service,  simply  be- 
cause of  our  having  such  a  very  great  excess  of 
storage,  pumping  and  distributing  capacity  over 
what  the  ordinary  domestic  consumption  would 
require.  It  did,  however,  prevent  our  being  able 
to  increase  the  pressure  above  the  normal  in 
the  low  service  section  of  the  burned  district  in 
the  later  hours  of  the  flre.  It  also  materially 
reduced  the  pressure  in  some  sections  of  the 
city  adjoining  the  burned  district,  immediately 
after  the  flre  was  over. 

To     summarize,     therefore,     the     deductions 


vation  of  water.  Indeed,  they  are  good  for 
nothing  else,  as  agriculture  is  practically  an 
impossibility.  The  soil  is  both  poor  and  shal- 
low, and  a  plowed  fleld  in  this  region  after  a 
rain  has  washed  the  loose  earth  from  the  small 
stones  appears  like  the  waste  heap  from  some 
quarry.  Unfortunately,  the  entire  region  has 
been  deforested.  Save  for  scrub  thicket  and 
immature  trees,  the  hills  are  bare.  The  water- 
sheds, therefore,  are  quick  spilling,  but  they 
afford,  notwithstanding,  excellent  reservoir 
catchment  areas.  Although  the  locality  gener- 
ally is  populous,  settlement  along  the  ridges 
is  sparse.  Water  of  exceeding  purity  is  avail- 
able almost  anywhere. 

The  water  supply  of  Wilkesbarre  and  other 
towns  and  villages  in  Wyoming  Valley  is  owned 
by  the  Spring  Brook  Water  Supply  Company. 
The  system  is  an  extensive  one,  consisting  of 
many  parts  which  were  constructed  with  re- 
spect to  the  various  municipalities  to  be  sup- 
plied by  separate  companies,  which  were  after- 
ward consolidated  into  the  present  company. 
Since  consolidation,  new  reservoirs  have  been 
constructed,  the  most  recent  of  which  is  Round 
Hill  reservoir,  situated  upon  Spring  Brook. 

Although   the   construction   of   Spring   Brook 
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ranrrolr  did  not  iBToIre  any  unusual  englDe«r- 
iBC  diAcnlti«s.  it  pni«w»a  some  peculiar  fea- 
tOTM.  All  operations  were  perrorme<1  by  the 
«atar  aupply  companr  with  Its  own  laborers 
workins  by  the  day.  The  project  was  planned 
and  executed  by  Mr.  John  LAnce.  engineer  of 
the  company.  The  stone  was  quarried  upon  the 
drainace  area  and  brought  to  the  site  by  a 
^yeclally  constructed  switchback  road,  which 
waa  also  the  construction  of  the  company.  The 
whole  plant  is,  therefore,  of  home  manufacture, 
and  as  it  stands  the  dam  is  one  of  the  best 
pieces  of  masonry  construction  in  northern 
FsBiiaylTanla.  It  is  of  interest  to  compare  the 
dstalla  with  reference  to  time  of  construction 
and  cost  with  similar  construction  under  the 
usual  contract  methoda 

Round  Hill  reservoir  is  situated  6  miles  from 
Mooalc  station,  a  small  settlement  on  the  Dela- 
ware A  Hudson  Railroad.  It  is  1.5  miles  long. 
118.7  acres  in  area,  and  has  a  capacity  of  1,322,- 
000.000  gallons.  The  drainage  area  above  the 
dam  is  36  square  miles.  At  the  dam  the  water 
is  87  feet  deep  and  is  raised  at  the  spillway 
to  1.155.13  feet  abore  aea  level.  The  dam  itself, 
of  which  two  views  are  shown,  is  500  feet  long: 
280  feet  of  this  is  masonry,  and  the  remainder 
is  an  earthen  embankment  with  masonry  core 
walla  Two-foot  wing  walls,  shown  in  the  illus- 
tration, retain  the  embankment  at  its  junction 
with  the  masonry.  On  the  west  end  of  the 
maainiry  the  structure  enters  the  rock,  which 
rlMi  there  in  a  precipitous  bluff,  overtopping 
the  dam  crest  about  20  feet  The  dam  foots  In 
the  bedrock,  which  was  excavated  to  a  depth 
of  15  feet  below  the  surface  thereof.  The  height 
from  foundation  to  capstones  is  104  feet 

The  cross-section  of  the  dam,  shown  by  the 
accompanying  drawing,  is  based  upon  a  right- 
triangle  having  its  base  three-fourths  of  its 
altitude.  The  crest  is  9  feet  thick  and  the 
lower  edge  along  the  spillway  Is  appropriately 
curved.  Below  this  on  the  lower  face  of  the 
dam  Is  a  batter  of  9  inches  per  foot.  The  de- 
termination of  stress  showed  the  necessity  of 
a  batter  of  "4  inch  per  foot  on  the  back  face  of 
the  dam,  commencing  30  feet  below  the  over- 
flow. On  the  foot  of  the  spillway  a.  curve  of 
20-foot  radius  was  introduced  for  the  horizontal 
daOaction  of  falling  water.  The  spillway  chan- 
nel below  the  dam  is  heavily  paved  for  about 
100  yards  with  large  cut  blocks. 

There  are  37,710  cubic  yards  of  masonry  in 
the  dam:  25.085  barrels  of  cement  were  used, 
which  is  equivalent  to  about  1  barrel  to  1.26 
cable  yards  of  masonry.  The  cement  mortar 
waa  made  of  Portland  cement  and  sand  in  pro- 
portions by  volume  of  1  cement  to  3  sand:  that 
used  for  pointing  exposed  Joints  and  also  for 
filling  them  was  mixed  in  the  proportions  of 
1  cement  to  1  sand.  The  cements  used  were 
L«high.  Saylors  and  Atlas.  The  stone  used  In 
building  the  dam  was  Pottsville  conglomerate, 
a  tough,  gray,  heavy  stone  which  dresses 
rooghly.  forming  an  admirable  adhering  sur- 
face for  the  cement  This  conglomerate  has  a 
specific  gravity  of  2.742,  and  a  weight  per  cubic 
yard  of  165  pounds.  The  average  size  of  the 
stones  was  0.54  cubic  yirds.  and  the  largest  laid 
contained  3  cubic  yards. 

The  embankment  at  the  end  of  the  masonry 
■sction  of  the  dam  rises  to  a  height  equal  to 
that  of  the  masonry.  Its  front  and  back  have 
slopes  of  2^  to  1.  and  it  is  paved  on  the  back 
tmee  to  a  depth  of  18  feet  below  the  spillway 
crest  The  core  wall  supporting  this  embank- 
ment is  3  feet  wide  at  the  top,  extending  to  a 
height  of  3  feet  above  the  spillway.  The  core 
is  also  reinforced  by  buttresses  on  its  front 
and  bark  faces,  sloping  1  foot  In  6. 

The  discbarge  pipes  are  two  in  number.  30 
inches  fn  diameter  and  36  inches  apart    They 


were  carefully  laid  on  wedges  to  a  true  line 
and  a  grade  of  1  per  cent,  and  then  mortar  was 
worked  under  and  around  them.  When  this 
had  set  sufficiently  the  wedges  were  removed 
and  large  blocks  of  stone  of  such  a  height  as 
to  reach  about  3  inches  above  the  pipes  were 
set  on  either  side  and  between  them,  the  space 
between  these  blocks  and  the  pipes  being  care- 
fully filled  with  mortar.  Other  large  blocks 
having  a  thickness  of  at  least  15  inches  and  a 
length  of  at  least  5V.>  feet  were  laid  on  full 
beds  of  mortar  across  the  tops  of  the  pipes,  but 
not  resting  upon  them.  Although  it  was  im- 
possible to  break  Joints,  the  mortar  was  so 
worked  in  about  the  pipe  that  do  moisture  was 
noticeable  at  the  down-stream  face  of  the  dam. 
Two  gates  were  set  on  each  line  below  the  dam, 
separated  by  a  piece  of  pipe  30  inches  long,  and 
the  lower  gate  on  each  line  was  anchored  back 
to  the  masonry,  to  a  distance  of  15  feet,  by 
iron  bars  which  were  bent  over  a  length  of  12 


Ihe    Scheme    of    the    Extensions    of    the 
Brooklyn  Sewerage   System. 


The  construction  of  several  of  the  large  new 
main  trunk  sewers  for  the  more  recently  an- 
nexed and  rapidly  developing  southerly  portious 
of  the  Borough  of  Brooklyn  has  been  described 
in  a  number  of  articles  printed  in  this  journal 
during  the  past  few  months  and  at  previous 
times,  and  in  the  article  of  April  16  a  little 
was  said  about  some  of  the  details  of  design. 
The  general  scheme  underlying  the  design  of 
the  s.vstems  is  so  interesting,  however,  that  a 
statement  of  it  is  here  presented,  based  upon 
the  report  of  the  chief  engineer. 

The  accompanying  map  will  help  to  make 
clear  the  relation  of  the  section  under  consid- 
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inches  at  the  ends.  The  capacity  of  these  pipes 
is  about  350,000,000  gallons  per  day. 

In  the  construction  of  this  work  it  was 
necessary  to  lay  2.3  miles  of  railroad  on  a 
graded  roadbed  of  an  old  lumber  road,  at  a  cost 
of  $7,235.  A  branch  from  the  construction  road 
to  the  quarry,  2  miles  long,  erected  on  a  steep 
side  hill,  with  about  1,500  feet  of  rock  work, 
cost  $4,600,  exclusive  of  rails.  Workable  stone 
was  obtained  with  the  first  shot  at  the  quarry, 
and  thereafter  the  cost  of  quarrying  was  about 
11.59  per  cubic  yard. 

The  average  number  of  men  employed  on  the 
construction  was  220,  and  the  time  occupied 
was  from  Augtist  16,  1899,  to  December  14,  1901, 
leaving  out  about  100  days  each  winter.  The 
total  cost  of  the  dam.  Including  everything  but 
the  railroad,  was  $240,547.93.  The  masonry 
alone  cost  $5.98  per  cubic  yard. 


eration  to  the  older  part  of  the  borough  and  to 
the  neighboring  bodies,  of  water,  the  location 
of  the  principal  divide,  frequently  spoken  of  as 
the  "Backbone  of  Long  Island,"  the  general 
trend  of  the  land  surface,  the  subdivision  of 
the  territory  into  nine  sewerage  districts  desig- 
nated as  maps  AA,  T,  etc.,  and  the  main  trunk 
sewers  in  each  district.  Sewers  already  built 
or  under  contract  are  Indicated  by  full  lines 
and  proposed  sewers  by  dash  lines;  none 
smaller  than  30-Inch  are  shown,  although  later- 
als have  been  laid  In  many  streets.  The  large  ter- 
ritory provided  for  comprises  the  former  towns 
of  Flatbush,  New  Utrecht,  Gravesend  and  Plat- 
lands,  which  had  been  annexed  to  the  city  of 
Brooklyn  and  with  It  were  incorporated  into 
Greater  New  York  in  1896,  being  made  part  of 
the  Borough  of  Brooklyn.  The  first  two  towns 
named  had  sewers  on  the  "separate"  system. 
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The  conditions  obtaining  In  tills  territory- 
were  somewhat  peculiar  in  that  the  natural 
locations  for  the  outlets  of  sewerage  systems 
which  might  be  built  along  the  lines  of  the 
natural  drainage  as  determined  by  the  topog- 
raphy were  already  occupied  in  such  a  way  that 
the  discharge  of  sewage  at  these  points  would 
not  only  constitute  a  serious  nuisance,  but 
would  be  a  menace  also  to  properties  of  great 
value,  measured  by  standards  both  of  money 
and   of  sentiment.     Furthermore,   the   growth 


tems  laid  down  by  the  towns  before  their  in- 
corporation with  the  city  discharged  in  these 
directions  and  were  rapidly  creating  nuisances 
which  threatened  to  injure  seriously  those  great 
natural  recreation  and  fresh-air  resorts  of  the 
metropolis.  To  have  turned  all  the  sewage  this 
way  from  the  larger  systems  of  sewers  required 
for  the  southerly  part  of  the  rapidly  developing 
borough  would  speedily  have  been  fatal,  it  was 
believed,  to  these  resorts,  with  the  consequent 
great  losses  of  property  values,  immediate  and 


satisfactory  as  well  as  expensive.  Hence  it  was 
determined  to  discover  some  other  solution  ot 
the  difficulty,  if  possible. 

Careful  study  of  the  problem  convinced  Chief 
Engineer  Asserson  that  a  much  more  satisfac- 
tory solution  was  practicable,  but  before  out- 
lining this  scheme,  the  execution  of  which  is 
now  progressing  successfully,  it  will  be  neces- 
sary to  give  a  few  statements  concerning  the 
topography  of  the  territory  in  order  that  the 
scheme  may  be  made  more  easily  intelligible 
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Map  of  the  Southern  Portion  of  the  Borough  of  Brooklyn,  New    York   City,   Showing   Extensions  of  the  Trunk  Sewer  System. 


of  the  borough,  for  the  most  part,  had  spread 
over  the  top  of  the  ridge  and  down  the  farther 
side,  instead  of  spreading  inland  from  the  shore, 
as  more  frequently  happens. 

The  natural  drainage  of  the  territory,  ex- 
cepting the  relatively  small  areas  on  the  north- 
erly and  westerly  slopes  of  the  ridge,  is  toward 
Gravesend,  Sheepshead  and  Jamaica  bays,  and, 
consequently,  toward  the  attractive  beaches  and 
shore  resorts  of  Coney  Island  and  the  adjacent 
portions  of  Long  Island.    The  old  sewerage  sys- 


indirect,   as  well   as  the   greater  losses   to  the 
populace  in  health  and  in  pleasure. 

To  avoid  these  damages,  which  were  believed 
to  be  almost  inevitable,  if  not  quite  so,  if  the 
natural  courses  of  drainage  were  followed,  the 
scheme  of  sewerage  previously  proposed  for  this 
region  had  contemplated  several  large  purifica- 
tion plants  for  the  treatment  of  the  house  sew- 
age. Experience  with  existing  plants  of  this 
kind  in  other  parts  of  the  borough  indicated 
that  this  remedy  would  be  inadequate  and  un- 


by  reference  to  the  map,  and  to  present  a  few 
of  the  other  diiflculties  connected  with  the  nat- 
ural system  of  sewerage,  as  the  scheme  follow- 
ing the  topography  may  be  styled.  The  Borougli 
of  Brooklyn,  as  now  constituted,  has  an  area  of 
77.6  square  miles,  occupying  the  southerly  part 
of  the  west  end  of  Long  Island.  The  region 
drained  by  the  sewerage  systems  under  discus- 
sion forms  the  southerly  part  of  the  borough, 
having  an  area  of  about  26.1  square  miles,  a 
considerable  part  of  it  being  very  flat.    The  land 
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rapidly  for  a  distance  o(  about  a  half- 
mii«  frtun  the  higii  ground,  until  an  elevation 
of  from  60  to  40  feet  above  mean  high  water  te 
attained,  and  thence  gradually  toward  Graves- 
ead.  Sheepshead  and  Jamaica  bays,  the  natural 
mut»c»  drainage  finding  its  way  into  numerous 
rrccka.  Jamaica  Bay  is  bordered  by  marshes 
and  is  shallow-  and  landlocked.  The  portion  of 
New  Yoric  Bay  washing  the  westerly  end  of 
Long  Island,  known  as  the  Narrows,  is,  on  the 
coBtrary.  deep,  and  has  swift  tidal  currents; 
the  shore  here  is  a  rather  bold  bluff  rising  from 
M  to  50  feet  above  the  water. 

Several  difficulties,  in  addition  to  those  al- 
ready saggeated,  would  have  been  encountered 
la  deeigning  and  constructing  a  drainage  sys- 
tem in  the  direction  of  the  natural  slopes  be- 
ginning with  trunk  sewers  of  small  diameter 
on  the  high  land  and  Increasing  their  sizes  as 
they  followed  the  valleys  of  natural  discharge 
to  outlets  in  the  creeks.  Both  the  State  and  the 
local  board  of  health  would  refuse  permission 
to  discharge  crude  sewage  into  Jamaica  Bay  or 
any  of  its  tributaries.  To  use  these  natural  out- 
lets, therefore,  at  least  Ave  purification  plants 
estimated  to  coet  $1,250,000  for  construction, 
and  at  least  |200,000  per  annum  for  mainte- 
nance would  have  been  required.  The  most 
thickly  aetUed  areas,  as  indicated  in  a  preced- 
ing paragraph,  are  on  or  near  the  high  land, 
and  if  systems  of  sewers  had  been  built  to  meet 
this  peculiarity  of  development  and  to  dis- 
charge into  the  creeks,  it  would  have  been  neces- 
sary to  build  immediately  long  and  large  outlet 
mains  through  unopened  streets  and  unim- 
proved property,  at  great  cost.  Besides,  the 
long  time  required  for  construction  would  have 
delayed  the  relief  to  be  obtained  from  the  sew- 
ers in  neighborhoods  where  it  was  most  needed, 
■Ad  it  would  have  been  necessary  to  levy  the 
assessments  over  entire  districts,  bringing  bur- 
dens upon  many  who  would  receive  no  actual 
benefit  for  a  long  period.  Furthermore,  careful 
compuutions.  taking  all  the  conditions  into 
the  account,  demonstrated  that  the  first  cost  of 
draining  this  territory  in  the  direction  of  the 
natural  slope  entirely  would  be  much  greater 
than  that  of  sewerage  in  accordance  with  the 
scheme  adopted. 

For  the  scheme  of  sewerage  adopted  the  terri- 
tory was  divided  into  nine  maps  or  districts,  of 
which  six  have  areas  of  2  to  8  square  miles,  the 
remaining  three  being  much  emaller.  The 
prominent  features  of  this  scheme  are  the  fol- 
lowing of  the  natural  drainage  lines  as  nearly 
as  possible  in  each  district,  the  driving  of  two 
tunnels  westward  through  the  ridge  to  carry 
the  sewage  and  storm  water  of  two  large  dis- 
tricts, and,  in  addition,  the  house  sewage  of  two 
small  districts  into  the  Narrows,  the  separating 
of  the  house  sewage  from  the  storm  water  of 
other  large  districts  at  trap  basins  so  as  to  send 
the  sewage  to  a  large  existing  purification  sta- 
tion, the  utilizing  of  substantially  all  of  the 
pre-existing  lateral  sewers,  and  the  reaching 
of  the  built-up  sections  of  the  territory  quickly 
wltbont  long  stretches  of  large  outfall  sewers 
through  undeveloped  lands.  At  several  points 
on  these  systems  of  trunk  sewers  emergency 
itorm- water  outlets  into  bays  .or  creeks  can  be 
readily  constructed,  whenever  required  in  the 
fntore,  if  the  quantity  of  combined  sewage 
sbonld  for  any  reason  become  greater  than  pre- 
dicted. 

Taking  np  the  districts  individually,  the  sa- 
lient points  of  the  methods  of  sewering  each 
may  be  briefly  stated.  Districts  U  and  V,  of 
respectively  164  and  589  acres  area,  are  entirely 
on  the  west  side  of  the  ridge,  bordering  on  New 
York  Bay,  as  may  be  seen  by  reference  to  the 
map.  They  are,  therefore,  easily  cared  for  by 
•ewers  laid  on  the  natural  lines  to  discharge 


into  the  bay.  District  U  discharges  through  a 
main  48  inches  in  diameter  at  the  foot  of  Sev- 
entj-first  Street,  and  V  through  a  main  72 
inches  in  diameter  at  the  foot  of  Seventy-ninth 
Street 

District  T,  of  6,100  acres,  and  by  far  the 
largest  of  all,  was  laid  out  to  comprise  the  sec- 
tion of  the  borough  immediately  adjacent  to  the 
high  ridge  over  which  the  growth  of  the  city 
has  spread  from  the  north,  as  stated  previously. 
This  district  is  thoroughly  built  up  and  the 
demand  for  adequate  sewerage  was  imperative. 
The  existing  small  sewers  for  house  drainage 
only  were  made  a  part  of  the  new  system  and 
their  capacity  increased  from  that  of  a  "sepa- 
rate" system  to  the  capacity  necessary  to  care 
for  a  rainfall  of  2  inches  per  hour,  by  inter- 
cepting and  tapping  them  at  proper  places.  In 
this  way  at  least  98  per  cent,  of  the  sewers  of 
the  former  town  of  Flatbush,  included  within 
the  district,  have  been  saved  and  utilized.  The 
main  trunk  of  this  district  pierces  the  westerly 
ridge  by  a  tunnel  180  inches  in  diameter  at  the 
foot  of  Sixty-fourth  street,  where  it  discharges 
into  the  Narrows.  The  construction  of  the  vari- 
ous parts  of  this  big  sewer  has  been  described 
in  this  journal  under  the  designations  Sixty- 
fourth  Street  tunnel.  Sixtieth  Street  sewer,  and 
Foster  Avenue  sewer. 

District  W,  1,904  acres  in  area,  is  drained  by 
the  Ninety-second  Street  sewer,  recently  de- 
scribed, which  also  pierces  the  western  ridge  by 
a  tunnel  discharging  into  the  Narrows  as  an 
11-foot  main.  The  comparatively  high  level  of 
Bath  Avenue  afforded  the  necessary  covering 
for  a  large  sewer,  and  so  permitted  the  build- 
ing of  the  sewer  at  an  elevation  which  will 
make  possible  the  entire  drainage  of  the  lands 
adjacent  to  Gravesend  Bay.  The  pre-existing 
small  sewers  in  this  district  have  been  pre- 
served and  their  capacity  increased  in  the  same 
proportion  as  that  mentioned  above  in  connec- 
tion with  the  small  sewers  in  district  T.  The 
principal  new  sewers  in  the  four  districts  thus 
far  described  will  probably  be  completed  by  the 
end  of  the  current  year;  much  of  this  work  has 
already  been  accomplished.  In  the  five  districts 
to  be  taken  up  in  the  succeeding  paragraphs, 
only  three  of  the  large  sewers  are  under  con- 
struction or  have  been  built.  The  system  for 
each  district,  however,  has  been  developed,  as 
indicated  on  the  map. 

District  X  comprises  2,174  acres  south  of,  and 
adjacent  to,  the  "backbone  of  Long  Island," 
which  is  to  be  sewered  so  as  to  drain  East  New 
York,  the  sewage  proper  being  diverted  to  the 
purification  plant  there  and  the  storm  water 
turned  into  the  creeks.  The  existing  plant  is 
of  suflScient  capacity  to  care  for  the  additional 
area,  and  with  the  construction  of  the  requisite 
number  of  new  settling  tanks,  for  which  the 
property  now  owned  by  the  city  is  of  ample 
size,  the  house  sewage  from  district  Y  also  can 
be  treated.  In  all  the  five  districts  just  de- 
scribed only  gravity  sewers  are  contemplated. 

District  Y,  the  second  largest,  contains  3,226 
acres  and  is  being  sewered  to  drain  to  Paerde- 
gat  Creek,  as  shown  on  the  map,  where  the 
storm  water  will  be  discharged,  while  the  house 
sewage  will  be  intercepted  and  pumped  to  the 
main  in  district  X,  leading  to  the  East  New 
York  purification  works.  The  construction  of 
one  of  the  principal  trunk  sewers  of  this  dis- 
trict, known  as  the  Avenue  G  sewer,  has  been 
fully  described,  and  another  large  main,  known 
as  the  Flatlands  Avenue  sewer,  is  under  con- 
struction. These  two  sewers  will  discharge  at 
the  same  point,  and  at  this  place  a  small  pump- 
ing station  will  be  built  when  needed  to  force 
the  house  sewage  through  a  30-inch  cast-iron 
■  force  main  about  4,000  feet  long  into  district  X. 

The  surface  water  from  district    Z,  of    701 


acres,  will  be  drained  directly  into  a  creek  at 
the  head  of  the  proposed  StlUwell's  Basin,  but 
its  house  sewage  will  be  intercepted  and  pumped 
through  a  24-inch  cast-iron  force  main  to  the 
main  sewer  of  district  W  in  Bath  Avenue,  even- 
tually reaching  the  Narrows.  Similarly  the 
mains  of  district  AA,  of  1,245  acres,  will  de- 
liver the  storm  water  into  a  canal,  but  the 
whole  dry-weather  flow  is  to  be  pumped  through 
an  18-inch  force  main  to  the  pumping  station 
in  district  Z,  which  is  intended  to  handle  the 
sewage  of  these  two  districts.  Storm  water 
from  district  BB,  of  1,570  acres  area,  will  be 
drained  to  Garretson's  canal,  but  the  dry- 
weather  flow  will  be  intercepted  and  pumped 
to  a  distance  of  about  6,000  feet,  througli  an 
18-inch  cast-iron  force  main,  into  the  swift, 
flowing  tide  water  which  discharges  through 
the  Rockaway  inlet,  leading  directly  to  the- 
ocean.  After  providing  for  the  nine  districts- 
there  still  remains  a  small  portion  of  the 
borough,  adjacent  to  districts  on  the  south, 
which  has  not  yet  been  divided  into  drainage 
districts.  Coney  Island  and  Sheepshead  Bay, 
constituting  the  greater  part  of  this  territory, 
already  have  sewers  built  on  the  "separate" 
system  which  are  adequate  for  the  present. 

In  designing  the  new  system  of  sewers  and 
determining  the  sizes  of  each  sewer,  a  formula 
was  used  which  is  a  modification  of  the  one 
employed  by  Joseph  W.  Bazalgette,  engineer  of 
the  London  drainage,  works  in  1857,  based  upon 
data  obtained  twenty  years  previous  to  that 
date,  by  Hawksley,  Prony,  Roe  and  others.  This, 
formula  is  D=0.1  (3  log  A+log  N+6.8),  in: 
which  D  is  the  diameter  in  Inches,  A  the  area, 
drained  in  acres,  and  N  the  distance  per  foot 
of  fall;  it  was  devised  for  a  rainfall  of  1  inch 
per  hour,  for  which  it  has  proved  adequate. 

The  sewerage  system  of  the  former  city  of 
Brooklyn,  devised  by  Chief  Engineers  Kirkwood 
and  Adams,  based  upon  the  Adams  formula, 
gave  results  agreeing  closely  with  Bazal- 
gette's  experience,  and  at  all  times  was  sufficient 
for  a  1-inch  rainfall,  which  the  data  available 
at  the  time  of  design  indicated  to  be  a  suitable 
provision.  Forty  years  of  observation  has 
proved  the  smaller  sizes,  up  to  about  24  inches 
in  diameter,  to  have  a  capacity  large  enough 
for  a  2-inch  rainfall  under  this  formula,  while 
the  larger  mains  were  inadequate  for  this  In- 
crease. This  led  the  engineers  of  Brooklyn  sub- 
sequent to  the  year  1878,  Messrs.  Julius  VV. 
Adams,  Robert  Van  Buren,  Van  Brunt  Bergen^ 
and  Peter  Milne,  to  adopt  a  modified  formula 
for  the  main  sewers  larger  than  24  inches  in 
diameter,  in  order  to  meet  the  local  climatic 
conditions. 

The  modified  formula,  D=0.1  (3  log  A+log 
N-f-8),  allowing  for  a  2-inch  rainfall  per  hour, 
has  been  used  in  the  recent  designs  for  sewers 
down  to  30  inches  In  diameter,  while  a  para- 
bolic curve  diagram  has  been  adjusted  for  the 
sizes  between  30  inches  and  12  inches  in  diam- 
eter, thus  providing  for  small  sewers  between 
the  limits  of  Bazalgette's  results  and  the  re- 
sults of  the  formula  just  stated,  thus  furnishing 
a  simple  and  adequate  formula  based  upon 
forty  years  of  experience  and  carpful  study. 

The  estimated  cost  of  the  systems  of  sewers 
for  the  nine  districts  is  given  in  tabular  form 
herewith.  The  total  cost  for  all  the  districts 
amounts  to  113,614,400,  which  includes  the  cost 
of  the  construction  of  about  98  miles  of  brick 
sewer  ranging  in  size  from  180  inches  to  30 
inches  in  diameter,  the  cost  of  construction  of 
576  miles  of  pipe  sewers  from  24  inches  to  12 
inches  in  diameter,  a  total  of  674  miles  of 
sewers;  the  cost  of  four  pumping  stations,  and 
the  additional  work  necessary  at  the  East  New 
York  purification  works.  This  estimate  was 
intended  to  cover  the  whole  territory,  on  the  as- 
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:Sumption  that  the  area  was  fully  populated  and 
.each  sewer  absolutely  needed. 

Many  of  the  structural  details  of  the  design, 
together  with  interesting  features  of  the  meth- 
ods of  construction,  have  been  given  in  the  de- 
scriptive articles  previously  referred  to.  A  very 
large  part  of  the  work  has  conformed  to  stand- 
ard practice  and  is  chiefly  noteworthy  on  ac- 
count of  its  extent  and  the  large  size  of  many 
of  the  sewers  of  the  various  systems.  The 
sewers  have  all  been  made  large  enough  to 
safely  carry  off  a  maximum  run-off  of  2  inches 
per  hour  from  the  tributary  areas.  The  studies 
and  the  resulting  designs  have  been  the  work 
of  Mr.  Henry  R.  Asserson,  M.  Am.  Soc  C.  E., 
chief  engineer  of  sewers  for  the  Borough  of 
Brooklyn.  In  all  this  work  he  has  been  as- 
sisted by  Mr.  Frank  R.  Bartlett,  who  has  had 
charge  of  the  engineering  force  in  the  office, 
and  by  the  various  division  engineers  who  have 
been  mentioned  in  connection  with  the  con- 
:Structlon  work  executed  under  their  direction. 

Statement  of   Estimated   Cost. 
District   T. 
12,550  lln.    ft.    180-in.    to    162-ln.    tunnel 

brick  sewer,  manholes  included.   $1,130,000 
J.41,350  lln.  ft.  136-ln.  to  BOin.  brick  sewer, 

manholes   included 1,550,000 

152.12  miles  24-in.  to  12-in.  pipe  sewer..         925,000 

8,433  manholes  on  pipe  sewers 296,000 

2,192  street    basins 229,000 

$4,130,000 
Engineering  and  contingencies,  10 

per   cent 413,000 

Total    $4,543,000 

District  U. 
4,100  lln.  ft.  48-ln.  to  301n.  brick  sewer, 

manholes  included $18,800 

5.54  miles  24-ln.  to  30-in,  pipe  sewer.  .  35,000 

308  manholes  on  pipe  sewers 11,000 

64  street  basins  7,000 

$71,800 
Engineering  and  contingencies,   10 

per  cent 7,200 

Total    $79,000 

District  V. 
J8,050  lln.  ft.  72-ln.  to  30-in.  brick  sewer, 

manholes  included   $140,000 

23.09  miles  24-in.  to  12-ln.  pipe  sewer.  .  138,000 

1,225  manholes   on   pipe  sewers 43,000 

246  street    basins 25,000 

$346,000 
Engineering  and  contingencies,   10 

per  cent 34,600 

Total $380,600 

District   W. 
7,250  lln.    ft.    132in.    to    120-in.    tunnel 

brick  sewer,  manholes  Included.  $653,000 
51,850  lln.    ft.     120-in.     to     30-ln.     brick 

sewer,  manholes  Included 529,000 

63.32  miles  24-in.  to  12-ln.  pipe  sewer..  383,000 

3,320  manholes  on   pipe  sewers 117,000 

834  street  basins 84,000 

$1,766,000 
Engineering  and  contingencies,  10 

per  cent 176,600 

Total   $1,942,600 

District  X. 
70,850  lln.     ft.     138-In.     to     30-ia.     brick 

sewer,  manholes  Included $817,000 

84.31   miles  24-ln.  to  12-ln.  pipe  sewer..  507,000 

4,415  manholes  on  pipe   sewers 155,000 

973  street  basins 98,000 

$1,577,000 
Engineering  and  contingencies,  10 

per  cent 157,700 

Total    $1,734,700 

District   Y. 
109,100  lln.     ft.     120-in.     to     30-in.     brick 

sewer,  manholes  included.  , . . .  .   $1,025,000 
115.99  miles  24-ln.  to  12-ln.  pipe  sewer.  .  .         694,000 

6,171  manholes  on  pipe  sewers 216,000 

1,319  street  ba.slns 132,000 

Pumping  plant  and  house  with  ap- 

-    purtenances 90,000 

$2,157,000 
Engineering  and  contingencies,   10 

per  cent 215,700 

Total   $2,372,700 

District  Z. 
.22,900  lln.  ft.  90-ln.  to  30-ln.  brick  sewer, 

manholes  included $155,000 

24.49  miles  24-ln.  to  12-in.  pipe  sewer.  .        153,000 

1,312  manholes  on  pipe  sewers 46,000 

324  street    basins 33,000 

Pumping  plant  and  house  with  ap- 
purtenances      80,000 

$467,000 
Engineering  and  contingencies,   10 

per  cent 46,700 

Total   $513,700 


District  AA. 
34,900  lln.  ft.  102-ln.  to  30-ln.  brick  sew- 
er,   manholes    included $285,000 

47.28  miles  24-ln.  to  12-ln.  pipe  sewer.  .         295,000 

2,510  manholes   on   pipe    sewers 88,000 

440  street  basins ' 44,000 

Pumping  plant  and  house  with  ap- 
purtenances     55,000 

$767,000 
Engineering  and  contingencies,    10 

per   cent 76,700 

Total    $843,700 

District   BB. 
44,500  Iln.     ft.     108-ln.     to     .'Win.     brick 

sewer,  manholes  Included $406,000 

59.35  miles  24-ln.   to  12-in.  pipe  sewer..         359,000 

3,133  manholes   on   pipe  sewer 110,000 

734  street  basins 74,000 

I'umplng  plant  and  house  with  ap- 
purtenances     55,000 

$1,004,000 
Engineering  and  contingencies,  10 

per    cent 100,400 

Total    $1,104,400 

Increasing  pumping  plant  at  East  New 
York,  with  additional  settling  tanks  for 
sewage  from  Districts  X  and  Y $100,000 


Architectural  Competition  for  the  Buildings 

of  the  Carnegie  Technical  Schools, 

Pittsburg. 


An  architectural  competition  of  unusual  im- 
portance both  on  account  of  the  magnitude  of 
the  work  for  which  designs  are  to  be  presented 
and  because  of  the  educational  interest  in  the 
institution  for  which  the  buildings  are  to  be 
erected,  is  that  for  the  Carnegie  Technical 
Schools,  to  be  established  in  Pittsburg,  Pa.  The 
programme  for  this  competition  is  a  hand- 
somely printed  pamphlet  of  about  fifty  pages 
and  is  accompanied  by  a  map  of  the  Pite  and  a 
block  plan.  This  programme  was  preijared  with 
great  care  by  Prof.  Warren  P.  Laird,  of  the 
University  of  Pennsylvania,  acting  as  advisor 
to  the  committee  of  the  trustees  having  the  mat- 
ter in  charge.  Professor  Laird  will  also  advise 
In  connection  with  the  making  of  the  awards. 
A  copy  of  the  programme  with  some  additional 
notes  has  been  received  from  him,  and  these 
furnish  the  basis  for  the  following  brief  state- 
ment. Every  effort  has  been  made  by  the  com- 
mittee to  place  this  competition  upon  the  high- 
est professional  grounds. 

The  Carnegie  Technical  Schools  will  provide 
a  comprehensive  system  of  secondary  technical 
education  based  on  the  needs  of  workers  in  the 
industrial  field  generally.  There  are  at  present 
numerous  industrial  schools  throughout  the 
country  organized  for  work  along  definite  and 
more  or  less  restricted  lines,  but  a  new  signifi- 
cance attaches  to  the  organization  of  the  Car- 
negie schools,  for  the  scheme  of  instruction  is 
arranged  to  meet  an  expressed  demand.  This 
was  brought  about  by  a  thorough  canvass  of  the 
Industrial  workers  in  Pittsburg,  and  the 
younger  people  of  both  sexes  in  the  public 
schools  from  whom  the  ranks  of  the  workers 
are  to  be  recruited.  These  persons  were  Indi- 
vidually asked  by  the  committee  to  state  the 
particular  calling  for  which  they  desired  to  be 
trained,  and  upon  the  basis  of  some  15,000  re- 
plies thus  received  the  courses  of  instruction 
now  announced  have  been  arranged.  These  are 
no  fewer  than  seventy  in  number,  covering  prac- 
tically the  entire  range  of  the  manufacturing 
industries  of  Pittsburg,  and  thus,  presumably, 
very  broadly  those  of  the  country  at  large. 

The  scheme  upon  which  the  work  is  to  be  ad- 
ministered was  outlined  by  a  commission  com- 
posed of  Messrs.  Arthur  L.  Williston,  of  the 
Pratt  Institute,  Brooklyn;  Arthur  A.  Hamer- 
schlag,  of  the  New  York  Trade  Schools,  now  the 
Director  of  the  Carnegie  Technical  Schools,  and 
C.  B.  Connelly,  of  Pittsburg.  The  problem  laid 
before  the  architects  is  that  of  providing  for 
the  instruction,  under  this  scheme,  of  4,000  stu- 
dents,  including  both   day   and   night  classes. 


The  programme  states  in  an  appendix  the  gen- 
eral character  of  the  work  to  be  done  in  design- 
ing the  buildings  for  the  various  schools  or 
departments. 

The  plot  of  ground  reserved  for  the  schools 
adjoins  Schenley  Park  and  the  Carnegie  Insti- 
tute; it  is  32  acres  in  extent,  and  it  is  probable 
that  the  actual  ground  area  covered  by  the 
buildings  will  lie  between  10  and  12  acres. 
This  includes  extensions  of  shops,  etc.,  for 
which  provision  must  be  made  in  the  prelimi- 
nary design.  The  total  floor  area  of  rooms, 
exclusive  of  hallways  and  other  auxiliary 
spaces,  will  possibly  reach  a  total  of  one  million 
square  feet.  The  probable  cost  of  buildings  and 
equipment  is  not  stated  in  the  programme,  it 
being  the  desire  of  the  committee  to  secure  an 
architectural  scheme  suitable  for  carrying  into 
effect  the  educational  plan  of  the  schools;  but 
it  is  quite  certain  that  an  expenditure  of  sev- 
eral millions  of  dollars  will  be  required  to  con- 
struct and  equip  the  buildings  called  for  by  the 
programme. 

The  trustees  of  the  Carnegie  Institute,  of 
Pittsburg,  have  been  empowered  to  carry  the 
project  into  effect,  and  Mr.  Carnegie  has  prom- 
ised to  erect  and  equip  the  buildiiigs  and  to 
endow  the  schools.  The  committee  on  the  Car- 
negie Technical  Schools  appointed  by  the  trus- 
tees consists  of  Messrs.  William  McConway, 
chairman;  John  A.  Brashear,  W.  Lucien  Scaife, 
William  N.  Frew,  James  J.  Booth,  John  G. 
Holmes,  Charles  L.  Taylor,  John  F.  Steel  and 
Arthur  A.  Hamerschlag,  director.  This  com- 
mittee has  been  given  authority  to  engage  an 
architect,  determine  upon  a  general  plan,  and 
proceed  with  the  preparation  of  working  plans 
and  specifications. 

Five  architects  and  architectural  firms  have 
accepted  the  invitation  of  the  committee  to  sub- 
mit designs  in  the  competition,  for  which  ser- 
vice they  will  be,  paid  $1,000  each.  They  are 
Messrs.  Carrere  &  Hastings,  Cass  Gilbert,  How- 
ells  &  Stokes,  and  George  B.  Post,  all  of  New 
York,  and  Messrs.  Frank  Miles  Day  &  Brother, 
of  Philadelphia.  The  competition  will  be  open 
also  to  all  other  architects  whose  experience 
and  capacity  in  the  design  and  execution  of 
large  work  may  warrant  the  committee  in  ex- 
tending to  them  an  invitation  to  take  part. 
Architects  desirftig  to  enter  are  therefore  re- 
quested to  provide  the  committee  with  infor- 
mation as  to  their  professional  work  upon 
blanks  to  be  had  from  Director  Arthur  A. 
Hamerschlag,  313  Sixth  avenue,  Pittsburg.  Five 
awards  of  $1,000  each  are  offered  to  competi- 
tors, other  than  those  who  are  named  above, 
and  will  be  paid  to  the  five  architects  whose 
designs  stand  highest  in  merit,  one  of  these 
five  being  assured  in  any  event  to  Allegheny 
County  architects. 


Low-Rental  Dwelungs  grouped  in  three 
blocks  were  recently  opened  in  Westminster, 
London.  The  buildings,  six  stories  in  height, 
have  793  rooms  divided  into  342  tenements, 
which  will  accommodate  about  1,600  persons. 
The  rents,  according  to  the  "Architect,"  range 
from  73  to  98  cents  per  week  for  one  room  to 
$2.68  to  $2.92  per  week  for  four  rooms.  The 
living  rooms  have  an  average  area  of  154  square 
feet. 

The  Electrolytic  Pubification  of  Oil-Laden 
Wateb  according  to  the  Davls-Perrett  process, 
to  which  reference  was  made  recently  in  these 
columns,  appears  to  He  in  the  destruction  of  the 
emulsion  of  the  oil  and  the  formation  of  a 
flocculent  precipitate  which  can  be  removed  by 
subsequent  filtration.  The  system  is  In  use  in 
the  power  house  for  the  Leicester,  England, 
electric  tramways. 
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of  Different  Steam  Turbines. 


As  noted  In  the  Current  News  Supplement 
this  week,  in  the  report  of  the  Joint  meeting  in 
Chicago  of  the  American  Society  of  Mechanical 
and  the  Institution  of  Mechanical 
of  Great  Britain,  four  papers  were 
pc— eatad  on  steam  turbines.  The  four  were 
tersely  descrtptive  of  the  De  Laval.  Westing- 
house-Parsons,  Curtis,  and  Rateau  turbines,  re- 
apectlrelr.  and  all  contained  more  or  less  ex- 
tended references  to  the  performance  of  the  re- 
ipectlTe  prime  movers.  In  every  case  records 
Of  tests  have  already  appeared  in  these  columns, 
bat  some  later  data  were  given  in  the  papers 
that  may  be  recorded  in  this  connection. 

In  the  paper  by  Messrs.  Lea  and  Meden  a 
chart  was  shown  of  curves  drawn  from  tests  of  a 
De  Laval  two-stage  high-pressure  steam-turbine 
pomp,  designed  to  lift  250  gallons  of  water  per 
minute  against  700  feeU  With  a  steam  pressure 
of  180  pounds  and  a  vacuum  of  25  inches,  the 
low-speed  pump  wheel  ran  at  2,050  revolutions 
per  minute  and  the  high-speed  wheel  at  20,500 
revolutions.  The  tests  were  conducted  by  Profs. 
J.  EL  Denton  and  Wm.  Kent.  It  appears  that 
when  pumping  250  gallons  the  head  attained 
was  nearly  760  feet,  the  steam  consumption  per 
water  horse-power-hour  was  about  41  pounds 
and  the  duty  per  1,000  pounds  of  steam  48,000,- 
000  foot-pounds.  At  700  feet  head,  about  280 
gallons  were  pumped  per  minute,  the  steam 
consumption  was  41.5  pounds  per  water  horse- 
power-hour and  the  duty  47,500,000  foot-pounds. 
At  800  feet  bead,  200  gallons  were  pumped  and 
the  steam  consumption  was  about  41.5  pounds 
per  horse-power-honr. 

In  the  contribution  by  Mr.  W.  L.  R.  Emmet, 
a  few  figures  were  given  relative  to  the  opera- 
tion of  a  2,000-kilowatt  Curtis  turbine,  em- 
bodying some  Improvements  not  Incorporated 
in  the  machines  for  which  records  have  thus 
far  been  available.  This  machine  was  tempo- 
rarily Installed  in  the  General  Electric  Com- 
pany's power  station  at  Schenectady  and  oper- 
ated a  6,600-volt.  25-cycle  generator  at  760  revo- 
Intions  per  minute.  With  it  Is  installed  a  sur- 
face condenser  of  6,000  square  feet  of  cooling 
surface.  Under  a  load  of  637  kilowatts,  a 
superheat  of  215  degrees  Fahr.,  and  a  vacuum 
of  28.2  Inches,  20.1  pounds  of  steam  were  re- 
quired per  kilowatt-hour.  Under  a  load  of 
1,000  kilowatts,  a  superheat  of  242  degrees,  and 
a  vacuum  of  28.9  inches,  16.3  pounds  of  steam 
were  used  iier  kilowatt-hour.  Under  a  load  of 
2,000  kilowatts,  a  superheat  of  242  degrees,  and 
a  vacuum  of  28.73  inches,  15.3  pounds  of  steeim 
solBoed  per  Ulowatt-hour.  Under  2,270  kilo- 
watts, a  superheat  of  250  degrees,  and  vacuum 
of  28.1  Inches,  16.2  pounds  of  steam  were  used 
per  kilowatt-hour.  The  steam  gauge  pressure 
was  for  the  four  tests  160,  160,  166  and  100 
pounds,  respectively. 

In  the  tables  of  Mr.  Francis  Hodgkinson's 
paper  figures  were  given  of  a  number  of  tests 
made  by  Messrs.  Dean  ft  Main,  of  Boston,  on 
a  400-kilowatt  Westlnghouse-Parsons  turbine. 
The  full  report  of  these  tests  has  come  to  hand 
and  the  following  Information  Is  taken  from 
It  Trials  were  made  with  dry  saturated 
steam,  with  steam  at  100  degrees  superheat, 
and  with  steam  at  180  degrees  superheat.  They 
plotted  curves  to  show,  so  far  as  the  range  of 
superheat  allowed,  what  the  influence  of 
the  decree  of  superheat  was,  the  curves  being 
for  three-fourths,  full,  and  one-and-one-fourth 
load  condiUona  The  results  Indicated  that 
the  saving  of  steam  is  about  1  per  cent  for 
every  10  degrees  of  superheat  within  the  limits 
of  superheat  employed. 

The  results  of  the  tests  may  be  briefly 
stated.  For  the  100  degrees  superheat  trials 
With  a  steam  pressure  at  the  throttle  of  about 


163  pounds  and  a  vacuum  of  28  inches  in  the 
exhaust  pipe  (referred  to  30-lnch  barometer), 
the  following  steam  consumption  per  brake 
borse-power-hour  was  obtained:  12.07,  12.41, 
12.86,  and  14.62  pounds  for  brake  loads  of 
758.9,  594.6,  445.3,  and  239.9  horse-power,  re- 
spectively. The  average  actual  superheat  of 
the  steam  was  104,  109,  104  and  87  degrees 
Fahr.,  respectively.  With  180  degrees  super- 
heat and  about  the  same  initial  and  terminal 
pressures  as  above,  11.17  pounds  of  steam 
were  consumed  per  brake  horse-power  with  a 
load  of  762.6  horse-power,  and  11.45  pounds  of 
steam  with  a  load  of  592.3  horse-power.  The 
superheats  were  actually  182  and  181  degrees 
in  the  two  cases.  Tests  with  dry,  saturated 
steam  and  28  Inches  of  vacuum  gave  the  fol- 
lowing results:  With  a  load  of  728.4  horse- 
power, the  water  rate  was  13.63;  593.2  horse- 
power, 13.91  pounds;  448  horse-power,  14.48 
pounds;  241.3  horse-power,  16.06  pounds.  With 
dry  steam  and  27  inches  of  vacuum  the  steam 
consumption  was  14.01  pounds  per  brake  horse- 
power with  a  load  of  694.8  horse-power,  and 
14.35  pounds  with  a  load  of  593.1  horsepower. 


Power  Plant  of  the  Whitlock  Branch  of  the 
American  Cigar  Company,  Bichmond. 

A  power  plant  that  Is  chiefly  interesting  from 
the  standpoint  of  Its  design — in  the  propor- 
tions of  its  various  parts — drives  the  factory 


eral  characteristics  of  the  plant.  The  boiler 
and  engine  rooms  had  to  be  placed  diagonally 
with  respect  to  each  other,  so  that  the  length  of 
steam  piping  is  necessarily  long.  Immediately 
back  of  the  boiler  room  and  partitioned  off 
from  both  this  and  the  engine  room,  is  a  space 
Into  which  most  of  the  pumping  equipment  and 
feed-heating  apparatus  is  placed.  Back  of  this, 
but  open  with  the  engine  room,  so  that  It  is 
readily  accessible  to  the  attendant  in  charge  of 
the  engines,  is  the  heating  unit.  The  rooms  are 
all  on  the  same  level  and  in  close  communica- 
tion with  one  another.  The  engine-room  floor 
is  supported  above  an  excavation  left  around 
the  machinery  foundations  and  is  constructed 
of  expanded  metal  with  a  terrazzo  finished 
upper  surface.  The  walls  of  the  engine  room 
are  of  white  enamel  brick,  the  under  side  of  the 
roof,  which  contains  a  large  amount  of  glass 
surface,  is,  together  with  the  supporting  roof 
trusses,  painted  buff,  and  the  piping  in  the 
room  and  the  engine  frames  are  a  dark  green. 
The  windows  between  the  engine  room  and  the 
main  building  are  wired  glass  in  metal  sash. 
Altogether  the  engine  room  makes  a  very  agree- 
able appearance.  The  floor  in  the  boiler  room 
Is  of  brick  laid  on  edge,  the  wall  and  the  under 
side  of  the  timber  roof  are  painted  white,  with 
buff-colored  trusses.  Over  it  there  are  two 
monitors  protected  with  wired  glass. 

There  are  at  present  installed  two  batteries 
of  two  Babcock  &  Wilcox  boilers,  each  contain- 


Longltudlnai   Sectional   Elevation  of  Boiler  Room. 


of  the  Whitlock  branch  of  the  American  Cigar 
Company  in  Richmond,  Va.  Some  time  ago  a 
new  building  was  erected  for  this  establishment 
and  It  was  decided  to  drive  it  by  means  of 
alternating-current  motors,  chiefly  because  it 
was  felt  that  induction  motors  would  give  the 
least  trouble  under  the  conditions  that  would 
obtain.  Alternators  at  220  volts  giving  current 
at  60  cycles  were  determined  on  as  being  a 
character  of  supply  that  would  prove  satisfac- 
tory both  for  lighting  purposes  as  well  as 
power.  While  this  pressure  would  serve  for 
lighting  and  some  power,  It  was  decided  to 
employ  motors  of  a  higher  potential  and  the 
use  of  alternating  current  allowed  for  raising 
the  voltage  by  means  of  transformers  Be- 
sides heating,  which  is  arranged  for  by  means 
of  a  fan  system,  the  plant  had  to  provide  ele- 
vator service  and  furnish  refrigeration.  It  was 
located  at  the  rear  of  the  building  In  a  single- 
story  structure,  and  space  was  provided  for 
three  generating  units  of  150  kilowatts  each. 
The  accompanying  illustrations  show  the  gen- 


Ing  72  tubes  4  inches  in  diameter  and  18  feet 
long,  placed  eight  wide  and  nine  high,  and  one 
steam  drum,  42  Inches  in  diameter  and  23  feet 
3%  inches  long.  There  is  space  for  a  fifth 
boiler,  as  indicated  on  the  plan.  They  are  hand 
fired  and  the  coal  is  dumped  on  the  fioor  In 
front  of  them,  the  space  between  the  boiler 
fronts  and  the  outside  wall  of  the  boiler  room 
being  about  24  feet  They  are  served  by  a 
brick  chimney  150  feet  high  from  the  base  to 
the  top  and  5  feet  8%  inches  in  Inside  diam- 
eter. This  has  an  octagonal  base,  changing  to 
a  circular  shaft  for  the  greater  of  its  height 
A  steam  pressure  of  120  pounds  per  square  inch 
is  normally  carried. 

The  boilers  are  connected  into  the  steam 
header  In  pairs.  It  will  be  noted  that  while  the 
steam  pipe  from  each  pair  is  8  Inches  In  diam- 
eter, the  header  is  made  up  of  16-inch  pipes. 
This  affords  a  reservoir  for  the  steam  and  al- 
lows for  draining  such  water  as  may  be  carried 
over  from  the  boilers,  by  the  reduction  of  the 
velocity  of  flow,  so  that  the  pipe  leading  from 
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the  header  to  the  engine  room  is  thereby  less 
liable  to  carry  away  any  water.  The  steam 
connections  to  and  from  the  header  are  con- 
nected into  it,  in  the  usual  way,  at  the  top,  and 
there  are  virtually  two  valves  in  the  connection 
of  each  boiler,  one  being  at  the  nozzle  over 
the  steam  drum  and  the  other  at  the  header. 
The  header  itself  is  without  any  valves. 

The  steam  supply  to  the  engine  room  is  8 
inches  in  diameter,  while  a  separate  connection 
is  carried  from  the  header  for  the  pumps.  The 
height  of  the  boiler  room  is  greater  than  that  in 
the  engine  room,  and  the  steam  line  is  dropped 
a  few  feet  in  transit,  and  before  delivering  to 
the  engines,  is  connected  into  a  receiver.  This 
receiver  is  supported  overhead  in  the  pump 
room  about  10  feet  above  the  floor  line  and  is 
3  feet  in  diameter  and  5%  feet  high.  The  steam 
is  delivered  into  it  near  the  bottom  and  it 
passes  out  near  the  top  through  a  central  pipe 
which  leads  downward  to  a  level  underneath 
the  floor  and  which  also  acts  as  the  support  for 
the  receiver.  The  steam  line  is  then  carried 
under  the  floor  line  to  the  engines,  where  the 
individual  supply  connections  rise  upward 
through  the  floor.  From  the  top  of  the  receiver 
a  separate  connection  is  taken,  chiefly  for  the 
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pump.  The  exhaust  can  bypass  the  heater,  and 
beyond  the  main  is  carried  through  the  roof  as 
an  outboard  exhaust.  Beyond  the  feed-heater 
connections,  the  exhaust  pipe  of  the  pumps  is 
connected  into  the  main  line,  as  the  pumps  are 
designed  partly  for  fire  service.  The  feed-water 
heater  is  of  the  Wainwright  type  with  corru- 
gated tubes  and  is  rated  at  600  horse-power. 
The  boiler, feed  pump  is  of  the  Dean  duplex  pat- 
tern, with  7x4xl0-inch  cylinder  sizes. 

The  other  pumps  comprise  a  duplicate  set  of 
underwriter  fire  pumps,  to  be  operated  Inter- 
changeably and  as  relays  on  the  elevator  sys- 
tem and  for  use  in  case  of  fire.  There  is  also 
a  7y2xl%x6-inch  Worthington  pump  operated 
in  connection  with  a  horizontal  accumulator 
for  a  1,000-pound  hydraulic  system  required  in 
the  factory.    There  are  four  elevators,  installed 


Fahrenheit  when  the  outside  temperature 
stands  at  10  degrees  below  zero.  The  engine 
and  tan  were  both  furnished  by  the  B.  F.  Stur- 
tevant  Company,  and  the  fan  engine  Is  llM.>xl6 
inches  in  cylinder  size  and  of  the  horizontal, 
side-crank  type.  The  unit  is  arranged  to  run 
at  200  revolutions,  if  necessary.  The  water  of 
condensation  is  returned  to  a  tank  in  the  boiler 
room,  and  is  delivered  to  the  boilers  by  means 
of  a  6x4x6-inch  Oeane  pump.  Clean  high-pres- 
sure drips  are  returned  by  the  Holly  system. 

The  switchboard  in  the  engine  room  is  one 
of  five  panels.  There  is  one  panel  for  each 
generator,  each  having  a  double-throw  four-pole 
switch,  the  generator  giving  two-phase  current, 
it  will  be  remembered,  two  ammeters,  two  plug 
switches  and  two  two-pole  double-throw  field 
switches    with    the   rheostat  wheel.     Another 
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Branch  of  the  American  Cigar  Company, 

Richmond. 


engine  which  is  installed  for  driving  the  fan  of 
the  heating  system.  Besides  the  main  units 
there  is  a  steam-driven  exciter  in  the  engine 
room.  Each  of  the  main  units,  of  which  two 
are  now  in  place,  comprise  a  17xl6-inch  Ball  & 
Wood  simple  engine  and  a  Westinghouse  gene- 
rator, giving  two-phase  current  at  220  volts  at 
its  normal  speed  of  240  revolutions  per  minute. 
The  steam-driven  exciter  consists  of  a  7x6-inch 
engine  built  by  the  W.  D.  Forbes  Company,  of 
Hoboken,  N.  J.,  and  a  125-volt  11%-kilowatt 
Westinghouse  direct-current  dynamo.  There  is 
also  a  10-kilowatt  belt-driven  exciter  operated 
from  one  of  the  units.  For  the  motors  there 
are  two  transformers,  each  of  75  kilowatts 
capacity. 

The  run  of  the  exhaust  piping,  which  is  also 
carried  underneath  the  floor  in  the  engine  room, 
is  indicated  in  the  drawings.  The  exhaust 
main  enters  the  purap  room  above  floor  level, 
and  at  the  partition  wall  between  the  pump 
room  and  thie  boiler  room  is  located  the  feed- 
water  beater  supported  above  the  boiler  feed 


by  Messrs.  Morse,  Williams  &  Company,  oper- 
ated from  8  to  1  ratio  cylinders.  Two  of  the 
elevators  are  designed  for  a  load  of  2  tons  at 
100  feet  per  minute,  a  third  for  a  load  of  2%  . 
tons  at  100  feet  per  minute,  and  the  fourth  tor 
3  tons  at  80  feet  per  minute.  A  single  tank  of 
60,000  gallons  capacity  is  connected  to  the 
system. 

The  heating  season  in  Richmond  is,  of  course, 
a  comparatively  limited  one,  and  for  simplicity 
of  connections,  arrangements  were  made  only 
for  supplying  live  steam  to  the  blast  coils  of  the 
fan  system.  Beyond  the  live  steam  connection 
to  the  fan  engine,  a  pressure-reducing  valve  is 
inserted  in  the  steam  pipe  for  delivering  low- 
pressure  steam  to  the  pipe  coils.  These  are 
arranged  in  double  sections,  so  that  the  steam 
supplies  are  carried  to  both  sides  of  the  heater 
casing,  and  there  are,  all  told,  16  sections  of 
heating  surface.  The  fan  Is  a  three-quarter 
housing  centrifugal  blower  with  a  blast  wheel 
12  feet  in  diameter  by  6  feet  wide,  and  de- 
pended on  to  heat  the  building  to  70  degrees 


panel  is  given  over  to  the  exciters  with  two 
ammeters  and  one  voltmeter  and  two  three-pole 
single-throw  switches,  so  that  the  two  may  be 
operated  together,  having  an  equalizer  connec- 
tion. The  two  remaining  panels  are  for  the 
feeders,  and  each  of  them  has  two  four-pole 
double-throw  switches,  as  there  are  two  sets  of 
busses.  So  far  as  the  power  is  concerned,  group 
driving  is  generally  In  vogue.  There  are  fifteen 
motors  of  7^4  horse-power,  six  of  20  horse- 
power, and  six  of  10  horse-power. 

The  factory  itself  is  of  mill  construclon,  with 
brick  walls,  cast-iron  columns,  main  girders  of 
I-beams,  and  the  others  of  large  size  timber 
attached  by  angle  plates  to  the  webs  of  the 
I-beams.  The  walls  are  painted  red  for  a  dis- 
tance of  6  feet  above  the  fioor,  and  white  on  the 
upper  parts  and  the  ceiling.  Automatic  sprink- 
lers are  provided,  electric  wires  are  wired  on 
the  open  system  to  porcelain  cleats,  and  the  mo- 
tors are  mainly  hung  from  the  ceilings.  The 
power  equipment,  it  may  be  added,  also  in- 
cludes a  De  la  Vergne  refrigerating  plant  of 
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10  tons  rapacity,  for  cooling  the  Altered  water 
(or  drinking  purposes,  it  is  operated  from  a 
10sTV»xl6-inch  horizontal  compressor  (or  tlie 
direct  expansion  of  ammonia. 

The  entire  mill,  including  the  power  plant. 
WM  designed  by  Messrs.  Locltwocd.  Greene  & 
Company,  of  Boston.  The  plant  is  in  charge 
of  Mr.  J.  H.  Robb,  engineer  for  the  .\merican 
Cigar  Company. 


The  Hew  York  Times  Building. 

PaIT   V. — COLVMXS   ASD  WiSD  BlUCI.Mi. 

There  are  in  the  Times  building  three  main 
groups  of  columns.  One  group  contains  thir- 
teen columns  reaching  continuously  from  the 
prees-room  floor  to  the  roof  of  the  twenty-third 
•tory,  the  six  upper  stories  forming  the  main 
part  of  the  tower  framework.  The  upper  sec- 
tions of  these  columns  are  proportioned  for 
■treaaea  of  4.400  to  196,600  pounds,  but  have  a 
uniform  cross-sectional  'area  of  23.3  square 
inches,  made  up  with  two  12-inch  channels  and 
two  14x5/16-inch  flange  cover-plates.  The 
heariest  section  is  in  the  lower  part  of  column 
IS.  and  has  a  maximum  stress  of  2,746,000 
pounds,  which  is  provided  for  with  a  cross- 
sectional  area  of  218.8  square  inches,  made  up 
with   three   13-inch   channels,   five  12>^xT.ii-lnch 


web   reinforcement    plates    and    six    20xl-inch 
flange  cover-plates. 

The  twelve  columns  of  the  second  group  reach , 
from  the  first  floor  to  the  seventeenth  floor,  ex- 
cept in  flve  cases,  in  which  they  are  continuous 
to  the  press-room  floor.  The  stresses  In  the 
upper  sections  of  these  columns  vary  from  36,- 
200  pounds  to  134.3(>0  pounds,  and  their  uniform 
area  of  25.2  square  inches  is  made  wUh  two  12- 
inch  channels  and  two  14x%-inch  cover-plates. 
The  heaviest  section  is  at  the  foot  of  column  21, 
where  the  maximum  stress  is  1,491,400  pounds, 
and  the  area  of  190  square  inches  is  made  with 
two  13-inch  channels,  four  12xl-lnch  web  rein- 
forcement plates,  and  six  20x5/16-lnch  cover- 
plates. 

In  the  third  group  are  the  seven  substructure 
columns  reaching  only  from  the  press-room 
floor  to  the  first  floor  to  support  the  triple-web 


girders  carrying  the  superstructure  columns 
over  the  subway  roof.  Of  this  group  column  K, 
with  a  maximum  stress  of  2,140,900  pounds,  has 
the  largest  cross-sectional  area,  namely,  258 
square  Inches,  which  Is  made  with  eight  12-inch 
40-pound  channels,  four  llx%-inch  web  rein- 
forcement plates,  and  four  42x%-inch  flange 
cover-plates.  Besides  these  columns,  two  others, 
21-A  and  21-B,  are  seated  on  the  seventeenth- 
story  girder  and  extend  to  the  roof  to  carry  part 
of  the  tower  load.  They  have  duplicate  cross- 
, sections  with  an  area  of  2314  square  inches  at 
the  top  and  51.3  square  Inches  at  the  bottom, 
where  they  are  made  with  three  13-inch  40- 
pound  channels,  and  two  16x%-lnch  flange 
cover-plates. 

All  columns,  except  those  starting  at  the  first 
floor,  which  have  the  first  section  only  one 
story  high,  are  made  throughout  in  two-story 
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:sections,  with  their  sirtices  uniformly  located  6 
ieet  5V4  inches  above  the  floor  lines  in  the  base- 
ment, second,  fourth,  sixth  and  successive  alter- 
nate stories.  In  all  except  the  substructure 
group,  and  in  one  or  two  special  lines,  the  upper 
section  of  each  row  of  columns  is  made  with  12- 
Inch  channels  and  14-inch  plates,  which  gener- 
ally give  a  sectional  area  in  excess  of  that  re- 


Finished 
Floor  Line. 


quired  by  the  calculations,  but  which  was 
adopted  for  uniformity  of  construction.  In  ail 
but  the  exceptional  cases,  the  next  lower  section 
of  the  column  has  its  dimensions  slightly  In- 
creased by  using  13-inch  channels  and  16-inch 
cover-plates.  These  sizes  are  in  all  cases  main- 
tained throughout  the  whole  of  the  lower  part 
of  the  column,  so  that  their  external  dimensions 
do  not  vary,  the  difference  In  section  being  se- 
cured by  Increasing  the  weights  of  the  channels 
and  the  thicknesses  or  numbers  of  the  web  and 
flange  plates.  The  cross-sections  vary  in  outline 
only  with  the  different  combinations  of  two  or 
three  channels,  and  the  addition  of  the  web 
and  cover-plates,  which  are  arranged  either  as 


•.Gir-der   connections  at  Wall   Columns. 
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simple  ordinary  rectangles  or  are  combined  as 
shown  in  the  views  of  columns  3  and  4,  or  as 
in  the  substructure  columns,  which  were  Illus- 
trated on  page  683. 

All  column  splices  are  made  with  flange 
cover-plates  shop-riveted  to  the  upper  ends  of 
the  lower  sections  to  form  jaws  which  are  field- 
riveted  to  the  lower  ends  of  the  upper  sections. 
The  number  of  fleld-rivets  and  the  number  of 
shop  rivets  in  each  splice  are  equal,  but  in  some 
cases  there  are  shop  rivets  through  the  flanges 
of  a  center  channel  and  field  rivets  only  through 
the  flanges  of  the  side  channel,  so  that  the  rows 
of  fleld  rivets  are  longer  than  those  of  the  shop 
rivets,  and  the  splice  plates  are  unsymmetrlcal 
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both  sides  of  the  Joint  AU  joints  are  made 
with  a  horliontal  diaphragm  plate  between  the 
adjacent  milled  ends  of  the  column,  fleld-riTeted 
to  horiiontal  flanges  on  each  column  section. 

The  wind  stresses  in  this  building  are  re- 
stated by  its  inertia,  by  an  indeterminate 
amonnt  of  stiffness  in  the  floors,-  parUtions  and 
walls,  by  the  depths  of  tne  girders  and  the 
rigidity  of  their  connections  to  the  columns  and 
bjr  three  special  systems  of  transverse  sway- 
bracing  proportioned  to  take  definite  calculated 
amounts  of  the  bending  moment  and  transmit 
It  as  vertical  trusses  or  stiffened  beams  from 
the  roof  to  the  foundationa  The  principal  sys- 
tem extends  about  half-way  through  the  build- 
ing near  the  center,  and  is  in  the  plane  of  the 
north  wall  of  the  tower.  It  consists  of  a  series 
of  X-braces,  which  form  complete  diagonals  in 
erery  panel  made  by  the  intersections  of  col- 
umns 4  and  21  with  the  floorbeams.  The  lower  ■ 
portion  of  this  system  is  shown  in  the  general 
diagram  of  the  wind  bracing,  and  the  upper 
part  corresponds  to  it  except  in  the  size  of  the 
channels,  which  are  reduced  to  10  inches  in  the 
ninth  story  and  to  9  inches  in  the  fifteenth 
story. 

In  each  panel  one  diagonal  is  made  with  a 
pair  of  continuous  channels  riveted  together 
with  14-inch  filler  plates  between  the  backs  of 
their  webs,  and  has  a  connection  plate  shop- 
rlTeted  at  the  center,  projecting  beyond  both 
flanges,  to  receive  the  field-riveted  connections 
with  the  channels  of  the  intersecting  strut, 
which  are  cut  to  clear  it  The  horizontal  struts 
serve  as  floorbeams  also,  and  are  field-riveted 
to  the  same  web-connection  plates  that  are  shop- 
rlTeted  to  the  columns  and  receive  the  ends  of 
the  diagonals.  The  two  columns  in  this 
panel  of  bracing  have  their  upper  ends 
connected  by  solid- web  kneebraces  to  the 
lower  flange  of  the  seventeenth-story  trans- 
verse plate-girder  which  supports  the  north 
side  of  the  tower  wall.  Above  .this  gir- 
der the  transverse  bracing  is  carried  through 
the  framework  in  the  tower  wall  by  means 
of  kneebraces  between  the  columns  and 
tb«  plate-girders  in  the  end  panels  of  the  frame- 
work, as  shown  in  the  general  diagram.  These 
kneebraces  are  continuous  with  the  girder-webs 
and  correspond  in  detail  to  those  for  the  wall 
girders  of  the  lower  stories. 

Between  columns  3  and  20  there  is  a  different 
system  of  transverse  bracing,  as  shown  In  the 
general  diagram,  which  consists  of  pairs  of  in- 
clined struts  reaching  from  the  center  of  each 
floorbeam  to  points  on  the  columns  as  near  as 
convenient  to  the  floor  below,  thus  allowing 
doors  between  the  braces  in  the  portions  which 
conceal  them.  This  system  commences  with 
IS-lnch  channels  in  the  lower  stories,  where 
each  brace  has  twenty-four  %-inch  rivets  at 
each  end.  In  the  ninth  story  the  braces  are 
made  with  pairs  of  12-Inch  channels  having 
twenty  rivets  in  each  end,  and  in  the  sixteenth 
story  the  channels  are  reduced  to  10  inches. 

The  third  complete  system  is  between  col- 
umns 8  and  9,  and  is  also  shown  for  the  lower 
stories  in  the  general  diagram.  It  is  designed 
In  such  a  manner  as  not  to  obstruct  the  win- 
dows In  the  end  wall  of  the  building,  and  con- 
sists of  plate-girders  with  kneebraced  ends  like 
those  in  the  long  sides  of  the  building.  At  the 
fonrteenth  and  flfteenth  floors,  the  30-inch 
plate-glrders  are  replaced  by  20-inch  I-beams 
with  web  and  flange  connections  to  the  col- 
umns, but  without  kneebraces.  At  the  six- 
teenth floor  the  30-inch  plate-girder  has  knee- 
braces on  the  lower  flange  only.  At  the  roof 
line  there  are  two  I-beams  without  kneebraces. 

The  wall  girders  which  carry  the  brickwork 
in  all  fronts  of  the  bnlldlng  correspond  in  gen- 
eral   with    the    fourth-floor    girder   4T5   here 


shown,  except  for  variations  in  the  dimensions, 
and  rivet  spacing  in  the  connections  for  brack- 
ets and  columns.  The  flange  angles  are  con- 
tinuous from  column  to  column,  but  the  web  is 
cut  short  at  both  ends  and  is  shop-spliced  to  the 
end  sections,  which  project  beyond  both  flanges 
and  are  fleld-rlveted  to  the  columns  to  make 
kneebraces.  The  inclined  edges  of  the  web  are 
stiffened  with  pairs  of  3x3-inch  flange  angles, 
and  the  vertical  edges  are  field-riveted  to  two 
connection  angles,  one  of  which  is  shop-riveted 
and  the  other  is  field-riveted  to  the  column,  as 
shown  in  the  accompanying  column  details. 
This  arrangement  allows  one  of  the  long  col- 
umn angles  to  be  shipped  loose  and  promotes 
the  facility  of  field  connection. 

All  columns  are  seated  on  rectangular  cast- 
steel  bases  corresponding  to  that  here  shown 
for  column  4,  which  weighs  7,290  pounds,  and 
distribute  the  loads  on  the  granite  piers,  which 
in  turn  reduce  the  loads  to  a  maximum  pres- 
sure of  20  tons  per  square  foot  on  the  rock 
foundation.  The  pedestals  were  very  carefully 
adjusted  with  transit  and  leveling  instruments 
and  set  on  grout  poured  in  under  slight  pres- 
sure. They  contain  no  metal  less  than  H^ 
inches  in  thickness,  and  all  angles  are  carefully 
filleted.  The  large  holes  in  the  base  plates  are 
cored  to  receive  1%-inch  anchor  bolts,  and  the 
small  open  holes  In  the  cap-plates  are  drilled 
to  match  the  column  bases  to  which  they  are 
field-riveted.  Very  great  care  was  taken  in 
assembling  all  columns  and  girders  and  sway- 
bracing  so  as  to  prevent  any  deviation  from 
verticallty  In  the  tall  column  lines,  most  es- 
pecialTy  in  the  lower  stories.  The  first  two 
columns  which  were  erected  in  each  tier  were 
very  carefully  plumbed  with  a  transit  and  were 
immediately  braced  by  diagonal  timbers  in  lon- 
gitudinal and  transverse  planes  firmly  clamped 
to  the  upper  tier  of  floorbeams.  Afterward  the 
successive  column  sections  of  the  same  tier 
were  braced  to  these  by  their  floorbeams  and 
girders,  and  the  permanent  steel  sway-bracing 
was  connected  as  rapidly  as  possible,  additional 
temporary  braces  being  inserted  and  adjust- 
ment being  made  with  wedges  or  tackles,  if 
necessary,  to  correct  the  alignment  and  main- 
tain it  perfectly  until  the  permanent  sway- 
bracing  was  completely  riveted. 

Messrs.  Cyrus  L.  W.  Eidlitz  and  Andrew  C. 
McKenzie  are  the  architects;  Mr.  W.  B.  Bam- 
ford  and  Mr.  Paul  Gemelin,  of  their  staff,  are 
respectively  the  general  superintendent  in 
charge  of  the  building  and  the  chief  draftsman. 
The  foundations  and  structural  steel  were  de- 
signed and  detailed  in  the  New  York  office  of 
Purdy  &  Henderson,  Mr.  Charles  F.  Berger, 
manager.  The  general  contract  was  awarded 
to  the  George  A.  Fuller  Company,  Mr.  L.  R. 
Barras  and  Mr.  George  Moyer  being  succes- 
sively superintendents  of  constniction.  The 
structural  steel  work  was  furnished  by  the 
Carnegie  Steel  Company. 


Types  and  Details   of  Bridge  Constructioa^ 
Plate  Girders— III. 

U,v   riank   \V.    Sklimer.  C.   E. 


Of'E.v  CoLKTs  APiOCXi)  TuFATERS  must  be  pro- 
vided hereafter  in  New  York  City  in  the  case  of 
new  structures  of  this  class.  An  amendment  to 
the  building  code  has  been  adopted  that  re- 
quires that  such  a  building  shall  have  at  least 
one  front  on  the  street,  this  having  suitable 
means  of  entrance  and  exit  at  least  25  feet  In 
width,  and  in  addition  shall  have  an  open 
court  or  space  in  the  rear  and  on  the  side  not 
bordering  on  the  street,  where  the  building  is 
located  on  a  corner  lot,  or  In  the  rear  and  on 
both  sides  where  there  is  but  the  one  frontage. 
The  width  of  the  courts  must  be  7  feet  where 
the  seating  capacity  is  not  over  1,000  people, 
12  feet  where  the  seating  capacity  is  between 
1,000  and  1,800,  and  14  feet  where  the  seating 
accommodation  is  over  1,800. 


Suspended  and  Rocker  Bearings. — ^A  double- 
track  through  plate-girder  bridge  on  the  line  of 
the.  Chicago,  Milwaukee  &  St  Paul  Railway  Is 
about  202  feet  long  between  the  end  bearings 
on  the  abutments,  which  are  square  with  the 
bridge  axis.  It  is  divided  into  three  approxi- 
mately equal  spans  by  two  river  piers  skewed 
at  an  angle  of  nearly  45  degrees  with  the 
bridge  axis.  The  ends  of  the  girders  all  have 
pin  bearings,  and  all  are  movable  longitudi- 
nally except  at  one  abutment.  On  both  piers 
the  adjacent  spans  are  supported  on  the  same 
pedestals,  thus  affording  a  continuity  of  the 
lower  flanges,  which  permits  expansion  without 
the  distortion  that  would  otherwise  occur  with 
the  skew  piers. 

Riveted  shoes  are  bolted  to  the  bottom 
flanges  of  the  girders  and  are  much  wider 
transversely  than  the  bottom  flanges  are.  They 
take  bearing  on  sole  plates  extended  beyond 
the  flange  angles  and  reinforced  by  vertical 
transverse  gusset  plates  riveted  to  the  web- 
stiftener  angles.  They  have  three  double  longi- 
tudinal web  plates  spaced  far  enough  apart  to 
provide  lateral  stability  for  the  support.  The 
pedestal  is  like  the  shoe  reversed,  but  is  some- 
what longer  and  wider.  It  has  double  web 
plates  in  the  same  planes  as  those  of  the  shoe, 
and  these  pairs  of  plates  are  far  enough  apart 
to  receive  between  them  solid  vertical  links, 
bored  to  engage  top  and  bottom  pins,  which  con- 
nect them  and  lock  the  different  members  of  the 
bearing  together. 

These  links  serve  as  rockers  and  permit  lon- 
gitudinal movement  without  lateral  displace- 
ment. They  are  considered  advantageous  be- 
cause they  afford  perfect  distribution  of  the 
bridge  weight  on  the  pedestals  and  cannot  be 
clogged  with  dirt  or  rust  as  rollers  sometimes 
are.  At  the  abutment  ends  of  the  girders  of 
one  span  each  shoe  has  three  links  and  each 
link  has  two  pins.  At  the  opposite  or  fixed-end 
abutment  the  shoe  and  pedestal  webs  overlap 
and  are  locked  together  longitudinally  by  a 
single  pin.  At  both  the  piers  all  the  bearings 
are  similar  to  those  of  the  expansion  abutment, 
except  that  each  shoe  and  pedestal  receives  the 
ends  of  the  two  adjacent  girders  in  the  succeed- 
ing spans  and  has  two  sets  of  pins  and  links, 
one  under  the  bearing  of  each  girder,  thus 
securing  continuity  between  the  lower  flanges 
of  the  girders  in  both  spans.  This  detail  was 
Illustrated  In  The  Engineering  Record  of  No- 
vember 21,  1891. 

In  the  1896  standards  for  plate  girders  on  the 
Northern  Pacific  Railroad  the  expansion  ends 
of  plate  girders  70  feet  and  more  in  length 
were  seated  on  rocker  bearings  made  with  a 
riveted  shoe  and  pedestal  connected  with  curi- 
ous double-cylindrical  pins.  The  shoes  had 
triple  webs,  with  their  ends  covered  by  bent 
transverse  plates,  to  exclude  dirt,  and  were 
bored  to  give  about  220  degrees  bearlr(g  on  the 
pins.  The  pedestals  were  like  the  shoes  re- 
versed and  made  with  wider  base  plates,  so  as 
to  allow  for  the  outside  anchor  bolts.  They 
were  seated  on  lead  bearing  plates,  and  the  web 
cover  plate  on  the  outside  end  was  bolted  on 
Instead  of  being  riveted.  In  order  to  allow  Its 
removal  to  facilitate  inspection  and  cleaning. 
There  was  a  clearance  of  1  inch  between  the 
shoe  and  pedestal  which  provided  amply  for 
longitudinal  displacement. 

The  pins  were  the  most  Interesting  part  of  the 
connection,  and  consisted  of  solid  steel  bars 
flnished  to  a  cross-section  resembling  two  tan- 
gent 4-lnch  circles  with  their  circumferences 
connected    by   straight   lines   about    3    inches 
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apart,  parallel  to  the  line  through  the  centers 
of  the  circles.  The  ends  of  the  pins  were 
turned  cylindrical  and  projected  several  Inches 
beyond  the  nuts  to  form  shoulders  long  enough 
to  afford  bearings  by  which  the  girder  could  be 
raised  if  necessary.  Oval  washers  between  the 
nuts  and  the  shoe  and  pedestal  webs  protected 
the  ends  of  the  pins  and  locked  the  shoe  and 
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angles  about  a  foot  from  the  edge  and  parallel 
with  it.  The  girder  is  suspended  by  a  pair  of 
vertical  sheared  plate  links  about  9  Inches  wide, 
with  a  3-inch  pin  through  each  end.  No  jaws 
are  provided  on  the  ends  of  the  girders  to 
secure  transverse  stability,  and  the  joint  is  a 
flexible  one.  The  bridge  was  described  in  The 
Engineering  Record  of  June  5,  1897. 

The  long  spans  of  the  Harvard  Bridge,  Bos- 
ton, alternate  with  the  short  spans,  and  the 
girders  of  the  former  spans  project  15  feet  % 
inch  beyond  the  pier  centers  to  form,  on  both 
sides  of  the  long  spans,  cantilever  arras,  from 
which  are  suspended  the  75-foot  2%-inch  con- 
necting girders.  The  adjacent  ends  of  the  webs 
of  the  cantilever  and  suspended  girders  are 
notched  about  12  inches  on  their  upper  and 
lower  sides  respectively,  so  that  they  will  just 
fit  together,  with  an  offset  joint  having  about 
1  inch  vertical  and  horizontal  clearance.     The 


the  three  lines  of  longitudinal  girders,  about 
75  feet  long  and  8M>  feet  deep  over  all, 
are  supported  at  one  end  by  a  fleld- 
riveted  connection  through  the  end  web- 
stiffener  angles,  and  at  the  other  end  are  sus- 
pended by  vertical  eye-bars  front  the  tops  of 
vertical  columns.  Each  column  is  made  with 
a  trough-shaped  cross-section  composed  of  two 
built  channels  and  a  cover  plate,  and  has  near 
the  top  a  cast-steel  flanged  bearing  riveted  to 
each   web,   to   receive  a   5-inch   horizontal   pin. 

The  horizontal  bases  of  these  castings  are 
feeated  on  the  milled  upper  ends  of  vertical 
bearing  angles  riveted  to  the  column,  and  dis- 
tributing the  loads  through  a  suflBcient  rivet 
bearing  area. 

The  pin  engages  two  6xl%-inch  eye-bars  4 
feet  long  on  centers,  which  at  their  lower  ends 
take  a  similar  but  shorter  pin  through  the 
lower  edge  of  the  girder  web.    The  end  of  the 
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Si.\(  i.K  .v.NU  DoiHLK  Rocker  Beabin(is,  Chicago,  Milwaukee  &  St.  Paul 

Railroad. 


End     of    Suspended    Span. 

End  of  Girder  in  Center  of  Span,    Harvard  Bbidoe. 
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Cantilever  End^ 

Support     of    Suspended   Span. 

Consolidated  Traction  Company's  Bridge  between  Newark  and  Jersey 

City. 
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Expansion      End. 

Rocker  Bearing  for  70-Foot  Deck  Span,  Northern   Pacific  Railway, 

1896. 


Examples  of  Suspended  and  Rocker  Bearings  for  Expansion  Ends  of   Plate   Girders. 


pedestal    together   without    requiring    nuts    of 
very  large  diameter. 

The  electric  street  cars  of  the  Consolidated 
Traction  Company  cross  the  tracks  of  the  Dela- 
ware, Lackawanna  &  Western  Railroad  between 
Jersey  City  and  Newark,  N.  J.,  on  two  single- 
track  skew  plate-girder  viaducts.  The  94-foot 
spans  have  a  curious  arrangement  of  girders  in 
which  one  of  them,  78  feet  long,  is  supported 
at  one  end  on  a  vertical  column,  and  at  the 
other  end  is  suspended  from  the  extremity  of 
a  girder  which  cantilevers  nearly  15  feet  be- 
yond the  supporting  column.  The  adjacent 
ends  of  these  girders  are  cut  at  an  angle  of 
about  45  degrees  with  the  vertical,  and  their 
tapered  webs  are  reinforced  at  the  ends,  that  of 
the  suspended  girder  having  inclined  stiffener 


web-stiffener  angles  are  set  back  to  the  inner 
edges  of  the  notches  and  the  projecting  ends 
of  the  web  are  reinforced  and  bored  for  4-inch 
pins,  which  engage  the  pair  of  vertical  eye-bar 
suspension  links.  Lateral  rigidity  is  secured 
and  longitudinal  expansion  and  contraction  Is 
permitted  by  top  and  bottom  flange  cover 
plates,  which  are  riveted  to  the  end  of  one 
girder  and  bolted  through  slotted  holes  to  the 
other,  and  vice  versa. 

The  viaduct  which  has  been  designed  to  carry 
Atlantic  Avenue,  Boston,  over  the  tracks  of  the 
Boston  Terminal  Company,  is  composed  In  part 
of  plate-girder  spans.  The  substructure  has 
been  built,  b>it  the  superstructure  has  not  yet 
been  built,  although  the  design  has  been  de- 
tailed    as     here     described.      In     one     span 


girder  is  thus  free  to  swing  back  and  forth 
inside  the  column  to  allow  for  expansion  and 
contraction,  but  flts  so  closely  between  the  bear- 
ings that  there  is  little  room  for  transverse 
motion. 

The  end  of  the  web  of  the  girder  is  rein- 
forced with  side  plates,  and  has  a  steel  bearing 
casting  on  each  side  seated  on  vertical  stiffener 
angles  like  those  of  the  column.  An  8xl0-inch 
slotted  hole  on  the  center  of  the  upper  pin 
gives  clearance  for  the  latter  to  pass  through 
the  girder  without  bearing.  This  bearing  is 
sensitive  to  slight  movements,  cannot  transmit, 
any  longitudinal  stresses  from  column  to  gir- 
der, and  is  not  in  danger  of  being  impaired  by 
the  accumulation  of  dirt  or  rust.  The  design 
is  not  shown  in  the  drawings. 
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Effect  of  Meters,  New  Storage  Beserroir  and 
Yield  of  Watenhed,  Newark  Water  Works. 


In  connecUon  with  the  article  on  the  prob- 
able effect  of  metering  at  Pittsburg,  printed 
May  14,  and  In  view  of  the  current  interest  iu 
the  subject  of  water  waste  restriction,  some 
statements  and  a  diagram  in  the  forthcoming 
report  for  1903  of  Mr.  M.  R.  Sherrerd,  engineer 
and  snperlntendent  of  the  department  of  water 
of  Newark.  N.  J.,  deserve  attention.  The  dia- 
gram is  80  plain  that  it  needs  no  explanation. 
It  shows  the  influence  of  the  compulsory  intro- 
duction of  at>out  -{.(MX)  meters  on  wasteful  con- 
sumem  during  1899  and  1900.  The  average 
dailjT  consumption  per  tap  was  reduced  from 
840  gallons  in  Che  year  1898.  to  700  gallons 
for  IMO.  The  result  has  practically  extended 
for  five  years  the  period  for  which  the  present 
watershed  development  will  be  adequate. 

The  effect  on  reducing  the  revenue  of  the 
-department  by  these  meters  was  slightly  felt 
for  two  years,  but  the  average  yearly  increase 
in  water  rent  income  became  normal  after  that 
time  The  voluntary  introduction  of  meters  by 
consumers  to  obtain  the  advantage  of  the  ab- 
sence of  a  minimum  rate  has  been  more  ap- 
parent in  the  effect  on  the  revenue  than  the 
meters  introduced  by  the  department.  The 
average  dally  consumption  of  water  during  the 
year  1903  was  26.611.000  gallons,  the  average 
rate  per  tap  per  day  being  716  gallons.  At  the 
-close  of  the  year  there  were  about  37,180  taps 
connected  with  the  distribution  system. 

The  necessity  for  a  large  storage  reservoir 
located  near  the  city  and  independently  con- 
nected with  the  distribution  system  was  re- 
peatedly recommended  by  Mr.  Sherrerd.  Such 
*  reservoir  is  now  nearing  completion;  it  is 
known  as  the  Cedar  Grove  reser\'oir,  and  was 
fully  described  in  an  illustrated  article  pub- 
lished December  5  and  12,  1903.  The  following 
paragraphs  from  the  report  will  supplement 
that  description,  bringing  out  several  points  of 
Interest: 

Water  is  brought  to  Newark  from  the  Pe- 
<|uannock  watershed  through  two  lines  of  steel 
pipe,  each  21  miles  long.  It  is  delivere.d  into 
small  reservoirs  which  serve  merely  to  regu- 
late the  pressure,  there  being  within  or  near 
the  city  storage  capacity  only  sufficient  for  a 
day's  supply  of  water  under  normal  draft. 

Under  these  conditions,  and  until  the  new 
storage  reservoir  shall  be  completed,  the  secur- 
ity of  Newark's  water  supply  depends  upon 
the  consUnt  integrity  of  these  two  lines  of 
steel  pipe  21  miles  long,  and  as  the  two  pipes 
are  only  12  feet  apart,  an  accident  that  injured 
one  would  be  very  liable  to  put  the  other  also 
out  of  service.  The  possibility  of  such  accl- 
denU  were  very  vividly  shown  in  the  flood  of 
last  October,  when  in  two  places  both  pipes 
were  undermined  by  greatly  swollen  streams, 
and  for  a  number  of  days  the  city's  water  sup- 
ply was  In  grave  danger  of  being  altogether 
cut  off.  If  a  break  had  occurred  repairs  could 
not  have  been  made  Immediately,  due  to  the 
general  Interruption  of  transportation  caused 
by  the  flood.  A  description  of  this  accident, 
illustrated  by  photographs  kindly  furnished  by 
Mr.  Sherrerd  was  printed  in  the  issue  of  Janu- 
ary 23,  1904. 

The  Cedar  Grove  site  has  many  advantages 
for  the  location  of  such  a  reservoir.  The  con- 
tour of  the  ground  forms  largely  a  natural 
basin,  and  with  the  construction  of  three  dams 
or  dykes,  a  storage  capacity  of  about  700,000,000 
gallons  can  be  obUlned.  The  elevation  Is  such 
that  the  water  surface  of  the  reservoir  will  lie 
on  the  hydraulic  grade  line  of  the  watershed 
conduits,  thus  Insuring  no  loss  of  head  in  de- 
livering water  to  the  city  nor  diminution  in 


carrying  capacity  of  the  conduits.  Also,  the 
location  is  only  one  mile  from  these  conduits, 
and  in  such  a  relation  between  them  and 
Newark,  that  a  direct  connection  from  the 
reservoir  to  the  city  will  materially  shorten 
the  distance  over  the  present  Belleville  route 
and  thus  increase  the  available  head,  and  pos- 
sible maximum  draft.  This  location  gives  an 
opportunity  of  supplying  a  large  territory  of 
high  land  adjoining  Newark  which  is  likely 
before  long  to  look  to  the  city  for  water. 

The  complete  undertaking  Included  the 
Cedar  Grove  storage  reservoir;  a  supply  pipe 
leading  from  the  watershed  conduits  to  the 
reservoir;  an  outlet  tunnel  from  the  reservoir 
under  First  Mountain;  and  a  distribution  pipe 
from  the  end  of  the  tunnel  to  the  city,  about 
7  miles  long.  The  total  cost  of  these  works 
will  be  very  nearly  |1,650,000,  including  cost  of 
land. 

In   service,   under  normal   conditions,   all  of 


To  secure  this  latter  object  proper  circulation 
must  be  provided,  and  the  structures  and  pipes 
within  the  basin  are  in  a  large  measure  arranged 
to  attain  this  end.  The  circulating  conduits  are 
of  concrete  steel;  their  construction  was  shown, 
and  described  in  detail  in  the  articles  referred 
to.  Another  important  advantage  will  be 
gained  from  the  use  of  the  new  storage  reser- 
voir In  avoiding  the  present  necessity  of  send- 
ing roily  wafer  during  periods  of  heavy  rain- 
fall, into  the  pipe  lines  at  the  Macopin  Intake 
and  thus  into  the  distribution  system. 

The  report  contains  valuable  Information  re- 
lating to  rainfall  and  the  yield  of  the  water- 
shed. Gaugings  have  now  been  made  at  the 
Pequannock  watershed  for  twelve  years;  and 
while  it  is  probable  that  in  the  future  a  period 
of  more  severe  drought  will  occur  than  has 
been  experienced  since  these  records  have  been 
kept,  yet  they  have  been  continued  long  enough 
to  be  of  substantial  value. 


Area.s  of  W.\tersheds  and  Rbsebvoibs  and  Capacities  of  Reservoibs. 
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6,073  Mil.  Gals. 

the  water  used  by  Newark  will  be  delivered 
into  Cedar  Grove  reservoir  from  the  watershed, 
and  thence  sent  out  through  the  tunnel  and  dis- 
tribution lines  to  the  city.  Besides  serving  as 
a  storage  place  for  a  large  amount  of  reserve 
water  in  case  of  an  emergency,  and  Incidentally 
Increasing  the  efficiency  of  the  watershed,  the 
reservoir  will  answer  another  useful  purpose 
In  improving  the  quality  of  the  water  by  allow- 
ing sedimentation  and  bleaching  to  take  place. 


9,092  Mil.  Gala. 

In  the  use  of  these  records  the  development 
of  the  watershed  and  some  of  Its  physical  char- 
acteristics should  be  taken  into  account.  In 
outline  the  watershed  is  shown  on  the  map.  It 
will  be  noticed  that  Clinton  reservoir  receives 
the  entire  drainage  from  one  of  the  upper 
branches  of  the  Pequannock;  that  Canlstear 
reservoir  supplements  Oak  Ridge  reservoir  in 
storing  drainage  from  the  entire  upper  portion 
of  the  main  river;  and  that  the  lower  portion  of 


June  ii,  1904. 


THE    ENGINEERING    RECORD. 


747 


the  watershed,  about  a  third  of  the  entire 
drainage  area,  has  no  storage  development 
whatever.  Echo  Lake  Is  a  natural  body  of 
water  from  which  a  comparatively  small 
amount  may  be  drawn.  A  tabulated  statement 
concerning  the  areas  of  the  sub-divisions  of  the 
watershed  and  reservoir  capacities  is  given  here 
as  explanatory  of  the  map.  At  least  75  per 
cent,  of  the  watershed  is  of  a  rugged  and  moun- 
tainous nature  and  the  territory  Is  sparsely 
settled. 

The  run-off  records  are  accompanied  by  state- 
ments of  unavoidable  waste,  amount  utilized 
for  water  supply,  and  the  amounts  In  storage. 
These  statements  are  taken  from  a  calculation 
made  to  determine  whether  sufficient  reservoir 
storage  had  been  provided  to  enable  50,000,000 
gallons  per  day  to  be  drawn  from  the  Pequan- 
nock  watershed.  They  are  based  upon  the  sup- 
position that  each  day  since  June  1,  1891,  50,- 


total  amount  of  water  wasted  over  Macopin  In- 
take dam  under  a  draft  of  50,000,000  gallons 
per  day,  and  shows  in  a  large  measure  what 
might  be  saved  for  use  with  an  Increased  stor- 
age capacity.  The  tables  show  that  in  1901 
there  would  have  been  a  deficiency  In  the  sup- 
ply of  887,000,000  gallons  under  a  daily  draft 
of  50,000,000  gallons.  To  have  a  continued  un- 
interrupted supply  of  this  latter  (luantity,  the 
storage  capacity  should  have  been  increased  by 
at  least  the  amount  of  the  deficiency.  Cedar 
Grove  reservoir,  when  completed,  will  add 
about  700,000,000  gallons  to  the  storage.  The 
amount  which  could  have  been  furnished  dally 
during  the  period  above  mentioned  under  the 
present  watershed  development,  would  have 
been  47,000,000  gallons.  Cedar  Grove  reservoir 
storage  added  would  have  made  the  dally  avail- 
able supply  approximately  50,000,000  gallons. 
The  minimum  run-off  in  Inches  depth  on  the 
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Map  of  Pequannock  Watershed  of  the  Newark  Water  Works. 
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000,000  gallons  had  been  drawn  through  the 
conduits  from  the  watershed,  but  all  data  used 
is  from  actual  gaugings.  Up  to  the  end  of 
1895,  the  gaugings  of  the  East  Jersey  Water 
Company  were  taken;  since  that  time  those  of 
the  Newark  Water  Department  have  been  used. 
In  this  calculation  after  September,  1900,  when 
the  entire  supply  was  turned  over  to  the  city, 
Canistear  reservoir  and  Echo  Lake  were  also 
included  with  Clinton  and  Oak  Ridge  reser- 
voirs, which  were  previously  the  only  ones  con- 
sidered. 

The  gauges  read  to  obtain  the  average  rain- 
fall for  the  various  years  were  located  as  fol- 
lows: For  1892,  at  Macopin;  1893  to  1896,  In- 
clusive, Oak  Ridge  and  Charlottesburg;  1897 
to  1903,  inclusive,  Oak  Ridge,  Charlottesburg 
and  Newfoundland,  as  shown  by  the  accom- 
panying table. 

The  column,  "Unavoidable  Waste,"  gives  the 


drainage  area  was  18.97  inches  in  the  year 
1895.  A  yield  of  50,000,000  gallons  per  day 
from  62.5  square  miles  is  equivalent  to  an  an- 
nual depth  of  water  over  the  entire  watershed 
of  16.8  inches. 

The  column,  "Amount  Utilized  for  Water 
Supply"  gives  the  quantity  delivered  into  the 
conduits  and  added  to  storage. 

The  Board  has  adopted  as  a  settled  policy 
that  land  lying  along  all  main  streams  in  the 
watershed,  which  may  be  offered  at  a  reason- 
able price,  should  be  acquired  by  the  city;  the 
amount  of  land  purchased  in  any  one  year 
being  limited  only  by  the  funds  available,  and 
the  reasonable  offers  made. 


The  Telki'iione  Statistics  ol  the  United 
States  for  the  year  1902  show  a  total  of  9.136 
systems  and  lines.  4,900,451  miles  ot  single 
wire,  and  2,371,044  telephones. 
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Bcfase  Destruction  by  Burning. 

At  the  joint  meeting  Imst  week  of  tlie  Institu-  ° 
tion  of  Mechanical  Engineers  and  American  So- 
cletr  of  Mechanical  EIngineers,  two  papers  were 
pwiBted  OB  the  subject  of  the  burning  of  town 
rafaae.  One  of  these  was  contributed  by  Mr. 
C  Newton  Russell,  electrical  engineer  of  the 
Metropolitan  Borough  of  Shoreditch,  London. 
The  Shoreditch  destructor  plant  has  already 
been  described  In  The  Bngineering  Record,  so 
that  the  review  of  this  paper  need  only  cover 
operating  data.  The  second  paper  was  read  by 
Mr.  George  Watson,  of  Leeds,  England,  and  paid 
special  reference  to  destructors  at  Brussels, 
Vest  Hartlepool,  Moss  Side  and  Westminster. 

The  amount  of  refuse  destroyed  at  Shoreditch 
is  between  25,000  and  26,000  long  tons  per  an- 
num. The  residue  or  clinker  amounts  to  33  to 
3i  per  cent  of  the  weight.  The  average  amount 
of  refuse  received  per  day  is  85  tons,  and  this 
is  delivered  between  9  A.  M.  and  5  P.  M.,  but 
the  amount  varies  considerably,  being  as  low  as 
CO  tons  in  summer  and  as  high  as  140  tons  in 
winter.  The  cost  of  handling  and  burning  the 
refuse,  including  men  employed  in  the  yard, 
ATeraces  60.6  cents  per  ton;  the  unit  cost  for 
charges  to  clerks  and  establishment  expenses  is 
placed  at  9  cents  per  ton,  and  for  repairs  and 
maintenance  and  supplies  is  added  20  cents, 
making  the  total  cost  per  ton  about  90  cents. 
The  amount  of  electric  power  consumed  in  the 
burning  and  handling  is  as  follows:  Electric 
fans,  for  the  forced  draft  fans,  is  4  kilowatt- 
hours  per  ton;  for  the  elevators  and  trucks  for 
handling  material  and  delivering  it  to  the  cells, 
0.5  kilowatt-hour;  and  for  lighting,  0.48  kilo- 
watt-hour, making  the  total  4.98  kilowatt  hours. 
The  residue  from  the  refuse  is  made  up  of 
about  30  per  cent  common  clinker,  3  per  cent 
line  ash,  ^  per  cent,  flue  dust,  and  i^  per  cent. 
old  tins  and  irons. 

Tests  as  to  its  steaoi-raising  capacity  have 
shown  results  of  0.95  pound  of  water  evaporated 
at  a  steam  pressure  averaging  130  pounds  for 
one  pound  of  refuse  burned.  A  considerable  re- 
duction must  however,  be  made  in  these  figures 
when  taken  over,  say,  twelve  months.  The  con- 
ditions may  easily  bring  down  the  average  re- 
sults, in  the  opinion  of  the  author,  to  0.5  pound 
of  water  for  one  pound  of  refuse  burned.  Ex- 
perience at  Shoreditch  shows  that  in  burning 
coal  in  conjunction  with  refuse,  the  full  effi- 
ciency of  the  coal  is  not  obtained  as  In  an  inde- 
pendent boiler,  for  the  reason  that  during  the 
process  of  clinkering  a  considerable  amount  of 
cold  air  unavoidably  finds  its  way  to  the  boiler 
tntMB. 

The  disposal  of  clinker  when  produced  at 
works  situated  in  the  center  of  large  cities  is  a 
difllcult  and  expensive  matter,  as  it  Is  usually 
found  impracticable  to  use  more  than  a  small 
portion  for  concrete  purposes.  The  greater  por- 
tion has  to  be  carted  to  the  outskirts  of  the  city. 
The  author  believes  that  it  is  unnecessary  for 
the  destructor  to  adjoin  an  electric-generating 
station;  in  fact,  it  should  be  located  so  that  the 
dust  from  the  works  and  clinker  yards  cannot 
reach  the  engine  room.  The  flue  dust  is  suitable 
for  use  aa  a  base  for  disinfectant  powder,  and 
large  quaatitlea  are  utilized  in  this  way. 

The  author  is  a  believer  In  the  efficacy  of  the 
forced-air  blast  His  equipment  comprises  three 
Stnrtevant  fans,  each  designed  to  give  8,000 
cubic  feet  of  air  per  minute.  The  full  number 
is  only  put  to  work  during  the  time  of  heaviest 
load.  The  fans  draw  the  hot  air  from  the  top 
platform  of  the  destructor.  The  air  pressure 
in  the  ashpiu  is  slightly  less  than  1  inch,  and 
with  this  figure  the  author  states  that  the  tem- 
perature obtained  in  the  furnaces  often  exceeds 
2.000  degrees  Fahrenheit.    By  increasing  the  air 


pressure  In  the  ashpit  to  2^  inches,  he  has 
found  it  possible  to  burn  25  per  cent,  more 
refuse  than  with  a  pressure  of  1  inch,  and  a 
harder  and  better  class  of  clinker  te  also  pro- 
duced. 

The  second  paper,  by  Mr.  Watson,  was  pref- 
aced with  a  detailed  account  of  the  considera- 
tions applying  to  the  burning  of  refuse.  It  is, 
he  says,  a  fairly  safe  generalization  to  analyze 
town  refuse  In  Great  Britain  as  consisting  of 
one-third  by  weight  of  water,  one-third  com- 
bustible matter,  and  one-third  incombustible. 
He  asserts  that  in  many  places  it  is  safe  to 
guarantee  one  pound  of  steam  per  pound  of 
refuse  In  summer  and  1%  pounds  In  winter. 
With  regard  to  the  lining  of  the  destructor  fur- 
naces, he  says  the  fireplays  should  consist  of  60 
to  70  per  cent  silica  and  30  to  40  per  cent,  alu- 
mina. Brick  too  rich  In  silica  expand  and  con- 
tract far  too  much,  and  clhys  which  answer  well 
for  metallurgical  purposes  are  often  found  too 
brittle  for  destructor  work. 

As  to  the  steam  jet  for  draft,  he  had  the  fol- 
lowing to  say:  For  working  at  the  rate  of  10 
tons  per  twenty-four  hours  on  a  grate  area  of 
30  square  feet,  or  at  a  rate  of  say,  30  pounds  of 
refuse  per  square  foot  of  grate  per  hour,  a  vol- 
ume of  about  700  cubic  feet  of  air  per  minute  at 
atmospheric  pressure  and  temperature  for  each 
cell  is  required,  or,  say,  23  cubic  feet  of  air  per 
minute  for  every  square  foot  of  grate  area  In 
use.  To  deliver  this  quantity  of  air  about  100 
pounds  of  steam  per  hour  for  each  cell  of  the 
given  grate  area  Is  required,  whereas  with  a 
good  centrifugal  fan  only  about  one-fifth  this 
amount,  or,  say,  20  pounds  of  steam  per  hour, 
is  needed.  To  compensate  for  the  larger  con- 
sumption of  the  steam  jets,  it  may  be  stated 
that  provided  the  refuse  Is  rich  enough  in  car- 
bon to  give  the  necessary  temperature  tor  the 
dissociation  of  the  steam,  water  gas  is  formed 
and  improves  the  combustion. 

He  described  a  steam  jet  devised  In  conjunc- 
tion with  Mr.  C.  W.  James.  The  nozzle  is  flat 
instead  of  round,  yielding  a  ribbon  of  steam  In- 
stead of  a  plug  of  steam.  A  thickness  of  1/40 
inch  is  found  best.  It  is  important  that  the 
steam  should  be  superheated,  so  as  to  prevent 
obstruction  in  the  nozzle  Itself,  and  a  pressure 
of  30  to  40  pounds  to  the  square  inch  for  the 
steam  blast  g;ives,  he  says,  the  most  economical 
results.  Steam  jet  trumpets  are  used  in  the 
West  Hartlepool  installation,  combined  with 
cast-iron  sides  of  the  furnaces,  both  above  and 
below  the  grate  bars,  the  side  boxes  serving  the 
double  purpose  of  heating  the  blast  to  a  tem- 
perature of  400  degrees,  and  protecting  tho 
brickwork  at  the  sides  of  the  furnace  from  the 
undermining  action  of  the  hot  clinker. 

The  paper  was  concluded  with  the  results  of 
two  tests.  One  of  these  covered  the  West  Har- 
tlepool destructor,  where  there  are  six  cells 
aggregating  180  square  feet  of  grate  surface. 
The  steam  jet  draft  was  used.  The  refuse  con- 
sisted of  ashpit  nightsoll  and  market  refuse. 
The  boiler,  of  the  Babcock  &  Wilcox  type,  has 
2,393  square  feet  of  heating  surface.  Some  31.5 
pounds  of  refuse  were  burned  per  square  foot  of 
grate  per  hour.  The  labor  cost  17.8  cents  per 
ton.  About  3.03  pounds  of  water  were  evapo- 
rated per  square  foot  of  heating  surface  per 
hour,  and  1.56  pounds  per  pound  of  refuse  from 
and  at  212  degrees  Fahr.  The  steam  pressure 
was  156  pounds  and  the  feed  temperature  43  de- 
grees. The  other  was  of  the  Westminster  plant. 
With  a  total  grate  surface  of  252  square  feet, 
steam-jet  draft,  house,  trade  and  market  refuse, 
27.2  pounds  were  burned  per  square  foot  of 
grate  per  hour,  and  24.9  per  cent  of  clinker 
and  a«h  remained.  The  conditions  at  this  de- 
structor did  not  allow  for  the  full  tests  cited 
for  the  West  Hartlepool  plant. 


A  Small  Concrete-Steel  Sewage  Pumping  Sta- 
tion, at  Newton,  Mass. 

Newton  is  a  residential  city  of  about  35,000 
inhabitants,  a  suburb  of  Boston.  During  the 
past  year  or  two  some  Interesting  work  has 
been  done  in  connection  with  the  sewerage  sys- 
tem of  this  place,  in  small  ways,  as,  for  ex- 
ample, the  construction  of  a  sewer  crossing  be- 
neath the  old  Cochituate  aqueduct  of  the  Boston 
Metropolitan  Waterworks,  described  In  this 
journal  November  14,  1903,  by  means  of  tele- 
scopic steel  tubes  pushed  through  the  earth  be- 
neath the  aqueduct  from  one  side  to  the  other. 

In  the  section  of  the  city  known  as  Newton 
Upper  Falls  there  is  a  comparatively  small 
built-up  area  situated  between  the  New  England 
branch  of  the  New  York,  New  Haven  &  Hart- 
ford Railroad  and  Needham  Street,  which  was 
for  some  time  in  urgent  need  of  sewers  and 
for  which  relief  was  provided  during  the  past 
year.  To  have  discharged  the  sewage  from  this 
locality  through  a  gravity  outlet  would  have 
required  the  construction  of  3,600  feet  of  trunk 
sewer  along  low  land  adjacent  to  the  Charles 
River,  at  an  estimated  cost  of  $45,000,  an  ex- 
pense which  would  have  been  too  great  a  bur- 
den upon  the  property  benefited.  The  difficulty 
was  surmounted  by  the  construction  of  a  small 
pumping  station  with  an  inexpensive  force 
main.  The  following  description  of  this  plant 
and  the  accompanying  illustrations  have  been 
taken  from  the  recent  annual  report  of  City 
Engineer  Irving  T.  Farnham,  under  whose  gen- 
eral supervision  the  work  was  done.  This  sta- 
tion may  be  superseded  In  the  future  whenever 
the  development  of  the  district  to  be  benefited 
may  make  it  expedient  to  construct  the  gravity 
outlet  sewer. 

Lateral  sewers  have  been  laid  in  the  streets 
in  immediate  need  so  as  to  conduct  the  sewage 
through  an  8-lnch  sewer  to  a  tank  built  In  prop- 
erty, near  the  river,  already  owned  by  the  city, 
over  which  a  small  pumping  outfit  was  installed 
that,  with  a  total  lift  of  30.7  feet,  sends  the 
sewage  through  a  6-inch  cast-iron  force  main 
1,400  feet  long  into  an  existing  gravity  trunk 
sewer.  The  tank  and  the  pump  house  are 
wholly  of  Portland  cement  concrete  reinforced 
with  twisted  square  steel  rods  and  metal  lath. 
The  drawings  show  the  arrangement  and  most 
of  the  details  of  the  plant. 

The  tank  is  18  feet  in  diameter  and  about  7 
feet  deep  inside,  having  a  capacity  of  approxi- 
mately 13,000  gallons.  Its  walls  are  12  inches 
thick  with  footings  18  inches  wide.  The  bottom 
is  6  Inches  thick  and  slopes  to  a  sump  at  the 
center,  about  a  foot  deep.  A  partition  wall  10 
inches  thick,  built  on  a  diametral  plane,  divides 
the  tank  and  sump  Into  two  equal  parts.  This 
wall  is  pierced  at  the  bottom  by  an  8x8-inch 
opening  controlled  by  a  sluice  gate,  thus  per- 
mitting the  cleaning  of  one  chamber  or  the  re- 
pairing of  the  pump  in  it  while  the  sewage  is 
discharging  into  the  other.  The  roof  of  the 
tank  is  5  inches  thick  and  Its  top  is  about  10 
feet  below  the  surface  of  the  ground.  To  sup- 
port the  longer  walls  of  the  pump  house  two  10- 
inch  steel  I-beams  were  laid  across  the  tank  and 
supported  by  its  walls,  and  similarly  two  8-inch 
I-beams  were  set  as  shown  to  carry  the  pump- 
ing machinery.  The  roof  is  reinforced  with 
metal  lath  and  the  slab  between  the  8-inch 
beams  is  10  inches  thick. 

The  pump  house  is  9x17  feet  and  9  feet  8 
inches  high  underground,  while  the  superstruc- 
ture is  9x11  feet,  and  only  7  feet  1  inch  high  in- 
side. The  basement  walls  are  only  8  inches 
thick,  reinforced  with  metal  lath  and  twisted 
steel  rods,  but  have  several  inside  buttresses, 
as  shown.  From  the  middle  of  one  of  the  long 
sides  of  the  basement  there  is  an  extension  3 
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feet  wide  and  8  feet  long  inside  wiilch  serves  as 
3.  valve  and  pipe  chamber.  Through  it  the  sewage 
enters,  and  in  it  the  discharge  pipes  from  the 
pumps  connect  with  the  end  of  the  force  main, 
the  latter  being  conveniently  fitted  with  a  clean- 
out.  This  chamber  can  be  entered  only  from 
the  basement,  but  is  ventilated  directly  to  the 
open  air,  as  shown.  Besides  the  indirect  illumi- 
nation from  the  upper  story  the  basement  re- 
ceives light  through  two  bulkhead  windows  set 
in  the  sloping  tank.  The  superstructure  walls 
are  6  inches  thick  and  pierced  by  liberal  win- 
dows. The  roof  is  5  inches  thick  at  the  side 
"walls  and  7  inches  at  the  ridge,  the  only  pitch 
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gine  room  which  would  otherwise  be  occupied 
by  large  tanks.  A  check  valve  placed  in  the 
discharge  pipe  between  the  pumps  and  the  force 
main  closes  and  prevents  the  backflow  of  sew- 
age from  the  main  after  the  pumps  have 
stopped.  The  engines,  piimps,  radiators  and  all 
the  piping  inside  the  station  were  furnished 
and  set  up  under  contract  by  the  Charles  J. 
Jager  Company,  of  Boston,  the  company  agree- 
ing to  make  all  necessary  repairs  and  keep  the 
plant  in  working  order  for  a  period  of  five 
years,  and  leave  it  in  good  condition  at  the  end 
of  that  time.  The  contract  for  the  installation 
required  a  delivery  of  150  gallons  per  minute 
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sewage  pump  twice  each  day  and  starts  the  en- 
gine. When  the  well  is  discharged,  an  auto- 
matic float  device  cuts  out  the  electric  ignitor 
and  stops  the  engine.  The  cost  of  fuel  con- 
sumed has  been  |0.012  per  thousand  gallons  of 
sewage  pumped. 

The  gasoline  tank  is  buried  in  the  ground 
near  the  pump  house,  and  the  pipes  connected 
with  it  are  reached  through  a  manhole.  The 
6-inch  force  main  was  laid  alongisde  the  trench 
for  the  sewer  leading  to  the  station,  about  5  feet 
below  the  surface.  The  main  passes  through 
the  sewer  manholes  and  at  each  manhole  is  pro- 
vided with  an  opening  covered  by  a  cast-iron 
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cap  bolted  on.  These  covers  may  be  removed  at 
any  time  when  the  pumps  are  not  running,  thus 
affording  access  to  the  main  for  Inspection  or 
flushing. 

The  total  cost  of  this  pumping  plant  was  $6,- 
700.  Assuming  that  it  will  be  replaced  at  the 
expiration  of  ten  years  by  the  main  gravity 
sewer  and  comparing  the  cost  of  interest,  sink- 
ing fund,  maintenance  and  operation  with  the 
interest  on  the  cost  of  the  main  sewer  on  a  3% 
per  cent,  basis,  shows  an  annual  saving  of  |500. 
The  area  tributary  to  this  sewer  is  very  sparsely 
populated,  and  the  pumps  are  capable  of  han- 
dling a  considerably  larger  quantity  of  sewage 
than  now  reaches  them,  so  that  the  construc- 
tion of  the  outlet  sewer  can  probably  be  de- 
layed much  longer  than  ten  years,  with  a  corre- 
spondingly Increased  saving. 
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Concrete-Steel    Sewage    Pumping    Station    with    Gasoline    Engine,    Newton,    Mass. 


In   the   outer   surface  of  the   roof  being  the   2 
Inches  due  to  the  increase  in  thickness. 

The  pumping  apparatus  consists  of  two  314- 
inch  horizontal  centrifugal  pumps  operated  by 
two  6-horse-power  Fairbanks-Morse  gasoline 
engines.  The  machinery  is  in  duplicate,  and 
the  connections  are  such  that  either  engine  can 
be  used  to  drive  either  pump,  or  both  engines 
to  operate  one  or  both  pumps,  running  together. 
A  special  feature  of  the  plant  is  the  cooling,  by 
means  of  a  system  of  radiators,  of  the  water 
which  is  circulated  through  the  engine  cylin- 
ders.    This  saves  considerable  space  In  the  en- 


from  each  pump  when  running  at  full  speed. 
Tests  made  after  the  pumps  had  been  in  opera- 
tion a  short  time  showed  a  discharge  of  200 
gallons  each  per  minute. 

The  Introduction  of  such  a  pumping  plant 
into  the  Newton  sewerage  system,  which  is 
otherwise  entirely  a  gravity  system,  is  made 
possible,  considered  from  an  economic  point  of 
view,  by  the  low  cost  of  attendance  and  small 
amount  of  attention  required  for  the  running 
of  the  gasoline  engines.  As  the  station  is  now 
operated,  an  attendant  employed  at  the  water- 
works station  about  300  feet  distant  visits  the 


An  Industbial  Estabushment  -bo  Employ 
Gas  Engines  solely  for  power  purposes  is  the 
Union  Switch  &  Signal  Company,  Swissvale,  Pa. 
For  four  years  500  brake-horse-power  of  West- 
Inghouse  three-cylinder  vertical  gas  engines  of 
the  direct-connected  type  have  been  in  use,  and 
now  a  300-horse-power  Westinghouse  horizontal 
gas  engine  of  the  double-acting  type  is  to  be 
added  to  the  equipment.  This  engine  Is  to  have 
two  cylinders,  16%x24  Inches  in  size,  arranged 
in  tandem.  As  regards  the  performance  of  the 
older  plant,  a  test  of  one  of  the  engines  gave 
the  following  results:  148  brake  horse-power, 
10.2  cubic  feet  per  brake  horse-power-hour; 
123.5  horse-power  (full  load),  10.5  cubic  feet,  or 
9,920  thermal  units,  per  horse-power-hour. 
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Papers  on  Meters.  Growths  in  Pipes  and  Pri- 
vate Fire  Systems  before  the  Amer- 
ican Water  Works  Association. 


or  th«  papers  read  before  twenty-fourth  annual 
eonTention  of  the  American  Water  Works  As- 
■ociation  at  St.  Louis  from  Monday  to  Thurs- 
day of  this  week  three  relate  to  water  meters, 
one   narrates  an   experience   with   growths   In 
water  mains  and  meters,  and  one  discusses  pri- 
vate fire  systems,  while  a  paper  by  Mr.  Alfred 
M.  Quick,  water  engineer  of  Baltimore,  tells  of 
tbe  points  of  Interest  to  water-works  officials 
connected  with  the  great  Are  in  his  city  last 
February,  and  a  paper  by  Mr.  W.  R.  Hill,  for- 
merly chief  engineer  of  the  Aqueduct  Commls- 
aloners.  New  York,  tells  the  reasons  for  impor- 
tant changes  in  the  construction  of  the  New 
Croton  dam.    Mr.  Quick's  paper,  which,  among 
other  lessons,  emphasizes  the  value  of  effective 
private  Are  systems,  is  printed  in  abridged  form 
elaewhere  in  this  issue,  while  the  other  papers 
are  presented  here  collectively  much  condensed. 
In  a  paper  entitled    "Meter  Rates."  Mr.  John 
B.    Helm,    superintendent    of    the    city    water 
works  of  Madison.  Wis.,  points  out  forcibly  the 
dangers  and  unfairness  of  comparisons  of  rates 
and  coats  of   water   in   different   communities 
when  based  on  incomplete  information.     Dur- 
ing 1903  some  citizens  contended  for  uniform 
rates  for  water  by  meter  measurement  and  no 
minimum    fixed    charge,    incidentally    drawing 
comparisons    between    Madison    with    its   mini- 
mum charge  of  $4.50  per  annum  and  sliding 
scale  of  from  5  to  20  cents  per  100  cubic  feet 
and    Milwaukee    with   a   uniform   rate   of   4% 
cents,  neglecting  to  take  into  account  many  im- 
portant conditions.     Milwaukee  has  a  popula- 
tion  of   308.000.    pumps   Us   water   from    Lake 
Michigan,    using   soft    coal    at   $2.90    per   ton. 
charging  $1  each  per  annum  for  reading  meters 
and  iu  water  department  receiving  $127,755  for 
the  year  from  various  sources,  in  addition  to 
the  4%  cents  per  100  cubic  feet  for  water  sold 
by  meter.     Madison,  of  20,000  Inhabitants,  ob- 
tains its  water  from  driven  wells,  pumping  it 
twice  for  storage  with  coal  that  costs  $6.98  per 
ton.  and  its  water  department  receives  no  in- 
come excepting  that  from   water  rents.     The 
total  average  income  per  consumer  in  Milwau- 
kee is  $14.72.  in   Madison,  $9.34,  with  average 
operating  expenses  $4.42  and  $4.36.    Taking  all 
these  elements  into  the  account  Milwaukee  re- 
celred  a  trifie  over  10%  cents  and  Madison  a 
trifle  less  than  8  cents  per  100  cubic  feet  tor 
all  water  supplied  during  the  year.     In  study- 
ing the  question   a  special   committee  of  the 
Madison  water  commissioners  sent  inquiries  for 
Information   to   200   water   departments.     Sta- 
tistics conUined  in  the  135  replies  have  been 
tabulated    by   Mr.    Helm  and    will    be   valuable 
lor  reference;    his  chart  will  be  published   in 
the  "Proceedings"  of  the  association.    The  con- 
cinsions  drawn   are  that  a   properly  adjusted 
minimum  charge  Is  Just  and  necessary  and  that 
a  sliding  scale  is  the  only  fair  and  practicable 
way  of  charging  for  metered  water,  at  least  in 
the  great  majority  of  communities. 

"Meters— Their  Use  and  Benefits"  was  pre- 
sented by  Mr.  Park  Woodward,  general  man- 
ager of  the  Atlanu,  Ga,  water  works,  from 
which  the  following  extracts  are  given: 

Prior  to  1885  there  were  no  meters  In  At- 
lanta. The  consumption  of  water  became  so 
great  that  it  resulted  in  the  necessity  of  adding 
to  our  pumping  machinery  and  mains.  It  was 
known  that  a  large  per  cent,  of  the  water 
pumped  was  allowed  to  run  to  waste;  and  to 
effectually  stop  this  waste  It  would  be  necessary 
to  make  the  consumer  pay  for  It.  So  we 
adopted  then  the  universal  meter  system. 
Much  complaint  was  made  at  the  time.  It  be- 


ing argued  that  it  was  unjust  to  require  water 
consumers  to  pay  for  meters  to  measure  the 
water  they  paid  for.  But  the  Board  contended 
it  was  the  only  equitable  way,  for  it  was  mani- 
festly unfair  to  take  the  money  from  the  gen- 
eral tax  fund  to  put  meters  on  consumers  In 
about  one-third  the  territory  of  the  city  where 
water  mains  were  laid,  and  therefore  require 
those  who  lived  out  of  the  reach  of  the  water 
supply  or  fire  protection  to  pay  for  meters  used 
by  those  more  fortunate  in  having  the  comfort 
and  convenience  of  water  supply  and  Are  pro- 
tection and  decreased  rate  of  Insurance. 

The  introduction  of  meters  saved  money  for 
the  general  taxpayers  of  this  city,  tor  without 
their  use  the  rate  of  taxation  would  have  been 
increased  In  order  to  raise  a  sufflcient  amount 
of  money  to  pay  for  an  additional  main,  mo»e 
pumping  machinery  and  larger  reservoir  and 
other  necessary  additions  to  the  plant,  esti- 
mated at  that  time  to  cost  approximately  $150,- 
000  or  more. 

As  an  illustration  of  the  result  of  the  intro- 
duction of  the  meter  system  here,  the  purapage 
for  the  month  of  November,  1884,  when  we  had 
no  meters,  was  132,679,900  gallons,  and  the  coal 
consumed  was  575,000  pounds,  being  an  aver- 
age pumpage  of  4,442,663  gallons  per  day  and 
the  consumption  of  19,166  pounds  of  coal  per 
day. 

For  the  month  of  November,  1885,  with  the 
meters  in  service,  the  pumpage  was  48.130.000 
gallons,  showing  a  decrease  in  pumpage  of  84,- 
549,900  gallons  for  the  month.  The  coal  con- 
sumed was  256.000  pounds,  showing  a  reduc- 
tion In  the  consumption  of  coal  of  319,000 
pounds  tor  the  month.  The  reduction  in  pump- 
age was  2,818,330  gallons  per  day,  and  in  coal 
of  10,633  pounds  per  day.  If  meters  had  not 
been  Introduced  our  daily  pumpage  now  would 
be  about  25,000,000  gallons  per  day  instead 
of  8,000,000  as  it  is.  and  the  outlay  neces- 
sary to  put  the  plant  in  condition  to  meet  the 
demands  would  have  been  over  a  million  dol- 
lars more  than  has  been  spent  on  it. 

One  argument  against  the  use  of  meters  Is 
that  it  reduces  the  Income.  This,  of  course,  de- 
pends on  what  Is  charged.  A  minimum  rate 
can  be  fixed  and  a  maximum  amount  allowed 
tor  that  rate.  We  charge  here  80  cents  per 
month  for  6,000  gallons  or  less,  and  allow  a  dis- 
count of  25  per  cent,  on  all  bills  paid  on  or  be- 
fore the  tenth  of  the  month  following  the 
month  of  consumption.  And  we  charge  10 
cents  per  1,000  gallons  net  for  all  used  over  the 
6,000  gallons. 

The  average  domestic  consumption  here  Is 
3,500  gallons  per  month.  It  must  be  borne  in 
mind,  however,  that  our  accounts  close  each 
month,  80  that  the  minimum  rate  and  maxi- 
mum allowance  commences  with  the  first  of 
each  month.  The  revenue  here  under  the  meter 
system  has  grown  from  $32,000  in  1886,  to 
$178,000  in  1903,  and  it  will  be  over  $200,000  in 
1904.  And  In  addition  to  this  the  city  service, 
that  is,  fire,  sewer,  public  buildings  and  grounds, 
etc.,  used  in  1903  $160,000  worth  of  water,  the 
same  being  charged  for  at  the  rate  it  would 
have  been  charged  had  the  plant  been  owned  by 
a  private  company.  Of  course,  no  money  was 
paid  for  this  service,  but  the  water  department 
took  credit  for  it,  as  they  were  entitled  to,  so 
as  to  show  the  actual  earnings  of  the  plant. 

Manufacturers  are  charged  a  scaling  rate  of 
10  cents  per  1,000  gallons  net  for  75,000  gal- 
lons, and  scaled  each  75,000  gallons  y^  cent  per 
1,000  gallons  until  it  reaches  6  cents  per  1,000 
gallons.  The  estimated  cost  to  deliver  the 
water,  counting  operating  expenses  and  inter- 
est on  the  bonded  debt,  last  year  was  5.7  cents 
per  1,000  gallons;  so  manufacturers  get  water 
practically  at  cost  above  90,000  cubic  feet. 


Many  interesting  facts  relating  to  "The  Meter- 
System  in  Cleveland"  were  stated  by  Mr.  Ed- 
ward W.  Bemis,  superintendent  of  the  water 
works.  Descriptions  of  the  methods  and  re- 
sults of  this  work  have  been  printed  in  this 
journal,  especially  in  the  issues  of  September 
26  and  October  17,  1903.  No  city  has  ever  set 
so  many  meters  in  so  short  a  time  as  has  Cleve- 
land during  the  past  two  years. 

Until  last  November  few  objections  were 
heard  to  the  rapid  increase  of  meters  in  Cleve- 
land. Three  causes  have  since  somewhat 
changed  this  condition:  1.  Some  political  con- 
ditions not  at  all  connected  with  meters,  but 
which  have  led  to  an  opposition  in  the  Council 
to  administration  measures.  2.  An  epidemic  of 
typhoid  fever,  due  in  very  large  part  to  the  lake 
water,  visited  the  city  in  the  early  part  of  this 
winter.  As  this  was  unfortunately  coincident, 
with  the  discussion  of  the  meter  question  the 
amusing  idea  arose,  and  was  for  a  short  time 
widely  held,  that  the  meters  were  the  cause 
of  the  typhoid.  Fortunately  the  introduction 
in  March  of  a  new  water  supply  through  a  tun- 
nel running  four  miles  out  into  the  lake  has  al- 
ready almost  entirely  stopped  the  typhoid  and 
the  scare  connected  therewith,  but  those  desir- 
ous of  prejudicing  the  people  against  the  meters- 
have  introduced  the  matter  of  health  in  a  new 
form  by  claiming  that  the  screen  embedded  in 
our  meter,  the  Trident,  collects  organic  sedi- 
ment and  especially  small  fish  and  allows  them 
to  putrify  and  injure  the  water.  Investigation 
has  shown  that  no  animal  matter  is  to  be  found 
on  these  screens,  except  that  on  less  than  one 
meter  out  of  a  hundred  a  small  fish  may  lodge 
in  the  course  of  a  year.  Usually,  however,  this 
lessens  the  flow  of  water,  and  the  water  depart- 
ment is  notified  and  removes  the  fish.  To  avoid 
this  difficulty  in  the  future,  screens  are  being 
placed  at  the  outlets  of  the  tunnel  and  the  reser- 
voirs with  a  %-inch  mesh,  which  will  probably 
prevent  all  such  trouble  hereafter. 

A  third  cause  of  objection  to  meters  this  year 
has  been  the  freezing  of  many  meters  and  me- 
tered services.  This  condition  has  not  been  pe- 
culiar to  Cleveland.  From  water  works  super- 
intendents all  over  the  North  have  come  re- 
ports of  similar  conditions.  The  Weather  Bu- 
reau records  show  this  to  have  been  the  coldest 
winter  since  the  establishment  of  the  Signal 
Service.  The  effect  of  this  on  the  water  depart- 
ment was  greatly  aggravated  by  the  almost  en- 
tire absence  of  snow  since  the  thaw  in  Janu- 
ary, which  left  the  ground  exposed  to  the  cold. 
During  the  last  few  years  our  tappers  have  been 
instructed  to  refuse  to  tap  the  street  mains  for 
new  services  until  the  trench  from  the  main 
to  the  curb  was  514  feet  deep,  but  a  large  pro- 
portion of  the  old  services  of  the  city  were 
originally  laid  only  4  feet  deep,  or  have  become 
only  that  deep  on  account  of  the  grading  down 
of  the  street  along  the  line  of  the  service  pipes. 
No  special  trouble,  however,  had  occurred  from 
freezing  prior  to  the  past  winter,  when  the 
frost  on  some  streets  went  down  from  5  to  7 
feet. 

The  knowledge  of  a  meter  being  in  place  led 
many  families  to  refrain  from  letting  the  water 
run  night  and  day  to  prevent  frezing,  as  had 
been  customary.  Our  water  rates'  are  so  low, 
being  only  one  cent  for  200  gallons,  that  I  an- 
nounced through  the  papers  that  one  could  per- 
mit ouo  quart  a  minute  to  run  constantly  at  an 
expense  of  only  two  cents  a  day,  or  $1  for  the 
fifty  days  when  the  most  of  the  freezing  oc- 
curred, during  January  and  February.  Many 
misunderstood  this,  and  allowed  a  large  stream 
to  run,  and  are  now  claiming  that  they  should 
not  be  charged  for  it,  as  they  did  it  by  what 
they  thought  was  the  authority  of  the  depart- 
ment.   Many  others,  however,  did  not  let  their 
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Twater  run  constantly,  and  their  service  pipes 
were  so  poor  that  they  froze  in  the  unusual 
winter  weather. 

The  meters  themselves,  in  many  cases,  were 
not  set  properly  in  the  sewer  pipe  setting.  The 
meter  hitherto,  when  placed  outside  and  not  la 
brick  vaults,  was  enclosed  in  4  feet  of  sewer 
pipe  15  inches  in  diameter  on  the  inside.  Risers 
came  up  from  the  service  pipe  to  the  meter,  the 
top  of  which  was  only  18  inches  from  the  iron 
cover.  Resting  on  the  top  of  the  meter  was  a 
loose  wooden  cover.  Within  the  entire  4  feet 
of  sewer  pipe  there  is  no  earth,  but  merely  an 
air  chamber. 

With  979  settings  in  such  sewer  pipe  in  the 
winter  of  1902-3  not  one  froze,  but  during  the 
past  winter  1,226  out  of  10,423  set  in  sewer 
pipe,  or  11.7  per  cent,  froze,  as  compared  with 
136  out  of  4,483,  or  3  per  cent,  set  in  brick 
vaults  and  165  out  of  9,727,  or  1.7  per  cent,  set 
in  basements.  To  be  sure,  this  is  not  a  fair 
comparison,  at  least  as  between  sewer  pipe  and 
basement  settings,  since  meters  were  only  set 
in  basements  where  the  latter  were  in  good 
condition  and  gave  promise  of  being  free  from 
frost.  In  the  older  sections  of  the  city  where 
the  service  pipes  were  near  the  surface,  the 
sewer  pipe  settings  were  almost  universal. 

Unmetered  services  also  froze  in  large  num- 
bers in  the  same  sections  of  the  city  in  which 
the  metered  services  froze  in  largest  numbers. 
"Still,  after  all  allowances  are  made,  we  believe 
that  there  were  two  defects  in  the  sewer  pipe 
setting  which  are  now  being  remedied  as  fast 
as  possible.  First,  the  wooden  meter  cover  did 
not  fit  tightly  enough;  indeed,  it  often  became 
tilted  as  it  rested  loosely  upon  the  meter.  We 
are  now  substituting  a  wooden  rim  tightly 
caulked  by  oakum  against  the  sewer  pipe.  At- 
tached to  the  rim,  which  is  about  one  inch 
thick,  is  a  hinge,  which  is  also  attached  to  an 
inner  wooden  cover  that  comes  down  to  the 
opening  of  the  wooden  rim  on  a  bevel,  and  fits 
so  tightly  as  to  give  promise  of  being  almost 
air  tight.  This  wood  is  being  subjected  to  a 
chemical  treatment.  This  wooden  cover  is  only 
one  foot  below  the  iron  cover,  and  cannot  be 
left  up  against  the  sewer  pipe  or  the  iron  cover, 
so  that  the  meter  reader  will  be  obliged  to  put 
the  wooden  cover  in  proper  position  before  leav- 
ing. In  some  sections  of  the  city  where  there 
is  most  danger  of  freezing  an  extra  foot  of 
sewer  pipe  is  to  be  placed  underneath  the  4 
feet  that  we  now  have,  and  a  cross  brace  of 
wood  is  to  be  used  part  way  down  the  riser  to 
keep  everything  in  place. 

Of  our  meters  and  metered  services,  60  per 
-cent,  more  froze  on  the  south  side  than  on  the 
north  side  of  the  streets  running  east  and  west, 
as  was  to  be  expected,  but  about  the  same  num- 
ber on  each  side  of  the  streets  running  north 
and  south.  Of  2,904  services  that  froze — al- 
though in  about  one-half  of  the  cases  the  meters 
did  not  freeze — 40  per  cent,  were  on  the  south 
3ide  of  the  streets,  25  per  cent,  on  the  north 
side,  18  per  cent,  on  the  east  side,  and  17  per 
cent,  on  the  west  side. 

The  thawing  of  services  was  done  mostly  by 
four  electrical  machines.  Three  of  them  ob- 
tained their  current  from  the  street  railways, 
■at  a  cost  of  6  cents  per  kilowatt.  This  current 
was  of  300  amperes  and  5  volts,  or  a  total  of 
1.5  kilowatts  per  hour.  In  cases  where  the 
wires,  nearly  1,000  feet  long,  could  not  reach 
from  the  trolley  to  the  meter  we  used  a  steam 
machine  to  furnish  power  to  the  dynamos. 
This  machine  of  12  horse-power  had  just  been 
purchased  for  other  uses  of  the  water  depart- 
ment and  was  easily  transported  on  wheels. 
The  total  cost  to  the  department  of  repairing 
meters  and  thawing  out  the  services  has  been 
^11,520,   or   about   46    cents   per   meter,   if   dis- 


tributed equally  over  the  25,000  meters  in  place. 
Of  this  sum  about  |3,500  has  been  required  tor 
inspection,  taking  out  frozen  meters,  or  those 
where  only  the  service  was  frozen,  repairing 
the  meters  either  in  place  or  at  the  shop,  and 
resetting  them.  The  machines  thawed  out 
1,164  metered  services  and  349  unmetered,  or  a 
total  of  1,513,  at  a  cost  of  about  $7,700,  or  about 
$5  per  service.  Private  plumbers  thawed  out 
a  few  metered  services,  and  many  more  un- 
metered ones. 

The  average  costs  of  setting  meters  have  been 
as  follows,  for  a  %-inch  meter,  exclusive  of  the 
meter:  in  basement,  materials  $0.72,  labor  $3.23, 
total  $3.95;  in  brick  vault,  materials  $6.54, 
labor  $2.92,  total  $9.46;  in  sewer  pipe,  1903, 
materials  $3.61,  labor  $4.01,  total  $7.62;  In 
sewer  pipe,  1904,  improved  setting,  estimated, 
materials   $4.32,  labor  $4.51,  total   $8.83. 

It  is  too  early  in  the  history  of  the  domestic 
meters  in  Cleveland  to  determine  the  results 
to  the  consumer.  At  the  semi-annual  collec- 
tion last  October  only  8  per  cent,  of  the  entire 
number  of  houses  metered  paid  more  than  un- 
der the  assessment  rate.  Two-thirds  of  1  per 
cent,  paid  the  same,  and  the  other  92  per  cent, 
paid  less.  Twenty-four  streets  were  selected 
with  a  good  class  of  houses  where  nearly  every 
home  had  been  metered  for  over  a  year.  On 
these  streets  having  an  average  annual  assess- 
ment of  $11.83,  the  825  families  were  paying 
under  our  system  of  minimum  charges  $7.36, 
or  62  per  cent,  of  their  old  assessment  rate, 
and  they  were  using  only  $3.95  worth  of  water 
per  year,  or  33  per  cent,  of  their  old  rate;  that 
is,  they  were  using  on  the  average  only  9,875 
feet  per  family  per  year,  or  202  gallons  per 
day.  In  a  class  of  houses  considerably  poorer 
on  eight  streets  were  172  residences,  the  aver- 
age assessment  rate  being  $7.64  per  year,  and 
the  payments  under  the  present  minimums  are 
$5.38,  or  70  per  cent,  of  this,  and  they  are  using 
on  the  average  only  $2.61  worth  of  water,  or 
6,525  feet  per  year.  This  is  equivalent  to  only 
134  gallons  per  day  per  family. 

Finally  the  648  metered  places  on  23  still 
poorer  streets  have  been  investigated  for  the 
year  ending  April  1.  Their  annual  assessment 
averaged  only  $6.14.  They  are  now  paying 
$4.66,  or  76  per  cent,  of  the  above,  and  are 
using  an  average  of  only  $2.32  per  year,  or 
5,800  feet.  This  is  equivalent  to  only  120  gal- 
lons per  day  per  family,  or  probably  only  25  to 
30  gallons  per  capita.  The  better  class  of 
houses  would  only  pay  33  per  cent,  of  the  as- ' 
sessment  rates  if  there  were  no  minimum,  the 
next  poorer  class  of  houses  would  pay  34  per 
cent,  and  the  still  poorer  would  pay  38  per 
cent. 

"Experience  with  Growths  in  Water  Mains," 
by  Owen  T.  Smith,  secretary  and  superintend- 
ent Water  Company,  Freeport,  111.,  tells  of  per- 
sistent troubles  with  growths  in  water  pipes 
and  driven  wells  which  apparently  affected  even 
a  few  meters,  and  how  the  difficulty  was  over- 
come. In  the  fall  of  1895  the  water  supply  of 
Freeport,  111.,  suddenly  acquired  a  bad  taste 
and  odor,  which  could  not  be  accounted  for  in 
the  ordinary  way,  the  supply  being  from  wells 
in  the  drift  along  the  river  bottom.  The  mains 
were  flushed  and  the  suction  pipe  cleaned  by  a 
large  flue  brush,  made  to  order. 

We  could  hot  locate  the  seat  of  the  trouble 
for  some  time,  until  finally  we  gathered  a  sam 
pie  of  water,  with  a  yellowish  brown  matter 
floating  in  it,  and  sent  it  to  the  State  Univer- 
sity, at  Champaign,  for  analysis.  The  chemist 
reported  the  water  not  bad,  but  that  the  floating 
matter  was  known  as  crenothrix  kuhniana,  or 
well  thread,  which  had  given  trouble  in  some 
parts  of  the  United  States  and  a  good  many 
places  on  the  continent  of  Europe.    We  found 


that  the  growth  depended  upon  the  iron  in  so- 
lution in  the  water.  We  also  found  that  It  re- 
quired about  .30  part  per  million  of  the  iron.  In 
order  to  feed  the  growth. 

We  flushed  the  mains  and  the  system  thor- 
oughly very  often  during  the  season  and  kept 
the  growth  down  as  much  as  we  could  in  that 
way,  but  the  service  pipes  and  small  mains  be- 
gan to  fill  up  and,  in  some  cases,  shut  oft  the 
flow  of  water  entirely.  Finally  we  arranged 
with  the  New  York  Continental  Jewell  Filtra- 
tion Comapny  to  erect  a  small  experimental 
plant  at  the  works,  to  ascertain  just  what  could 
be  done  by  filtration. 

In  the  various  analyses  of  the  raw  water 
which  were  made  during  these  experiments,  the 
amount  of  Iron  varied  greatly,  being  as  much  as 
nineteen  parts  per  million  in  the  outskirts  of 
the  system,  while  at  the  pumping  station  and 
in  the  gity,  upon  some  of  the  large  mains,  the 
amount  was  much  lower,  the  minimum  being  .4 
part  per  million.  The  largest  quantities  were 
in  water  from  dead  ends.  Free  carbonic  acid 
averaged  21.4  parts  per  million  in  the  raw 
water.  In  the  effluent  from  the  filters  the  iron 
content  averaged  .045  part  per  million,  and 
there  was  no  carbonic  acid.  The  quantity  of 
iron  remaining  in  the  filtered  water  being  well 
within  the  limit  below  which  several  chemists 
believed  the  crenothrix  could  not  live,  a  con- 
tract for  a  permanent  filter  plant  was  eventu- 
ally made  with  the  same  company.  This  plant 
was  built  in  the  spring  and  summer  of  1903. 
Lime  water  is  used  as  the  coagulant,  In  the 
proportion  of  two  to  four  grains  per  gallon. 
The  iron  is  reduced  to  an  average  of  .04  part 
per  million,  all  carbonic  acid  gas  is  removed 
and  the  water  softened  13  to  15  per  cent.  The 
growth  has  been  absolutely  stopped. 

The  old  growth  has  given  us  considerable 
trouble  by  sloughing  off  and  making  the  water 
roily  and  bad,  yet  by  heavy  flushing,  this 
trouble  has  been  very  largely  removed  and  we 
find  now  where  we  have  cut  the  mains  that, 
while  there  is  a  little  of  the  old  growth  still  re- 
maining, yet  a  large  percentage  has  been  re- 
moved by  the  flushing. 

We  have  some  photographs  of  a  meter  which 
had  been  on  a  service  where  the  supply  was  al- 
most altogether  stopped,  which  shows  the  con- 
dition of  a  large  number  of  our  services,  before 
the  filter  plant  was  installed.  These  pictures 
show  an  accumulation  of  the  crenothrix  on  the 
working  parts  and  the  inside  of  the  meter  case. 

"Private  Fire  Systems"  were  discussed  by  L. 
N.  Case,  manager  Water  and  Light  Department, 
Duluth,  Minn.  The  following  paragraphs  from 
this  paper  describe  the  method  of  regulating 
and  the  system  of  charging  for  this  class  of 
services  which  have  been  in  satisfactory  use  in 
Duluth  for  two  years. 

At  the  head  of  the  lakes  are  a  large  number 
of  saw  mills,  lumber  yards,  elevators,  ore  docks 
and  railroad  properties,  besides  large  buildings, 
all  of  which  are  equipped,  or  being  equipped, 
with  different  kinds  of  systems  for  the  suppres- 
sion of  fires.  Most  of  these  are  of  what  is 
known  as  the  "wet"  or  "dry"  sprinkler  system, 
with  storage  tanks  of  various  capacities;  some 
are  equipped  with  simply  a  pipe  line  with  hy- 
drants, and  some  with  independent  lines  with 
hose  connections  on  the  different  floors. 

It  is  required  that  a  written  application  be 
made  for  each  of  these  services,  and,  if  such 
application  does  not  state  clearly  that  the  sys- 
tem is  entirely  independent  from  the  ordinary 
supply,  that  the  service  be  metered.  This  appli- 
cation also  contains  an  agreement  by  the  appli- 
cant to  pay  the  rate  established  for  the  privi- 
lege accorded  and  for  expense  of  inspection, 
running  from  $5  to  $50  per  annum,  and  to  pay 
also  for  all  consumption  of  water  used  or  wast- 
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•d  from  the  system,  other  than  for  the  actual 
sapprMSion  of  flree,  at  the  regular  schedule-  of 
imtoB.  Wheo  the  application  is  received  and 
tt«  pennit  granted,  all  openings  and  valves  con- 
trollins  the  system,  if  found  necessary,  are 
•Mtled  with  the  ordinary  copper  wire  and  lead 
disc  attachment,  which  ar«  inspected  monthly 
or  oftener  if  we  have  any  reason  for  thinking 
they  ar«  being  tampered  with. 

In  addition  to  this,  in  order  to  discover  if.  and 
to  what  extent,  water  is  running  away  through 
any  cause  we  require  a  by-pass  on  tlie  valve  con- 
trolling the  system,  and  on  the  by-pass  is  in- 
stalled a  %-incb  meter.  Once  each  month,  or 
oftener,  if  necessary,  the  large  valve  is  closed 
and  a  record  made  of  the  registration  of  the 
meter,  if  there  is  any.  If  the  meter  indicates  a 
consumption  of  water,  one  hour's  registration 
Is  recorded,  and  a  notice  is  served  on  the  firm 
jat  the  above  conditions.  Every  five  or  (en  days 
thereafter  a  registration  is  taken  and  at  the  end 
of  the  month  a  bill  is  rendered  of  a  continuous 
oonsnmption  indicated  by  readings  above  re- 
ferred to. 

Now.  as  to  the  regular  charge  made:  If  the 
system  consists  of  mains  ramifying  through 
grounds  and  buildings,  the  charge  is  invariably 
$S0  per  annum.  If  It  is  a  building  only,  a 
charge  is  made  upon  the  basis  of  the  capacity 


The  Honocacy  Kiver  Bridge. 


The  Baltimore  division-  of  the  Baltimore  and 
Ohio  Railroad  crosses  the  big  Monocacy  River 
on  bridge  38  A  of  the  Metropolitan  branch. 
This  structure  is  739  feet  long  and  carries  a 
single-track  on  a  1  per  cent,  grade.  It  origi- 
nally consisted  of  four  Bollman  truss  deck 
spans  with  three  masonry  piers  between  the 
abutments.  In  the  recent  renewal  the  super- 
structure was  replaced  by  deck  plate-girder 
spans  supported  on  the  old  piers  and  abut- 
ments and  on  three  new  intermediate  piers  at 
the  center  points  of  the  old  spans.  The  new 
structure  was  built  and  the  old  one  removed 
without  diverting  the  trains  or  interrupting  the 
traffic.  In  order  to  do  this  the  new  piers  were 
built  only  as  high  as  the  lower  sides  of  the  old 
trusses,  and  carry  the  ends  of  the  plate  girders 
on  vertical  steel  trestle  bents  which  were  de- 
signed to  clear  the  old  trusses  and  be  erected 
without  Interfering  with  them.  The  new  spans 
have  sliding  expansion  seats  at  these  points  and 
at  the  other  ends  are  pin-connected  to  fixed  pe- 
destals on  new  seats  prepared  on  the  old  piers. 

The  trestle  bents  are  composed  of  independ- 
ent vertical  and  battered  posts  braced  by  hori- 
zontal and  diagonal  pairs  of  channels  field- 
riveted  across  their  faces.    The  girders  are  105 


in  the  lengths  of  the  materials.  They  were  de- 
signed for  a  live  load  of  two  177i^-ton  locomo- 
tives followed  by  a  train  load  of  5,000  pounds 
per  linear  foot.  They  were  built  of  open-hearth 
steel  and  were  proportioned  according  to  the 
standard  specifications  of  the  Baltimore  and 
Ohio  railroad,  based  on  a  unit  stress  of  16,000' 
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The    Monocacy    River    Bridge,    Baltimore    &    Ohio    Railroad:      Diagram    Showing  Old  Trusses  and  New  Girders;  Details  of  Girder  Supports. 


of  the  system,  Inclading  tank  and  pipe  lines. 
With  our  schedule  of  rates,  four  times  this 
quantity  for  an  annual  consumption  is  sufBclent 
to  reimburse  the  department  for  all  ezpensea. 
It  Is  to  be  remembered  in  this  connection  that 
the  city  pay*  the  deiwrtment  a  hydrant  rental 
from  the  tax  levy. 


and  108  feet  9  Inches  long  and  have  a  uniform 
depth  of  9  feet  over  all.  They  were  made  with 
web  plates  '^A  inch  thick  and  flanges  each  com- 
posed of  two  8x8z%-inch  angles  spliced  in  two 
pieces  and  reinforced  with  three  18x%-lnch 
cover  plates  58  feet,  71  feet  and  104%  feet  long, 
reapectively.     All  girders  corresponded  except 


pounds  per  square  inch  in  tension.  The  struct- 
ural details  conform  to  the  railroijd  company's 
standards. 

The  bridge  was  designed  to  be,  at  present,  a 
single-track  structure,  but  Is  built  so  that  it 
may  hereafter  be  transformed  Into  a  doublp- 
track  bridge  by  the  addition  of  two  more  lines. 
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of  girders  outside  the  present  ones.  The  girders 
are  braced  together  by  ordinary  vertical  trans- 
zigzag  lateral  angles.  The  total  weight  o£  the 
verse  frames  and  by  6x4-inch  top  and  bottom 
structure  is  about  1,200,000  pounds.  It  was  de- 
signed and  constructed  under  the  direction  of 
Mr.  J.  E.  Greiner,  engineer  of  bridges  and  build- 
ings, and  was  built  and  erected  by  the  Pennsyl- 
vania Steel  Company. 


MacMne  for  Driving  Screw-Spikes  in  Eail- 
road  Ties. 


The  efforts  of  the  Bureau  of  Forestry  of  the 
United  States  Department  of  Agriculture  to 
conserve  the  timber  resources  of  the  country 
have  been  directed  along  many  of  the  lines  on 
which  this  class  of  materials  is  used  in  large 
quantities.  Among  the  subjects  of  investiga- 
tion much  study  has  been  given  to  methods 
of  increasing  the  life  of  railroad  ties,  including 
improved  devices  for  fastening  the  rails  to  the 


gether  with  the  following  description,  taken 
from  the  Bulletin,  will  make  the  design  and 
the  method  of  operating  the  machine  quite 
clear.  The  principal  parts  of  the  machine  are  a 
small  steel  tripod,  a  vertical  spindle  rotating 
in  a  sleeve  sliding  in  the  head  of  the  tripod 
and  the  cranks  actuating  the  spindle  through  a 
pair  of  bevel  gears.  Two  feet  of  the  tripod 
rest  on  the  rail-head  and  are  each  clamped  to 
it  by  means  of  a  hook  and  set-screw,  while  the 
third  foot  rests  on  the  tie  into  which  the  spike 
is  being  driven  and  is  adjustable  to  allow  for 
variations  in  the  level  of  the  upper  surface  of 
the  tie  and  for  different  heights  of  rails,  so  that 
the  spindle  may  always  be  vertical  during 
operations.  The  other  two  feet  are  adjustable 
so  as  to  accommodate  railheads  of  various 
widths  in  order  to  locate  the  axis  of  the  spindle 
in  correct  position  relatively  to  the  flange  of 
the  rail  and  prevent  lateral  movement  of  the 
machine  while  driving  the  spilie.  The  legs  of 
the  tripod  are  strongly  braced.  By  simply 
loosening  the  hook  clamps  the  machine  may  be 


Perspective   View  of   Machine  for   Driving   Screw-Spikes    into   Railroad  Ties. 


ties.  It  is  stated  that  the  screw-spike  is  now 
used  on  practically  all  railway  systems  on  the 
continent  of  Europe,  in  one  form  or  another, 
either  exclusively  or  in  combination  with 
bolts  or  ordinary  spikes.  In  The  Engineering 
Record  of  October  24,  1903,  brief  mention  was 
made  of  machines  for  driving  screw-spikes 
rapidly,  two  of  which  had  then  recently  been 
made  for  the  Pennsylvania  and  the  New  York 
Central  railroads.  The  detailed  design  for 
these  machines  was  drawn  by  Prof.  A.  L. 
Smith,  of  the  Worcester  Polytechnic  Institute, 
and  the  machines  are  being  built  by  the  Wash- 
burn Shops,  connected  with  the  Institute.  A 
full  description  of  this  device,  together  with 
much  kindred  information,  is  contained  in  the 
recently-issued  Bulletin  No.  50  of  the  Bureau 
of  Forestry,  Mr.  Gifford  Pinchot,  forester,  en- 
titled, "Cross-Tie  Forms  and  Rail  Fastenings, 
with  Special  Reference  to  Treated  Timbers,'" 
written  by  Dr.  Hermann  von  Schrenk. 
Reference  to  the  accompanying  drawings,  to- 


slid  along  the  rail  from  one  position  to  another, 
for  when  it  is  canted  on  the  rail  by  lifting  the 
foot  which  rested  on  the  tie,  the  clamp  hooks 
by  action  of  gravity  swing  free  from  the  rail- 
head. On  the  other  hand,  when  the  machine  is 
restored  to  the  vertical  position,  the  hooks 
swing  back  into  place  ready  for  clamping. 

The  vertical  sleeve  slides  through  a  collar  in 
the  top  or  head  of  the  tripod,  and  has  cut  on 
one  side  of  it  a  rack  which  meshes  with  a  seg- 
mental gear  rotating  on  a  pin  in  an  arm  pro- 
jecting from  the  collar,  as  shown.  A  lever  is 
attached  to  this  gear,  and  the  combination 
forms  the  feed  for  raising  and  lowering  the 
sleeve,  and  with  it  the  spindle.  A  yoke  fas- 
tened to  the  top  of  the  sleeve  supports  the 
cranks  and  the  bevel  gear,  also  a  handle  which 
the  workman  can  grasp  with  one  hand  to 
steady  himself  and  the  machine  as  he  turns  the 
crank  with  the  other  hand.  The  sleeve  can 
slide  vertically  in  the  bead  of  the  tripod,  but 
is     prevented    from     rotating   by    a     key;    the 


spindle  can  rotate  in  the  sleeve,  but  cannot  slide 
up  nor  down  In  It.  This  machine  Is  not  limited 
to  hand  operation,  but  can  be  arranged  for 
power  driving. 

The  machine  having  been  properly  set  up  on 
the  rail  at  any  given  tie,  the  feed  lever  is  de- 
pressed so  as  to  raise  the  sleeve  and  spindle. 
Then  the  screw-spike  is  put  In  place  and  the 
spindle  lowered  by  means  of  the  lever  until  the 
socket  at  the  bottom  of  the  spindle  engages  the 
head  of  the  spike.  As  the  spindle  is  rotated  by 
the  cranks  it  is  fed  downward  by  the  weight 
of  the  parts,  assisted  by  an  upward  pull  on  the 
lever.  Instead  of  the  screw-spike  the  shank  of 
a  drill  may  be  inserted  in  the  socket  for  boring 
holes  in  the  ties  for  the  spikes,  or  for  any  other 
purpose  desired. 

A  test  recently  made  on  the  Pennsylvania 
lines  with  one  of  these  machines  showed  that  it 
could  put  in  two  screw-spikes  while  three  ordi- 
nary spikes  were  being  driven.  Although  this 
operation  required  a  little  more  time  than  the 
driving  of  the  ordinary  spikes,  it  is  claimed 
that  the  saving  secured  by  avoiding  the  tearing 
of  the  ties  much  more  than  offsets  the  loss  of 
time. 

According  to  the  bulletin,  the  chief  ob- 
jection which  can  be  urged  against  the  screw- 
spike  at  the  present  time  is  the  matter  of  bor- 
ing holes.  In  Europe  this  is  done  almost  with- 
out exception  at  the  treating  plants,  by  the  ma- 
chine which  adzes  the  tie.  In  this  country, 
with  the  numerous  different  rail  sections  used 
on  almost  every  railroad.  It  will  not  always  be 
practicable  to  bore  the  holes  in  advance,  and 
some  method  wiU  on  that  account  have  to  be 
devised  for  boring  holes  out  on  the  track  by 
machinery. 

The  Bureau  of  Forestry  recently  made  a 
number  of  tests  of  the  pulling  strength  of 
spikes  at  its  timber -testing  station  at  Purdue 
University,  the  details  of  which  are  given  in 
the  bulletin.  The  tests  with  ties  of  several 
different  kinds  of  wood  showed  that  the  resist- 
ance of  the  screw-spikes  to  pulling  was  1.87 
times  that  of  well-driven  common  railroad 
spikes  in  white  oak  and  4.63  in  longleaf  pine, 
the  ratios  for  other  kinds  of  wood  falling  be- 
tween. The  maximum  resistance  of  the  screw- 
spike  to  pulling  is  given  as  about  13,000  pounds 
in  white  oak. 

Tests  were  also  made  to  determine  the  rela- 
tive effects  of  a  side  blow  upon  rails  held  by 
the  two  kiuds  of  spikes.  The  results  are  said 
to  have  shown  that  a  common  spike  is  pulled 
out  from  14  to  %  inch,  while  the  screw-spike  is 
not  perceptibly  started,  the  blow  for  purpose  of 
test  being  that  of  a  500-pound  weight  dropped 
3  inches  against  the  side  of  the  railhead.  On 
the  Eastern  Railway  of  France  the  screw-spike 
is  dipped  in  tar  oil  or  tar  oil  Is  poured  into  the 
hole  just  before  the  spike  is  driven.  The  screw- 
spike  used  has  a  tapering  enlargement  in  the 
upper  part  of  its  shank,  and  holes  of  corre- 
sponding shape  are  bored  in  the  ties,  so  that 
when  the  screw  is  dropped  into  the  larger  part 
at  the  top  of  the  opening  it  will  stand  practi- 
cally vertical.  Great  care  is  taken  in  making 
the  final  turn  of  the  screw  not  to  turn  it  too 
far.  which  would  destroy  the  thread  made  In 
the  wood. 

After  the  newly-driven  spikes  on  newly- 
laid  track  have  been  in  position  for  a  few 
weeks  they  have  to  be  tightened.  This  is  not 
because  the  screws  have  loosened,  but  because 
the  ties,  tie-plates  and  rails  have  been  forced 
more  closely  together  under  the  action  of  the 
trains.  After  the  screws  have  been  tightened 
they  remain  so  for  long  periods.  On  the  rail- 
way mentioned  the  section  crew  once  a  year 
goes  over  the  track  with  great  care,  testing  and 
tightening  each  screw. 
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The  Disposal  of  Strawboard  Waste. 

A  particularly  troublesome  source  of  conten- 
tion among  various  interests  in  Indiana.  Ohio, 
and  Illinois  is  the  effect  of  waste  from  straw- 
board,  or,  as  they  are  more  commonly  called. 
pasteboard  mills,  on  surface  waters.  Desirous 
of  determinfns  whether  or  not  this  strawboard 
refuse  is  a  source  of  damage  to  Interstate 
streams,  the  United  Sutes  Geological  Survey 
recently  made,  through  its  division  of  hydro- 
economics,  a  careful  study  of  the  process  used 
in  the  manufacture  of  strawboard.  the  charac- 
ter of  the  refuse,  the  nature  of  the  pollution 
produced,  the  consequent  damage  to  the  stream, 
and  the  possible  means  of  preventing  such 
pollution.  The  results  of  this  investigation  are 
embodied  in  a  report  made  by  Prof.  Robert 
Lemuel  Sackett.  of  Earlbam  College,  Richmond, 
Ind..  which  will  be  published  by  the  Survey  in 
the  near  future.  Briefly  the  results  show  that 
8trawl>oard  wastes  have  damaging  effects,  but 
the  problem  of  puriflcatlon  offers  no  great  diffi- 
culties. 

The  principal  factories  in  the  United  States 
are  confined  to  a  comparatively  small  area. 
Indiana.  Ohio,  and  Illinois  make  83  per  cent,  of 
the  board  produced  in  the  United  States,  and 
Indiana  alone  produces  nearly  50  per  cent,  of 
the  total.  After  these  three  leaders.  New  York, 
Maryland,  and  Michigan  rank  next  in  order  of 
production.  The  census  record  of  1900  shows 
that  there  are  59  strawboard  factories  in  the 
country,  which  used  157,534  tons  of  raw  mate- 
rial to  make  a  finished  product  valued  at  $3,- 
187,342. 

Strawboard  waste  is  an  extremely  stable  sub- 
stance, which  does  not  degenerate  when  kept  in 
clean  containers,  but  when  mixed  with  sub- 
stances of  a  putrescible  nature,  such  as  sewage 
and  other  organic  matter  in  streams,  it  be- 
comes extremely  foul  and  objectionable.  The 
waste  liquors  from  the  mills  are  ordinarily  dis- 
charged into  neighboring  streams.  The  result 
depends  upon  the  character  and  volume  of  the 
water  in  the  stream.  As  many  Indiana  rivers 
flow  over  limestone  beds,  their  water  is  hard, 
carrying  15  to  20  grains  of  lime  to  the  gallon. 
The  waste  liquor  from  a  strawboard-  mill  where 
wash  water  is  not  plentiful  sometimes  contains 
200  or  more  grains  of  lime  to  the  gallon.  In 
order  to  reduce  the  quantity  to  40  grains  a 
gallon,  the  minimum  stream  flow  would  need 
to  be  about  ten  times  the  volume  of  water  em- 
ployed in  the  inanufacturing  process.  This 
limits  the  number  of  streams  upon  which  such 
mills  can  be  operated  in  the  present  manner, 
without  nuisance,  to  a  few  rivers  in  each  State. 

Artificial  drainage,  the  destruction  of  forests, 
and  the  eccentricities  of  rainfall  have  made  the 
flow  of  rivers  of  the  Ohio  basin  extremely  low  in 
the  late  summer  and  fall.  Some  streams,  in- 
deed, cease  to  be  more  than  Isolated  ponds. 
Under  these  circumstances  the  discharge  of 
slndge  produces  serious  pollution. 

The  interests  of  the  States  are  concerned  in 
this  pollution  of  streams  by  strawboard  mills, 
for  the  strawboard  refuse  is  destructive  of  fish, 
water  supply  and  ice  crop,  and  lowers  the  value 
of  real  estate  that  lies  near  the  polluted  stream. 

Some  manufacturers  have  run  the  waste  into 
a  series  of  beds  scooped  out  of  a  gravel  bottom 
land.  Here  the  straw  and  lime  slowly  settle 
while  the  water  filters  through  the  subsoil  and 
eventually  finds  its  way  to  the  neighboring 
creek.  But  the  great  quantity  of  straw  wasted 
soon  clogs  such  natural  filters  and  dependence 
is  placed  upon  high  water  to  wash  the  refuse 
out  of  the  beds.  It  is  then  deposited  on  other 
lands  below,  so  that  this  method  is  only  a 
makeshift.  What  a  carefully  constructed  set-- 
tling  and  filtering  plant  may  accomplish  has 
not  yet  been  absolutely  determined,  although 


the  American  Strawboard  Company  made  ex- 
periments in  that  line  during  the  summer  of 
1903. 

The  experiments  of  the  Geological  Survey 
have  demonstrated  that  there  are  two  possible 
methods  of  purifying  the  waste — filtration  and 
chemical  precipitation.  Simple  sedimentation 
is  not  effective.  Neither  is  simple  filtration, 
but  this,  when  combined  with  chemical  precipi- 
tation. Is  an  aid  to  the  process.  Chemical  pre- 
cipitation appears  to  be  entirely  effective  and 
is  satisfactory  in  every  respect  except  that  of 
cost. 

The  most  effective  chemical  precipltants  for 
purifying  strawboard  waste  are  the  sulphates 
of  iron  and  alumina,  but  they  must  be  used  in 
such  large  quantities  that  they  make  the  cost  of 
the  process  prohibitive.  Neither  lime  nor  car- 
bon dioxide  is  of  value  as  a  precipitant,  but  a 
combination  of  carbon  dioxide  and  milk  of  lime 
is  effective  when  properly  applied.  The  process 
can  be  economically  maintained  it  conditions 
are  favorable,  and  it  will  secure  the  removal  of 
75  per  cent,  of  the  suspended  material.  Higher 
efficiencies  can  be  obtained  by  slower  rates  of 
operation  and  by  the  use  of  sand  filtration, 
which  would  be  necessary,  however,  only  in 
extreme  cases. 

The  objection  raised  by  the  officials  of  the 
United    Box   Board   &    Paper   Company   to    the 


An  Architect's  Picturesque  Office. 

A  quaint  wooden  building,  intended  both  as  a 
bachelor  den  and  a  private  business  office,  has 
recently  been  built  on  the  lawn  of  Mr.  E.  C. 
Webster's  residence  at  Orono,  Me.  Particular 
effort  was  made  to  secure  a  unique  design,  and 
it  was  at  first  proposed  to  build  it  like  an  old- 
fashioned  log  camp  for  lumbermen.  After- 
wards, it  was  suggested  that  the  conditions  af- 
forded an  excellent  opportunity  to  copy  the  old 
style  of  Swiss  chalet,  and  considerable  pains 
were  taken  to  study  the  details  of  such  build- 
ings and  to  make  this  structure  conform  to 
them,  even  in  minute  particulars.  It  consists 
of  a  single  room,  20x25  feet  Inside,  with  the 
walls  built  of  8x8-inch  sawed  pine  timber  in  sin- 
gle lengths  of  about  24  and  29  feet,  notched  at 
the  corners  to  lock  together  and  build  solid 
courses.  The  faces  of  the  timber  were  adzed 
uy  old-tinie  adzmen,  so  as  to  correspond  exactly 
with  the  timber  used  in  such  structures  two  or 
three  centuries  ago.  Each  course  was  fastened 
to  the  next  lower  one  by  intermediate  vertical 
wooden  pins.  The  roof  is  of  grooved  and  splined 
planks  laid  on  rafters  which  rest  directly  on 
the  upper  timbers  in  the  walls,  project  about  6 
feet  beyond  them,  to  shelter  the  piazzas  on  each 
side,  and  are  covered  with  cedar  shingles.  At 
the  gables  the  side  timbers  have  cantilever  ends 


Side  and   Front  Elevations  of    Machine  for  Driving  Screw-Spikes. 


processes  suggested  by  the  Survey  is  based  on 
cost.  They  maintain  that  the  different  kinds  of 
box  board  now  on  the  market  are  so  evenly 
balanced  in  cost  of  production  and  competitive 
selling  price  that  the  additional  expense  in- 
curred in  manufacture  as  the  result  of  adopting 
this  process  would  drive  strawboard  from  the 
market.  I 

It  is  hoped  that  the  experiments  made  may 
stimulate  Interest  in  the  question  and  may  lead 
to  further  investigations  tending  toward  a  prac- 
tical solution  of  the  problem  that  may  be  satis- 
factory to  all  the  interests  involved. 


An  Abtesian-Well  WATEH-StJPPLT  that  Is  re- 
markable from  the  fact  that  it  can  be  used 
without  treatment  for  feeding  steam  boilers  is 
obtained  from  a  700-foot  stratum  under  New 
Orleans.  It  is  regularly  delivered  to  the  boil- 
ers of  one  of  the  stations  of  the  New  Orleans 
Railways  Company.  Its  analysis  is  as  follows, 
the  figures  being  grains  in  one  gallon:  Chlo- 
ride of  sodium,  6.16;  carbonate  of  soda,  14.36; 
carbonate  of  potash,  0.14;  silica,  1.57;  organic 
matter,  1.75;  total  solid,  25.31;  free  carbonic 
acid,  1.36.  The  station  in  question  has  a  boiler 
plant  of  4,400  horse-power  in  water-tube  boilers, 
part  burning  oil  and  the  rest  mechanically-fired 
cial. 


projecting  farther  and  farther  beyond  the  walls 
in  the  top  courses,  so  as  to  form  brackets  carry- 
ing two  rafters  outside  the  walls  to  support  a 
clear  area  of  roof  projection.  The  interior  is  a 
single  room,  open  from  floor  to  roof.  The  upper 
part  is  crossed  and  the  tops  of  the  side  walls 
are  tied  together  by  heavy  beams,  which  are 
kneebraced  to  the  inner  ends  of  bracket  timbers 
which  project  from  the  faces  of  the  side  walls. 
Those  kneebraces  and  the  ends  of  the  bracket 
timbers  have  curved  surfaces  carefully  chiseled 
by  hand  to  Imitate  the  ornamental  scroll  work 
formerly  used  in  Switzerland. 

Very  few  nails  were  used  in  the  construction, 
which  was  chiefly  fastened  with  ash  pins,  from 
%-inch  to  1  inch  in  diameter.  The  timber  sills 
are  supported  on  foundations  of  rough  stones. 
These  were  taken  from  old  walls,  and  care  was 
exercised  to  avoid  disturbing  the  moss  on  them. 
The  cracks  between  the  wall  timbers  were 
calked  with  oakum.  The  exterior  was  stained 
slightly  to  give  it  a  weather-beaten  appearance, 
and  the  interior  was  left  natural  without  ceil- 
ing, plastering  or  other  flnish.  The  windows 
are  glazed  with  the  smallest  size  panes  of  glass, 
and  their  sashes  and  the  doors  and  frames  were 
made  by  hand  by  Swiss  mechanics.  The  mas- 
sive locks  and  latches  for  the  doors  and  other 
hardware  were  of  artistic  design. 
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The  verauda,  at  the  entrance  on  the  side,  is 
several  feet  above  the  ground  and  Its  heavy 
floorbeams  are  chiseled  and  carved  on  the  ends 
and  are  supported  by  carved  kneebraces.  The 
railing  is  of  a  very  old  design  and  is  essentially 
a  solid  parapet  wall,  made  vfith  thick  vertical 
planks  pierced  with  ornamental  openings.  A 
fireplace  near  the  center  of  the  building  is  built 
of  rubble  masonry  and  has  a  stone  hearth  sup- 
ported on  the  heavy  floor  girders.  It  will  ac- 
commodate large  logs  and  it  is  located  and  the 
furniture  around  it  so  arranged  as  to  practi- 
cally form  a  partition  enclosing  a  portion  of  the 
room  for  the  owner's  private  office. 

A  log  cabin,  built  on  the  wooded  shores  of 
Phillips  Lake,  Town  of  Dedham,  Me.,  is  of  sim- 
ple and  economical  construction,  in  which  con- 
siderable pains  have  been  taken  to  secure  artis- 
tic effect  and  provide  a  comfortable  hunting  and 
fishing  lodge  for  summer  and  winter  use.  It  is 
25x20  feet  inside  and  is  one  story  in  height, 
the  front  portion  being  a  single  room,  open 
from  floor  to  roof.  The  walls  are  made  of 
spruce  logs,  from  14  inches  in  diameter  at  the 
bottom  to  10  inches  at  the  top.  These  were  cut 
in  the  winter  and  retained  life  enough  so  that 
in  the  spring  the  sap  started  and  loosened  the 


The  roof  projects  6  feet  beyond  the  front 
gable  and  4  feet  beyond  the  rear  gable,  where 
the  upper  courses  of  side  wall  timbers  are  cor- 
beled out  CO  carry  the  overhanging  rafters.  The 
fireplace  and  chimney  are  built  of  rough  stones, 
laid  in  lime  mortar,  the  former  having  a  brick 
lining  for  the  stone  arch.  The  masonry  is  car- 
ried through  the  floor  to  footings  in  the  fearth 
and  stones  projecting  from  it  form  brackets,  on 
which  the  floors  are  supported  so  as  to  prevent 
unequal  settlement.  The  main  floor  is  divided 
into  different  rooms  by  wooden  partitions  and 
burlap  curtains,  and  a  loft  is  built  over  the  rear 
portion  of  it  only,  sub-divided  in  the  same  man- 
ner into  sleeping  rooms.  Access  to  the  loft  is 
obtained  by  a  Jacob's  ladder  of  unique  design. 
This  consists  of  a  single  pine  log  about  IG 
inches  in  diameter,  which  is  inclined  about  20 
degrees  from  the  vertical.  The  flat  steps  are 
notched  into  It  by  cutting  away  about  three- 
quarters  of  the  cross-section  on  alternate  sides, 
thus  making  comfortable  supports  for  one  foot 
and  leaving  a  continuous  quarter  section  of  the 
timber  to  carry  the  load.  At  the  main  entrance 
is  a  Dutch  door,  fastened  by  a  heavy  hardwood 
latch  operated  from  without  by  the  old-time 
latch-string,  the  door  handles  being  made  from 
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A  Picturesque  Office  for  an  Architect. 


bark  and  enabled  it  to  be  easily  peeled.  The 
logs  are  crossed  at  the  corners  and  locked  to- 
gether, the  under  sides  only  being  notched  to 
fit  the  convex  upper  surfaces  of  the  lower 
courses,  thus  avoiding  any  possibility  of  the 
leakage  or  collection  of  water,  which  often 
causes  decay  at  these  points.  All  horizontal 
joints  between  the  logs  were  calked  with 
oakum,  outside  of  which  triangular  battens 
were  driven  to  secure  it. 

Round  transverse  beams  were  built  into  the 
side  walls  at  a  height  of  about  7  feet  above  the 
floor  and  supported  the  board  floor  of  the  loft 
in  the  rear.  The  roof  was  built  with  three 
slopes  on  each  side,  giving  it  almost  a  seg- 
mental cross-section  and  affording  increased 
height  in  the  loft.  It  has  round  longitudinal 
purlin  logs  at  each  angle  supported  by  inter- 
mediate vertical  posts  from  the  floorbeams  and 
covered  with  matched  board,  shingled.  The 
end  walls  are  carried  up  only  to  the  height  of 
the  eaves,  and  above  them  the  gable  ends  are 
built  with  round  vertical  studs  sheathed  with 
horizontal  boards,  covered  with  tar  paper,  out- 
side of  which  vertical  split  poles  or  slabs  are 
nailed  to  give  it  the  required  rustic  appearance. 


crooked  hardwood  pieces  of  natural  growth.  In 
the  front  portion  is  a  large  wrought-iron  chan- 
delier of  unique  design,  having  brackets  for  can- 
dles, and  supported  from  the  roof  purlins  by 
chains.  Both  buildings  were  designed  by  Mr. 
W.  E.  Mansur,  architect,  Bangor,  Me.,  the  latter 
being  for  his  own  use. 


A  Cable  Road  nearly  4,000  feet  long  forms 
part  of  the  electric  traction  system  of  Palermo, 
Sicily,  to  assist  the  cars  over  a  grade  averaging 
12  per  cent.,  with  13.17  as  a  maximum  for  about 
650  feet.  The  cable  passes  around  a  wheel  fixed 
at  the  top  of  the  grade,  and  each  end  is  attached 
to  an  electric  locomotive  weighing  8.7  tons.  In 
operation  a  car  is  coupled  to  the  locomotive  at 
the  top  of  the  incline  and  another  car  to  the 
second  locomotive  at  the  bottom,  and  the  two 
pass  at  a  turn-out  at  the  center.  At  the  bottom 
the  locomotive  descends  into  a  pit  between  the 
running  rails  for  the  cars,  the  rails  for  the 
locomotives  lying  between  the  others.  The  car 
to  be  hauled  upward  passes  over  the  locomotive, 
so  that  it  can  be  on  the  upward  side  of  the  loco- 
motive on  reaching  the  upper  limit  of  travel. 
One  car  descends  as  the  other  ascends. 


The  Nkwi'ort   Steam   Tl'kiii.ne  Tests. 

Sir: — I  was  very  much  interested  in  the  report 
of  Mr.  Barrus'  tests,  presented  in  your  issue  of 
May  14,  on  the  steam  turbine  plant  at  Newport, 
R.  I.  The  results  given  in  this  report  are  cer- 
tainly excellent  and  should  furnish  added  im- 
petus to  the  turbine  industry  in  this  country. 

In  closely  examining  the  results,  however, 
I  find  that  in  no  case  is  mention  made  of  the 
vacuum  which  was  carried  during  the  various 
runs  at  full  and  fractional  loads  and  under 
varying  conditions.  It  is  hardly  probable  that 
these  tests  were  made  under  non-condensing 
conditions,  and  I  therefore  assume  that  the 
vacuum  was  omitted  either  intentionally  or 
through  an  oversight. 

These  data  are  particularly  necessary  in  prop- 
erly interpreting  the  results,  as  it  is  generally 
understood  among  engineers  that  the  economy 
of  the  steam  turbine  is  very  considerably  af- 
fected by  the  vacuum  or  exhaust  pressure.  The 
results  of  the  tests  might,  therefore,  very  readily 
be  better  or  worse  than  they  appear,  were  the 
true  vacuum  known  under  each  specific  condi- 
tion. 

Yours  truly,  Wilijam  S.  Johnson. 

Boston,  May  26. 

[A  statement  on  this  head  by  Mr.  W.  L.  R. 
Emmet  reads  as  follows:  "During  tests  the 
steam  pressure  was  about  145  pounds  and  the 
vacuum  about  95  per  cent."] 


Health    Conditions    on    the    Isthmus    of 
Panama. 

Sir: — The  article  on  health  conditions  on  the 
Isthmus  of  Panama,  by  Dr.  Gorgas,  which  you 
have  been  so  fortunate  as  to  secure  for  your 
paper,  is  most  timely  and  interesting.  Because 
of  the  source  from  which  it  emanates,  it  is 
authoritative,  and,  will  certainly  be  indorsed  by 
all  who  have  lived  in  tropical  countries,  as 
being  quite  in  accordance  with  general  prin- 
ciples. 

I  believe  Dr.  Gorgas  to  be  perfectly  correct  in 
relegating  yellow  fever  to  a  secondary  place 
among  the  dangers  to  health  to  be  encountered 
on  the  Isthmus,  and  putting  malaria,  with  its 
attendant  anaemia,  in  the  front  rank.  Yellow 
fever  is  avoidable  and  curable.  Malaria  can 
scarcely  be  said  to  be  either.  Before  the  war,  in 
Havana,  yellow  fever  was  endemic,  and  many 
deaths  occurred  every  year,  notably  among  the 
soldiers  of  the  garrison.  It  was  then  a  saying 
that  no  captain-general  nor  archbishop  had  ever 
died  of  yellow  fever,  which  was  only  another 
way  of  saying  that  the  disease  was  chiefly  con- 
flned  to  those  living  in  poor,  badly  ventilated 
habitations,  uncared  for  and  improperly  or  in- 
sufficiently nourished.  When  about  to  pass  my 
first  sickly  season  in  Havana,  while  building  the 
new  waterworks  for  that  city,  I  asked  Dr.  Bur- 
gess, the  U.  S.  Health  Officer,  and  a  practitioner 
of  long  exerience,  what  risk,  if  any,  I  was  run- 
ning, and  he  replied,  "None  whatever."  It  was 
considered  improbable,  at  that  time,  that  any 
one  living  in  thoroughly  perfiated  apartments, 
well  and  properly  nourished,  and  of  regular 
habits,  should  contract  the  disease,  while  a  cure 
was  regarded  as  certain  if  medical  attendance 
was  promptly  called  in  and  good  nursing  ob- 
tained. I  think  any  old  resident  of  Havana  will 
bear  me  out  in  these  assertions.  Every  credit 
is  due  to  the  American  authorities  for  the  in- 
telligent and  energetic  measures  which  have  re- 
sulted in  practically  banishing  the  fiebra  ama- 
rilla  from  Havana,  but  their  work  was  half  done 
when  the  Spanish  troops  were  withdrawn.  I 
have  always  considered  that  there  was  less  dan- 
ger in  Havana  from  yellow  fever  in  the  sickly 
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on  thmn  in  New  York,  in  winter,  from  pneu- 
monia. 

The  great  danger  in  a  long  residence  in  the 
tropics  is  the  gradual  lowering  of  the  tone  of 
the  tjwtim  and  a  reduced  vitality,  leading  to 
aiuHnic  symptoms.  In  Inquiring  after  the 
health  of  friends  in  those  days  one  would  be 
informed  that  they  were  suffering  from  an  at- 
tack of  anemia,  the  condition  being  referred  to 
as  if  it  were  an  ordinary  indisposition.  Malaria 
is.  of  course,  the  predisposing  agent  in  bringing 
about  this  undesirable  state,  but  climatic  con- 
ditions will  always  make  it  the  characteristic 
danger  of  the  tropics. 

Yours  truly.  E.  Shebman  Gouu>. 

Yonkers,  N.  Y..  June  6. 


The  Tbchmcal  School  axd  ENoiNEniaiNo 
Pkacticb. 

Sir; — The  consideration  which  The  Engineer- 
ing Record  has  lately  given  to  educational  prob- 
lems has  been  a  great  satisfaction  to  the  writer, 
as  it  must  have  been  to  others  interested  in  the 
welfare  of  technical  schools.  At  this  season  of 
the  year,  when  so  many  newly-made  graduates 
are  taking  their  first  plunge  into  the  current  of 
practical  affairs,  H  seems  particularly  profitable 
to  consider  ways  of  spanning  the  gap  which 
still  exists  between  the  college  and  the  outside 
world.  It  surely  is  an  "old  graduate's"  privi- 
lege to  deliver  himself  at  such  a  time  of  some 
convictions  which  several  years'  experience  has 
settled  upon  him.  None  the  less  does  the  writer 
appreciate  the  space  granted  him,  in  view  of 
former  diacussiona 

A  very  limited  acquaintance  with  professors 
of  engineering  convinces  one  that  their  lot  is 
not  a  sinecure.  While  the  foundation  principles 
which  underlie  every  branch  of  applied  science 
remain  fixed,  it  is  a  difficult  task  to  keep  thor- 
oughly posted  upon  the  details  of  apparatus  and 
method  wlUch  are  all  important  In  the  domain 
of  practice,  so  constant  are  the  changes  in  de- 
sign and  application.  As  an  illustration,  let  us 
call  to  mind  the  development  of  telephone  cen- 
tral office  equipment,  from  the  early  days  of 
magneto  signaling  down  to  the  present  lamp 
^gnal,  central  energy  multiple  boards,  which 
are  in  turn  being  threatened  in  supremacy  by 
"automatic"  exchanges.  It  Is  pretty  safe  to  say 
that  the  average  professor  of  electrical  engi- 
neering would  find  himself  completely  "floored" 
if  one  of  his  students  should  ask  a  detailed  ex- 
planation of  either  the  circuits  or  the  operating 
sequence  of  events  which  accompany  a  single 
conversation  between  two  subscribers  In  a  mod- 
em city  exchange.  We  can  scarcely  blame  the 
professor,  for  his  days  and  nights  are  taken  up 
as  it  is  by  work  which  leaves  little  time  to 
follow  the  advancing  progress  of  specialized 
branches  Uke  telephony.  The  student  Joins  a 
telephone  company  and  siwnds  several  years  in 
unraveling  circuits  l>efore  he  can  promptly  lo- 
cate a  fault  in  an  underground  calile  or  a  cen- 
tral office  switchboard. 

In  his  own  technical  course  the  writer  would 
never  have  seen  the  inside  of  a  car  controller 
or  had  the  remotest  conception,  of  its  circuits  if 
be  had  not  worked  out  Its  connections  in  a 
holiday  period  on  his  own  account.  The  labora- 
tories were  tolerably  well  equipped,  but  rheo- 
stats and  motor  starting  boxes  were  the  nearest 
approach  to  anything  like  the  controller.  If 
the  writer  had  not  possessed  this  knowledge  In 
the  four  years  which  he  spent  in  electric  rail- 
way practice.  It  would  have  been  impossible  for 
him  to  perform  either  the  theoretical  or  prac- 
tical work  in  rapid  transit  motor  and  equip- 
ment problems  which  fell  upon  his  desk. 

A  common  fault  of  present-day  scientific  edu- 
cation is  found  in  the  segregation  of  depart- 


ments which  fails  to  take  account  of  their  inter- 
relation. Enthusiasm  in  the  teaching  specialist 
Is  an  absolute  necessity  if  success  is  to  be  at- 
tained in  preparing  students  for  engineering 
work,  but  it  is  a  grave  mistake  to  overlook  the 
connection  of  the  subjects  which  make  up  the 
curriculum.  Thus,  scores  of  mathematical  prob- 
lems are  presented  which  have  no  more  bearing 
upon  engineering  questions  than  the  depth  of 
the  Pacific  Ocean  at  the  Hawaiian  Islands  has 
upon  the  annual  rainfall  in  New  York.  In- 
numerable problems  in  the  mathematical 
courses  are  of  necessity  apart  from  the  con- 
ditions of  practice,  but  the  writer  believes  that 
just  as  much  mental  training  can  be  obtained 
in  the  solution  of  a  stress  diagram  for  a  roof 
truss  as  can  be  secured  by  wasting  time  and 
energy  over  the  distance  an  Imaginary  fox  will 
run  in  a  hyperbolic  path  when  pursued  by  a 
pack  of  hounds,  also  imaginary.  Certainly  the 
tractive  power  of  locomotives  Is  as  worthy  a 
foundation  for  mathematical  problems  as  con- 
siderations of  the  probability  of  drawing  an  aco 
four  times  in  succession  from  a  theoretical  pack 
of  cards. 

Mechanics  Is  a  hard  subject  to  teach,  and  yet 
it  lies  at  the  bottom  of  practically  every  engi- 
neering problem.  The  lack  of  a  good  course  in 
this  important  study  is  felt  by  the  graduate  for 
many  years  after  he  takes  his  diploma  and  goes 
out  to  conquer  the  world  with  that  potent 
weapon — the  slide  rule.  It  is  a  notable  fact 
that  mechanics  as  we  encounter  it  in  practice 
is  one  of  the  most  fascinating  subjects  in  the 
world,  and  yet  It  is  one  of  the  dullest  studies 
in  the  curriculum,  in  many  technical  schools. 
There  seems  to  be  no  life  about  its  problems. 
Surely  the  great  railway  systems  offer  questions 
unending  in  rolling  stock  design  and  operation 
available  to  the  mechanics  course;  the  power 
transmission,  lighting  and  electric  railway  com- 
panies afford  countless  opportunities  for  prac- 
tical electrical  engineering  problems  to  be 
solved;  and  bridges,  permanent  way,  water- 
works and  railway  tracks  from  the  marshes  of 
New  England  to  the  Continental  Divide  offer 
the  embryo  civil  engineer  innumerable  occa- 
sions for  both  field  work  and  calculation. 

One  of  the  best  ways  of  opening  the  college 
windows  to  the  stimulating  air  of  the  outside 
business  world  is  the  arrangement  of  lectures  to 
be  given  before  the  entire  student  body  by 
distinguished  practising  specialists  in  the  vari- 
ous departments  of  engineering.  Long  ago  the 
medical  and  legal  professions  were  thus  drawn 
upon  by  the  schools,  but  the  engineering  schools 
have  required  extended  time  to  realize  the  im- 
portance of  the  messages  which  the  leaders  in 
scientific  and  commercial  activity  can  bring  to 
their  platforms.  It  is  no  small  privilege  and 
inspiration  to  the  earnest  student — and  there 
are  few  who  are  not  earnest  in  the  technical 
school — to  be  brought  face  to  face  with  the  per- 
sonalities of  men  who  stand  for  achieved  re- 
sults in  the  competitive  arena  of  professional 
life.  Such  men  realize,  as  few  teachers  can,  the 
trend  of  practice,  the  cost  of  great  enterprises 
and  general  economic  questions  of  design  and 
operation,  and  in  so  far  as  they  are  willing  to 
place  their  experience  before  the  college  stu- 
dent, do  they  span  the  gap  between  aca- 
demic education  and  business  experience.  It  is 
a  sign  of  the  times  that  college  authorities  are 
growing  more  and  more  to  appreciate  these 
facts. 

The  solution  of  commercial  problems  by  the 
college  laboratory  Is  also  coming  to  the  front 
as  an  undertaking  mutually  beneficial  to  the 
engineer,  the  student  and  the  teacher.  The 
calibration  of  instruments  and  testing  of  mate- 
rials are  but  two  illustrations  of  what  is  and 
may  be  done  in  the  way  of  bringing  the  world 


and  the  school  into  closer  touch.  Still  another 
benefit  is  secured  when  the  professors  enter 
consulting  practice  to  a  reasonable  degree,  and 
perhaps  one  of  the  most  productive  methods  of 
all  to  bring  the  student  into  better  harmony 
with  practical  work  Is  the  inspection  trip  to 
neighboring  or  distant  installations,  which  are 
in  actual  operation.  Such  trips  must  lie  planned 
and  carried  out  according  to  fixed  schedules, 
talked  over  afterward,  and  not  be  allowed  to 
degenerate  into  junketing  expeditions,  if  the 
highest  return  upon  the  investment  of  time  and 
money  is  to  be  secured.  Lastly,  the  technical 
journal  and  the  professional  club,  properly  used, 
are  two  efficient  aids  toward  a  better  under- 
standing of  what  comes  after  graduation.  The 
professor  may  do  his  best,  but  the  educational 
problems  of  to-day  are  so  exacting  that  addi- 
tional help  must  be  pressed  into  service. 

Yours  truly.  Technical  Graduate. 

Denver,  Col.,  June  2. 


High-Speed  Steam  Locomotive  Trials  were 
run  in  Germany  during  the  early  spring  on  the 
Marienfelde-Zossen  track  made  famous  by  the 
record-breaking  achievements  with  electric  lo- 
comotives. Four  different  locomotives  were 
tested,  each  with  two  trains,  one  of  six  and  the 
other  of  three  vestibule  cars,  weighing  about 
thirty  tons  apiece.  The  track  is  straight,  nearly 
level  and  14.5  miles  long.  The  locomotives  were 
built  by  four  different  German  firms,  two  of 
them  being  of  the  same  general  model  as  the 
"Atlantic"  type  used  in  this  country.  Records 
of  79.53  miles  per  hour  with  six  cars  and  85.12 
miles  with  three  cars  were  made  by  a  machine 
of  original  type,  designed  by  Chief  Engineer 
Wittfeld,  of  the  Prussian  railway  administra- 
tion, which  has  been  sent  to  the  St.  Louis  ex- 
hibition. These  were  the  best  records  made, 
but  were  only  slightly  better  than  those  made 
by  an  eight-wheeled  compound  engine  equipped 
with  Schmidt's  device  for  superheating  steam 
and  having  drivers  78  inches  in  diameter.  Ac- 
cording to  the  report  of  the  United  States 
consul  at  Berlin,  the  most  striking  peculiari- 
ties of  the  Wittfeld  locomotive  are  that  it  is 
so  built  that  the  engineer  stands  in  front 
within  a  glazed  cab,  like  the  motorman  of  an 
electric  car,  and  both  engine  and  tender  are 
covered  with  a  sheathing  of  sheet  iron  with 
glazed  windows  and  so  arranged  as  to  provide 
a  covered  passage  from  front  to  rear.  The  en- 
gine is  carried  on  twelve  wheels,  viz.,  a  four- 
wheel  bogie  in  front  and  rear  and  between 
them  the  two  pairs  of  drivers,  coupled  in  the 
usual  manner.  This  arrangement  is  for  the 
purpose  of  securing  a  smooth  steadiness  of  mo- 
tion despite  curves  or  irregularities  of  track 
surface.  The  engine  is  of  the  compound  type, 
the  high-pressure  cylinder  being  located  mid- 
way between  the  side  frames,  where  its  piston 
connects  with  an  inside  crank  on  the  forward 
driving  shaft.  The  low-pressure  cylinders,  of 
which  there  are  two  of  equal  diameter,  are 
external  and  drive  two  outside  cranks  set  par- 
allel to  each  other  and  on  the  same  side  of  the 
axle  90°  from  the  inside  crank  that  connects 
with  the  high-pressure  cylinder.  This  secures 
an  even  balance  between  the  reciprocating  parts, 
from  which  important  results  have  been  ex- 
pected. The  boiler  is,  from  the  European  stand- 
point, enormous,  having  2,766  square  feet  of 
heating  surface,  and  it  is  calculated  that,  with 
a  coal  consumption  of  2.5  pounds  per  horse- 
power hour,  it  will  develop  about  1,775  horse- 
power. It  weighs  76.8  tons  and  cost  $23,800. 
The  tender  weighs  47  tons  and  carries  7  tons  of 
coal  and  4,400  gallons  of  water,  which  it  is 
equipped  to  take  up  at  speed,  as  Is  done  on 
some  lines  in  the  United  States. 
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Beinforced  Concrete  for  Bridge  Trusses. 

The  use  of  reinforced  concrete  has  been 
pushed  to  an  extraordinary  extent  in  Prance,  aa 
is  illustrated  by  the  description  of  the  test  of 
reinforced  concrete  bridge  trusses  in  the  issue 
of  The  Engineering  Record  of  June  4.  The  com- 
pression members  of  the  trusses  tested  were  re- 
inforced not  only  by  longitudinal  steel  bars,  but 
also  by  steel  hooping,  in  the  manner  already 
made  familiar  to  the  readers  of  this  journal  in 
the  printed  accounts  of  the  empirical  and  other 
investigations  by  M.  Considfere.  This  method 
of  double  steel  reinforcement  of  members  in 
compression  possesses  the  important  advantage 
of  holding  the  concrete  in  place,  so  as  to  enable 
it  to  carry  a  far  higher  compressive  load  than 
the  unaided  concrete  could  possibly  sustain,  or, 
rather,  that  Is  the  effect  of  the  steel  hooping. 
Under  high  Intensities  of  compression  the  con- 


crete, if  unsupported  laterally,  would  obviously 
separate  by  oblique  shearing  or  in  some  other 
manner  peculiar  to  failure  by  compression.  It 
tiese  modes  of  failure  can  in  any  way  be  avoid- 
ed the  concrete  will  be  held  up  to  its  work  and 
experience  a  substantial  Increase  in  its  ultimate 
resistance.  This  end  is  effectively  attained  by 
the  use  of  the  steel  hooping.  It  has  been  found 
that  this  effect  may  be  considered  equivalent 
to  a  mass  of  steel  longitudinal  reinforcement 
which,  in  the  test  of  trusses  to  which  reference 
is  made,  was  tentatively  considered  equal  to 
about  two  and  four-tenth  times  that  of  the  steel 
hooping.  Under  this  interpretation  or  view  of 
the  capacity  of  resistance  to  compression  the 
ultimate  resistance  of  a  reinforced  concrete 
strut  would  consist  of  three  parts,  as  stated  in 
the  description  of  the  test,  the  compressive 
resistance  of  concrete  without  reinforcement, 
the  resistance  to  compression  of  the  longitudi- 
nal steel  rods  and  the  added  resistance  given 
to  the  concrete  by  the  steel  hooping. 
.  It  is  to  be  observed  that  the  compressive  re' 
sistance  of  the  longitudinal  steel  rods  is  as- 
sumed to'  be  essentially  that  of  short  blocks, 
i.  e.,  their  concrete  environment  is  assumed  to 
give  them  complete  lateral  support  in  every 
direction  and  at  all  points,  so  that  they  cannot 
deflect  laterally.  This  seems  reasonable,  inas- 
much as  they  are  entirely  buried  in  the  con- 
crete; at  the  same  time  this  view  swoms  to  make 
no  allowance  for  the  inevitable  lack  of  straight- 
ness  of  the  rods.  It  is  absolutely  certain  that 
those  rods  will  not  take  their  places  exactly 
parallel  to  each  other  and  to  the  axis  of  the 
member.  Indeed,  we  know  from  actual  experi- 
ence in  connection  with  the  construction  of  c6n- 
crete-steel  members  that  that  parallelism  is  very 
far  from  being  secured  in  such  cases.  Again, 
accuracy  in  the  placing  of  the  hooping  is  prac- 
tically unattainable,  although  it  is  stated  in  the 
description  of  the  French  test  that  that  accuracy 
is  not  essential.  This  latter  observation  is 
doubtless  well  founded,  for  it  is  obvious  that 
there  might  be  considerable  initial  displacement 
of  the  hooping  without  much  disturbance  of  its 
reinforcing  effect  on  the  compressive  resistance 
of  the  concrete  embraced  by  it. 

When  the  actual  constitution  of  such  com- 
pressive concrete-steel  members  is  carefully  con- 
sidered, one  cannot  help  being  impressed  with 
the  necessity  for  an  accurate  and  careful  con- 
struction to  secure  their  full  resistance.  Not 
only  must  there  be  assumed  a  good  admixture 
of  the  elements  of  the  concrete,  but,  what  is 
probably  more  difficult  to  secure,  a  combined 
continuity  of  that  concrete  and  accurate  placing 
of  all  the  steel  members.  Where  the  concrete 
must  be  placed  in  comparatively  thin  masses 
among  and  around  a  considerable  number  of 
small  steel  rods,  as  well  as  outside  of  the  hoop- 
ing, most  careful  work  must  be  performed 
throughout  every  portion  of  the  structure  to 
secure   reasonably   satisfactory   results. 

Admittedly  such  perfection  of  results  was  not 
attained  in  the  model  bridge  tested.  It  is  stated 
that  the  origin  of  these  defects  was  careless- 
ness or  indifference  easily  avoided  in  the  actual 
construction  of  such  work.  This  may  or  may 
not  be  so.  As  a  rule,  it  is  well  known  that  a 
higher  degree  of  excellence  will  oe  attained  in 
the  fabrication  of  a  structure  for  experimental 
purposes  than  in  ordinary  field  construction.  It 
is  a  matter  of  very  grave  doubt  whether  M. 
Considfire  himself  would  secure  even  as  good 
work  in  an  ordinary  reinforced  concrete  truss, 
as  in  the  model  truss  built  for  test;  indeed,  it 
is  practically  certain  that  he  would  not,  and 
hence  that  it  never  would  be  safe  to  assume 
any  greater  unit  resistances  than  were  found 
in  the  model  truss;  it  would  he  safer  to  use 
less 


In  this  account  apparently  much  Importance 
is  attached  to  the  fact  that  failure  occurred  at 
one  place  in  a  compression  member,  while  all 
other  compression  members  exhibited  no  sign 
of  weakness,  even  by  the  cracking  of  the  exte- 
rior shell  of  concrete  outside  the  steel  hoop- 
ing. This  is  illusory,  for  that  is  the  way  In 
which  any  structure  composed  of  a  number  of 
members  would  fail,  and  it  is  precisely  the 
kind  of  failure  which  must  be  expected  to  occur 
in  any  structure  if  by  any  chance  It  should  ever 
reach  the  stage  of  failure. 

It  was  computed  that  the  concrete  in  the 
members  of  the  model  truss  tested  must  have 
sustained  compression  ranging  from  about 
6,500  to  over  11,000  pounds  per  square  inch. 
Such  ultimate  compressive  resistances  are  far 
in  excess  of  any  ever  disclosed  by  non-rein- 
forced concrete  and  they  show  in  a  marked 
manner  the  great  gain  in  compressive  resist- 
ance due  to  the  steel  hooping.  M.  Consldfere 
concludes  from  the  tests  made  up  to  the  pres- 
ent time  that  when  engineers  become  more  ac- 
customed to  the  use  of  hooped-reinforced  con- 
crete the  same  factor  of  safety  will  be  employed 
as  for  steel  structures  and  that  for  the  present 
a  working  compressive  stress  as  high  as  2,130 
pounds  per  square  inch  may  be  used  when  six 
per  cent,  of  the  section  is  used  for  the  spiral 
hooping  and  two  and  one-half  per  cent,  for  the 
longitudinal  reinforcing  rods.  When  the  hoop- 
ing is  reduced  to  2.5  per  cent,  and  the  longitudi- 
nal reinforcement  to  1.5  per  cent,  he  would  re- 
duce the  working  stress  to  1,300  pounds  per 
square  inch. 

Engineers  familiar  with  the  use  of  even  the 
best  quality  of  concrete  masonry  and  of  con- 
crete-steel masonry  will  probably  hesitate  to 
use  such  high  working  intensities.  The  well 
considered  types  of  reinforced  concrete  are  cer- 
tainly most  promising  structural  materials,  but 
it  is  a  serious  question  whether  their  most  ar- 
dent advocates  are  not  straininsr  the  merits  of 
an  excellent  material.  The  fact  that  concrete- 
steel  is  admirably  adapted  to  structural  pur- 
poses when  properly  used  does  not  justify  ex- 
cessive working  intensities.  Concrete  of  bad 
quality  coupled  with  high  working  intensities 
has  already  produced  failures  in  this  class  of 
material,  and  if  working  pressures  are  placed 
too  high  more  failures  w^ill  follow.  The  quality 
of  the  material  as  a  whole  in  a  reinforced 
hooped  compression  member  is  far  from 
being  under  such  control  as  the  metal  in  a 
steel  compression  member,  and  it  is  worse  than 
idle,  because  dangerous,  to  consider  seriously 
the  use  of  the  same  safety  factor  for  both.  It 
is  probably  conservative  to  state  that  the  safe- 
ty factor  in  a  reinforced  concrete-steel  strut 
should  be  at  least  fifty  per  cent,  greater  than 
in  a  steel  strut.  The  advocates  of  reinforced 
hooped  concrete  should  be  satisfied  with  the 
reasonable  recognition  of  its  merits,  for  they 
are  many  and  great,  hut  they  should  not  make 
Its  excellence  the  cause  of  even  its  occasional 
condemnation. 


The  American  Water-Works  Association. 


It  will  be  gratifying  to  all  who  have  felt  that 
the  American  Water-Works  Association  was 
not  advancing  in  influence  and  in  numbers  so 
rapidly  as  it  should,  to  know  that  the  St.  Louis 
Convention  last  week  was  probably  the  most 
important  in  its  history.  Not  only  were  more 
new  members  elected  at  the  Convention  than 
ever  before,  but  the  papers  were  of  a  higher 
order  and  of  more  practical  importance  than 
usual.  Unquestionably  one  reason  for  this  is 
to  he  found  in  the  very  energetic  work  of  the 
Secretary  during  the  past  year.  Those  who 
ftre  familiar  with  the  work  of  such  societies 
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know  that  its  success  depends  very  largely  on 
the  thorough  work  done  by  this  officer.  .  In 
tact,  the  best  of  local  committees  and  the  most 
careful  scrutiny  of  papers  to  be  presented  be- 
fore a  convention  will  fail  to  produce  the  de- 
sired results  unless  the  secretary  makes  every 
member  of  the  society  feel  that  the  convention 
is  being  held  for  him  personally.  The  conven- 
Uon  was  also  marked  by  the  improvement  in 
the  character  of  the  papers,  which  was-  due  to 
a  conscientious  publication  committee.  In  the 
past  the  time  of  the  meetings  has  often  been 
taken  up  by  papers  of  the  most  ridiculous  char- 
acter, bringing  discredit  on  the  Association 
when  published  and  mortification  to  many  who 
have  endeavored  to  make  the  organization  one 
creditable  to  the  great  interests  it  represents. 
The  St.  LauIs  convention  shows  that  the  period 
of  stagnation  has  passed  and  the  development 
of  the  Association  into  a  great  national  organ- 
ization, thoroughly  representing  every  feature 
of  water-works  constrtaction  and  management, 
may  be  confidently  expected. 

The  water-works,  public  and  private,  in  the 
United  States  and  Canada,  arc  altogether  too 
important  to  the  citizens  who  depend  upon  them 
for  one  of  the  necessities  of  life  to  be  without 
a  strong  representative  national   organization. 
The   American    Water-Works    Association    has 
only  about  450  members  of  all  grades,  whereas 
it  should  have  at  least  2.000.    Us  comprehensive 
scope  should  make  it  a  l)ody  of  strong  influence 
in  many  ways.     It  is  neither  an  engineering 
society  nor  a  commercial  organization,  but  an 
association  of  every  one  interested  in  the  sup- 
ply  of   water   for    municipal    purposes.     The 
problems  it  discusses  are  of  importance  to  com- 
missioners, to  supply  men  and  to  engineers,  just 
as  much  as  to  superintendents.  All  these  classes 
must  be  well  represented  in  its  various  grades 
of  membership  if  It  is  to  assume  the  position 
it  should.     These  classes  will  not  join  until  it 
is  definitely  assured   that   it  is  to  their   inter- 
rat  to  do  so.    In  the  past  the  organization  has 
suifered  in  some  ways  which  have  prevented  its 
growth.    It  has  been  claimed,  prubably  without 
any  foundation,  that  at  one  time  it  was  sim- 
ply an  organization  supported  by  supply  men. 
Not  so  many  years  ago  its  proceedings  were 
marked  frequently   by    ridiculous    or    useless 
papers.    Nothing  of  the  sort  can  be  said  of  the 
proceedings  at  St.  Ixtuis.    The  papers  were  all 
of  them  of  fair  quality  and  many  were  very 
good.    The  subjects  discussed  were  of  direct  im- 
portance to  water-works  interests  and  the  con- 
vention as  a  whole  was  better  than  any  held  be- 
fore.    It  goes  without  saying  that  if  this  rec- 
ord can  be  kept  up,  and  there  is  no  reason  why 
it  should  not  be,  the  Association  will  develop 
into  an  organization  comparable  in  strength  and 
numbers  with  the  National  Electric  Light  Asso- 
ciation, to  which  it  is  in  many  ways  similar. 
If  It  is  to  grow,  however,  those  members  who 
have  been  holding  back  the  last  few  years  and 
doing  nothing  to  enhance  the  usefulness  of  the 
society  must  take  part  in  Its  work.     They  no 
longer  have  any  ground  for  refusing  to  bear 
their  share  of  *Im»  wxiik  of  the  body,  for  it  is  in 
the  hands  of  officers  ohiiigh  standing  in  their 
rest>ectlve  fields  of  activity  a^d  the  recent  con- 
vention indicates    that    the    stilly    proceedings 
which  marked  some  earlier  me^-Ungs  are  now 
happily  a  thing  of  the  past.    The  importance  of 
the  work  that  the  Association  can  do  !s  so  great 
that  The  Engineering  Record  has  no  hesitation 
in  suggesting  that  every  one  Interested  it.  water- 
works affairs  should  resolve  to  take  part  in 
some  way  or  another  in  the  proceedings  of  the 
next  convention.    A  little  work  during  the  next 
twelve  months  on  the  part  of  each  individual 
will  accomplish  wonders  at  the  meetings  next 
year. 


The  Wabash  in  Pittsburg. 

On  April  13  a  construction  train  on  the  Pitts- 
burg, Carnegie  &  Western  Railroad  crossed  the 
city  line  of  Pittsburg  and  the  Wabash  thereby 
ran  its  first  train  into  that  city.  While  much 
remained  to  be  done  in  the  way  of  cleaning  up 
and  completion,  this  rough  work  train  carrying 
rails  and  ties  into  the  Smoky  City  marked  a 
leally  important  event  in  transportation.  Among 
railway  men,  the  Wabash  stands  for  great  work 
with  comparatively  limited  resources.  For  years 
the  road  was  the  butt  of  jokes,  but  to-day  it  re- 
ceives, to  use  a  diplomatic  phrase,  "the  assur- 
ance of  the  distinguished  consideration"  of  every 
line  in  its  vicinity.  Its  good  train  service  and 
model  roadbed  indicate  the  loyalty  and  intelli- 
gence of  its  staff,  while  the  way  in  which  it 
fought  its  way  into  Pittsburg  and  is  winning  a 
route  to  the  seaboard  must  bring  to  the  man- 
agers of  lines  in  the  territory  invaded  the  feel- 
ing that  always  attends  the  incursion  of  a  very 
energetic  and  resourceful  rival.  The  entrance 
of  the  road  into  Pittsburg  is  particularly  inter- 
esting, because  it  has  been  largely  an  engineers' 
struggle,  in  which  all  Mr.  Gould's  financial  abil- 
ities would  have  very  likely  come  to  naught 
without  the  detailed  personal  linowledge  of  the 
engineering  problems  which  was  possessed  by 
Mr.  Joseph  Ramsey,  Jr.,  president  of  the  Wa- 
bash Railroad  Company. 

Twenty-tw^o  years  ago,  when  Mr.  Ramsey  was 
chief  engineer  of  the  Pittsburg.  Chartiers  & 
Youghiogheny  Railroad, he  made  a  personal  sur- 
vey of  a  route  from  Pittsburg  to  the  Ohio  River 
and  acquired  information  which  has  only  now 
been  utilized.  The  land  in  that  part  of  the 
country  is  mostly  on  edge,  and  the  few  places 
where  a  railway  can  run  seemed  to  be  so  well 
filled  with  old  lines  that  a  new  one  was  not 
considered  a  practical  proposition.  Events  have 
shown,  however,  that  a  good,  although  expen- 
sive line  exists.  Just  before  the  close  of  thu 
last  session  of  the  Fifty-sixth  Congress  a 
bill  was  introduced  authorizing  the  con- 
struction by  the  Pittsburg  &  Mansfield 
Railroad  Company  of  a  bridge  across  the 
Monongahela  River  within  the  city  limits 
of  Pittsburg.  It  was  assumed  to  be  for  an  elec- 
tric railway,  and  was  passed.  About  the  time 
the  people  discovered  that  the  bill  was  for  the 
Wabash  Railroad,  it  was  also  learned  that  the 
company  had  obtained  control  of  the  Wheeling 
&  Lake  Erie  Railroad,  and  thus  had  a  through 
line  from  the  West  to  Jewett,  Ohio.  The  first 
positive  information  on  the  subject  was  fur- 
nished by  an  application  to  the  City  Councils  of 
Pittsburg  for  permission  to  cross  certain  streets, 
and  by  the  incorporation  of  the  Pittsburg,  Car- 
negie ft  Western  Railroad  Company,  the  Cross 
Creek  Railroad  Company,  and  the  Pittsburg, 
Toledo  &  Western  Railroad  Company  to  build 
the  Pennsylvania,  West  Virginia  and  Ohio  sec- 
tions, respectively. 

By  this  time  it  was  recognized  that  the  well- 
established  lines  running  into  the  city  had 
trouble  In  their  midst,  so  to  speak.  The  ordi- 
nances introduced  into  the  city  councils  slum- 
bered in  a  committee  pigeonhole,  but  this  fact 
seemed  to  cause  no  worry  to  the  men  behind 
the  invasion.  They  bought  land  for  a  fine  sta- 
tion and  freight  terminals  and  built  piers  for 
the  great  Monongahela  bridge  which  has  been 
the  subject  of  a  numberof  articles  in  this  jour- 
nal. In  other  ways,  also,  the  construction  was 
pushed  ahead  with  the  energetic  assurance  of 
speedy  success  that  characterizes  all  Wabash 
campaigns.  Finally,  the  director  of  public  works 
sued  for  an  Injunction  to  have  the  work  in  the 
city  stopped.  While  It  was  being  fought  from 
court  to  court,  the  construction  was  pushed 
ahead  rapidly,  but  at  last,  on  January  1,  1903, 


the  Supreme  Court  of  the  State  issued  the  de- 
sired injunction.  Work  was  Immediately 
stopped,  and  the  whole  energy  of  the  corpora- 
tion was  directed  toward  the  people  of  Pitts- 
burg. It  is  a  characteristic  of  Wabash  methods 
to  waste  very  little  time  with  legislative  and 
administrative  organizations  when  held  up,  and 
at  Pittsburg  its  tactics  were  a  repetition  of  those 
employed  in  other  places  on  a  smaller  scale. 
The  following  letter  was  sent  at  once  to  the 
Jeading  merchants  and  manufacturing  com- 
panies of  Uie  city:  "As  you  are  aware,  the  P., 
C.  &  W.  R.  R.  Co.,  popularly  known  as  the  Wa- 
bash, has  been  for  the  last  eighteen  months  seek- 
ing an  entrance  into  Pittsburg,  and  there  has 
been  an  ordinance  pending  in  councils  to  grant 
the  consent  of  the  city  of  Pittsburg  to  such 
an  entrance.  By  a  series  of  mishaps  and  mis- 
understandings the  ordinance  has  been  so 
amended  as  to  make  it  practically  useless  to  the 
railroad  company  for  purpose  of  transportation 
of  freight  within  the  city  limits,  although  it 
does  provide  for  the  construction  of  a  terminal 
passenger  station  and  the  conduct  of  a  passenger 
business.  The  ordinance  could  be  amended  upon 
the  lines  indicated  on  the  return  part  of  this 
postal  card,  so  as  to  permit  the  railroad  to  enter 
thccity  of  Pittsburg  and  give  its  manufacturing 
and  mercantile  interests  the  benefit  of  transpor- 
tation facilities  over  railroad  systems  operating 
16,000  miles  of  railroad.  If  you  desire  to  give 
your  aid  and  sanction  to  procure  for  the  city 
of  Pittsburg  these  additional  transportation  fa- 
cilities, please  sign  and  return  immediately  the 
other  half  of  this  card." 

It  is  violating  no  secret  to  state  that  the  Penn- 
sylyania  Railroad  is  not  particularly  popular 
in  Pittsburg.  Consequently  there  was  little 
friendship  to  hinder  the  signing  of  these  cards, 
while  there  was  consideral)le  business  attraction 
about  a  new  railroad  in  town,  able  to  run  its 
own  cars  over  its  own  lines  into  Chicago,  Bul- 
falo,  Toledo,  St.  I^ouis  and  Kansas  City. 

Consequently  the  signatures  were  readily  ob- 
tained, one  report  being  that  over  nine-tenths  of 
the  large  mercantile"  and  shipping  interests 
signed  the  appeal.  Be  that  as  it  may,  the  popu- 
lar feeling  on  the  subject  rose  so  rapidly  and 
in  such  strength  that  on  February  4,  after  an 
agitation  of  about  a  month,  councils  gave  the 
desired  franchise.  The  War  Department  refused 
permission  for  a  bridge  at  a  practicable  ele- 
vation for  a  direct  connection  with  Alle- 
gheny, but  this  entrance  will  be  obtained  in 
another  manner,  so  that  the  legal  aspects  of  the 
work  may  be  considered  as  settled. 

The  engineering  features  of  this  work  have 
been  no  less  notable  than  the  executive.  After 
leaving  the  Pittsburg  terminal  station  the  road 
runs  on  a  viaduct  to  the  great  cantilever  bridge 
already  mentioned  and  then  enters  a  3,333-foot 
tunnel,  almost  at  the  end  of  the  anchor  arm.  Via- 
ducts, tunnels  and  heavy  cuts  and  fills  mark  the 
construction  from  Pittsburg  to  Jewett,  the  main 
connection  with  the  Wheeling  &  Lake  Erie 
tracks,  for  the  controlling  grade  is  but  0.7  per 
cent.,  and  such  a  profile  in  that  country  can  only 
be  secured  at  a  great  expense.  Moreover,  there 
is  not  a  single  grade  crossing  with  highways  or 
railways.  The  Monongahela  and  Mingo  Junc- 
tion cantilever  bridges,  the  Greentree  and  Mt, 
Washington  tunnels,  are  but  the  largest  exam- 
ples of  many  smaller  interesting  works  of  their 
respective  classes  which  this  line  affords.  The 
temporary  structures  have  been  almost  equally 
noteworthy.  Some  of  the  timber  trestles  are  re- 
markable, while  in  earthwork  there  is  a  fill  of 
great  height  3,.')no  feet  long,  to  mention  but  om 
example.  Concrete  is  extensively  employed  for 
arches  and  tunnel  linings.  In  short,  the  whni'; 
road  construction  has  been  executed  on  thor- 
oughly permanent  plans,  with  the  evident  pur- 


June  i8,  1904. 


THE    ENGINEERING    RECORD. 


759 


pose  of  having  a  line  which  will  require  no  re- 
location or  reconstruction.  It  is  said  that  the 
total  cost  of  the  sixty  miles  of  road  and  the 
buildings  will  he  about  $20,000,000.  This  is  a 
very  large  amount  for  such  a  short  line,  but 
after  an  examination  of  the  country  traversed 
by  it,  the  engineer  will  be  surprised  only  at 
the  ability  of  the  men  who  could  find  in  those 
hills  a  location  not  already  occupied  by  which, 
at  any  expense  whatever,  the  entrance  to  the 
city  could  be  secured.  It  is  to  be  hoped  that  a 
comprehensive  account  of  this  great  engineer- 
ing feat  of  Messrs.  Ramsey  and  Patterson  will 
be  communicated  to  the  American  Society  of 
Civil  Engineers. 


The  Louisiana  Purchase  Exposition. 

For  some  unknown  reason  a  ridiculous  report 
has  gone  abroad  in  the  daily  newspapers  that 
the  bankruptcy  of  the  Louisiana  Purchase  Ex- 
position is  imminent.  This  report  has  doubt- 
less arisen  from  the  wording  of  a  communica- 
tion sent  to  President  Francis  of  the  Exposi- 
tion Company  by  Secretary  Shaw.  The  rumor 
is  unwarranted.  As  it  may  Influence  some  of 
the  readers  of  The  Engineering  Record  unless 
it  is  contradicted  positively,  it  is  desirable  to 
state  as  emphatically  as  possible  that  the  expo- 
sition is  one  of  the  most  interesting  from  an 
engineering  point  of  view  that  was  ever  held. 
It  will  unquestionably  draw  great  throngs  of 
people  just  as  soon  as  they  learn  that  the  ex- 
hibits are  now  practically  complete.  It  is  true 
that  some  companies  have  not  yet  completed 
their  display,  and  that  a  very  few  of  the  most 
important  exhibits  in  the  steam  engineering 
line,  as  well  as  in  other  technical  branches,  are 
not  yet-  on  the  grounds.  The  number  of  these 
incomplete  exhibits  is  extremely  small,  however, 
and  any  one  who  has  an  opportunity  to  visit  the 
Pair  now  and  does  not  do  so,  will  regret  his 
neglect.  The  attendance  at  the  Fair  during  the 
first  months  was  naturally  small.  It  was  rec- 
ognized that  both  the  grounds  and  the  exhibits 
were  incomplete  and  people  did  not  care  to  visit 
the  exposition  under  such  conditions.  The  lat- 
ter part  of  last  week,  however,  the  grounds  were 
thronged,  and  there  can  be  no  question  that 
hereafter  the  attendance  will  be  up  to  the  num- 
bers expected. 

From  an  engineering  point  of  view  the  expo- 
sition is  one  of  much  importance.  The  number 
of  objects  of  interest  is  so  vast  that  it  is  diffi- 
cult to  enumerate  them  even  in  the  abridged 
form  adopted  by  the  official  guide-books  to  the 
different  buildings.  A  large  proportion  of  the 
exhibits  are  standard  appliances,  and  there  are 
grounds  for  believing  that  the  novelties  dis- 
played would  be  more  conspicuous  were  less 
standard  apparatus  shown.  It  must  be  remem- 
bered, in  this  connection,  that  the  exposition 
was  intended  to  show  processes  as  well  as  prod- 
ucts, and  for  this  reason  operating  exhibits  of 
standard  apparatus  have  a  greater  justification 
for  their  display  than  usual.  Any  young  stu- 
dent of  engineering  will  find  the  Fair  partic- 
ularly interesting  for  this  very  reason,  and  he 
will  see  in  well-arranged  groups  a  large  amount 
of  machinery  and  supplies  with  which  he  can 
become  familiar  in  no  other  way  so  quickly  and 
thoroughly.  The  more  experienced  engineers 
naturally  criticise  somewhat  the  display  of  ap- 
paratus with  which  they  are  thoroughly  famil- 
iar, but  they  forget  that  a  large  part  of  the  value 
of  these  exhibits  to  those  making  them  lies  in 
the  fact  that  many  of  the  visitors  to  the  Fair 
have  never  had  an  opportunity  of  personally  ex- 
amining them,  and  their  character  is  therefore 
unknown  to  many  future  purchasers.  It  may 
well  be  questioned  if  an  exposition  of  such  scope 
will  be  undertaken  again  for  many  years,  be- 


cause the  cost  of  very  large  displays  runs  up 
to  a  high  figure.  It  is  the  general  opinion  among 
both  exhibitors  and  visitors  that  future  enter- 
prises of  this  character  will  confine  themselves 
for  financial  reasons  more  strictly  to  novelties 
and  special  apparatus.  This  view  in  no  way 
detracts  from  the  value  of  the  Louisiana  Pur- 
chase Exposition  as  a  great  museum  of  a  prac- 
tical nature,  which  no  engineer  should  fail  to 
visit  if  he  has  an  opportunity  to  do  so. 

It  should  also  be  stated  that  the  tales  of  the 
highway  robbery  of  all  visitors  to  the  Exposi- 
tion are  imaginative.  Any  one  who  is  willing  to 
put  up  with  some  inconvenience  can  visit  the 
Fair  at  a  low  cost.  While  there  are  hotels  in  the 
city  which  charge  very  high  rates,  there  are 
many  where  fair  accommodations  and  good  food 
are  to  be  had  at  reasonable  prices.  There  are 
also  hotels  and  restaurants  near  and  in  the 
Fair  grounds  where  rates  are  moderate,  and 
there  are  many  excellent  boarding  houses, 
where  people  will  be  comfortable  during  a  pro- 
longed stay  at  the  Exposition.  This  statement 
is  made  as  a  matter  of  simple  justice  to  the 
people  of  St.  Louis  and  the  authorities  of  the 
Fair.  No  one  need  be  deterred  from  visiting 
the  Exposition  by  the  stories  of  extortion  which 
are  current.  Of  course,  if  the  visitor  wishes  to 
stop  in  the  best  hotels  and  makes  no  objection 
to  being  fleeced,  he  may  confidently  count  on 
paying  a  great  deal  of  money  without  receiving 
any  visible  return  for  it,  but  if  he  is  willing  to 
spend  a  little  time  in  securing  satisfactory  ac- 
commodations, he  may  count  on  having  every 
reasonable  want  satisfied  without  much  expense. 

It  has  been  stated  above  that  the  exposition  is 
not  quite  complete.  This  does  not  mean  that 
the  visiting  engineer  at  the  present  time  should 
feel  any  disappointment  in  what  he  sees.  As  a 
matter  of  fact,  only  a  few  of  the  large  engine 
exhibits  and  the  concrete-steel  house  of  the  As- 
sociation of  Portland  Cement  Manufacturers  are 
in  a  very  backward  condition.  Vhe  civil  engi- 
neering exhibits,  particularly  those  from  for- 
eign countries,  are  all  in  place,  and  some  of 
them  are  of  exceptional  interest.  The  Transpor- 
tation Building,  where  the  exhibits  are  of  un- 
usual historical  interest,  is  practically  complete. 
The  display  in  the  Liberal  Arts  Building  is  fin- 
ished, and  the  same  is  true  of  the  Manufactur- 
ers' Building.  There  are  a  few  exhibits  not 
quite  completed  in  the  Mines  and  Metallurgy 
Building  and  in  the  Electricity  Building.  The 
Machinery  Building  is  more  backward  than  the 
others.  A  fortnight  should  see  everything  prac- 
tically completed  with  the  exception  of  the 
building  of  the  Association  of  Portland  Cement 
Manufacturers  and  the  exhibits  of  two  engine 
manufacturers.  Any  one  who  visits  the  Expo- 
sition to-day  and  fails  to  find  enough  to  interest 
him  for  two  full  weeks  of  energetic  sightseeing 
must  be  a  walking  encyclopedia,  and  the  lack  of 
completion  of  a  few  of  the  exhibits  should  deter 
no  one  from  visiting  the  Fair  who  can  do  so 
only  during  the  present  month. 


ment.  This  work  was  described  in  a  report  ab- 
stracted In  The  Engineering  Record,  March  19. 
Mr.  Frederic  P.  Stearns  is  chief  engineer  of  the 
Metropolitan  Water  and  Sewerage  Board. 


Notes  and  Comments. 


Pkr  Capita  Consumption  of  Wateu  in  the 
Boston  Metropolitan  water  district  was  119  gal- 
lons per  day.  on  the  average,  for  the  year  1903, 
being  a  reduction  of  4  gallons  from  the  corre- 
sponding quantity  for  1902.  In  the  annual  re- 
port of  the  Board,  just  published,  this  decrease 
is  attributed  in  part  to  the  lack  of  any  consid- 
erable long  spells  of  very  hot  weather  and  to  less 
extreme  cold  weather,  but  it  is  believed  that  a 
large  portion  of  the  decrease  was  aue  to  tne 
curtailment  of  waste  effected  through  the  spe- 
cial investigations  conducted  during  the  year  by 
the  engineers  under  the  direction  of  Mr.  Dexter 
Brackett,  engineer  of  the  Distribution  Depart- 


TiiE  UNivKKsny  ok  Maine  is  now  equipping 
Its  new  building  for  the  mechanical  and  elec- 
trical engineering  departments.  It  consists  of 
a  main  structure  82x56  feet  and  a  42xl25-foot 
wing,  the  latter  housing  the  shops.  The  hy- 
draulic laboratory  will  be  in  the  basement  of 
the  main  building  and  the  mechanical  and  elec- 
trical laboratories  will  occupy  the  north  and 
south  halves  of  the  ground  floor.  The  second 
floor  will  be  given  up  to  offices,  recitation  and 
drafting  rooms,  while  the  third  floor  is  not  to 
be  utilized  at  present.  The  ground  floor  of  the 
wing  will  contain  machine,  forge  and  foundry 
rooms;  the  second  floor  over  the  machine  shop 
will  be  used  for  woodworking  tools,  and  above 
will  be  a  large  storage  room  and  paint  shop. 
The  forge  is  to  be  equipped  with  down-draft 
Sturtevant  apparatus  and  all  machinery  will 
be  motor-driven  on  the  group  system.  The  line 
shafting  in  the  machine  shop  will  he  carried  on 
Hyatt  roller-bearings.  The  entire  shop  plant  is 
being  laid  out  to  facilitate  tests  for  power 
losses  in  transmission  and  the  power  required 
for  driving  machine  tools. 


The  Investigation  of  Road  Materials  and 
of  all  materials  relating  to  agricultural  con- 
struction, which  has  been  a  feature  of  the  work 
of  the  United  States  Department  of  Agriculture 
for  some  time,  will  hereafter  be  in  charge  of  a 
Division  in  the  Bureau  of  Chemistry  of  that 
Department.  The  good  work  which  Is  being 
done  along  this  line  is  too  well  known  to  most 
readers  of  this  journal  to  need  comment,  and 
the  fact  that  it  has  been  dignified  by  Secretary 
Wilson  as  a  special  division,  to  be  called  the 
Division  of  Tests,  will  be  gratifying.  The  in- 
vestigations may  be  confidently  expected  to 
supplement  and  unify  the  work  done  in  a  few 
states  by  their  local  highway  departments  of 
geological  surveys.  A  federal  division  for  such 
work,  in  charge  of  men  of  high  standing  who 
are  now  directing  its  affairs,  brings  within  the 
reach  of  everybody  in  the  country  the  advan- 
tages of  a  road-material  laboratory.  Not  the 
least  satisfactory  feature  of  the  Government's 
work  along  this  line  is  the  extreme  conserva- 
tism of  those  in  charge  of  it,  which  does  not 
result  in  the  newspaper  notoriety  of  some 
other  divisions  of  the  Department  work. 


The  RENSi3Ei.AER  Polytechnic  Institute  suf- 
fered a  serious  loss  on  June  9,  when  its  main 
building  was  practically  destroyed.  The  loss 
has  been  estimated  by  the  Treasurer  of  the  In- 
stitution at  $100,000,  $48,000  of  which  was  cov- 
ered by  insurance.  Fortunately  the  work  of 
the  year  had  practically  closed  by  the  time  of 
the  flre,  and  what  remained  to  be  flnished  was 
completed  in  the  other  buildings  of  the  Insti- 
tute and  the  public  High  School  of  Troy.  The 
collection  of  astronomical  instruments  stored 
in  the  building  were  saved,  but  the  surveying 
instruments  and  a  very  valuable  collection  of 
models  and  specimens  in  the  Department  of 
Mechanics  were  lost.  The  origin  of  the  flre  is 
supposed  to  have  been  incendiary;  there  were 
no  laboratories  in  the  building.  The  trustees 
are  taking  steps  to  provide  temporary  quar- 
ters for  the  coming  year  and  have  appointed  a 
committee  to  outline  a  plan  for  the  construc- 
tion of  adequate  huildings  on  a  suitable  site. 
Temporary  quarters  will  be  prepared  for  the 
classes  by  the  fall.  Unsolicited  subscriptions 
toward  the  rebuilding  of  the  Institute  have  al- 
ready begun  to  come  in,  and  a  concerted  effort 
will  be  made  to  secure  the  necessary  funds. 
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Bepain   and   Reconstruction   on  the   Old 
Croton  Aquedact. 

The  portion  of  the  old  Croton  aqueduct  be- 
tween the  old  and  the  new  Croton  dams  was 
built  approximately  from  the  hydraulic  gradient 
and  closely  follows  the  contours  of  the  hill  on 
the  south  side  of  the  Croton  valley,  in  this 
part  of  the  line  the  aqueduct  is  mostly  in 
trench,  but  In  some  places  it  is  carried  across 
the  TElIeya  of  intersecting  brooks  and  in  others 
it  croeaes  with  an  embankment  above  the  orig- 
inal level  of  the  ground.  The  invert  slopes 
from  elevation  154.6  at  the  old  dam  to  elevation 
15:.8  at  the  new  dam,  being,  therefore,  a  little 
more  than  50  feet  below  the  level  of  the  flow 
line  for  the  new  reservoir,  which  Is  elevation 
20«.  'Wlierever  the  aqueduct  is  built  on  the 
hillside  with  slopes  flatter  than  2%  to  1,  it  is 
considered  that  it  will  not  be  endangered  by  the 
future  submersion,  excepting  where  it  is  near 
the  edge  of  steep  slopes;  at  these  places  it  will 
be  protected  by  riprap.  At  a  few  crossings  the 
aquedact  is  carried  above  the  natural  surface 
of  the  ground  on  dry  masonry  foundation  walls 
which  have  earth  footings  and  are  enclosed  in 
embankments  extending  over  the  top  of  the 
arch.  It  is  believed  that  at  these  places  the 
water  might  seriously  soften  the  banks  and  the 
foundations  of  the  dry  stone  walls. 

When  the  new  reservoir  is  fllled  the  old  aque- 
duct may  at  times  have  to  resist  an  external 
pressure  of  twenty  pounds  per  square  inch. 
Under  new  conditions,  which  will  be  radically 
different  from  those  contemplated  in  the  design, 
it  was  thought  possible  that  serious  settlement 
might  take  place  and  breaks  occur.  To  prevent 
such  damage  it  was  decided  to  reinforce  the 
aqueduct,  and  wherever  any  portions  of  it  were 
built  on  embankment  to  replace  them  by  de- 
tours located  on  firm  ground,  so  that  the  filling 
of  the  reservoir  would  not  affect  the  founda- 
tions. There  are  five  of  these  so-called  detours, 
with  the  following  lengths  and  locations: 
Orser's  Brook.  294  feet;  Bailey's  Brook,  621 
feet;  Purfly's  Brook,  137  feet;  Spring  Brook. 
304  feet,  and  McCord's  fill,  251  feet  At  Cla- 
mant's  Brook  the  dry  rubble  foundation  wall 
was  reinforced  by  grouting,  and  the-  old  struc- 
ture was  retained. 

Each  detour  consists  virtually  of  a  concrete 
conduit  parallel  to  the  old  aqueduct  and  50  feet 
away  from  it,  between  the  center  lines,  having 
long-radius  reversed  curves  tangent  to  and  form- 
ing connections  with,  the  old  work.  These  de- 
tours require  the  construction  of  about  1,600 
linear  feet  of  new  conduit.  There  remains  be- 
tween the  two  dams  13,800  feet  of  the  old  aque- 
duct, which  will  not  be  reconstructed,  but  which 
will  be  reinforced  and  repaired. 

Surveys  for  the  old  aqueduct  were  made  in 
1835  and  1836  by  Major  D.  B.  Douglass,  chief 
engineer.  He  was  succeeded  by  Chief  Engineer 
J.  B.  Jervis,  who  commenced  construction  in 
May.  1837,  and  completed  the  aqueduct  suffi- 
<lently  for  the  delivery  of  water  to  the  Murray 
Hill  reservoir  in  1842.  The  aqueduct  between 
the  old  and  new  dams  is  a  masonry  conduit, 
with  the  interior  dimensions  indicated  by  the 
accompanying  cross-section.  .  The  interior  cross- 
sectional  area  was  53.34  square  feet.  Its  con- 
Btniction  Is  described  in  the  following  para- 
graphs from  "The  Water  Supply  of  the  City  of 
New  York,"  by  Mr.  Edward  Wegmann: 

"The  conduit  was  founded  on  a  course  of 
concrete,  3  to  12  inches  thick,  according  to  cir- 
cumstances. The  side-walls  were  built  of  rubble 
masonry.  After  these  walls  and  the  concrete 
foundation  bad  been  plastered  with  a  coat  of 
hydraulic  mortar,  about  %  of  an  inch  thick, 
they  were  lined  with  4  Inches  of  brickwork,  in. 
order  to  make  the  water-channel  as  smooth  as 
possible.    The  top  arch  was  made  of  brickwork, 


S  Inches  thick,  except  in  a  few  cases  in  which  it 
was  made  of  stone  masonry.  The  top  of  the 
arch  and  of  the  spandrel  rubblework,  which 
was  built  up  solid  from  the  side  walls,  was 
plastered  with  a  coat  of  hydraulic  mortar. 
Wherever  the  conduit  was  above  the  surface  it 
was  covered  with  a  bank  of  earth  to  a  height  of 
3  to  4  feet  above  the  crown  of  the  arch.  A 
similar  covering  of  earth  was  placed  over  the 
aqueduct  in  open  cuts. 

"Where  the  aqueduct  crossed  valleys,  walls 
of  dry  rubble  having  a  top  width  of  11  to  15 
feet  were  constructed  as  a  foundation  for  the 
masonry  conduit.  On  both  sides  of  this  wall 
embankments  of  earth,  formed  in  layers  and 
carefully  rolled,  were  brought  up  simultane- 
ously with  the  dry  rubble  wall.  The  aqueduct 
was  built  with  extra  precautions  on  these  foun- 
dation walls,  which  were  always  allowed  to 
stand  for  a  few  months  before  the  masonry  of 
the  conduit  was  commenced.  The  bed  of  con- 
crete was  made  12  inches  thick,  the  width  of 
the  side  walls  was  increased,  more  lime  was 
used  in  the  mortar,  and  the  whole  interior  of 
the  conduit  was  plastered  with  hydraulic  mor- 
tar.    A  settling  of  the  aqueduct  causing  cracks 


to  the  top  of  the  arch  and  afforded  an  estimated 
discharge  of  from  90,000,000  to  120,000.000  gal- 
lons. This  produced  internal  pressure  which 
had  not  been  intended  on  the  arch  in  the  lower 
sections  of  the  aqueduct,  where  it  was  built  on 
embankment  and  had  settled  from  3  to  13 
Inches.  Many  leaks  were  developed,  most  of 
which  were  stopped  by  dumping  sawdust,  fine 
sand,  loam  and  cement  into  the  aqueduct  above 
the  leak,  but  in  some  cases  it  was  necessary  to 
shut  off  the  water  and  repair  them  in  the  dry. 
In  order  to  strengthen  the  aqueduct  and  enable 
it  to  deliver  an  increased  amount  of  water,  the 
arch  was  uncovered  and  was  reinforced  by  an 
additional  ring  of  brick,  increasing  the  thick- 
nes.i  to  12  inches  and  in  some  places  to  16  or  20 
Inches.  The  spandrel  walls  were  carried  up 
nearly  to  the  top  of  the  arch  and  the  5-foot 
earth  covering  was  reduced  to  2  feet.  When  the 
arch  was  exposed,  many  small  cracks  In  it  were 
discovered  and  repaired.  After  the  work  was 
completed,  the  depth  of  the  water  in  the  conduit 
was  increased  5  inches  to  a  total  of  7  feet  10 
inches. 

The  repairs  now  being  made  to  the  old  aque- 
duct consist  of  the  replacement  of  certain  por- 
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in  the  masonry  has  occurred  on  most  of  these 
embankments. 

"The  earth  embankments  were  carried  up  to 
a  height  of  3  to  4  feet  above  the  crown  of  the 
arch,  the  slopes  being  generally  covered  by  dry 
stone  walls.  Along  side-hills,  where  the  aque- 
duct had  to  be  constructed  partly  in  cuts  and 
partly  in  embankments,  the  lower  side  of  the 
latter  were  protected  by  strong  retaining  walls. 
The  hydraulic  lime  used  for  the  mortar  was  all 
obtained  from  Ulster  County,  N.  Y.  Each  lot 
was  carefully  tested  before  being  accepted.  For 
the  concrete  and  rubble  masonry  the  mortar 
was  composed  of  three  parts  of  sand  to  one  of 
lime,  but  for  the  brickwork  and  the  plastering 
the  proportion  was  2:  1.  On  embankment.'i  the 
mortar  for  the  rubble  and  concrete  was  mixed 
2%:1." 

The  aqueduct  was  designed  for  a  maximum 
flow  with  the  water  level  kept  below  the  spring- 
ing line  of  the  arch,  and  was  calculated  to  have 
a  capacity  of  72,000,000  gallons  in  24  hours.  In 
1850  the  aqueduct  was  delivering  this  full 
amount  of  water,  and  as  the  demand  increased 
the  delivery  was  also  Increased  by  increasing 
the  depth  of  the  water  until  it  rose  very  nearly 


tions  of  the  brick  key  in  the  arch  and  of  the 
laying  of  a  continuous  reinforcement  of  con- 
crete on  the  invert  and  over  the  arch.  A  total 
length  of  about  1,500  feet  of  conduit  between 
the  old  and  new  dams  was  exposed  at  various 
places,  by  excavating  down  to  the  springing 
line,  thus  making  trenches  which  in  earth  had 
side  slopes  of  about  1:1  and  a  width  of  30  feet 
on  top.  A  single  standard-gauge  service  track 
was  laid  alongside  the  old  aqueduct  from  the 
old  to  the  new  dam,  and  at  detours  it  was  laid 
on  top  of  the  abandoned  section  of  the  old  aque- 
duct. This  occupied  all  of  the  available  space 
in  many  places  and  made  It  necessary  to  devise 
some  special  methods  of  working  from  It  with- 
out interfering  with  the  use  of  ihe  track  for 
handling  materials  for  the  reinforcement  as 
well  as  for  the  construction  of  the  six  new 
sections. 

The  first  work  done  was  the  reinforcing  of 
the  invert,  which  was  accomplished  principally 
during  the  unusually  cold  weather  last  winter. 
Holes  about  3  feet  square  were  cut  through  the 
arch  at  points  360  feet  apart,  and  from  each  one 
the  Invert  reinforcement  was  built  in  both 
directions.     It  consisted  of  an   8-inch   layer  of 
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1:2:4  concrete  made  with  Giant  Portland  ce- 
ment and  2-incli  broken  stone  mixed  very  wet 
by  tiand  on  platforms  on  top  of  the  arch.  Hot 
water  was  used  to  mix  the  concrete  and  it  was 
covered  with  tarpaulins  on  the  mixing  platform 
to  protect  It  from  cold.  Inside  the  aqueduct 
gasoline  torches  were  kept  burning  to  maintain 
a  temperature  above  freezing. 

The  bottom  of  the  aqueduct  was  thoroughly 
cleaned  and  dried  and  holes  were  cut  through 
the  first  course  of  bricks  in  the  side  wall,  as 
indicated  by  dotted  lines  in  the  cross-section, 
to  bond  the  concrete  to  the  brickwork.  These 
holes  were  12  inches  long,  T-/2  inches  high,  and 
about  4  inches  deep  at  the  bottom.  They  were 
spaced  3  feet  apart  on  centers  and  were  made 
in  the  same  transverse  plane  on  both  sides  of 
the  aqueduct.  The  Invert  reinforcement  was 
made  in  sections  8  feet  wide  with  spaces  4  feet 
long  between  them.  These  sections  were  laid 
with  straight  edges  between  templates,  and  it 
was  found  that  these  dimensions  were  best 
suited  to  rapid  work,  as  it  was  much  more  diffi- 
cult to  trim  the  surface  of  the  concrete  in  the 
intermediate  sections  after  the  8-foot  lengths 
had  been  put  down.  The  concrete  used  In  the 
invert  amounted  to  about  5  cubic  feet  per  linear 


arch  for  the  reinforcement,  the  outer  surface, 
which  is  covered  with  cement  mortar  about  V^ 
inch  thick,  is  roughened  by  small  holes  picked 
in  it  a  few  inches  apart  to  improve  the  bond 
with  the  concrete.  Forms  are  then  built  up 
from  the  springing  line  to  the  hip  and  the  con- 
crete is  rammed  between  them  and  the  brick- 
work. Above  this  point  the  concrete  is  surfaced 
by  straightedge  and  template  over  the  crown  of 
the  arch,  where  no  forms  are  required. 

The  concrete  is  laid  continuously  so  as  to 
form  a  monolithic  mass  from  springing  line  to 
springing  line  and  all  joints  are  made  trans- 
versely to  the  axis  of  the  conduit.  The  sections 
thus  completed  at  a  single  operation  vary  in 
length  from  10  to  50  feet.  The  concrete  re- 
quired for  this  reinforcement  is  17i^  cubic  feet 
per  linear  foot  of  the  aqueduct,  and  the  total 
amount  of  concrete  required  for  the  repairs  of 
the  old  aqueduct  and  the  construction  of  the 
new  sections  is  about  20,000  yards.  So  far  only 
a  small  portion  of  the  arch-reinforcement  con- 
crete has  been  laid  and  it  was  mostly  mixed  by 
hand.  For  the  remainder  of  it,  it  is  intended 
to  install  %-yard  Ransome  mixers  mounted  on 
cars  which  will  move  along  the  service  track 
parallel  to  the  aqueduct  as  the  work  progresses. 


building  of  the  invert;  the  third  is  the  building 
of  the  side  walls,  and  fourth,  the  building  of  the 
arch.  No  falsework  is  used  for  the  concrete 
foundation  arches.  The  earth  is  rammed  hard 
and  cut  to  template  to  fit  the  voussoir.  The  con- 
crete is  laid  directly  on  the  earth  and  the  latter 
is  left  in  position  after  the  arch  is  completed  and 
serves  as  backfill  which  would  be  required  to 
be  rammed  in,  if  the  arches  were  built  over 
open  spaces. 

The  pier  and  foundation  concrete  is  rammed 
in  ordinary  molds,  and  longitudinal  grooves  are 
formed  in  the  upper  edges  of  the  invert  to  bond 
it  with  the  side  walls.  The  inner  faces  of  the 
side-wall  molds  are  made  in  sections  about  16 
feet  long  with  vertical  boards  nailed  to  hori- 
zontal longitudinal  top  and  bottom  strips,  and 
are  faced  with  horizontal  lx3-inch  yellow  pine 
fioor  boards.  These  are  carefully  set  to  line  and 
fastened  together  by  splicing  the  longitudinals 
and  X-bracing  them  together  in  transverse 
planes  about  4  feet  apart.  The  forms  for  the 
outer  faces  of  the  walls  are  also  made  in  10- 
foot  sections  with  vertical  boards  nailed  to 
outer  longitudinal  strips,  which  are  braced  by 
inclined  struts  on  the  surface  of  the  ground  or 
the  sides  of  the  cut.    Outer  and  inner  forms  are 
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foot  of  aqueduct,  and  therefore  re£.ched  the 
cross-section  of  the  waterway  by  5  square  feet. 
The  work  was  done  by  six  crews  of  twelve  men, 
one  crew  working  both  ways  from  each  opening 
and  laying  an  average  of  about  100  linear  feet 
daily. 

The  old  masonry  in  the  aqueduct  was  found 
to  be  in  exceptionally  good  condition,  with  ex- 
ceedingly hard  mortar  and  sound  bricks 
throughout.  In  some  places  cracks  and  other 
faults  are  found  in  the  arch.  Here  the  old 
brickwork  is  to  be  replaced  by  a  new  brick  key. 
In  these  places  the  center  courses  of  brick  each 
bide  of  the  crown  are  cut  out  to  make  openings, 
usually  o.bout  2  feet  wide,  with  sides  toothed  by 
2x4-inch  recesses  8  inches  apart,  to  improve  the 
bond  between  the  old  and  the  new  work.  So 
far  only  about  150  linear  feet  of  the  new  key 
has  been  built,  but  it  is  not  yet  known  how 
miich  more  will  be  required. 

In  some  places  the  old  arch  had  already  been 
reinforced  with  concrete,  and  will  not  be  dis- 
turbed, but  elsewhere  new  concrete  will  be 
placed  on  the  outside,  as  shown  In  the  cross- 
section,  and  will  correspond  substantially  with 
the  previous  reinforcements.     To  prepare  the 


I 


The  general  construction  of  the  new  sections 
of  conduit  is  illustrated  by  the  plan  and  cross- 
sections  of  the  Orser  Brook  section.  The  con- 
crete piers  are  carried  down  to  level  founda- 
tions on  hard  bottom  and  where  the  depth  is 
more  than  about  5  feet  below  the  invert,  the 
continuous  footing  is  replaced  by  a  series  of 
piers  generally  about  7  feet  long  and  H  feet 
apart  in  the  clear.  The  tops  of  these  piers  are 
connected  by  full-centered  concrete  arches  with- 
out reinforcement,  and  spandrel  walls  and  fill- 
ing are  carried  up  to  afford  a  continuous  solid 
base  for  the  conduit,  which  is  constructed 
wholly  of  concrete  with  the  inside  dimensions 
corresponding  to  those  of  the  old  aqueduct  and 
the  exterior  cross-section  made  as  shown  in  the 
detail.  In  the  deepest  part  of  the  valley  there 
is  often  a  wider  arch  and  a  culvert,  as  indicated 
in  the  elevation  of  the  Orser  Brook  section.  In 
all  cases  the  junction  of  the  old  and  new  con- 
duits is  made  as  shown  in  the  plan  of  the  de- 
tour, and  the  new  concrete  is  bonded  into  the 
old  concrete  and  brickwork  with  racked  and 
toothed  joints.  The  sections  are  made  in  four 
separate  operations.  The  first  is  the  building 
of  the  piers  and  foundations;  the  second  is  the 


spaced  by  wooden  cross-pieces,  which  are  re- 
moved as  the  concrete  is  rammed  in  position. 
The  ends  of  the  sections  finished  each  day  are 
offset  to  form  a  transverse  joint,  which  is 
Z-shaped  in  horizontal  section,  but  the  concrete 
is  bonded  together  so  as  to  make  it  as  nearly 
monolithic  as  possible  up  to  the  springing  line. 
At  this  level  the  tops  of  the  side  walls  are 
deeply  grooved  to  bond  with  the  arch,  and  the 
latter  is  built  in  the  usual  way  with  timber 
centers  and  lagging.  No  paper  or  other  cover- 
ing is  used  for  the  lagging  or  the  forms,  but 
they  are  thoroughly  smeared  with  a  thick 
grease,  which  effectually  prevents  the  adhesion 
of  the  concrete  and  secures  a  smooth  and  uni- 
form surface. 

The  arch  is  built  monolithic.  In  sections  as 
long  as  can  be  completed  by  one  gang  in  one 
day.  These  concrete  sections  vary  from  25 
feet  to  75  feet,  but  will  average  about  50 
feet  in  length.  The  end  of  each  section  is  offset, 
as  Indicated  in  the  general  view,  so  as  to  be 
Z-shaped  in  cross-section  and  form  a  sort  of  hub 
and  spigot  joint.  All  but  one  of  the  detours 
have  been  built  and  the  concrete  for  them  was 
mixed  in  a  1-yard  cubical  mixer  which,  with  the 
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cbarging  hopper  and  Its  engine  and  boiler,  was 
mounted  on  an  ordinary  flat  car.  Coupled  to 
this  car  was  another  filled  with  coal.  Adjacent 
to  them  by  ihe  side  of  the  track  were  set  two 
guyed  derricks,  whidi  delivered  stone  and  sand 
from  heaps  on  the  ground  to  the  mixing  hopper 
and  handled  the  concrete  from  the  machine  to 
the  forms. 

The  cement  was  delivered  to  the  machines 
on  (oodola  cars  covered  with  canvas  tents.  In 
aom«  cases  the  concrete  mixers  delivered  to 
borkels  which  were  handled  directly  by  the  der- 
ricks, and  in  other  cases  delivered  to  dump 
cars  which  traveled  on  narrow-gauge  tracks 
adJacMit  to  and  a  few  feet  below  the  service 
tracks.  The  cars  were  run  opposite  the  points 
on  the  aqueduct  where  the  concrete  was  required 
and  dumped  it  through  chutes  into  the  forms. 
The  concrete  for  the  last  detour  will  be  mixed 
in  a  Ransome  machine  mounted  on  a  flat  car 
which  has  a  hinged  flap  or  bridge  at  each  end, 
which  can  be  raised  to  allow  the  car  to  be  drawn 
away  and  stored  on  a  side  track  during  the  day, 
so  as  to  leave  the  service  track  free  for  trans- 
porting materials.  At  night,  when  there  is  no 
traffic  on  the  service  track,  the  mixer  car  will 
be  drawn  to  the  required  position  and  the  hinged 
bridges  will  be  lowered  to  connect  it  with  a  flat 
car  at  each  end.  On  them  stone,  sand  and  ce- 
ment will  be  stored  and  wheeled  to  the  mixer 
as  required.  The  mixer  will  discharge  through 
a  chute  to  the  moulds. 

Hr.  J.  Waldo  Smith  is  chief  engineer  and  Mr. 
Charles  S.  Gowen,  resident  engineer.  Messrs. 
Coleman,  Breuchaud  t  Coleman  are  the  con- 
tractors, and  Mr.  J.  B.  Goldsborough  is  their 
superintendent. 


A  Cemekt  Contract,  which  is  said  to  be  the 
largest  ever  made  in  the  United  States,  has 
been    entered  into  by    the  American    Cement 


ipOCoiion   of   Ors»r     Brook    Devour. 
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Company,  of  Philadelphia,  and  the  Pennsyl- 
vania Railroad  Company.  It  is  for  Giant  Port- 
land cement  for  the  Pennsylvania  Railroa^  ter- 
minals in  New  York,  including  the  tunnels 
under  the  North  and  East  Rivers  and  the  ter- 
minal buildings  in  Manhattan  and  Long  Island 
City.  This  is  the  third  large  contract  of  this 
nature  laade  by  the  company  for  railway  work 
in  New  York,  for  it  has  been  supplying  the  ce- 
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ment  for  the  undertakings  of  the  New  York 
Rapid  Transit  Railroad  Commission  and  the 
new  subway  terminals  of  the  New  York  Cen- 
tral Company.  The  contract  is  particularly  in- 
teresting as  indicating  the  growth  in  favor  in 
New  York  of  the  practice  of  buying  all  the  ce- 
ment for  an  undertaking  at  one  time  and  not  in 
comparatively  small  quantities  as  construction 
proceeds. 
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The  New  Structural  and  Car  Shops  of  the 
Cambria  Steel  Company,  Johnstown,  Pa. — I. 

History  and  Present  Installation.— T^ie  Cam- 
bria works  have  grown  by  gradual  enlargement 
from  the  tirne  of  their  inception  in  1852  to  their 
present  status.  The  Hrst  iron  manufacturing 
plant  at  Johnstown  was  a  small  forge  erected  in 
1809,  which  was  operated  until  1825.  In  1852 
the  Cambria  Iron  Company,  owning  large  tim- 
ber lands  and  a  number  of  widely  scattered, 
small,  primitive  blast  furnaces  was  organized, 
and  in  1853  the  erection  of  four  coke  furnaces 
to  use  local  ores  was  begun  at  Johnstown.  The 
operation  failed,  and  in  1855  passed  by  lease 
for  a  period  of  seven  years  into  the  hands  of 
Wood,  Morrell  &  Company,  who  had  a  plant 
with  a  weekly  capacity  of  150  tons  of  iron  rails. 
In  1862,  at  the  expiration  of  the  lease,  the 
Cambria  Iron  Company  was  reorganized  and 
operated  the  works  from  that  date  until  the 
lease  of  the  plant  to  the  present  operators,  the 
Cambria  Steel  Company,  In  1898.  The  Bessemer 
steel  works  were  begun  in  18G9  and  operated 
with  great  success. 

The  plant  is  at  Johnstown,  Pa.,  where  it  ex- 


The  lower  or  Cambria  works  occupy  the  orig- 
inal site  and  Include  the  Bessemer  plant,  open- 
hearth  furnaces  and  the  blooming,  billet,  beam, 
rail,  bar  and  shape  mills  at  the  lower  end  of 
the  works,  with  a  capacity  of  about  900,000  tons 
of  ingots  per  year.  The  Gautier  department  Is 
farther  up-stream  and  largely  devoted  to  the 
manufacture  of  small  merchant  bars,  shapes, 
steel  springs,  and  other  products  used  in  the 
manufacture  of  agricultural  machinery. 

The  upper  or  Franklin  plant,  at  the  eastern 
extremity,  on  the  Little  Conemaugh,  includes  a 
50-ton  open-hearth  plant,  bloom,  slab  and  plate 
mills,  260  by-product  coke  ovens,  and  shops  for 
the  manufacture  of  steel  cars  and  of  bridge  and 
structural  steel  work.  The  open-hearth  plant 
has  a  present  capacity  of  about  400,000  tons  of 
ingots  per  annum,  thus  making  the  total  ingot 
capacity  of  the  Cambria  Steel  Company  1,300,- 
000  tons. 

As  a  large  portion  of  the  output  of  the  lower 
or  Cambria  plant  is  composed  of  beams  and 
structural  shapes,  it  was  found  expedient  to 
construct  a  shop  in  which  beams  and  columns 
could  be  cut,  framed  and  riveted  for  architec- 
tural   requirements,     so    that    they     could     be 


Sactton    Z-Z,   on    0«neral    Plan.     Car  and  Fbrge'Shops. 


yond  the  structural  shop.  A  space  about  700 
feet  long  between  the  structural  shop  and  the 
car  shop,  covered  by  six  parallel  lines  of  cranes 
of  20  and  40  tons  capacity  and  from  70  to  80 
feet  span  on  elevated  runways.  Is  used  for  the 
storage  of  materials  required  in  these  shops.  In 
the  yards  are  two  hydraulic  shears  equipped 
with  roller  and  transfer  systems  which  take  the 
stock  as  delivered  from  the  mills,  shear  it  and 
pile  it  on  skids,  whence  It  is  loaded  for  ship- 
ment on  railroad  cars  or  transferred  by  the 
traveling  cranes  to  the  shop  stock  cars  on  longi- 
tudinal surface  tracks.  This  arrangement  pro- 
vides a  simple  and  effective  system  of  large 
capacity,  either  for  shipping  from  stock  or  sup- 
plying the  shops  In  large  measure  with  mate- 
rials direct  from  the  mills  with  a  minimum 
amount  of  hand  labor  or  delay. 

Power  Plant. — All  the  power  for  the  struc- 
tural shop,  rivet  shop,  forge  shop,  car  shop, 
crane  service  and  auxiliaries  to  these  shops  Is 
developed  in  the  stock  yard  power  house,  which, 
in  fact,  supplies  the  entire  Franklin  plant.  It 
is  a  brick  and  steel  building  64  feet  wide  and 
406  feet  long,  in  which  are  Installed  four  bat- 
teries of  Babcock  &  Wilcox  boilers  of  600  horse- 
power each,  equipped  with  Murphy  automatic 
furnaces.  The  soft  coal  used  is  mined  by  the 
Cambria  Steel  Company  and  delivered  from 
their  breakers  on  surface  tracks  to  a  hopper 
adjacent  to  the  power  house.  From  here  It  la 
elevated  to  storage  bins  above  the  boilers,  which 
will  hold  four  days'  supply. 

Four  400-kilowatt  electric  generators  of  the 
Westinghouse  engine  type  are  directly  con- 
nected  to   four   18x36x30-inch   Porter-Allen   en- 


Cambria  Steel  Works:      General   Plan   and  Cross-Section  of   Bridge  and  Car  Shops  and  Yards  of  the   Franklin   Plant, 


tends  for  about  six  miles  along  the  Conemaugh 
River.  The  works  and  operations  Include,  at 
the  present  time,  the  mining  of  iron  ore,  lime- 
stone and  coal,  the  making  of  coke  and  pig 
iron,  and  the  manufacture  of  Bessemer  and 
open-hearth  steel  Ingots,  castings,  blooms,  bil- 
lets, slabs,  rails,  axles,  crank  pins,  large  and 
small  forgings,  bolts,  nuts,  plates,  beams,  chan- 
nels, bars  of  all  kinds  and  sizes,  steel  cars  and 
fitted  structural  steel  work,  agricultural  bars 
and  shapes,  plow  steel  of  various  qualities  and 
shapes,  cold  rolled  steel,  harrow  disks,  pressed 
steel  seats,  and  many  other  products.  The  plant 
is  completely  equipped  with  shops  for  making 
or  repairing  all  of  the  machinery  needed  In 
these  operations. 

The  present  plant  is  divided  into  three  prin- 
cipal groups  of  shops  and  mills  employing  about 
13,000  men,  using  about  4,000  tons  of  coal  daily, 
and  operating  94  miles  of  tracks  with  51  locomo- 
tives, large  and  small.  Except  for  some  fea- 
tures of  power  and  transportation,  these  groups 
are  operated  Independently,  but  are  all  asso- 
ciated in  the  production  of  steel  under  the  same 
management. 


shipped  directly  from  the  mills  to  the  building 
site.  The  development  of  this  work  naturally 
included  column  and  girder  work,  so  that  facili- 
ties were  also  provided  for  building  general 
structural  and  bridge  work,  and  the  structural 
shops  and  plant  have  been  designed  for  a  pres- 
ent output  of  about  30,000  tons  a  year,  besides 
375  tons  a  month  from  the  bolt  and  rivet  shops, 
and  about  the  same  from  the  forge  shop,  mak- 
ing in  all  about  35,000  tons  a  year  of  finished 
material. 

In  connection  with  this  work,  there  has  also 
been  recently  installed  a  plant  for  building 
steel  cars,  which  has  a  capacity  of  about  4,000 
gondola,  hopper  and  flat  cars  annually.  These 
structural  and  car  shops  have  been  so  located 
and  arranged  as  to  admit  of  future  extensions 
without  Interfering  with  the  present  arrange- 
ment and  operation.  They  occupy  a  graded 
level  area  about  600  feet  wide  and  1,700  feet 
long,  including  the  storage  and  shipping  yards. 
This  area  is  served  by  several  parallel  lines  of 
standard-gauge  railroad  tracks  on  both  of  the 
long  sides,  with  spurs  and  narrow-gauge  tracks 
running  into  the  shipping  yard  at  one  end  be- 


gines  built  by  the  Southwark  Foundry  &  Ma- 
chine Company,  and  furnish  electricity  for  driv- 
ing all  machinery  in  the  Franklin  plant,  one» 
third  of  it  probably  being  used  in  the  structural 
shops.  A  220-volt  direct  current  Is  used  for  all 
purposes,  including  the  lighting  system.  The 
electric  mains  are  overhead  insulated  copper 
wires.  The  majority  of  the  motors  are  of  West- 
inghouse make,  although  Crocker-Wheeler  and 
General  Electric  motors  are  used  for  special 
machines.  The  principal  machine  tools  are  pro- 
vided with  separate  motors  and  small  machines 
are  driven  In  groups  by  motors  of  from  5  to  10 
horse-power. 

All  of  the  hydraulic  machinery  is  operated  by 
water  at  450  pounds  per  square  Inch  pressure, 
intensified  when  necessary,  which  Is  pumped 
through  the  distributing  mains  by  a  15-23-38x9- 
inch  duplex  Worthington  pressure  pump  with  a 
24-inch  stroke.  The  hydraulic  mains  are  pro- 
portioned to  limit  the  velocity  of  flow  to  4  feet 
per  second,  and  are  provided  with  spring  buf- 
fers at  dead  ends  and  at  bends  to  prevent  water 
hammer.  The  mains  are  under  ground  and 
form  a  closed  circuit  to  the  power  house. 
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The  spring  buffers  virtually  serve  as  relief 
valves  and  save  the  mains  from  heavy  strains 
vithout  reducing  the  pressure  or  wasting  the 
water.     They  are  of  very  simple  construction, 
as  shown   in   the  sectional   view,   and   consist 
Maentially  of  a  solid  steel  plunger  closing  the 
end  of  the  pipe  and  held  in  position  by  spiral 
springs  which  permit  it  to  recede  until  the  pres- 
sure is  reduced  to  the  fixed  limits,  but  prevent 
it  from  entirely  leaving  the  cylinder  and  allow- 
ing the  escape  of  water.    A  special  hub  end  is 
flange-bolted  to  the  hydraulic  pipe  and  Is  pro- 
Tided  with  hemp  packing  held  by  an  adjustable 
brass  gland,  through  which  the  solid  plunger 
works,  with  a  clearance  of  1/32  inch  in  the  pipe 
beyond  the  packing.     The  outer  flarige  of  the 
hub  piece,  for  a  6-inch  main,  is  connected  by  six 
l^-inch  bolts  parallel  to  the  plunger  fixed  to  a 
flanged  headpiece  and  a  movable  disk  parallel 
to  it.   which   engages  the    outer    end    of    the 
plunger.     Between  the  disk  and  the  headpiece 
there   are   from    seven   to    twelve   spiral    steel 
springs  made  of  Ts-inch  rods  coiled  to  an  outer 
diameter  of  6>4  inches,  the  number  of  springs 
being  varied  according  to  the  size  of  the  pipe. 
One  spring  is  in  the  center  line  of  the  plunger 
and  the  guide  rod  of  the  latter  passes  through 
It     All  are  adjustable  by  nuts  on  the  ends  of 
their  center  rods,  which  serve  as  g\iides  for  the 
movable  disk.     The   latter  engages  a   stop  on 
one  or  more  of  the  rods  and  has  a  flanged  seat 
for  the  end  of  the  plunger  to  which  it  is  firmly 
connected  by  the  center  rod,  which  is  tapped 
into  the  end  of  the  plunger. 

The  water  supply  is  procured  by  gravity  from 
four  different  sources  and  is  stored  in  a  reser- 
voir of  about  2,500,000  gallons  capacity,  which 
provides  a  pressure  head  of  about  18  pounds  in 
the  yard  hydrants.  The  hydrants  are  spaced  at 
intervals  of  not  more  than  500  feet  throughout 
the  shops  and  yards  and  are  each  equipped  with 
200  feet  of  hose.  Additional  hydrants  are  con- 
nected with  the  hydraulic  service  and  render 
the  high  pressure  system  available  if  necessary 
in  an  emergency.  The  feed  pumps  may  be  used 
to  supply  water  to  a  few  of  the  low-pressure 
hydrants  when  needed.  The  employes  are  in- 
structed in  fire  drill  and  the  plant  is  within  the 
limits  of  the  city  fire  service. 

There  are  six  cross-compound  class  G  Inger- 
soll-Sergeant  air  compressors,  each  with  a  ca- 
pacity of  1,700  cubic  feet  of  free  air  per  minute, 
which  furnish  air  at  a  pressure  of  90  pounds  per 
square  inch  to  the  rivet  hammers,  hoists  and 
other  pneumatic  tools  in  the  shops.  Each  com- 
pressor is  connected  to  a  receiver  of  100  cubic 
feet  capacity,  and  all  are  valved  to  a  12-inch 
main  in  the  engine-house  cellar,  from  which 
overhead  branches  are  taken  as  required.  These 
are  generally  carried  through  the  shops  on  the 
roof  trusses.  Two  Weiss  condensers,  numbers 
X.  and  XII.,  built  by  the  Southwark  Foundry  & 
Machine  Company,  are  installed  in  the  power 
house  leanto  to  receive  the  steam  from  all  the 
engines  and  those  pumps  not  used  on  the  feed- 
water  heaters. 

Handling  and  Tran»porting. — The  principal 
direction  of  movement  !s  from  the  east  to  the 
west  for  the  continuous  progress  of  raw  mate- 
rial from  the  stock  yard  to  Its  final  shipment 
as  finished  product.  A  secondary  movement 
back  and  forth  from  north  to  south  is  provided 
for  the  requirements  of  storage  and  machine 
work.  Shapes  from  the  rolling  mill  are  deliv- 
ered by  electrically-driven  roller  Ubles  to 
■pedal  turret  shears,  which  cut  them  to  or- 
dered length,  after  which  they  are  listributed 
longitudinally  to  the  storage  yard  by  continua- 
tions, about  800  feet  long,  of  the  electrically- 
driven  roller  tables.  At  any  given  point  on  the 
line  the  materials  are  automatically  removed 
from  the  tables  by  hydraulic  throw-offs  nlmilar 
to  those  used   In   rolling-mill   plants,   and   are 


piled  on  the  transverse  storage  skids.  From 
here  they  are  handled  by  overhead  cranes, 
which  load  them  on  railroad  cars  on  longitu- 
dinal tracks  at  both  sides  of  the  yard,  or  they 
are  delivered  by  extensions  of  the  roller  tables 
to  the  distributing  yard,  300  feet  long,  at  the 
east  end  of  the  structural  shop.  Here  they  are 
skidded  north  and  south  and  loaded  on  narrow- 
gauge  longitudinal  surface  tracks,  which  deliver 
them  to  the  shop. 

There  are  three  lines  of  3-foot  gauge  tracks 
running  through  the  shop  from  end  to  end,  and 
two  other  lines  running  nearly  through  it, 
which  provide  for  the  longitudinal  movement 
et  materials  there.  The  transverse  movement 
is  accomplished  by  1,  3  and  6-ton  pneumatic 
trolley  hoists  suspended  from  the  transverse 
roof  trusses  on  both  sides  of  the  shop,  and  by 
six  10-ton  traveling  cranes  in  various  roof  truss 


all  of  these  are  commanded  by  a  10-ton  travel- 
ing gantry  of  200-foot  span.  This  has  tracks 
nearly  300  feet  long  and  is  used  for  loading  the 
finished  product,  which  is  stored  on  permanent 
transverse  skids  underneath  It  between  the  lon- 
gitudinal  tracks.     There   are  in   the   shop  six 
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Cambria  Steel  Works:      Steel   Framing  of  Structural   Shop. 


panels  on  the  south  side  of  the  shop.  From  the 
west  end  of  the  shop  three  standard-gauge 
tracks  are  run  parallel  with  its  longitudinal 
axis  to  connect  with  the  main  lines  in  the  yard. 
There  are  also  two  parallel  narrow-gauge  tracks 
extended  from  those  which  run  through  the 
shop  to  the  finished  material  storage  yard,  and 


10-ton  traveling  cranes  of  about  14-foot  span, 
and  In  the  storage  yards  there  are  three  20-ton 
Morgan  traveling  cranes  of  76-foot  span  and 
two  40-ton  Sellers  traveling  cranes  of  72  and 
80-foot  spans,  and  one  20-ton  Sellers  of  70-foot 
span.  Each  crane  is  equipped  with  three  mo- 
tors, except  in  the  cases  where  there  are  two 
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independent  trolley  hoists,  each  provided  with 
two  motors,  making  five  to  the  crane.  The 
small  cranes  are  constructed  to  be  especially 
rapid  in  their  operation.  All  cars  on  the  stand- 
ard-gauge track  as  hauled  by  steam  locomotives 
belonging  to  the  railroad,  which  is  operated  as 
a  common  system  for  the  three  plants. 

Structural  Features. — The  structural  shop  is 
225  feet  square,  with  ateel  roof  trusses  and  col- 
umns supported  on  concrete  piers  with  footing 
courses  between  carrying  the  brick  walls.  The 
building  is  situated  on  a  slag  All,  which  is  18 
feet  deep  to  the  gravel  bed  of  the  river.  All  of 
the  heavy  piers  are  carried  down  to  foundations 
seated  on  the  gravel;  the  lighter  ones  have  their 
footings  near  the  surface.  All  of  them  were 
built  in  ordinary  sheeted  pits  without  trouble 
from  ground  water.  The  piers  for  the  wall 
columns  In  the  structural  shop  are  about  15 
feet  apart  on  centers,  are  about  4  feet  square, 
with  vertical  sides,  and  have  stone  caps.  A 
concrete  footing  course  24  inches  thick  and  3  to 
8  feet  deep,  with  a  stone  top  course  connects 
the  tops  of  the  piers  and  supports  the  brick 
building  walls.  The  upper  edges  of  these  foot- 
ing courses  are  about  6  inches  above  grade,  and 
their  edges  are  beveled  slightly  so  that  the 
projection  beyond  the  outer  face  of  the  brick 
wall  provides  a  water  table.  The  brick  walls 
are  13%  inches  thick,  except  above  window 
arches,  where  they  are  reduced  to  9  inches. 
They  are  built  on  the  center  line  of  the  steel 
columns  and  are  buttressed  on  the  exterior 
faces  to  receive  them.  The  columns  are  flush 
with  the  inner  face  of  the  wall  and  are  built 
in  solid. 

In  the  structural  shop  the  ground  was  leveled 
to  sub-grade  with  crushed  slag,  surfaced  with 
rammed  earth  and  floored  with  3-inch  plank. 
In  the  templet  shop  there  is  a  board  floor,  la 
the  forge  shop  and  bolt  shop  the  floor  is  ol 
cast-iron  plates  bedded  on  rammed  sand,  and  in 
the  other  shops  there  are  at  present  earth  floors. 
As  the  ground  here  is  comparatively  high  and 
thoroughly  well  drained,  it  is  always  dry,  and 
this  arrangement  is  found  satisfactory  for  pre- 
liminary construction,  and  affords  a  good  base 
on  which  any  other  floor  may  be  laid  if  required 
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for  special  porpoees.  All  roofs  are  sheathed 
with  matched  boards  from  1  to  SVj  inches  thick. 
eorared  with  slate  laid  on  tar  paper. 

Ijd  the  structural  shop  the  brick  walls  are 
carried  only  as  high  as  the  tops  of  the  side- 
wall  colunms.  about  33  feet  above  grade.  The 
end  walls  around  the  windows  are  closed  lu 
with  temporary  board  sheathing,  stripped,  allow- 
ing for  future  extensions  at  either  end.  In  the 
car  shop  and  forge  shop  and  in  some  other 
tnilldlngs  the  walls  are  brick  to  the  gable;  above 
this  point  matched  sheathing,  covered  with  slate, 
Is  used.  In  all  buildings  which  are  likely  to  be 
extended  one  end  wall  is  closed  with  ^s-inch 
boards,  stripped,  on  timber  framework  instead 
of  the  regular  brick  wall,  so  that  it  can  be  easily 
removed  if  the  building  is  enlarged  by  adding 
more  transverse  bents  beyond  this  point 

A  monitor  20  feet  wide  extends  from  end  to 
end  of  the  center  line  of  the  structural  shop 
roof.  Its  walls  are  about  8  feet  high  and  are 
glaxed  throughout  with  pivoted  sash,  which 
fill  the  entire  vertical  surface.  The  flat  roof  of 
the  monitor  is  pitched  slightly  in  both  direc- 
tions from  the  center  line,  and  in  it  there  are 
three  llz36-foot  hipped  skylights.  On  each  side 
of  the  main  roof  below  the  monitor  there  are 
seven  similar  skylights  symmetrically  arranged 
on  the  center  line  of  each  side,  with  their  longi- 
tudinal axes  parallel  to  the  transverse  roof 
tmosofl.  The  side  walls  of  the  buildings  have 
large  windows  in  each  panel,  thus  giving  a 
glazed  area  of  nearly  50  per  cent,  of  the  whole 
wall  surface.  Nearly  half  of  the  lower  part  of 
the  end  walls  is  occupied  by  seven  large  double 
doors  and  by  windows  between  them,  while  a 
double  tier  of  windows  extends  continuously 
for  nearly  the  full  width  of  the  building  in  the 
space  above  the  eaves  line. 

Heating  and  Ventilation. — The  structural 
shop  Is  heated  by  an  overhead  hot-blast  system, 
designed  to  heat  the  building  to  a  tempera- 
ture of  55  degrees  Fahrenheit  in  zero  weather, 
and  to  renew  the  air  once  in  20  minutes.  In 
each  comer  of  the  building  a  6x6-inch  engine  Is 
direct-connected  to  a  6-foot  fan  3  feet  wide, 
which  forces  the  air  through  a  radiator  stack 
containing  4,000  feet  of  1-inch  pipe  heated  by 
live  steam.  The  apparatus  is  supported  on  a 
horizontal  platform  carried  on  the  lower  chords 
of  the  roof  trusses,  and  the  air  is  discharged 
through  two  horizontal  circular  ducts  at  right  . 
angles  to  each  other,  which  are  run  parallel  to 
the  walls  to  the  middles  of  the  adjacent  side 
and  end  of  the  building.  These  ducts  diminish 
from  30  inches  to  22  inches  in  diameter  and  are 
supported  on  the  bottom  chords  of  the  roof 
trasses.  Each  of  them  has  pairs  of  vertical 
branches  17  inches  In  diameter,  spaced  about 
40  feet  apart,  which  discharge  the  hot  air  at  the 
level  of  the  bottom  chord  of  the  roof  trusses. 
The  template  shop  is  a  small  wooden  building 
heated  by  steam.  No  system  of  heating  has  yet 
been  found  necessary  for  the  car  shops  or  the 
forge  shop;  the  coke  furnaces  in  which  the  rivet 
and  bolt  rods  are  heated  are  found  to  radiate 
•uAcient  warmth  for  the  bolt  shop. 

Structural  Steel  Work. — The  roof  of  the  struc- 
tural shop  is  supported  on  sixteen  lines  of 
trainsverse  trusses  15  feet  apart  on  centers. 
Each  line  haa  two  trusses  of  11214-root  span 
on  centers,  which  are  supported  in  the  longi- 
tudinal axis  of  the  building  by  a  line  of  center 
columns,  and  three  spans  of  longitudinal  trusses 
which  divide  the  shop  into  two  equal  aisles. 
The  outer  ends  of  the  transverse  trusses  are  all 
•upported  on  wall  columns,  the  tops  of  which 
are  connected  by  light  lattice  girder  struts.  The 
bottom  chords  of  the  transverse  trusses  are 
connected  by  eleven  lines  of  continuous  longl- 
tndlnal  struts  in  each  aisle,  and  the  first,  third, 
fifth  and  eighth  panels  from  each  end  are  X- 
bimoed    by   horizontal   diagonal    rods   between 
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these  lines  of  struts.  The  top  chords  have  simi- 
lar X-bracing  in  the  same  panels,  except  the 
third  from  each  end,  and  have  a  continuous  line 
of  longitudinal  X-bracing  from  end  to  end  of 
the  building  in  the  eaves  panels.  They  are  con- 
nected by  four  lines  of  10-Inch  channel  purlins 
on  each  side  of  the  hip  portions  and  by  twenty- 
one  lines  on  each  of  the  flat  side  roofs  between 
the  hip  and  the  monitor. 

The  wall  columns  have  open  rectangular 
cross-sections  made  with  a  pair  of  channels 
having  their  flanges  turned  inward  and  latticed. 
The  ends  of  the  roof  trusses  are  seated  on  their 
rap-plates  and  their  feet  have  large  square  base- 
plates reinforced  by  wide  flange  angles  and  se- 
cured by  four  anchor  bolts  which  engage  the 
upper  edges  of  U-shaped  bent  plates  riveted  to 
each  side  of  the  column,  having  their  lower 
edges  fitted  to  bearing  on  the  horizontal  legs  of 
the  flange  angles,  which  are  thus  reinforced. 
Single  connection  plates  are  shop-riveted  across 
the  webs  of  the  inner  channels  and  field-riveted 
to  the  ends  of  the  eaves  struts.  The  four  col- 
umns in  the  center  longitudinal  row  are  de- 
signed for  maximum  loads  of  about  500,000 
pounds  each  and  have  H-shaped  cross-sections 
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of  10-inch  channels,  with  their  flanges  turned 
inward  and  latticed.  At  both  ends  plates  are 
shop-riveted  to  the  outsldes  of  the  webs  and 
form  jaws  which  engage  the  outsldes  of  the 
lower  chord  flanges  and  the  insides  of  the  top 
chord  webs,  and  are  fleld-riveted  to  them  and 
to  the  diagonals,  except  at  the  hip  joints,  where 
they  are  shop-riveted  to  the  end  posts  and  field- 
riveted  to  all  other  members.  At  the  feet  of 
the  vertical  posts  pairs  of  vertical  angles  are 
shop-riveted  to  both  of  the  jaw-plates  and  pro- 
ject about  3  feet  below  them,  engaging  the  lower 
chords  and  providing  field-riveted  connections 
through  their  outstanding  flanges  for  the  sup- 
port of  the  transverse  trusses. 

The  transverse  trusses  are  seated  at  their 
outer  ends  on  the  caps  of  the  wall  columns,  to 
which  they  are  knee-braced  from  the  first  panel 
points.    At  the  inner  ends  the  lower  chords  and 
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made  with  an  I-beam  having  each  flange  rein- 
forced by  a  channel  with  the  flanges  turned 
inward  and  connected  by  tie-plates.  The  39x42- 
inch  base-plates  are  similar  to  those  of  the  wall 
columns,  and  the  tops  of  the  columns  are  braced 
in  both  directions  by  the  longitudinal  and  trans- 
verse trusses. 

The  longitudinal  trusses  are  of  the  ordinary 
Pratt  type,  with  stiff  members  and  riveted  con- 
nections throughout.  Each  has  15-foot  panels 
and  is  symmetrical  about  the  center  line  with 
details,  as  shown  in  the  semi-elevation.  The 
stiff  bottom  chord  has  an  H-shaped  cross-section 
made  with  four  6x6-inch  angles  and  tie-plates, 
and  is  spliced  with  horizontal  web  cover-plates 
at  three  points.  Pairs  of  vertical  gusset-plates 
are  riveted  across  the  flanges  at  panel  points  to 
form  jaws  for  the  connections  of  the  web  mem- 
bers.    The  vertical  posts  are  made  with  pairs 


end  posts  have  projecting  gusset-plates  riveted 
to  their  webs,  forming  jaws  which  engage,  and 
are  field-riveted  to,  the  extensions  of  the  verti- 
cal posts,  already  described,  in  the  longitudinal 
trusses.  At  the  ends  of  the  longitudinal  trusses 
the  connections  of  the  transverse  trusses  are 
made  to  the  center  columns,  and  here  the  jaw- 
plates  have  vertical  flange  angles  shop-riveted 
to  them  and  field-riveted  to  tie-plates  on  the 
columns  flanges.  The  top  and  bottom  chords 
are  each  made  with  one  field  splice,  all  truss 
members  are  stiff  pieces,  and  all  connections  are 
riveted  to  pairs  of  gusset  plates  shop-riveted 
to  the  webs  of,  the  chord  channels,  except  the 
feet  of  the  verticals,  which  support  the  centers 
of  the  bottom  chord  panels  and  are  riveted  di- 
rectly to  the  webs  of  the  chord  channels. 

All  connection  plates  are  shop-riveted  to  the 
chords  and  end   posts  and   field-riveted  to  the 
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web  members.  The  bottom  chord  channels  are 
connected  by  tie-plates  across  their  lower 
flanges  at  panel  and  at  sub-panel  points,  and  by 
short  vertical  I-beams  acting  as  transverse 
diaphragms  at  intermediate  points.  Horizontal 
plates  are  riveted  to  the  top  and  bottom  chords 
and  have  pairs  of  oblique  angles,  between  which 
the  diagonal  lateral  rods  pass  and  take  bearing 
on  washer  plates  across  their  ends.  The  in- 
clined top  chords  do  not  reach  to  the  longi- 
tudinal trusses,  and  they  are  connected  across 
the  top  chords  of  the  latter  by  light  horizontal 
struts  riveted  to  bent  plate  connections  at  the 
center  ends  of  the  trusses. 

Three  longitudinal  runways  for  riveting  ma- 
chines were   designed   to  be   supported   by  the 


was  previously  commanded  by  a  pair  of  20-ton 
traveling  cranes  of  76-foot  span.  These  cranes 
form  part  of  the  series  which  have  their  run- 
ways supported  on  double  pairs  of  columns  8 
feet  apart  on  centers,  with  spans  of  76  and  80 
feet,  as  mentioned  before.  In  order  to  retain  the 
crane  service  and  utilize  their  runways  and 
columns,  the  building  has  a  roof  with  the 
trusses  supported  on  short  A-bents  carried  by 
the  cross  girders  connecting  the  tops  of  the 
runway  girders.  The  trusses  are  24  feet  apart 
and  their  lower  chords  are  about  40  feet  clear 
of  the  ground,  thus  affording  more  than  10  feet 
headway  over  the  crane  tracks.  The  sides  of 
the  buildings  have  brick  walls  containing  three 
tiers  of  windows  and  the  roof  has  a  monitor 


The  Arcade  Building  Power  Plant,  Dayton,  0. 

A  power  plant  that  comes  in  the  class  of  the 
isolated,  building,  mechanical  equipment  de- 
signed to  meet  diverslfled  demands  is  that  in- 
stalled In  the  Arcade  Building  at  Dayton,  O. 
In  addition  to  the  ordinary  power  and  lighting 
service  it  includes  an  ice-making  and  cold  stor- 
age plant.  The  building  itself  is  of  a  T  shape, 
about  400  feet  long,  with  fronts  on  three  streets. 
In  the  basement  is  located  the  power  plant 
The  first  floor  is  given  up  to  stores  on  the 
streets  and  to  the  arcade  passage  within.  At 
the  center  of  the  building  at  this  level  Is  a 
general  market  and  above  it  rises  a  light  well 
terminating  at  the  top  of  the  building  In   a 
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Plan  of  the  Mechanical   Plant  for  the  Arcade   Building,  Dayton,  Ohio. 


lower  chords  of  the  transverse  trusses  and  to 
extend  from  end  to  end  of  the  building,  as  indi- 
cated OD  the  cross-section  diagram  and  by  the 
dotted  lines  in  the  elevation  of  the  transverse 
trusses,  but  these  were  finally  omitted  and  a 
single  runway  10  feet  wide  was  suspended  from 
the  trusses  20  feet  from  the  longitudinal  axis  of 
the  building.  This  is  not  shown  in  the  accom- 
panying illustrations,  but  the  detail  of  the  sup- 
port originally  designed  for  the  runway  is 
shown  with  X-bracing,  which  was  designed  to 
give  it  transverse  rigidity. 

The   92x508-foot   car   shop  is  located    in   the 
beam  storage  yard,  and  occupies  the  space  that 


with  windows  in  the  clere-story,  and  there  are 
two  rows  of  small  skylights  in  each  side  of  the 
sloping  roof. 

(To  be  continued.) 


The  Poweb  Production  of  the  new  central 
station  of  the  Kansas  City  Electric  Light  Con» 
pany  is  given  in  the  following  terms  by  Mr. 
E.  A.  Barth  in  the  "American  Electrician": 
When  run  condensing,  225  watts  are  obtained 
per  pound  of  coal,  and  when  run  non-condens- 
ing, 165  watts  per  pound.  The  coal  is  a  slack 
having  a  calorific  value  of  11,000  British  ther- 
mal units,  yielding  17  per  cent,  of  ash. 


glass  dome  150  feet  in  diameter.  Above  the 
stores  are  offices,  and  then  comes  several  floors 
of  apartments,  the  uppermost  arranged  in 
bachelor  suites. 

In  connection  with  the  refrigerating  plant  a 
fur  storage  is  located  in  the  basement,  and 
brine  coils  are  installed  in  the  market  ice- 
boxes and  in  the  restaurant,  offices  and  apart- 
ments as  a  means  of  local  refrigeration.  The 
system  regarded  as  most  economical  is  that  of 
a  flat  water  tank  within  the  brine  coils.  The 
water  in  this  tank  is  frozen  and  then  the  circu- 
lation of  the  brine  shut  oft  until  the  cake  of  ice 
shall  have  melted  again.     The  direct  ammonia 
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circulmtion  wms  not  used  throughout  the  build- 
las  beckUM  of  the  serious  effect  of  any  acci- 
4antal  teak.  The  necessary  ammonia  piping  is 
Instead  confined  to  a  small  portion  of  the  base- 
ment under  the  eye  of  the  engineer,  and  an  ex- 
kaast  tan  is  there  provided  to  care  for  any 
trouble  from  leaks  in  this  space. 

Because  of  the  demand  for  the  basement 
space  for  other  purposes,  the  area  reserved  for 
the  power  plant  is  quite  limited.  While  the 
plant  is  not  cramped,  it  presents  a  well<onsid- 
ered  arrangement  of  machinery  and  apparatus. 
Within  a  space  of  60H;x66  feet,  of  which  16  feet 
are  under  the  sidewalk,  is  installed,  as  shown 
on  the  accompanying  plan,  the  following  equip- 
ment: Three  Geary  water-tube  boilers,  each 
of  200  horse-power,  working  at  125  pounds  pres- 
sure;  three  direct-connected  electric  generating 
units,  of  200,  100  and  30  kilowatts  capacity,  re- 
spectively; two  30-ton  Frick  compression  re- 
frigerating machines;  hydraulic  and  electric 
elevator  machinery,  including  two  pumps,  two 
elevator  tanks  and  an  «lectric  hoisting  machine 
outfit:  three  boiler-feed  pumps,  together  with  a 
feed-water  heater;  two  vacuum  pumps,  in  con- 
nection with  the  heating  system;  a  hot-water 
circulating  pump  with  a  hot-water  heater  tank 
for  domestic  use;  two  air  compressors  with  an 
air  tank:  a  surge  tank  in  connection  with  deep 
well;  two  fans;  the  switchboard;  and  the  ap- 
paratus for  the  refrigerating  plant,  including 
condenser,  re-boiler  and  filters. 

The  head  room  of  the  mechanical  plant  is 
limited  partly  owing  to  the  fact  that  the 
building  was  erected  on  a  wet  subsoil,  requiring 
a  damp  course  in  the  foundation  concrete.  The 
height  in  the  boiler  room  is  17  feet  6  inches, 
and  in  the  engine  and  pump  rooms  12  feet  V/i 
Inches.  Coal  is  received  through  a  manhole  in 
the  alley  and  stored  at  one  end  of  the  boiler 
room,  this  having  a  capacity  for  about  75  tons. 
The  ashes  are  removed  by  means  of  a  telescopic 
ash  hoist,  extending  through  the  building  wall 
into  the  alley.  This  is  provided  with  a  5-horse- 
power  motor  to  drive  the  buckets  and  the  frame 
is  raised  and  lowered  into  position  by  hand. 

The  boilers  are  set  singly  and  the  piping  is 
arranged  to  obviate  the  use  of  steam  separators. 
■ach  boiler  has  two  steam  drums,  and  to  the 
cross-over  pipe  on  each  is  attached  a  vertical 
nipple  2  feet  long;  on  the  top  of  this  is  mounted 
a  6-Inch  angle  valve.  The  steam  branch  from 
each  boiler  leads  toward  the  front,  rising  on  a 
sharp  slope,  and  connects  through  an  elbow  Into 
the  main  steam  header,  10  inches  in  diameter, 
which  it  enters  from  below.  Immediately  out- 
side of  the  angle  valve  a  14-inch  drip  valve  is 
placed  and  piped  to  the  drip  tank.  In  the  ver- 
tical nipple  at  each  boiler  outlet  is  screwed  the 
end  of  a  2-incb  auxiliary  steam  pipe,  which 
connects  into  a  4-incb  auxiliary  header,  carried 
over  the  boilers  parallel  to  and  almost  directly 
underneath  the  main  steam  header.  The  main 
steam  header  Is  run  around  the  plant,  as  shown, 
into  and  through  the  engine  room,  which  is 
under  the  sidewalk,  and  at  the  extreme  end  at 
the  refrigerating  machines  terminates  in  a  10- 
inch  drop-leg  for  the  collection  of  condensation. 
Throughout  its  run  the  header  is  given  a  uni- 
form pitch  in  the  direction  of  steam  flow  from 
the  first  bend  at  the  boilers  to  the  drop-leg;  the 
latter  extends  to  a  point  about  1  foot  above  the 
floor,  and  water  is  drained  from  it  by  means 
of  a  No.  5  Anderson  steam  trap,  and  Is  de- 
livered into  the  feed-water  heater.  The  auxil- 
iary header  Is  carried  into  the  pump  room  and 
is  run  through  the  latter  and  connected  into 
the  main  steam  header,  as  Indicated  in  the 
drawing.  Two  barrels  of  condensation  water 
are  collected  in  the  drop-leg  per  day. 

The  grenerating  equipment  is  of  interest  In 
that  the  larger  units  are  compound,  while  tho' 
smallest  employs  a  simple  engine.     The  com- 


pound units  are  of  the  Buckeye  tandem  type. 
The  200-kilowatt  generator  is  driven  by  a  14^4 
and  25x21-inch  engine,  and  the  100-kilowatt 
generator  by  11  and  19xl6-inch  engine.  The  30 
kilowatt  unit  employs  a  lOxlO-inch  Ball  engine. 
The  electrical  equipmeni  is  all  of  the  Western 
Electric  make  and  has  a  large  lighting  duty  in 
addition  to  operating  six  Otis  electric  elevators. 
The  consumption  of  current  for  the  latter,  it 
will  be  interesting  to  add,  is  given  as  3.1  kilo- 
watt hours  per  car  mile  with  a  random  load. 
The  switchboard  consists  of  four  panels.  Three 
of  these  are  devoted  to  the  generating  connec- 
tions, and  the  fourth,  of  double  width,  is  given 
up  to  the  feeders.  Alongside  the  switchboard 
is  a  gauge  board  with  steam  and  water  gauges. 

An  extensive  hydraulic  elevator  equipment, 
In  addition  to  the  six  electric  elevators,  Is  in- 
stalled, comprising  seven  Otis  machines.  One 
of  the  hydraulic  machines  has  a  car  10x23  feet 
in  size  for  lifting  wagons  from  the  coal  storage 
department  to  the  alley.  The  pumping  equip- 
ment comprises  two  duplex  pumps,  one  of  the 
compound  type.  This  is  12x18x12x12  inches  in 
size,  while  the  other  is  10x7x12  inches. 

The   refrigerating  plant  is  served    from    a 


provided  in  the  exhaust  lir.e,  to  give  automatic 
escape  of  the  excess  of  exhaust  steam  over  the 
demands  of  the  heating  apparatus.  The  run  of 
exhaust  mains  is  shown  in  the  plan  of  the 
plant.  The  pipe  leading  to  the  outboard  ex- 
haust is  located  back  o£  the  boiler  installation 
and  the  back-pressure  valve  is  fitted  in  the  hori- 
zontal run.  The  auxiliary  live  steam  connec- 
tion is  taken  from  the  end  of  the  main  steam 
header  nearest  the  pump  room  in  a  4-inch  pipe, 
as  shown.  The  two-pipe  system  of  distribution 
for  heating  is  employed,  together  with  a  vacuum 
return,  according  to  the  Webster  system.  There 
is  a  total  of  25,500  square  feet  of  heating  sur- 
face in  the  building.  The  vacuum  pumps  are 
6x8x12  inches  in  size,  installed  in  duplicate; 
they  deliver  into  the  feed-water  heater.  There 
are  three  boller-feed  pumps,  all  7x4%xl0  inches 
in  size,  of  the  duplex  type.  These  pumps  are  all 
under  automatic  control  and  are  cross-connected 
on  their  water  ends,  so  that  any  feed  pump  or 
one  of  the  elevator  pumps,  for  example,  may  be 
employed  on  the  liouse  service.  The  hot-water 
heater  or  boiler,  it  will  be  noticed,  is  supported 
above  the  steam  boilers.  The  hot-water  circu- 
lating pump  is  3x4x5  Inches  in  size. 


Pump  Room  of  the  Dayton  Arcade  Building. 


duplicate  installation  of  13xl5-inch  Corliss  en- 
gine-compressor units,  of  the  FrIck  manufac- 
ture, as  already  stated.  As  shown  in  one  of 
the  accompanying  photographs,  the  machines 
are  of  a  usual  type,  in  that  the  steam  ends  are 
horizontal  and  the  compression  cylinders  are 
vertical.  The  vault  lights  immediately  above 
the  latter,  giving  light  and  means  for  working 
at  the  cylinders  In  case  of  necessity,  are  shown. 
The  freezing  tanks,  brine  cooling  and  the  brine 
pumps  are  all  located  in  the  cold  storage  por- 
tion of  the  basement,  some  distance  away  from 
the  heat  of  the  engine  and  boiler  rooms.  There 
are  two  brine  circulating  pumps,  of  the  cen- 
trifugal type,  one  direct-driven  by  a  motor  and 
the  other  by  a  Dake  steam  engine.  Besides 
these  there  is  a  booster  pump  to  deliver  a  small 
amount  of  brine  under  the  head  necessary  to 
reach  all  the  apartments  on  the  upper  floors. 

For  heating,  exhaust  steam  is,  of  course, 
utilized,  with  arrangements  for  supplementing 
the  supply  of  exhaust  steam  when  necessary  by 
live  steam  through  the  usual  pressure-reducing 
valve.     The  usual  back-pressure  valve  is  also 


Compressed  air  is  furnished  to  the  elevator 
tanks  and  to  the  building  for  cleaning  purposes 
and  to  a  barber  shop  and  various  dentists' 
offices  in  the  building.  There  are  two  com- 
pressors, as  already  enumerated.  Among  other 
features  of  the  plant  may  be  mentioned  a  pipe 
led  upward  to  the  roof,  where  it  connects  into 
a  pipe  ring  around  the  base  of  the  glass  dome 
with  hose  taps  every  50  feet.  This  pipe  is  con- 
nected at  the  pumps  so  that  live  steam  or  cold 
or  hot  water  may  be  delivered  through  it,  al- 
lowing the  glass  dome  to  be  kept  free  of  ice, 
snow  and  dirt,  besides  constituting  a  convenient 
flre-flghting  adjunct.  A  pressure  tank  system 
is  in  use  for  lubrication,  the  equipment  includ- 
ing a  hydraulic  pump  operated  from  the  city 
water  mains  and  the  usual  filter.  Fresh  air  is 
provided  to  the  basement  by  means  of  a  90- 
inch  blower,  which  is  chain-driven  from  a  12- 
horse-power  motor.  This  draws  air  from  the 
roof  and  delivers  It  into  the  boiler  and  engine 
rooms  through  ducts,  some  of  which  are  shown 
in  the  accompanying  photographs. 

The  plant  was  installed  from  the  designs  of 
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the  Illinois  Engineering  Company,  of  Chicago, 
by  Messrs.  Joseph  McWilliams  &  Company,  of 
Louisville,  Ky.,  who  contracted  for  the  entire 
equipment.  The  work  was  done  under  the  di- 
rection of  their  superintendent  of  erection,  Mr. 
Luther  E.  Jenner. 


The  Engineering  Profession. 

Extracts  from  a  commencement  address  by  Foster 
Crowell,  M.  Am.  Soc.  C.  E.,  at  the  Rensselaer  Poly- 
technic Institute. 


A  profession  is  what  Its  members  make  it. 
Your  profession  can  be  maintained  and  elevat- 
ed higher  and  higher  and  made  enduring  for 
the   life   of   the   world,    or    it   can   be   lowered 


rations  of  processes.  In  such  respects  espe- 
cially you  should  be  on  your  guard  against 
the  charge  of  being  unpractical,  always  remem- 
bering that  it  is  not  worth  while,  or  sensible, 
to  try  to  refine  a  result  beyond  the  degree  of 
refinement  of  the  data.  The  young  engineer 
also  is  prone  to  forget  that  for  his  purposes 
mathematics  is  a  tool  and  not  an  art.     .     .     . 

Not  only  will  you  do  well  to  be  practical,  but 
you  will  find  that  It  is  Important  to  cultivate 
the  executive  function. 

The  engineer  who  is  a  good  executive  is  in 
demand.  It  is  of  prime  importance,  of  course, 
to  be  able  to  design  work  correctly,  but  carry- 
ing it  out  in  the  best  and  most  economical  man- 


business,  its  trades,  its  commerce,  its  manu- 
factures, its  Intercommunications — all,  In  fact, 
of  its  i)hysical  activities,  are  bound  up  In  the 
work  of  the  engineer.    .    .    . 

In  Groat  Britain  the  modern  engineer  came  to 
the  front  earlier  than  In  this  country,  and  the 
people  know  him  better  for  what  he  does  and 
what  he  Is.  But  at  first  they  did  not.  In  1818 
was  established  the  Institution  of  Civil  En?l- 
neyrs  and  In  1828  it  was  incorporated  by  royal 
charter,  the  language  of  which  states  Its  ob- 
ject as  "being  the  general  advancement  of  Me- 
chanical Science,  and  more  particularly  for 
promoting  the  acquisition  of  that  species  of 
knowledge  which  constitutes  the  profession  of 
the  Civil  Engineer."  To  which  were  afterward 
added  upon  the  diplomas  of  the  Institution  the 
significant  words  of  Thomas  Tredgold  as  an 
amplification,  to  wit,  "being  the  art  of  direct- 
ing the  great  sources  of  power  in  Nature  for 
the  use  and  convenience  of  Man,"  thus  showing 
that  the  public  had  to  be  educated  up  to  us. 

It  is  very  interesting  to  note  that  at  the  time 
this  definition  of  the  civil  engineer  was  coined 
the  age  of  steam  had  scarcely  begun  and  the 
existence  of  electricity  as  a  source  of  power 
for  engineers  to  deal  with  was  not  suspected. 

It  was  not  until  a  quarter  of  a  century  later, 
in  1853,  that  the  American  Society  of  Civil 
Engineers  was  formed  and  that  body  seems 
to  have  taken  for  granted  that  a  professional 
definition  no  longer  was  necessary.  That  per- 
haps was  unfortunate,  for,  had  it  been  other- 
wise, the  present  confusion  in  the  public  mind 
in  America  as  to  what  particular  kind  of  an 
engineer   a   civil   engineer   is   might   not   exist. 


View   in    Engine    Room. 

and  trailed  in  the  dust  and  in  the  mire.  The 
highest  professional  object  of  every  engineer 
should  be  the  profession  itself  and  all  that 
tends  to  ennoble  it,  in  principle  and  deed  and 
perfect  work. 

There  has  been  a  marked  tendency  of  late, 
in  this  seething,  strenuous  land  of  ours,  to 
extol  the  so-called  "practical"  man,  and  some 
quite  noted  exponents  of  the  type  have  been 
hastening  about,  explaining  the  superior  ad- 
vantages of  a  limited  education,  while  the  cur- 
rent magazines,  as  you  know,  have  been  filled 
with  pictures  of  so-called  "captains  of  indus- 
try," who  were  said  to  have  reached  their  well- 
deserved  positions  of  great  prominence  chiefly 
because  they  had  been  untrammeled  by  mis- 
leading knowledge  from  books. 

We  in  the  profession  have  been  hearing  sung 
the  superior  merits  of  the  practical  man  all 
our  lives,  and  I  suppose  the  song  will  still  be 
heard  as  a  lullaby  for  ignorance  when  the  whole 
unbounded  universe  is  connected  up,  but  let  me 
tell  you,  for  your  comfort,  that  the  most  prac- 
tical men  are  the  best  educated  and  the  only 
really  practical  engineer  is  the  one  who  has 
the  theory  all  right  at  the  start.  Afterward,  a 
man  may  find  "much  in  experience  and  lit- 
tle in  books,"  but  you  may  rest  well  assured 
that  the  fundamental  knowledge  you  have  ac- 
quired will  not  stand  in  your  way.  Yet,  aim 
to  be  practical,  to  the  uttermost,  in  your  meth- 
ods and  in  every  result.  There  is  a  tendency 
to  be  resisted  that  every  young  engineer  feels 
—the  tendency  to  too  great  refinement  in  re- 
sults of  calculations  and  to  superfluous  elabo- 


Refrigerating   Machines,  Arcade  Building,  Dayton. 


ner  is  scarcely  less  so.  Study,  therefore,  to 
build  up  a  reputation  as  a  good  executive,  as 
well  as  a  good  designer. 

We  have  been  speaking  among  ourselves  of 
the  engineer's  profession  as  if  it  were  one  that 
is  thoroughly  well  defined  and  of  accepted 
meaning.  Such,  however,  strange  to  say,  is 
not  the  case,  and  this  is  all  the  more  surpris- 
ing when  we  reflect  that  in  the  modern  eco- 
nomic development  the  community  has  come 
to  depend  on  the  engineer  absolutely  and  from 
day  to  day,  for  its  very  existence  almost,  and 
certainly  for  its  comfort  and  convenience.  Its 
food  supplies,  its"  water,  its  fuel  and  light.  Its 


The  present  Constitution  of  this  Society  goes 
to  the  other  extreme  in  providing  that  "a  Mem- 
ber shall  be  a  Civil,  Military,  Naval,  Mining, 
Mechanical,  Electrical,  or  other  professional 
Engineer,  an  Architect  or  a  Marine  Architect." 
Prom  the  strictly  professional  point  of  view 
such  segregations  tend  to  destroy  and  not  to 
up-build.  In  practice,  however,  it  cannot  be 
said  that  this  Society,  grouped-  as  it  Is  nomi- 
nally, has  not  built  up  the  profession  in  this 
country.  Still  the  results  fall  short  In  solidar- 
ity of  what  is  really  needed  to  elevate  it  com- 
mensurately  with  the  importance  of  the  part 
it  plays  In  the  body  politic. 
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A  Three-Track,  Beam-Floor,  Girder  Bridge. 

The  three  tracks  of  the  Central  Railroad  of 
New  Jeraer  croas  the  tracks  of  the  Pennsyl- 
Tanla  Railroad  at  Newark,  N.  J.,  on  a  skew 
thronsh  plate-girder  bridge  with  three  spans 
of  95  feet.  54  feet  and  106  4  feet  Each  span 
has  four  lines  of  girders  16  feet  apart  on  centers 
which  are  supported  on  one  vertical  post  trestle 
bent,  one  masonry  pier  and  two  masonry  abut- 
ments. The  abutments  are  in  divergent  planes, 
one  of  which  is  parallel  to  the  trestle  bent  and 
the  other  parallel  to  the  masonry  pier.  This 
makes  all  the  girders  in  one  end  span  of  the 
Mine  length  and  all  those  of  the  other  end  span 
of  another  length,  but  makes  the  girders  in  the 
center  span  all  have  different  lengths,  namely, 
50  feet.  56  feet  9^  inches,  63  feet  6%  Inches 
and  70  feet  S%  inches  center  to  center  of  pier 


reamed  H>  Inch  larger.  The  girders  in  spans  A 
and  C  are  similar,  but  have  different  lengths 
and  materials,  girders  C,  B  and  A  being  pro- 
portioned for  only  half  as  much  live  load  as 
the  other  girders  in  the  same  panels. 

All  girders  are  proportioned  for  a  live  load 
of  two  locomotives  followed  by  a  train  load  of 
5,000  pounds  per  linear  foot,  as  Indicated  by  the 
load  diagram.  For  the  heavy  106Vi-foot  girders 
this  gives  a  maximum  moment  of  153,711,000 
pounds.  The  corresponding  maximum  flange 
stress  is  1,349,000  pounds,  for  which,  at  a  unit 
stress  of  10,000  pounds,  the  net  required  cross 
section  is  134.9  inches;  this  is  made  up  of  two 
8x8x?4-lnch  angles,  two  24x%-lnch  and  two  16x 
%-inch  full  length  side  plates,  one  27x%-lnch 
and  four  27xll/16-lnch  cover  plates  from  39  to 
92  feet  long,  having  a  total  gross  area  of  159.6 
square  inches.    The  maximum  shears  are  544,- 


pieces  easily  curved  to  conform  to  the  corners. 
The  bottom  flange  angles  109  V4  feet  long  are 
remarkable  for  their  great  length  for  such  wide 
flanges.  The  flange  cover  plates  have  fouf 
rows  of  vertical  rivets  through  the  flange 
angles  and  two  rows  of  rivets  through  their 
edges  outside  the  angles.  The  vertical  web  stif- 
feners  are  pairs  of  4x6x7/16-inch  angles  with 
fillers.  A  20x%-inch  sole  plate  is  riveted  to 
each  end  of  the  bottom  flange  to  receive  the 
triple-web  riveted  shoe,  which  is  riveted  to  it 
and  engages  the  6-lnch  pin  through  the  corre- 
sponding pedestal.  The  pedestal  is  secured 
with  turned  bolts  to  the  column  cap.  The  outer 
reinforcement  plates  in  the  side  webs  of  both 
shoe  and  pedestal  have  full  holes  and  form 
jaws  locking  each  other  together;  the  other 
webs  have  halt  holes  and  their  upper  edges  are 
planed  for  %-inch  horizontal  clearance. 
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and  trestle.  The  pier  and  abutments  and  the 
south  line  of  girders  are  designed  for  the  future 
addition  of  another  girder  and  track  south  of 
the  present  south  girder.  The  long-span  gird- 
ers have  pin  bearings  at  both  ends  and  roller 
bearings  at  the  abutments. 

The  principal  structural  peculiarities  of  the 
bridge  are  the  support  of  the  girders  on  the 
unusually  wide  and  heavy  column  caps,  the 
rigid  connection  of  the  ends  of  the  adjacent 
girders  one  to  another  and  the  floor  of  I-beam 
lolsts  without  floor  beams,  stringers  or  laterals. 
All  material  is  medium  open  hearth  steel,  and 
all  rivets  are  %  Inch  In  diameter.  The  sheared 
edges  of  all  bottom  flange  materials  are  planned 
>4  inch,  and  the  rivet  holes  through  bottom 
flange  plates  over  %  Inch  thick  are  punched  and 


850  pounds,  434,000  and  346,000  pounds,  at  the 
end  and  at  distances  of  12  and  22  feet  re- 
spectively therefrom.  The  web  is  120  inches 
deep  and  has  thicknesses  of  %,  %  and  Va  Inch, 
corresponding  to  the  shears  just  mentioned. 

Girder  C  is  106  feet  6  Inches  long  on  centers 
of  bearings  and  109»4  feet  long  over  all.  The 
web  is  cut  to  give  a  camber  of  %  inch  in  the 
center  panel  and  Its  splices  are  all  made  with 
108  rivets  in  four  vertical  rows  through  two 
14x7/16-lnch  splice  plates.  Each  flange  has  a 
pair  of  full  length  8x8x%  inch  angles,  but  those 
of  the  top  flange  are  cut  19  inches  short  at  each 
end,  so  as  to  be  tangent  to  the  curves  of  the 
rounded  upper  corners  and  abut  against  the 
upper  horizontal  ends  of  the  vertical  end  flange 
angles,  which  are  the  same  size  and  are  short 


The  heavy  girders  C^,  C^  and  C^  are  made 
as  shown  in  the  part  elevation  and  differ  from 
the  girder  C  in  the  thickness  of  the  web,  which 
varies  from  %  to  %  inch,  in  the  web  splices 
which  have  four  vertical  rows  of  rivets  in  the 
center  of  the  girder  and  six  rows  at  the  ends,  in 
the  use  of  vertical  side  plates  and  wider  cover 
plates  for  the  flanges;  in  the  extension  of  the 
sole  plates  and  their  stiffening  by  vertical 
transverse  web  plates  and  in  the  general  dif- 
ference in  thickness  of  materials.  Each  flange 
is  made  with  two  24x%-inch  full  length  ver- 
tical side  plates  with  six  horizontal  rows  of 
rivets  and  two  full-length  8x8x%-inch  flange 
angles.  In  the  center  the  flange  has  one  27x 
%-lnch  and  four  27xll/16-lnch  cover  plates. 
All  of  the  girders  were  riveted  up  complete  in 
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the  shops  and  shipped  whole  In  single  pieces, 
loaded  on  three  cars  each. 

The  longest  of  the  heavy  girders  In  the  mid- 
dle span  Is  62  feet  4%  Inches  long  over  all  and 
is  of  simple  construction  throughout,  as  shown 


in  the  elevation  of  one  end.  The  web  has  a 
uniform  thickness  of  %  Inch,  and  the  maximum 
flange  section  consists  of  two  8x8x%-lnch 
angles,  three  20x9/16-lnch  and  one  20x2V4-lnch 
cover  plates.    The  girder  Is  made  without  cam- 


ber and  is  seated  at  both  ends  on  fixed  riveted 
pedestals  riveted  to  the  column  caps.  Vertical 
transverse  filler  plates  beveled  to  correspond 
with  the  grade  are  placed  between  the  ends  of 
this  girder  and  those  of  the  end   spans,  and 
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th«7  are  fi«ld-riT«te<l  together  through  their 
Tertiral  end  stiffener  angles,  thus  making  each 
line  of  girders  continuous  from  abutment  to. 
abutment 

On  all  three  spans  the  floor  is  substantially 
the  Mune  and  consists  of  l&-inch  transverse  I- 
l>c«iiM.  most  of  them  1  foot  4  Inches  apart  on 
reatara.  varying  from  1  foot  6^  inches  to  llVi 
incbea  apart  on  centers  at  irregular  spaces  and 
panel  points.  The  lower  flanges  of  the  I-beams 
clear  the  horlxontal  legs  of  the  lower  flange 
angles  of  the  main  girders  and  are  cut  on  one 
side  to  clear  the  outstanding  flanges  of  the  ver- 
tical web  BtilTener  angles,  to  which  they  are 
fleld-rireted  by  six  rivete  through  their  webs. 
At  all  other  points  the  I-beams  have  a  pair  of 
4x6-lnch  vertical  connection  angles  shop-riveted 
to  their  webs  at  each  end  and  fleld-riveted  to 
the  girder  web.  At  alternate  web  stiffeners 
there  are  triangular  gusset  plates  with  single 
flange-angles  on  the  horizontal  and  inclined 
sides,  which  are  riveted  to  the  I-beams  and  the 
web  stiffeners,  and  reach  to  the  top  flanges  of 
the  girders,  forming  sway  braces.  The  floor 
beam  connection  rivet  holes  were  reamed  to  a 
cast-iron  template.  Under  each  line  of  rails 
there  is  a  continuous  longitudinal  plate  about 
12  Inches  wide. 
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tical  anglea  The  bridge  was  designed  and 
built  under  the  direction  of  the  engineering  de- 
partment of  the  Central  Railroad  of  New  Jersey, 
Mr.  Joseph  O.  Osgood,  chief  engineer,  and  the 
American  Bridge  Company,  of  New  York,  Mr. 
Paul  Wolfel,  chief  engineer,  was  the  contractor. 


Fatal  Explosion  in  a  Chicago  Sewer. 

Last  Saturday  forenoon,  June  11,  an  explo- 
sion occurred  in  the  Thirty-ninth  Street  sewer. 
Chicago,  one  of  the  city's  new  large  intercept- 
ing sewers,  which  caused  the  death  of  Assist- 
ant Engineer  Guy  Miltimore  and  three  men. 
The  explosion  took  place  In  the  portion  of  the 
conduit  between  Butler  and  Halsted  streets, 
which  has  a  horseshoe-shaped  cross-section  22 
feet  wide  and  18  feet  high.  A  full  bulkhead 
had  been  built  In  the  sewer  at  Butler  Street 
and  the  portion  of  the  sewer  west  of  this  point 
is  2,100  feet  long,  with  a  temporary  pump  well 
at  the  Halsted  Street  slip.  This  portion  of  the 
sewer  has  been  in  use  about  three  years  and 
contained  a  heavy  deposit  of  bad  material.  Mr. 
Miltimore  and  the  three  men  with  him  entered 
the  pump  well  for  the  purpose  of  inspecting 
the  sewer,  and  the  explosion  is  reported  to 
have   occurred   almost   immediately    after   the 
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A  Short-Span  Bascule  Bridge  in  New  York 
City. 

A  small  bascule  bridge  over  Mott  Haven 
canal  at  135th  Street,  New  York,  has  a  clear 
span  of  26  feet  and  a  width  of  66  feet  over  all, 
and  carries  a  42-foot  roadway  and  two  11%- 
foot  sidewalks.  It  is  ingeniously  arranged  with 
a  long  and  a  short  arm  operated  by  a  simple 
rack  mechanism  contained  in  the  pit  which 
receives  the  counterweighted  shore  arm  and 
contains  all  the  machinery,  so  tliat  the  bridge 
presents  the  external  appearance  of  an  ordi- 
nary plate  girder  span  and  has  no  tower  nor 
other  members  projecting  above  the  roadway 
deck. 

The  floor  is  supported  by  seven  symmetrically 
arranged  longitudinal  plate  girders,  one  of  them 
on  the  center  line,  which  have  transverse  I- 
beams  web-connected  to  them,  carrying  light 
longitudinal  beams  across  their  top  flanges 
to  receive  the  double  thickness  of  floor  planks, 
which  just  clear  the  top  flanges  of  the  side  gird- 
ers and  are  crowned  a  few  inches  above  the 
center  girder.  At  the  movable  end  all  the  gird- 
ers are  seated  on  flat  bed  plates  on  the  abut- 
ment masonry;  at  the  opposite  end  they  are 
hinged  so  as  to  revolve  upwards  through  an 


Hinge  and  Horizontal  Main  Shaiff. 
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Mott   Haven    Bascule  Bridge:      Longitudinal   Sectional    Elevation   of  Main  Girder,  Tail   Pit  and   Abutments. 


At  the  end  where  the  skew  is  least  the  two 
end  floort>eams  are  parallel  to  the  abutment, 
and  the  third  floor  beam  bisects  the  angle  be- 
tween them  and  the  regular  floor  beam.  At 
the  other  end  of  the  bridge  oblique  I-beams 
nearly  parallel  to  the  axis  of  the  abutment, 
with  their  flanges  flush  with  the  floor  beams, 
are  connected  by  bent  web  plates  to  the  ends 
of  the  girders  and  receive  the  web  connections 
of  the  shore  ends  of  the  latter.  The  columns 
in  the  trestle  bent  have  unusually  broad  and 
long  bases  and  cap  plates,  the  latter  being  ex- 
tended to  receive  the  girder  shoes  and  being 
set  skew  to  corresiMnd  with  the  axis  of  the 
bridge,  while  the  columns  are  set  square  with 
the  tracks  underneath.  At  the  base  there  are 
wide  web  plates  and  vertical  centre  diaphragms 
reinforcing  the  base  plates  which  are  made  of 
two  pieces  of  plate  %  inch  thick  and  stiffened 
by  six  lines  of  flange  angles  which  cover  the 
entire  npper  surface.  The  cap  plate  is  rein- 
forced by  only  two  vertical  web  plates,  but  has 
the  horizontal  flanges  of  its  angles  supported 
on  the  planed  upper  ends  of  four  outside  ver- 


men  disappeared  below  the  mouth  of  the 
well,  which  is  about  25  feet  deep.  Man- 
holes on  the  sewer  were  being  opened  when 
the  explosion  occurred,  and  many  covers  which 
had  not  been  removed  were  hurled  from  their 
places.  Frames,  shafts  and  gearing  of  two  15- 
inch  centrifugal  pumps  in  the  temporary  pump- 
ing station  were  wrecked  and  with  the  piping 
fell  into  the  well  on  the  bodies  of  the  men. 
Mr.  W.  S.  MacHarg,  consulting  engineer,  from 
whom  the  information  for  this  note  was  ob- 
tained, says  that  the  character  of  the  gas  has 
not  been  established.  The  sewer  apparently 
was  not  injured.  Additional  facts  may  be 
brought  out  by  the  coroner's  investigation,  but 
this  had  not  been  undertaken  at  the  time  of  go- 
ing to  press. 


Two  SuBVETOBS  wcrc  killed  recently  near 
Bingham,  Utah,  It  is  reported,  by  a  high-po- 
tential electric  current  transmitted  through  the 
steel  tape  which  they  were  using  and  which 
•  accidentally  came  into  contact  with  an  electric 
transmission  line. 


angle  of  82  degrees  from  the  horizontal.  The 
outside  four  girders  terminate  at  their  hinges, 
but  the  center  three  girders  extend  nearly  22 
feet  beyond  them  to  support  the  counterweight 
platform.  They  project  under  the  fixed  ap- 
proach floor  and  revolve  down  into  the  pit  un- 
der it  when  the  bridge  is  opened.  The  hinges 
consist  of  7-inch  horizontal  pins  through  the 
lower  parts  of  ribbed  castings  bolted  to  both 
sides  of  each  web  between  pairs  of  vertical  web 
stiffener  angles  and  are  supported  at  their  ends 
ill  pairs  of  cast  pedestals.  The  pedestals  for 
the  four  outer  girders  and  the  outside  pedes- 
tals for  the  two  adjacent  girders  are  seated  on 
the  abutment  masonry.  Both  pedestals  for  the 
center  girder  and  the  two  inside  pedestals  for 
the  two  adjacent  girders  are  seated  on  the  top 
flanges  of  the  curved  drop  girders  which  sup- 
port the  flxed  roadway  platform  over  the 
counterweight  pit,  as  shown  in  the  longitudi- 
nal section.  This  arrangement  permits  the  bas- 
cule hinge  to  be  offset  clear  of  the  abutment 
wall  and  allows  the  ends  of  the  long  girders  to 
revolve  clear  of  the  masonry. 
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The  bridge  is  operated  witti  a  combination  of 
horizontal  and  inclined  shafts  and  miter  gears. 
A  very  short  vertical  shaft  nearly  in  the  cen- 
ter of  the  pit  terminates  in  a  capstan  head  at 
floor  level,  virhere  it  is  operated  by  detachable 
hand  levers  at  an  angle  Of  about  45  degrees 
■with  the  horizontal.  The  lower  end.  of  the 
shaft  is  connected  by  a  miter  gear  with  a  longi- 
tudinal shaft  inclined  downwards,  which  has  a 
miter  gear  on  its  lower  end  operating  a  verti- 
cal shaft  seated  on  the  abutment  masonry. 
The  upper  end  of  this  shaft  carries  a  worm 
wheel  gearing  into  a  transverse  horizontal  shaft 
In  the  axis  of  the  bascule  hinge.  This  shaft  is 
nearly  24  feet  long  and  passes  through  holes 
borec:  through  the  hinge  pins  of  the  center  three 
girders.  Close  to  the  bearings  of  the  outer 
girders  of  this  set  the  shaft  has  mitsr  gears 
driving  two  longitudinal  shafts  about  15  feet 
apart,  which  are  horizontal  when  the  bridge  is 
closed  and  extend  to  the  rack  quadrant  bolted 


sonry  and  geared  to  the  main  vertical  shaft. 
It  is  proportioned  for  the  heaviest  street  roller 
and  for  first-class  city  traffic,  and  was  built  at 
a  cost  of  about  130,000. 

It  was  designed  and  its  construction  was 
supervised  by  the  Department  of  Bridges  when 
Mr.  John  L.  Shea  was  commissioner  and  Mr. 
S.  R.  Probasco  was  chief  engineer.  Mr.  G.  R. 
Ferguson  was  assistant  engineer  in  charge  of 
the  design  and  Mr.  J.  G.  Theban  was  resident 
engineer.  The  contract  was  let  to  Mr.  Augustus 
Smith,  May  20,  1901,  and  the  bridge  has  been 
duly  completed  and  is  considered  satisfactory. 


Arch  Trusses  for  Aerial  Circus  Platform. 


The  Aerial  Circus  at  Luna  Park,  Coney 
Island,  Brooklyn,  N.  Y.,  is  designed  especially 
to  afford  amusement  which  will  be,  on  account 
of  its  novelty,  attractive  to  the  pleasure-seekers 
who  come  in  great  numbers  from  greater  New 


Mott  Haven  Bascule  Bridge  Open,  Showing  Main  Driving  Shaft  and  Gear. 


to  the  pit  masonry  on  each  side.  Each  shaft 
has  a  pinion  engaging  the  rack  teeth,  and  as  it 
is  radial  to  the  rack  when  it  is  operated  it 
follows  the  latter  and  traveling  down  on  it 
revolves  the  counterweigh  ted  bascule  leaf  up- 
wards, or  vice-versa. 

The  sectional  counterweight  consists  of  about 
131,000  pounds  of  cast-iron,  the  machinery 
weighs  58,258  pounds  and  the  structural  steel 
■weighs  133,324  pounds.  The  other  principal 
quantities  involved  in  the  construction  of  the 
bridge  include  2,870  cubic  yards  of  excavation, 
1,865  linear  feet  of  piles,  8,336  feet  board  meas- 
ure of  creosoted  under  floor,  4,769  feet  of  up- 
per floor,  759  cubic  yards  of  Portland  cement 
concrete,  116  yards  of  rubble  masonry  and 
2,035  square  feet  of  waterproofing.  The 
bridge  can  be  opened  in  20  seconds  by  a  25- 
horse-power  500-volt  No.  800  General  Electric 
street  car  motor,  seated  on  the  abutment  raa- 


York  to  this  day  resort  during  the  hot  weather 
in  the  summer  season.  It  provides  for  an  open- 
air  entertainment  on  a  large  scale  with  a  com- 
bination of  attractions,  and  is  connected  with 
an  aquatic  arena  in  a  large  enclosed  court.  The 
artificial  lagoon  has  its  axis  coincident  with 
that  of  the  arena,  and  at  one  end  of  the  former 
there  is  a  tower  from  the  top  of  which  "Chute 
the  Chutes"  passenger  boats  descend  on  an  in- 
clined plane  through  artificial  cascades  to  the 
arena.  The  boats,  after  arriving  at  the  arena, 
pass  onward  through  the  center  of  it,  turning 
at  the  opposite  end  and  following  around  the 
sides  to  the  lagoon  and  back  to  the  tower,  to  the 
summit  of  which  they  are  elevated  for  another 
trip. 

The  Aerial  Circus,  as  the  name  implies,  Is  an 
equestrian  ring  performance  which  Is  conducted 
in  the  center  of  the  arena  directly  over  the 
course  of  the  boats  and  about  100  feet  from  the 


foot  of  the  tower.  The  circus  platform  is  used 
for  the  performers  only  and  Is  a  level  wooden 
fioor  approximately  trapezoidal  in  plan,  about 
120  feet  long,  from  35  to  65  feet  wide,  and  about 
15  feet  above  the  water  level.  Tiers  of  raised 
seats  on  the  sides  of  the  arena  provide  accom- 
modation for  the  spectators,  who  look  down  on 
the  circus  and  see,  underneath  it  and  on  both 
sides  and  ends  of  it,  the  attractions  on  the 
lagoon.  These  seats  and  the  promenade  around 
the  arena  are  entirely  separate  and  isolated 
from  the  circus  platform,  and  the  latter  is  like 
an  island  accessible  by  an  inclined  plane  on  a 
bridge  across  the  lagoon  at  one  end. 

On  the  platform  there  is  a  main  center  ring 
45  feet  in  diameter  and  two  side  rings  37  feet 
in  diameter,  all  of  which  are  intended  to  sup- 
port only  the  weight  of  the  performers  and  a 
few  horses,  so  that  the  loads  are  very  light,  and 
the  structure  which  supports  the  platform  is 
proportioned  only  for  the  dead-load  stresses  and 
the  specified  live  load,  not  exceeding  about  2,000 
pounds  at  any  point,  or  for  a  total  distributed 
load  of  72,000  pounds,  and  for  the  assumed 
vibration  and  impact  stresses.  It  is  in  a  shel- 
tered position  surrounded  by  buildings  and  high 
walls,  and  no  especial  provision  was  deemed 
necessary  for  wind  pressures.  The  wooden  joists 
of  the  platform  are  carried  on  the  top  flanges  of 
transverse  and  longitudinal  lattice  girders, 
which  serve  as  braces  connecting  the  four  main 
trusses,  and  are  web-connected  to  them  simi- 
larly to  trussed  purlins  in  an  arched  roof.  The 
general  arrangement  of  the  trusses  and  girders 
and  the  diagonal  angle  braces  in  their  main 
panels  are  indicated  in  the  plan  diagram. 

The  main  trusses  are  three-hinge  riveted 
arches  with  spans  of  from  60  to  100  feet  on 
centers  and  a  uniform  rise  of  11  feet  from 
skewback  to  intrados.  The  centers  of  the  skew- 
back  pins  are  at  water  level.  The  skewbacks 
are  seated  on  piers  clear  of  the  waterway  on 
opposite  sides  of  the  lagoon,  so  that  the  trusses 
and  all  the  superstructure  are  entirely  clear  of 
the  lagoon,  allow  its  unrestricted  navigation, 
and  do  not  necessarily  obstruct  the  vision  of 
spectators  watching  events  there.  The  soil  at 
the  site  is  sand.  The  excavations  for  the  lagoon, 
which  contains  4  feet  of  water  pumped  from  the 
ocean,  have  been  lined  with  a  wooden  bottom 
and  sides.  The  piers  are  rectangular  masses  of 
concrete  enclosing  the  tops  of  the  piles,  which 
number  from  6  to  25  In  each  pier.  As  the 
arches  are  very  flat,  there  is  a  considerable 
horizontal  thrust  for  the  long  spans,  and  this  is 
transmitted  directly  to  the  pier  masonry  and 
pro'vlded  for  by  horizontal  tension  members 
connecting  the  piers  for  the  same  arch  on  oppo- 
site sides  of  the  lagoon.  These  ties  are  ali  pairs 
of  12-inch  timbers,  from  4  to  8  inches  thick, 
with  their  upper  edges  flush  with  the  bottom  of 
the  lagoon.  They  are  spliced  with  wooden  keys, 
side  plates  and  steel  bolts,  pass  through  the 
concrete  piers  4  feet  in  the  clear  below  the 
skewback  pin  centers,  and  are  bolted  to  -hori- 
zontal transverse  bearing  timbers  across  the 
rear  vertical  faces  of  the  piers. 

All  the  arch  trusses  are  similar  except  for 
the  variations  in  curvature,  dimensions  and 
materials  occasioned  by  the  varying  spans  and 
loads,  and  all  correspond  in  details  and  appear- 
ance to  the  shortest  span,  which  is  here  shown 
in  semi-elevation.  In  the  end  panels  there  is  a 
solid,  continuous  web  5/16  inch  thick  reinforced 
to  15/16  inch  for  the  skewback  pin  bearings, 
which  are  made  with  cast-iron  blocks  bolted  to 
each  side  of  the  web  and  engaging  the  out- 
standing flanges  of  heavy  angles  riveted  to  the 
web.  This  provides  a  14-lnch  bearing  on  the 
B-inch  pin,  which  engages  a  double-web  cast- 
iron  shoe,  solidly  bedded  in  the  pier  concrete 
This  shoe  has  one  horizontal  bearing  and  one 
inclined  bearing  surface,  the  latter  normal  to 


774 

the  line  of  stress,  snd  both  of  them  secured  by 
tvo  l-inch  anchor  bolts  built  into  the  masonry. 
At  the  centre  of  the  truss  the  semi-arches  are 
connected  by  the  crown  pin  through  jaw-plates 
which  lap  each  other  from  the  opposite  mem- 
ber*. The  top  and  bottom  chords  of  the  trusses 
are  connected  across  the  center  panel  by  short 
plecea  bolted  to  them  through  slotted  holes  at 
one  end  to  allow  for  temperature  variations. 
The  outlipes  of  the  trusses  are  not  made  with 
broken  lines,  but  are  cur\'ed  throughout.  The 
top  and  bottom  chords  have  T-shaped  cross-sec- 
tions made  with  a  web  plate  6  inches  in  mini- 
mum depth,  two  flange  angles  and  a  10-inch 
corer  plate.  As  it  was  necessary  in  any  event 
to  shear  the  web  plate  to  make  it  conform  to  the 
arch  curve,  the  inner  edges  were  cut  so  as  to 
form  wider  connection  plates  continuous  with 
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with  fleld-riveted  splices.  They  were  assembled 
by  three  gin  poles,  which  sustained  them  until 
the  field  splices  were  temporarily  bolted. 

The  structure  was  designed  by  Mr.  F.  A.  Bur- 
dett,  consulting  engineers,  and  the  160,000 
pounds  of  structural  steel  were  fabricated  and 
erected  by  the  Hudson  Structural  Company, 
Jersey  City. 


A  Factory   Building;   with  Reinforced   Con- 
crete Wall  Girders. 


The  factory  of  the  Passaic  Metal  Ware  Com- 
pany,   Passaic.    N.    J.,    is   a   building   100    feet 
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complete  the  panels  and  form  a  plain  cornice 
under  the  gutters.  Each  panel  contains  a 
double  window  in  each  story,  the  lower  windows 
having  reinforced  concrete  lintels  and  the  upper 
windows  having  three-ring  brick  arch  lintels. 
All  window  sills  are  made  of  reinforced  con- 
crete. About  40  per  cent,  of  the  wall  acea  on 
both  sides  and  ends  of  the  building  is  glazed, 
and  this  is  considered  to  give  satisfactory 
lighting  without  monitors  or  skylights. 

The  walls  carry  the  outer  ends  of  the  floor- 
beams,  and  the  remainder  of  the  floor  is  carried 
on  longitudinal  and  transverse  rows  of  yellow 
pine  columns  12  and  18  feet  apart,  respectively. 
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Plan  and  Detail*  of  Arch  Trusses  for 

the  rest  of  the  chord  at  panel  points,  and  were 
reduced  to  the  uniform  minimum  width  be- 
tween panel  points.  The  longest  and  heaviest 
tmaa  baa.  In  the  end  and  intermediate  sections 
of  the  bottom  chord,  two  4z3xi/!-inch  angles, 
two  24x%-inch  (maximum  width)  web  plates, 
one  12x^  and  one  12x5/16-Inch  cover  plates. 
The  upper  section  of  top  chord  is  made  with 
two  4x3s5/l$-incb  angles,  one  10x5/16-inch  web 
plate,  and  two  16x%-incb  cover  plates.  The 
beariest  diagonal  members  are  single  4x3x%- 
incb  angles  with  six  to  eight  rivets  In  each  end. 
Each  aeml-truBB  was  shop-riveted  in  three  pieces 


square  and  two  stories,  or  33  feet,  high,  which 
has  recently  been  built  of  slow-burning  con- 
struction with  brick  walls,  concrete  foundations 
and  wooden  floors,  columns  and  roof.  It  is 
used  for  the  manufacture  of  tin  cans,  for  which 
powerful  presses  and  other  heavy  machinery 
are  used,  so  that  the  construction  was  designed 
for  heavy  loads  and  to  resist  vibration.  The 
brick  walls  arc  24  inches  thick  at  the  base  and 
are  divided  Into  12  and  18-foot  panels  by  out- 
side buttresses.  Above  the  second-story  win- 
dows the  brickwork  is  corbeled  out  from  the 
face  of  the  wall  to  the  face  of  the  buttresses,  to 


Section  A-A 


In  the  first  story  the  columns  are  10  inches 
square,  and  in  the  second  story  they  are  9 
Inches  In  diameter.  The  floors  are  proportioned 
for  a  live  load  of  150  pounds  per  square  foot 
and  are  made  with  a  1-inch  maple  wearing  sur- 
face and  a  3-inch  yellow  pine  underfloor  sup- 
ported on  6xl4-inch  joists  3  feet  apart,  which 
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are  suspended  by  stirrups  from  10xl6-inch 
transverse  girders  12  feet  apart.  Tlie  roof  is 
proportioned  for  a  wind  and  snow  load  of  50 
pounds  per  square  foot,  but  is  not  required  to 
support  any  machinery  or  other  live  load.  It 
is  made  with  2-inch  pine  plank  and  5-ply  tar 
felt  and  gravel.  All  windows  are  glazed  with 
ribbed  glass  and  have  the  upper  sashes  arranged 
as  transoms  and  the  lower  sashes  hung  on 
hinges  opening  outward,  like  blinds. 

The  original  surface  of  the  ground  was  regu- 
lar and  sloped  about  4  feet  in  the  length  of 
the  building.  The  soil  consisted  of  3  feet  or 
less  of  dry  black  earth  on  a  stratum  of  solid 
shale  rock,  to  which  the  foundations  were  car- 
ried. In  order  to  avoid  making  continuous 
trenches  with  wide  footings  for  the  wall  foun- 
dations, a  special  system  was  adopted  of  piers 
connected  by  reinforced  concrete  wall  girders. 
By  this  means  it  is  estimated  that  a  consider- 
able saving  was  effected  both  in  the  materials 
and  work  required  for  the  substructure.  The 
piers  are  located  at  the  buttressed  panel  joints 
in  the  walls,  and  are  at  the  extremities  of  the 
column  rows.  They  have  a  variable  depth  below 
the  surface  and  a  corresponding  variation  in 
height,   the  maximum  being  9%   feet  and  the 


twisted  steel  rod  in  the  upper  and  lower  edge, 
and  a  1-inch  rod  through  the  center.  These 
girders  form  aprons  connecting  the  piers  and 
enclosing  the  cellar  area,  and  extend  about  G 
inches  below  the  surface  of  the  ground.  Each 
panel  is  pierced  by  two  10x20-inch  ventilation 
openings  protected  by  cast-iron  gratings.  The 
brick  wall  is  carried  directly  on  the  upper  sur- 
faces of  the  girders,  which  are  proportioned 
more  for  the  requirements  of  construction  than 
for  a  specific  limited  loading;  their  calculated 
strength,  however,  is  much  in  excess  of  the 
maximum  dead  and  live  load  which  they  will 
support.  The  window  lintels  are  made  with 
rich  concrete  mixe(J  with  small  broken  stone 
and  reinforced  with  two  bars  of  %-inch  twisted 
steel.  They  are  16  inches  deep  and  the  full 
thickness  of  the  wall.  The  sills  are  similar 
to  the  lintels,  but  are  1%  inches  wider  and  are 
5  inches  thick  at  the  inner  edge  and  4  Inches 
thick  at  the  outer  edge.  Both  lintels  and  sills 
were  made  in  forms  at  the  contractor's  yard 
and  were  shipped  finished  to  the  site  when 
about  three  .weeks  old.  The  concrete  lintels 
were  adopted  instead  of  brick  for  the  lower 
stories  to  avoid  the  rough  surface  usually  found 
in  brick  window  arches  in  mill  construction. 
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minimum  5  feet.  The  tops  of  the  piers  are  all 
at  the  level  of  the  bottom  course  of  brickwork, 
which  is  4  or  5  feet  above  the  surface  of  the 
ground  where  the  latter  is  the  lowest.  All  the 
wall  piers  except  those  at  the  corners  have 
bases  of  uniform  dimensions,  being  4  feet 
square  and  12  inches  thick,  above  which  the 
shafts  have  a  variable  batter  to  receive  the 
pilasters  and  wall  girders,  as  shown  in  the  typi- 
cal detail.  They  are  made  with  the  outer  face 
perpendicular  and  have  pockets  in  both  sides 
and  in  their  inner  faces  to  receive  the  wall 
girders  and  the  floorbeams,  .respectively.  The 
interior  column  piers  have  no  footing  separate 
from  the  shaft,  and  are  uniformly  made  with  a 
base  4  feet  square  and  sides  battered  to  about 
24  Inches  square  at  the  top,  where  they  receive 
the  girders  laid  directly  on  the  upper  surface, 
and  have  brick  and  cement  filling  to  support  the 
ends  of  the  beams. 

The  wall  girders  are  trapezoidal  in  cross-sec- 
tion with  a  uniform  height  of  6%  feet  and  a 
width  of  6  inches  at  the  bottom  and  about  14 
inches  at  the  top.  They  are  made  with  a  ver- 
tical outer  face  and  a  2-inch  exterior  projection, 
as  shown,  to  form  a  water  table.  They  are 
reinforced  by  a  single  %-lnch  square  Ransome 


Open  pits  were  excavated  for  the  separate 
piers  and  forms  for  two  or  three  of  the  tallest 
piers  were  first  built  and  the  concrete  placed  in 
them.  When  the  concrete  was  three  days  old 
the  forms  were  stripped  off  and  cut  down  at  the 
bottom  to  the  required  dimensions  for  the  next 
higher  pier  and  so  on,  so  as  to  involve  the 
minimum  amount  of  material  and  expense  for 
the  forms.  All  of  the  forms  for  the  piers  in 
the  front  wall  were  duplicates.  Only  two  oV 
three  piers  were  under  construction  simultane- 
ously, so  that  a  few  forms  sufficed  for  the  whole 
work.  After  the  piers  were  finished,  forms 
were  built  between  them  and  supported  on  the 
bottoms  of  shallow  trenches  to  receive  the  wall 
girders  connecting  the  piers. 

All  concrete  was  made  with  Vulcanite  Port- 
land cement  and  unscreened  crushed  trap  rock 
of  1%  inches  maximum  diameter.  The  propor- 
tions varied  from  about  1:2:5  to  1:3:6,  and 
the  concrete  was  mixed  very  wet  in  a  Ransome 
drum  machine.  It  was  delivered  to  the  piers 
in  wheelbarrows,  and  as  the  molds  were  filled 
a  rich  cement  mortar  was  rammed  against  the 
face  to  secure  a  smooth  exposed  surface.  This 
was  so  successful  that  the  continuous  upper 
surface  of  the  water  table  was  so  smooth  that 


when  additional  doors  were  cut  through  the 
lower-story  walls,  it  served  satisfactorily  with- 
out further  dressing  for  their  thresholds. 

The  construction  of  the  building  was  consid- 
ered to  be  very  rapid  and  satisfactory,  as  the 
order  for  the  plans  was  received  on  June  4, 
1901,  and  on  October  4,  1901,  the  first  shipment 
of  finished  cans  was  made  from  the  factory. 
Even  this  time  would  have  been  shortened  from 
two  to  four  weeks  but  for  delay  in  receiving 
lumber.  The  building  cost  |16,000,  Including 
the  fees  of  the  engineer  and  architect.  Mr. 
William  Wallace  Christie  was  the  engineer  and 
architect,  who  designed  and  supervised  the 
building.  Mr.  Joseph  Sharpe,  Paterson,  was 
the  contractor  for  the  concrete  work,  and 
Messrs.  Steele  &  Hopper,  Paterson,  were  the 
masonry  contractors.  The  P.  S.  Van  Kirk  Com- 
pany was  the  contractor  for  the  carpentry, 
painting  and  the  remainder  of  the  work. 


Report  of  the  Committee  of  the  American 

Water  Works  Association  on  Standard 

for  Water  Rates. 

George    H.    Benzenberg,    Chairman. 


At  the  last  meeting  of  the  Association,  at  De- 
troit, the  matter  of  water  rates  was  brought 
to  its  attention  in  a  special  paper  upon  that 
subject,  which  was  thereafter  pretty  generally 
discussed  by  many  of  the  members.  The  dif- 
ferent opinions  which  were  presented  upon  this 
subject  plainly  indicated  that  there  had  as  yet 
been  no  clear,  definite  or  concise  basis  formu- 
lated which  would  and  should  be  the  controlling 
element  in  establishing  proper  water  rates  in 
all  cases,  or  localities.  This  subject  was  there- 
fore referred  to  a  special  committee  to  present 
such  basis,  if  possible.  It  was  also  quite  appar- 
ent that  all  speakers  recognized  the  fact  that 
no  set  of  rates  which  might  be  lair  and  just 
at  one  place  was  for  that  reason  necessarily 
right  or  reasonable  for  any  other  place,  not- 
withstanding such  opinion  generally  prevails 
among  most  water  consumers  and  among  those 
who,  under  the  law,  are  vested  with  the  power 
and  authority  to  either  fix  or  approve  water 
rates.  This  general  belief  exists  for  the  same 
reason  that  the  Idea  Is  common  that  because  a 
water  supply  has  been  successfully  purified  by 
a  certain  specific  treatment,  such  treatment  'Is 
equally  suitable  and  will  produce  the  same  re- 
sults with  all  other  or  even  similar  supplies. 
Both  are  fallacious. 

The  question  of  what  are  the  necessary  and 
essential  elements  that  must  be  considered  as 
constituting  the  basis  for  a  fair  and  equitable 
rate  for  supplying  consumer's  with  water  has 
been  discussed  at  several  of  our  conventions  and 
also  at  the  meetings  of  the  New  England  Water 
Works  Association,  which  latter  at  its  annual 
meeting  last  January  referred  the  matter  also 
to  a  special  committee. 

Pure  and  wholesome  water  Is  one  of  the  prime 
necessaries  of  life,  and  is  also  essential  for  per- 
sonal comfort,  cleanliness  and  sanitation,  as 
well  as  for  mechanical  and  Industrial  purposes. 
Its  use  is  also  indispensable  to  communities  for 
the  protection  of  health  and  property.  The 
securing,  maintaining  and  furnishing  of  an  ade- 
quate supply  of  such  water  is  therefore  a  busi- 
ness enterprise,  pure  and  simple,  whether  un- 
dertaken by  a  private  corporation  under  a  fran- 
chise and  contract,  or  supplied  by  the  munici- 
pality under  legislative  authority.  In  fact,  in 
cities  which  own  water-works,  the  department 
having  charge  thereof,  is,  aside  from  municipal 
gas  or  electric  plants,  the  only  one  which  Is 
engaged  in  procuring  and  selling  a  commodity, 
and,  therefore,  to  be  run  properly,  should  be 
operated  only  on  a  strictly  business  basis;  la 
other  words,  it  should  be  operated  as  an  inde- 
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pen<l«nt  dopaitment.  reccivins  no  aid  or  sup- 
port from  any  general  tax  levy,  excepting  that 
to  which  It  Is  entitled  for  water  furnished  for 
the  general  good,  like  lire  protection,  street 
sprinkling,  park,  school  or  other  public  pur- 
poaea.  nor  should  the  department  be  expected 
to  furnish  these  services  without  such  com- 
PMwation  or  at  the  expense  of  the  regular  water 
consumers. 

The  conditions  being,  therefore,  practically 
identical,  excepting  as  heretofore  noted,  the 
basis  for  rates,  i.  e.,  the  various  items  and  ac- 
counts ,which  the  rates  must  be  made  to  pro- 
Tide  for,  should  be  the  same  whether  the  own- 
ership be  municipal  or  private.  It  is  self  evi- 
dent that  the  elements  forming  this  basis  should 
be  in  themselves  so  comprehensive  as  to  be  gen- 
erally, if  not  uniformly,  applicable,  either  in 
whole  or  in  part  so  that  the  rates  will  pro- 
vide a  revenue  which  will  not  prevent  a  loss 
during  the  first  few  years  of  oi>eratioD,  but 
which  will  be  sufficient  In  from  four  to  six  years 
to  cover  this  loss  and  justify  the  investment. 
If  it  were  practicable  to  change  the  rates  every 
few  years,  they  might  be  fixed  so  as  to  ma- 
terially reduce  the  loss  at  the  beginning,  but 
such  rates  would  be  burdensome  and  retard  the 
natural  Increase  In  consumers. 

The  committee  has  not  undertaken  to  discuss 
or  report  upon  the  merits  of  apportioning  the 
rates  upon  a  frontage,  valuation,  number  of 
rooms,  fixtures,  consumers  or  meter,  or  any 
other  plan,  but  has  confined  itself  to  the 
consideration  of  the  various  items  or  elements 
of  cost,  for  which  the  rates  must  be  made  suffi- 
cient to  provide  an  annual  equivalent.  These 
elements  will  be  taken  up  in  their  natural  or- 
der. 

First,  the  Cost  of  Construction. — This  Item 
represents  the  original  investment  for  which 
the  annual  Income  must  provide  a  fair  rate  of 
interest.  This  item  will  differ  in  amount  with 
every  water- works  plant,  depending  upon  the 
proximity,  character  and  abundance  of  the  sup- 
ply, whether  it  requires  pumping,  storage  and 
an  expanded  or  contracted  distribution  system. 
These  with  many  other  construction  features 
differ  with  each  locality.  Some  plants  must  be 
constructed  with  a  more  generous  capacity  than 
others  because  of  a  more  rapid  growth,'  or  be- 
cause the  locality  is  a  manufacturing  center, 
requiring  water  for  industrial  purposes.  In 
each  ease,  however,  the  local  conditions  being 
known,  it  is  easy  to  determine  the  exact  cost, 
and  hence  the  amount  of  Interest  that  must  be 
provided  for. 

Second,  the  Cost  of  Operation.— This  item  of 
continuous  expense  must  naturally  be  Included 
In  the  revenue  from  rates,  and  its  amount  will 
*1«>  ▼»ry  with  the  conditions  of  each  water- 
works system,  from  one  furnishing  a  supply  of 
good  water  by  gravity  from  an  impounding 
reservoir  in  the  hills  to  one,  the  supply  of 
which  must  be  filtered  and  pumped  to  several 
different  elevations.  This  cost  can  also  be  ar- 
rived at  without  much  difficulty,  when  all  the 
different  requirements  together  with  the  duty 
of  engines  and  boilers  and  the  costs  of  fuel, 
oil  and  waste,  of  services  In  connection  with 
the  pumping,  distribuUng,  collecting  and  super- 
intending are  known. 

Third,  the  Cost  of  Maintenance.— By  main- 
tenance is  meant  those  repairs  and  that  super- 
vision which  are  necessary  to  maintain  the  ma- 
chinery, pipe  system,  buildings  and  all  operat- 
ing parts  In  good  condition  for  efficient  service, 
but  not  to  the  extent  of  replacing  any  unit  ele^ 
ment  which  constitutes  a  part  of  the  water- 
works system  with  a  new  unit  element,  nor 
such  as  would  properly  come  under  the  head  of 
"Kztenslons  or  Betterments." 

It  Is  somewhat  difficult  to  determine  defl- 
Bltsly  in  a  new  plant  what  this  amount  should 


be  in  each  case,  excepting  by  comparison  in  a 
general  way  with  the  experiences  of  other  simi- 
lar plants.  Much  depends  upon  the  character 
of  the  material  and  workmanship  employed  In 
construction,  if  cheap  and  inferior,  the  cost 
of  maintenance  will  be  relatively  high;  if, 
however,  it  is  high  grade  and  first  class  the 
cost  of  maintenance  will  be  materially  lower, 
though  the  cost  of  construction  is  thereby  In- 
creased. In  either  case,  however,  there  is  an 
annual  expense  of  maintenance,  which  must  be 
paid  for  out  of  the  revenue,  and  hence,  consti- 
tutes one  of  the  elements  which  forms  the 
basis  for  rates. 

Fourth,  the  Element  of  Depreciation. — Many 
of  the  various  parts  necessary  to  a  complete 
water-works  system  are  more  or  less  of  a  perish- 
able character,  while  some  other  parts  may  be 
considered  to  be  non-perishable.  To  the  latter 
part  belong  well-constructed  reservoirs,  dams 
and  tunnels,  also  conduits,  aqueducts,  filters 
and  foundations,  If  constructed  of  flrst-clasfa 
masonry.  To  this  may  be  added  cast-iron  pipe 
and  special  castings  if  well  coated  and  not  sub- 
ject to  the  action  of  electric  currents.  All  other 
parts  have  a  more  or  less  limited  period  of 
service,  due  to  their  moving  parts  gradually 
wearing  out,  or  due  to  a  constant  deterioration 
or  because  they  become  unserviceable,  or  no 
longer  suitable  for  the  service  they  were  in- 
tended to  furnish  on  account  of  inefficiency  in 
capacity  or  economy,  and  for  these  several  rea- 
sons require  replacement  or  renewal  at  certain 
periods.  Among  these  may  be  classed  boilers, 
pumps,  machinery  in  general,  hydrants,  valves, 
wooden  structures  and  cast-iron  pipe  and  cast- 
ings subject  to  electrolytic  action  from  stray 
electric  street  railway  currents.  Unless  the 
•  cost  of  renewing  these  parts  at  the  end  of  their 
several  periods  of  serviceableness  is  provided 
for  out  of  the  earnings  of  the  plant,  the  original 
investment  will  become  depreciated  and  its 
value  in  the  course  of  years  greatly  reduced. 
No  capital  would  seek  such  Investment,  nor 
would  it  be  good,  sound  business  practice  to 
permit  such  depreciation  of  the  capital  invested. 

It  is,  therefore,  necessary  that  the  revenue 
be  sufficient  to  permit  a  certain  sum  to  be  an- 
nually set  aside  as  a  sinking  fund  from  which 
to  pay  for  the  renewals  as  they  become  neces- 
sary and  thus  maintain  the  plant  constantly  at 
a  par  value.  This  sum  can  be  arrived  at  pretty 
closely  when  all  of  the  existing  conditions  are 
known,  by  determining  the  life  period  and  from 
that  the  element  of  annual  depreciation  of  the 
several  parts  of  the  plant  and  setting  aside 
annually  for  each  such  part  a  sum  which  at  a 
fair  rate  of  compound  Interest  will  at  the  end 
of  the  service  or  life  period  of  such  part,  be 
sufficient  to  pay  for  Its  renewal. 

These  sums,  however,  do  not  provide  for  the 
renewal  of  any  parts  destroyed  or  injured  by 
accident  or  the  elements,  nor  for  the  payment 
of  damages  caused  by  such  accidents  or  the 
carelessness  of  employes.  Neither  do  they  pro- 
vide for  depreciation  due  to  faulty  design,  ma- 
terial or  construction.  There  are  perhaps  very 
few,  If  any,  water-works  in  this  country  which 
have  not  at  some  time  suffered  relatively  very 
heavy  losses  due  to  one  or  more  of  the  above 
Indicated  causes. 

There  is  another  cause  of  depreciation  which 
cannot  be  taken  Into  account,  and  therefore  be 
provided  for,  until  the  depreciation  has  oc- 
curred, namely,  the  polluting  of  a  hitherto  pure 
and  satisfactory  water  supply,  necessitating 
either  the  abandoning  of  such  source  of  water 
supply,  and  frequently  of  the  works  adjacent 
thereto,  and  of  constructing  or  developing  a 
new,  often  remote,  source  of  supply  or  of  erect- 
ing and  operating  a  purification  works.  This 
depreciation,  in  either  case,  necessitates  an  ad- 
ditional expense  in  construction  and  operation, 


which  cannot  always  be  met  by  an  increase  in 
the  rates. 

The  basis,  therefore,  which  must  govern  in 
determining  the  annual  revenue  to  be  pro- 
duced by  the  rales,  charged  for  furnishing 
water  service,  must  contain  the  following  ele- 
ments: 

First — The  cosl  of  construction.  Second — 
The  cost  of  operation.  Third — The  cost  of  main- 
tenance. Fourth — The  depreciation.  To  the 
latter  should  be  added  an  annual  amount  to  pro- 
duce a  limited  reserve  fund  to  be  used  for  the 
replacement  of  parts  destroyed  by  accidents  or 
the  elements.  This  is  a  reasonable  provision 
whether  the  works  are  owned  by  the  community 
or  a  private  corporation.  In  the  latter  case, 
however,  it  is  necessary  to  consider  an  addi- 
tional element  in  establishing  the  basis  for 
water  rates,  namely,  the  amount  of  the  annual 
tax  which  is  levied  against  the  water-works 
property,  because  this  is  as  much  a  fixed  charge 
In  the  case  of  such  ownership  as  is  the  interest 
on  the  capital  invested. 

Another  element,  to  wtiich  the  committee 
desires  to  call  attention  in  the  case  of  private 
ownership,  arises  v.'here  the  franchise  ordi- 
nance limits  the  franchise  or  the  use  of  public 
streets,  alleys  and  grounds  to  a  -definite  term  of 
years,  or  where  the  contract  for  supplying 
water  for  municipal  purposes  is  limited  to  a 
definite  period  without  a  guarantee  of  extend- 
ing the  franchise,  or  of  continuing  the  contract 
upon  a  basis  of  fair  and  equitable  rates,  or  of 
purchasing  such  works  at  the  end  of  such 
period  at  its  true  and  actual  value.  Without 
such  guarantee  the  value  of  the  investment  at 
the  end  of  such  period  is  liable  to  be  wiped 
out  and  the  property  destroyed  by  a  duplication 
of  said  entire  works.  In  such  case  the  owners 
are  justified  in  protecting  their  investment  by 
taking  such  contingency  into  consideration 
when  fixing  the  basis  for  water  rentals. 

There  are  other  items  of  expense,  like  that 
of  litigation,  which  cannot  be  provided  for  in 
fixing .  a  basis  for  water  rates.  It  is  possible 
that  some  of  these  Items  may  be  properly 
anticipated  at  the  time  of  fixing  rates,  but 
many  of  them  are  a  matter  of  development  and 
cannot  be  foreseen.  The  committee,  however, 
is  of  the  opinion  that  no  water  rates  can  be 
considered  as  just,  fair  and  adequate  which  do 
not  lake  into  consideration  and  provide  for: 

1.  A  reasonable  interest  on  the  capital  in- 
vested in  the  construction  of  the  water-works 
system. 

2.  The  annual  cost  of  operation. 

3.  The  annual  cost  of  maintenance  as  de- 
fined. 

4.  The  annual  amount  necessary  to  provide 
a  sinking  fund  from  which  to  pay  for  the  re- 
newal of  the  several  parts  of  the  plant  at  the 
end  of  their  respective  periods  of  service. 

5.  The  annual  sum  necessary  to  produce  a 
limited  reserve  fund  to  be  used  for  the  replace- 
ment of  parts  destroyed  by  accidents  or  the  ele- 
ments. 

6.  A  sum  sufficient  to  pay  the  taxes,  if  any, 
and 

7.  Where  the  works  are  constructed  under  a 
limited  franchise  and  contract  period  without 
a  guarantee  of  a  renewal  of  both,  or  of  the 
purchase  of  the  plant  at  its  actual  value  at  the 
end  of  such  period,  an  annual' sum  sufficient  to 
produce  a  fund  which  will  equal  the  actual 
value  of  the  plant  at  the  end  of  such  period. 


Lightning  Conductors  of  Iron-  are  quite  as 
efficient  as  copper,  in  the  opinion  of  Sir  Oliver 
Lodge.  The  intensity  of  action  with  copper  is, 
he  feels,  more  likely  than  iron  to  set  up  side- 
flash,  which,  in  the  case  of  protected  buildings, 
is  believed  to  have  been  the  cause  of  most  light- 
ning accidents. 


June  i8,  1904. 
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Tests  of  a  Thirty-Inch  Premier  Meter,  and  the 

Testing  Plant  of  the  National  Meter 

Company. 


On  May  18,  1904,  the  30-inch  Premier  meter, 
described  in  the  issue  of  The  Engineering 
Record  of  May  21,  was  tested  at  the  works,  in 
South  Broolilyn,  of  the  National  Meter  Com- 
pany, Mr.  John  C.  Kelley,  president,  and  the 
tests  were  witnessed  by  a  number  of  water- 
worlcs  engineers,  practising  in  the  vicinity  of 
New  Yorli.  For  the  purpose  of  testing  large 
meters,  the  company  has  constructed  a  station 
which  is  fully  equipped  with  facilities  for 
accurately  measuring  the  flow  of  water.  This 
station  was  fully  described  in  the  report  of 
Mr.  Arthur  S.  Tuttle,  M.  Am.  Soc.  C.  E.,  to  the 
Board  of  Street  and  Water  Commissioners  of 
Jersey  City,  N.  J.,  in  1899,  on  the  accuracy  of 
20-inch  and  36-inch  Gem  meters,  for  use  on  the 
Belleville  mains,  and  also  in  a  paper  published 
in  the  "Proceedings"  of  the  American  Society 
of  Civil  Engineers  for  May,  1904,  by  Mr.  Arthur 
H.  Diamant,  Jun.  Am.  Soc.  C.  E.,  on  the  "In- 
stallation of  a  Pneumatic  Pumping  Plant." 
From  the  former  report  the  followiDg  descrip- 


plaeed  at  such  an  elevation  that  the  whole  of 
its  body  is  below  the  water  line  in  the  weir 
chamber. 

The  weir  crest  is  formed  from  a  cast-iron 
plate  25  inches  wide  and  1%  Inches  thick,  ex- 
tending the  whole  width  of  the  weir  chamber, 
with  its  inner  face  flush  with  the  face  of  the 
brick  wall  on  which  it  rests.  For  the  tests  of 
the  30-inch  Premier  meter,  the  weir  crest  was 
5.742  feet  long.  The  sides  forming  the  notch 
of  the  weir  were  made  of  cast-iron  plates  of 
the  same  thickness  as  the  crest  plates  and  30 
inches  wide;  they  were  extended  beyond  the 
side  walls  of  the  chamber  so  as  to  give  a  tight 
joint,  and  were  so  placed  that  the  edges  of  the 
notch  on  the  opposite  end  of  the  weir  were 
equidistant  from  the  walls  of  the  chamber. 
The  lip  of  the  weir  was  formed  by  beveling  the 
downstream  face  at  an  angle  of  45  degrees, 
leaving  the  edge  %  inch  in  thickness  and  truly 
planed.  The  notch  was  rectangular,  the  edges 
true,  and  the  crest  level.  This  weir  had  full 
end  contractions. 

The  apparatus  for  measuring  the  head  on  the 
weir  consisted  of  two  12-inch  cast-iron  pipes  set 
on  end,  located  in  front  of  catch-basin  and 
cross-connected  by  a  2-inch  pipe,  from  which  a 


National    Meter   Company's   Testing    Plant,    at   South    Brooklyn,    N.    Y. 


tion   has  been   prepared,   revision  having  been 
made  to  conform  to  later  alterations. 

The  testing  station  is  a  brick  structure,  about 
24x40  feet  in  size  and  about  10  feet  deep;  the 
weir  chamber  is  L-shaped  and  occupies  the 
whole  of  one  end,  where  it  has  a  width  of  8 
feet,  and  all  but  about  6  feet  of  one  side,  where 
it  has  a  width  of  12  feet;  the  remainder  is  used 
in  part  as  a  catch-basin  for  the  water  passed 
over  the  weir,  in  part  as  a  pump  chamber,  and 
in  part  as  a  meter  vault.  In  operation,  enough 
water  from  the  city  main  is,  first  admitted  to 
the  chamber  for  conducting  the  test;  the  supply 
is  then  shut  off  and  the  pump  started,  drawing 
its  supply  from  the  catch-basin  and  forcing  it 
through  the  meter  and  into  the  weir  chamber, 
whence  it  escapes  over  the  weir  and  returns  to 
the  catch-basin  to  be  used  again.  The  pump  is 
of  the  horizontal  centrifugal  type,  with  vertical 
spindle,  geared  to  and  operated  by  a  30-horse- 
power  Nash  gas  engine.  After  leaving  the 
pump  and  before  entering  the  meter,  the  water 
is  passed  through  a  wooden  screen  which  acts 
as  a  baffle  to  break  up  the  eddies  formed  by  the 
pump,  and  allows  any  air  that  may  have  been 
carried  into  the  pump  to  escapq.     The  meter  is 


branch  of  the  same  size  led  through  the  side 
walls  of  the  catch-basin,  and  then  down  and 
along  the  floor  of  the  same  into  the  weir  cham- 
ber, then  along  the  floor  of  the  weir  chamber, 
branching  at  right  angles  in  both  directions  at 
a  distance  of  6.3  feet  from  the  face  of  the  weir, 
these  arms  being  parallel  with  the  face  of  the 
weir  and  extending  completely  across  the  cham- 
ber. This  latter  portion  was  raised  about  6 
inches  above  the  floor  and  was  perforated  on 
the  top  with  eighteen  holes  3/16  inch  diameter, 
and  about  6  inches  apart.  The  distance  from 
the  measuring  boxes  to  the  nearest  perforations 
was  about  24  feet  with  six  right  angle  bends. 
In  one  of  the  measuring  boxes  an  automatic 
gauge,  made  by  the  meter  companj^,  was  set  up 
for  obtaining  a  continuous  record  of  the  head 
on  the  weir.  It  consisted  of  a  zinc  float  10 
inches  in  diameter  by  6  inches  deep,  carrying  a 
vertical  14-inch  brass  pipe,  to  which  a  pencil 
was  attached  with  its  point  pressing  against  a 
sheet  of  paper  wrapped  around  a  wooden  drum 
12  inches  in  diameter.  The.  drum  was  con- 
nected to  a  clock  movement  giving  it  one  revo- 
lution in  two  hours.  A  second  pencil  was 
rigidly  attached  to  the  flxed  frame  carrying  the 


drum,  and  was  set  at  the  relative  elevation  of 
the  weir  crest,  so  that  the  actual  head  was 
recorded.  In  the  other  box  a  hook-gauge  was 
set  up;  this  instrument  was  made  by  Messrs. 
W.  &  L.  E.  Gurley,  and  was  graduated  to 
hundredths  of  a  foot  on  a  metal  face  for  a 
leng;th  of  2.3  feet,  with  a  micrometer  attach- 
ment and  vernier  by  which  thousandths  could 
be  distinctly  read. 

For  determining  the  correction  to  be  applied 
to  the  hook-gauge  reading  to  obtain  the  actual 
head,  and  for  setting  the  datum  pencil  of  the 
automatic  gauge,  the  measuring  boxes  were 
disconnected  from  the  weir  chamber  prior  to 
the  test  and  connected  Into  the  bottom  of  a 
water  pail,  which  was  hung  under  a  flxed 
hook,  carefully  set  to  the  exact  height  of  the 
weir  crest;  water  was  then  added  to  the  pail 
until  it  reached  the  level  of  the  point  of  the 
flxed  hook,  standing  at  the  same  elevation  in 
the  pipes  used  for  the  hook-gauge  and  float- 
gauge  measurements,  making  it  possible  to 
accurately  determine  the  datum  for  each  and 
avoiding  error  due  either  to  wave  motion  or  a 
leveling  instrument. 

Table  No.  1. — Results  of  Tests  of  a  30-Inch  Premier 
Meter. 
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The  wave  motion  in  the  weir  chamber,  due 
to  irregularity  in  the  action  of  the  pump,  was 
minimized  by  placing  bafile  boards  at  distances 
of  23  feet  and  26  feet  upstream  from  the  weir, 
these  extending  the  entire  depth  of  the  cham- 
ber. The  boards  composing  each  set  of  baflSes 
were  separated  by  about  1  inch  at  the  joints, 
and  the  space  between  the  sets  was  filled  with 
closely  packed  brush. 

The  entire  equipment  is  shown  by  the  ac- 
companying photograph  and  drawings,  the  lat- 
ter giving  a  plan  and  sectional  view  of  the 
plant  and  showing  the  method  of  determining 
the  level  of  the  crest  of  the  weir  for  the  auto- 
matic recording  apparatus.  These  drawings 
also  show  the  meter  in  position  for  testing. 

Four  tests  were  made  on  May  18,  each  of 
forty  minutes  duration.  The  head  on  the  weir 
was  maintained  as  nearly  uniform  as  possible 
during  each  test,  and  the  velocity  of  flow 
through  the  main  averaged  about  2.7,  2.0,  1.7, 
and  1.2  feet  per  second,  respectively.  Owing 
to  lack  of  power  it  was  not  possible  to  obtain 
a    higher    velocity    of    flow,    the   new  engine 
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planned  for  an  in  taBtlng  Urge  meters  and  for 
kJsbar  TctociUes  not  yet  having  been  installed. 
Tba  easinwrs  of  the  meter  company,  having, 
toond  that  the  continuous  automatic  record  of 
kend  on  the  weir  is  much  more  reliable  than 
the  occasional  readings  of  the  hook  gauge,  the 
latter  were  omitted  from  the  record  and  reli- 
ance was  placed  entirely  upon  the  automatic 
register. 

The  SO-inch  Premier  meter  register  reads  to 
1.000  gallons,  but  by  an  independent  dial  on 
the  upper  right  hand  comer  of  the  register  face 
the  reading  can  be  made  to  100  gallons  and 
further  Bubdivided  by  eye  to  20  gallons.  Dur- 
ing the  test  the  meter  readings  were  taken  at 
intervals  of  five  minutes,  but  the  rapid  motion 
of  the  pointer  made  it  impossible  to  read 
doaer  than  50  gallons,  and  even  then  was  the 
eanaa  of  some  uncertainty.  The  tests  were  in 
charge  of  Mr.  Lewis  H.  Nash,   M.   Am.    Soc. 


the  12-inch  meter  show  that  the  meter  registra- 
tion for  main  velocities  of  from  about  2.75  to 
6.5  feet  per  second,  practically  corresponds  with 
the  volume  shown  by  the  weir  and  tank  meas- 
urement, and  that  for  velocities  as  low  as  1  foot 
per  second,  the  difference  between  weir  and 
meter  record  is  less  than  3  per  cent.  The  points 
located  in  the  curve  of  comparison  for  a  80-iuch 
meter  show  a  similar  relation  as  far  as  the 
tests  have  been  carried,  while  the  theory  under 
which  the  meter  is  designed  gives  ample  ground 
for  assuming  that  for  the  higher  velocities  it 
will  give  results  as  satisfactory  as  those  ob- 
tained with  a  12-inch  meter.  For  cases  where 
an  accurate  measurement  of  flow  is  desired, 
when  it  is  at  a  lesser  rate  than  corresponds 
with  a  velocity  of  1  foot  per  second,  in  the 
main,  the  National  Meter  Company  proposes  to 
increase  the  ratio  between  the  area  of  the 
throat  of  the  venturi  tube  and  that  of  the  main. 


^S^j  .1 


rM'm^^^S^^^m 


?H(  twwuWK.  RfCOOO 


Section   A-A. 


thereby  making  the  meter  reliable  for  a  stream 
of  any  size. 

While  tlie  weir  tests  of  the  30-inch  meter 
were  being  made  on  May  18,  tank  tests  of  a 
12-inch  meter  were  also  conducted.  The  water 
was  admitted  to  the  meter  from  a  tank  in  the 
tower  of  the  shop,  giving  a  pressure  of  about 
40  pounds,  and  the  supply  was  controlled  by 
quick-acting  gates  operated  by  hand.  In  each 
test  the  supply  gate  remained  opened  until  100 
cubic  feet  were  registered  on  the  meter.  The 
water  discharged  was  collected  in  a  calibrated 
tank,  where  it  was  readily  measured,  and  the 
volume  in  each  case  and  under  varying  rates  of 
flow  showed  a  close  conformity  with  the  meter 
record.  It  was  noted  in  making  these  tests  that 
the  meter  register  responded  immediately  to 
all  changes  made  in  the  control  gates,  showing 
that  the  meter  is  also  particularly  well  adapted 
for  use  on  force  mains. 


A  Working  Assat  Laboratory  has  been  or- 
ganized by  the  Colorado  School  of  Mines  in  the 
Metal  Pavilion  at  the  Louisiana  Purchase  Ex- 
position. It  occupies  a  25x50-foot  space  and  is 
equipped  with  one  coal  and  two  gasoline  fur- 
naces, four  desks  for  chemical  work  and  a  dust- 
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Meter  Testing    Plant:      Plan    and   Sections   Showing    Arrangement;    Diagram  Indicating  Accuracy  of  IVIeters. 


M.  E.,  chief  engineer  of  the  National  Meter  Co.,  Table  Xo.  2.— Summary  of  UenuUs  of  Tests  of  a  30- 

Mr.  John  H.  Norris,  M.  Am.  Soc.  M.  E.,  assistant  '°'"  ^'■*°"*Meas"remen?""'  ''°  ^'""' 

engineer  of  the  company,  and  Mr.  Arthur  S. 

Tuttle,  M.  Am.  Soc.  C.  E.,  the  inventor  of  the 

meter.    The  results  obtained  are  shown  by  the 

accompanying  table  No.  1.    Before  shipping  this  .^ 

meter  to  St  Louis,  for  which  place  it  is  des-  ^eat  No.     -  * 

tined  as  a  part  of  the  National   Meter  Com-  go 

pany'a  exhibit  at  the  L,ouisiana  Purchase  Ex-  S* 

position,  thirteen  additional   tests  were  made  ^,v !!!!!!!  60 

under   similar  conditions   to   those   previously      .* *2 

described,  and  the  results  are  shown  by  Table  13..'!!!'.!!  30 

No.  2.    The  Hamilton  Smith  formula  was  used  e! !!!!!! !  So 

in  computing  the  flow  over  the  weir.  ^ *0 

The  Diagram  shows   the   volmue    regifitered  14!!!!!!!!  30 

by  the  30-lnch  Premier  meter  during  these  tests,  ^2! !!!!!!!  40 

and  by  a  12-inch  meter  in  previous  tests.  In        J JJ 

terms  of  the  volume  determined  partly  by  weir  -is!!!!!!!!  30 

and  partly  by  tank  measurement.    The  tesu  of  n! !!!!!!!  eo 
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proof  balance  rOom.  Regular  assays  will  be  con- 
ducted for  visitors  by  the  students  of  the  school, 
under  the  supervision  of  a  committee  of  the 
faculty.  No  charge  will  be  made  for  these  as- 
says, as  the  work  will  be  of  the  nature  of  an 
exhibit. 


Ax  Alternating-Current  'PowKii-DtsTKinu- 
TioN  system  is  to  be  installed  for  the  Union 
Metallic  Cartridge  Company,  at  Bridgeport, 
Conn.,  by  Mr.  Samuel  M.  Green,  M.  Am.  Soc. 
M.  E.,  of  Holyoke,  Mass.,  as  consulting  engineer. 
Two  Westinghouse-Parsons  steam  turbines, 
each  directly  connected  to  a  500-kllowatt,  440- 
volt,  three-phase,  60-cycle  alternator,  form  the 
initial  generating  plant.  The  current  for  gen- 
eral power  and  lighting  purposes  will  be  trans- 
mitted to  the  various  shops  located  three  or  four 
blocks  from  the  power  station. 
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Types  and  Details  of  Bridge   Construction; 
Plate  Girders.— IV. 

By  Frank  W.  Skinner,  C.  B. 


Roller  Bearings. — For  medium  and  long 
spans,  especially  where  the  loads  are  heavy,  it 
is  desirable  to  provide  some  means  of  facili- 
tating the  longitudinal  movement  of  the  expan- 
sion ends  of  the  girders  without  throwing  too 
great  a  buckling  stress  into  the  flanges.  This 
is  generally  done  in  one  of  three  ways,  by  seat- 
ing the  end  of  the  girder  on  horizontal  trans- 
verse rollers,  by  supporting  it  on  a  rocker  bent, 
or,  sometimes,  by  suspending  it  from  vertical 
links.  When  rollers  are  used  they  may  be 
either  cylindrical  or  segmental,  and  may  be  in- 
serted directly  under  the  lower  flange  or  its 
sole  plate,  or  they  may  support  a  shoe  which  is 
pin-connected  to  the  girder. 

The  rollers  are  usually  notched  in  the  center 
to  engage  upper  and  lower  longitudinal  guide 
ribs,  which  lock  them  transversely  to  the  girder 
and  to  the  bed-plate  and  prevent  lateral  dis- 
placement. They  are  generally  held  in  place 
by  shouldered  bearings  or  tap  bolts  in  side 
strips,  which  are  sometimes  also  connected  by 
tie  bolts  parallel  with  the  rollers.  The  upper 
roller   bed    is  usually   additionally   secured   by 


Planed^ 


If'Dnlled  Holes  for 
1 1-^"  Bolts. 


a  support.  The  most  common  way  of  providing 
for  this  condition  is  to  give  the  girder  a  pin 
bearing  in  a  shoe  similar  to  a  shoe  for  a  truss 
span,  or  by  supporting  it  on  a  pin  directly 
through  the  girder  web.  The  shoes  are  gener- 
ally bolted  or  riveted  to  the  lower  flanges  of  the 
girder  and  should  provide  a  pin  bearing  in  the 
plane  of  the  girder  web.  They  are  made  either 
of  rolled  plates  and  shapes,  riveted,  or  of  cast 
iron  or  cast  steel. 

The  standard  plate-girder  roller  bearing 
adopted  by  the  Baltimore  &  Ohio  Railroad  for 
recent  work,  for  spans  of  80  feet  or  more,  is 
made  with  a  cast-steel  shoe  and  pedestal  and  a 
riveted  steel  bed  plate.  The  shoe  is  bolted  to  a 
sole  plate  on  the  lower  flange  of  the  girder, 
and  has  a  full-length  vertical  transverse  web 
reinforcing  the  semi-cylindrical  bored  bearing 
for  the  upper  side  of  the  4-inch  steel  pin.  This 
bearing  is  also  stiffened  by  one  center  and  two 
side  longitudinal  webs.  The  pedestal  is  essen- 
tially a  reversed  shoe,  but  is  higher,  with  a 
base  extended  both  longitudinally  and  trans- 
■  versely,  having  longitudinal  and  transverse  ver- 
tical webs  or  diaphragms  2  inches  thick.  A 
flnished  rib  on  the  center  line  of  the  planed 
under  surface  of  the  base  engages  the  eight  4- 
inch  rollers.  Bosses  on  the  outsides  of  the  shoe 
and  pedestal  webs  engage  chambered  disks  that 
fit  over  the  ends  of  the  pin  and  are  secured  by 
nuts  on  its  shouldered  ends.  The  bed-plate  has 
a  finished  thickness  of  2  inches  and  is  made  with 
Sxl-inch  bearing  strips  1  inch  apart  in  the  clear. 


diminish  the  intensity  of  pressure  to  the  re- 
quired limit  of  200  pounds  per  square  inch.  The 
pin  is  made  with  a  center  rib,  and  this,  with 
the  recessed  nuts  engaging  planed  bosses  on 
the  webs  of  the  shoe  and  pedestal,  lock  the  lat- 
ter in  position  and  prevent  relative  transverse 
motion.  The  pedestal  has  low  vertical  flanges 
around  the  sides  of  the  base-plate,  which  is 
planed  on  the  bottom  and  has,  for  the  expansion 
end,  a  transverse  rib  to  engage  the  rollers.  Pour 
lugs  with  horizontal  extensions  of  the  base- 
plate, stiffened  by  vertical  webs,  are  cast  on 
opposite  sides  of  the  pedestals  and  have  slotted 
holes  to  receive  the  1%-lnch  anchor  bolts,  which 
are  clear  of  the  roller  bed-plates.  The  rollers 
have  shoulders  engaging  the  horizontal  side 
strips  which  form  the  roller  frame.  Necks  of 
alternate  rollers  project  through  these  strips 
and  are  secured  by  cotters;  the  others  are  cut 
off  flush  with  the  outside  of  the  strip.  The 
roller  bed  is  planed  from  a  steel  plate  2  inches 
thick  and  has  a  center  guide  strip  %  inch 
high. 

The  Northern  Pacific  Railroad  standards  of 
1896  provided  for  the  expansion  ends  of  plate- 
girder  spans  of  70  feet  and  over,  riveted  shoes 
with  pin  bearings  in  riveted  pedestals  seated  on 
roller  nests  with  riveted  steel  bed-plates  and 
sheet-lead  bearings.  The  shoes  were  made  with 
three  reinforced  longitudinal  vertical  webs,  the 
center  one  being  In  the  plane  of  the  girder  web 
and  having  a  bearing  of  about  140  degrees  on 
the  large  pin  which  engaged  full  holes  in  the 
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Roller  Shoe. 

Standard  Expansion  Bearing  for  Long  Girder  Spans  on 
Baltimore  &  Ohio  Railroad. 
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Roller  Bearing  for  Seventy-Foot  Deck  Plate-Girder  Span,  Northern 
Pacific   Railway,   Standard   of   1896. 


anchor  bolts  passing  through  longitudinally 
slotted  holes  in  it  and  rigidly  secured  to  the 
masonry. 

The  roller  bed-plates  are  made  in  several  dif- 
ferent ways,  of  solid  thick  rolled  or  cast-steel 
or  cast-iron  plates,  or  riveted  steel  plates.  Cast- 
iron  or  steel  pedestals,  and  sometimes  where 
the  loads  are  very  heavy,  I-beam  grillages  are 
used  to  distribute  the  loads  and  reduce  the  unit 
pressures  on  the  masonry;  these  grillages  have 
top  and  bottom  cover  plates  countersunk-riveted 
to  the  beam  flanges.  Special  pains  are  fre- 
quently taken  to  prevent  th^  accumulation  of 
dust  and  moisture  around  the  rollers,  both  by 
excluding  them  as  much  as  possible  and  by  pro- 
viding for  their  easy  removal.  Sometimes 
flanges  or  side  pieces  are  made  to  enclose  the 
rollers  as  tightly  as  possible,  and  sometimes  the 
rollar  beds  are  made  in  the  form  of  longitudinal 
ribs  with  wide  open  spaces  betweerf  them  to 
receive  the  dust  and  water.  One  prominent  de- 
signer has  used  a  case  filled  with  oil,  in  which 
the  rollers  work. 

When  the  span  is  long  enough  to  make  roller 
bearings  necessary,  the  deflections  become  per- 
ceptible, and  the  accompanying  distortion  is 
often  sufficient  to  seriously  derange  the  end 
bearings  on  a  long  horizontal  surface  and  to 
tend  to  concentrate  It  on  the  inner  edge  of  such 


It  projects  h^i  inches  beyond  each  end  of  the 
rollers  to  receive  four  I'^-Inch  anchor  bolts, 
which  also  secure  the  bottoms  of  flanged  cast- 
steel  pieces  of  Z-shaped  cross-section,  which 
have  upper  flanges  engaging  the  base  plate  of 
the  pedestal.  Cast  stops  on  the  pedestal  limit 
Its  motion  each  side  of  the  clamps.  The  bed- 
plate is  set  on  a  thin  sheet  of  lead  and  the  ends 
of  the  rollers  are  shouldered  Into  side  strips, 
which  are  secured  by  cotters  passing  through 
the  projecting  ends  of  the  long  shoulders  on  the 
outside  rollers. 

A  standard  cast-steel  pin-bearing  roller-shoe 
for  long  plate-girder  spans  has  been  used  on 
many  bridges  and,  with  pedestal,  rollers,  bed- 
plate and  pin  complete,  of  the  dimensions  Illus- 
trated, weighs  2,543  pounds.  It  has  a  capacity 
of  324,000  pounds  when  calculated  as  reducing 
the  pressure  to  250  pounds  per  square  Inch  on 
the  concrete  masonry  on  which  it  Is  assumed  to 
be  seated.  The  shoe  is  a  simple  ribbed  casting 
with  a  flat,  planed  top,  which  bolts  to  the  bot- 
tom flange  of  the  girder  and  has  on  the  under 
side  a  long  semi-circular  bearing  for  the  pin. 
The  pedestal  has  a  similar  pin-bearing  sup- 
ported by  longitudinal  transverse  and  diagonal 
vertical  ribs,  which  are  made  high  enough  to 
provide  for  a  base  large  enough  to  distribute 
the  load    over  a  sufl[icient  masonry  area  and 


side  webs  of  both  shoe  and  pedestal,  thus  lock- 
ing them  together.  .The  ends  of  the  pins  pro- 
jected far  enough  beyond  the  shoes  to  afford 
connections  for  hydraulic  jacks,  if  it  should 
become  necessary  to  lift  the  girders  for  future 
changes  or  repairs. 

The  pedestals  were  practically  inverted  shoes 
with  their  base-plates  wide  enough  to  project 
beyond  the  ends  of  the  roller  nests  and  engage 
the  anchor  bolts,  for  which  they  had  slotted 
holes.  The  rolled  steel  bed-plates  and  the  base- 
plates of  the  pedestals  both  had  planed  bearing 
surfaces  without  grooves  and  tbe  rollers  had 
no  grooves  for  longitudinal  guides.  Transverse 
displacement  was  prevented  by  longitudinal 
angles  riveted  to  the  pedestal  base  and  to  the 
bed-plate  in  the  same  vertical  plane  with  their 
vertical  flanges  planed  to  clear  the  roller  necks 
and  form  a  guard  to  exclude  as  far  as  possible 
the  dirt  and  rubbish  from  the  Interstices  be- 
tween the  rollers.  The  sides  of  the  roller  nests 
were  protected  by  curved  transverse  bars  bolted 
to  the  end  roller  strips  and  fitted  as  close  as 
possible  between  the  pedestal  base  and  bed- 
plate, and  moving  back  and  forth  with  the 
rollers.  The  spaces  between  the  shoe  and  pedes- 
tal webs  were  closed  by  transverse  inclined 
plates  riveted  to  them  with  angle  clips.  This 
type  was  Illustrated  December  4,  1897. 
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Th«  «iiMii8ion  ends  of  bridge  No.  7,  Bradford 
Dirisioii  of  the  Erie  Railroad,  a  single-track 
plate-girder  bridge  about  138  feet  long  over  aill, 
have  roller  bearings  made  with  cast-steel  shoes 
and  pedestals.  The  shoes  are  riveted  to  the  bot- 
tom flange  cover  plates  and  project  al)out  2 
inelies  befond  them  on  each  side.  Tbey  are 
made  with  htevy  metal  throughout,  thickened 
in  places  wher«  the  stresses  are  the  greatest. 
They  have  a  continuous  semi-cylindrical  bear- 
ing for  the  3-inch  pin  nearly  as  long  as  the  width 
of  the  girder  flange,  beyond  which  there  are 
open  spaces  and  then  full  bole  beaiings  through 
the  side  webs  of  the  shoe.  The  Center  bearing 
is  stiffened  with  longitudinal  webs  and  has  a 
solid  connection  to  the  top  plate.  The  pedestal 
is  made  wider  than  the  shoe  to  give  an  in- 
creased length  of  rollers,  and  has  a  continuous 
semi-cylindrical  pin  bearing  which  is  integral 
with  the  thick  base-plate  and  has  side  webs  en- 
gaging with  clearance  the  notches  between  the 
shoe  webs.  The  pedestal  rests  on  ten  3V6-inch 
rollers  29  Inches  long,  with  center  grooves  to 
engage  guide  strips  on  the  pedestal  base  and 
on  the  riveted  steel  bed-plate.  The  fixed  end 
bearings  correspond  to  these,  except  that  the 
pedestals  are  made  4^  Inches  higher  and  are 
seated  directly  on  the  pier  masonry.  This  bear- 
ing was  Illustrated  in  The  Engineering  Record 
of  June  16,  1900. 

On  the  Fort  Point  highway  bridge,  Boston, 
Mass.,  Atlantic  Avenue  is  carried  over  the  yard 
tracks  of  the  Boston  Terminal  Company  by 
truss  and  girder  spans  seated  on  masonry  piers 
and  steel  towers.  The  three  lines  of  heavy 
plate  girders  have  pin  bearings  on  fixed  and 
expansion  pedestals.  A  71-foot  9-incb  girder  is 
about  7^  feet  deep,  and  has  bearings  on  6-inch 
pins  69  feet  7  inches  apart,  through  the  web 
near  the  lower  flange.  The  web  at  the  pin  point 
is  reinforced,  and  on  each  side  there  is  riveted 
a  cast-steel  bearing  with  a  horizontal  top  flange. 
The  flanges  engage  the  milled  lower  ends  of 
web-stitfener  angles,  which  distribute  the  load 
over  about  one-third  of  the  depth  of  the  web. 
The  pedestal  is  an  ordinary  double-web  riveted 
pedestal  like  the  shoes  usually  provided  for  the 
end  pins  of'truss  spans.  It  is  seated  on  a  nest 
of  rollers  grooved  in  the  center  to  engage  the 
guide  strips  on  the  base-plate  of  the  pedestal 
and  on  the  bed-plate.  In  this  design,  although 
the  shoe  is  nominally  dispensed  with,  the  side 
liearing  castings  are  virtually  equivalent  to  it, 
but  have  the  advantage  of  receiving  the  load 
directly  from  the  web  where  the  shear  is  de- 
veloped, and  avoid  subjecting  the  lower  flange 
to  shear.  It  also  permits  the  girder  to  be  set 
several  inches  lower  than  it  could  be  with  a 
shoe  under  the  bottom  flange. 


Examples    of   the   Long   Life    of    Cast-iron 
Water  Pipes. 

In  the  laet  issue  of  the  "Journal"  of  the  New 
England  Water  Works  Association,  Mr.  C. 
Cavalller,  director  of  the  foundries  at  Pont-a- 
Mouason,  Prance,  contributes  some  interesting 
records  of  long  service  of  cast-iron  pipes.  Dur- 
:ng  the  constroction  of  the  Metropolitan  Under- 
ground Railway,  of  Paris,  a  33-inch  water  main 
was  taken  up  for  a  distance  of  three-quarters 
of  a  mile.  This  pipe  was  In  13-foot  lengths 
with  beU-and-spigot  ends  and  had  lead  joints;  It 
was  coated  with  coal  tar  and  laid  in  1874.  All 
the  pipes  had  an  interior  coating  of  scale, 
about  V*  Inch  thick,  which  was  easily  detached 
with  the  hammer.  The  Iron  thus  laid  bare  was 
in  perfect  preservation.  Much  of  the  coal-tar 
(oating  was  still  intact,  and  the  numbers  and 
weights  marked  In  white  lead  were  as  clear  as 
though  just  applied.  The  exterior  of  the  pl|>e 
was  also  In  good  condition.  The  coating  still 
remained  on  the  greater  part  of  the  surface, 
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while  the  balance  had  undergone  a  slight  super- 
ficial oxidation.  These  pipes  had  been  in  the 
ground  for  twenty-eight  years  and  were  lu 
nearly  as  good  condition  as  when  laid. 

Recently  the  first  pumping  station  erected 
for  supplying  Paris  with  water,  the  Challlot 
station,  was  discontinued,  the  site  being  re- 
quired tor  other  purposes.  Consequently  the 
intake  pipe  extending  out  into  the  River  Seine. 
being  of  no  further  use,  was  taken  up.  It  was 
laid  in  1802  and  consisted  of  flanged  cast-iron 
pipes.  After  an  immersion  lasting  a  little  over 
a  century,  these  pipes  were  in  such  good  con- 
dition  that  they   could  have   been   relaid,   but 
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the  same  period  as  the  park  itself.  Five  pipes 
20  inches  in  diameter  and  10,000  feet  long,  two 
of  the  same  diameter  7,500  feet  long,  and  four 
13%-inch  pipes  about  a  mile  long,  were  laid  in 
1G85,  or  219  years  ago.  Another  ISVi-inch  pipe 
11,500  feet  long  was  laid  in  1687.  Several  more 
pipes  of  various  sizes,  having  in  all  a  length 
of  five  miles,  were  laid  between  1664  and  1G88. 
All  these  lines  are  made  of  pipes  one  meter  in 
length  with  bolted  flanges.  They  still  serve 
their  purpose  satisfactorily,  and  the  few  repairs 
which  have  been  required  have  generally  been 
necessitated  by  the  bad  condition  of  the  flange 
bolts. 

In  Rheims  a  system  of  water  pipes  was  laid 
in  1748,  the  mains  being  of  cast-iron  and  the 
service  pipes  of  lead.  In  1840,  during  the  con- 
struction of  a  new  system,  some  of  the  old  cast- 
iron  pipes  were  dug  up  and  found  in  good  con- 
dition. They  were  8  inches  in  diameter  and  4 
feet   long,   with   square   flanges.     In   Clermont- 
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being  of  an  antique  type  were  broken  up  and 
remelted.  After  removing  the  8<:ale  and  the 
shellflsh  which  had  accumulated  upon  the  ex- 
terior, the  words  "Creusot,  an  10,"  in  raised 
letters,  could  be  easily  read.  No  alteration  of 
either  exterior  or  Interior  was  apparent.  Mr. 
Cavalller  does  not  state,  however,  whether  the 
pipes  were  coated  or  not.  The  metal  was  a 
gray  Iron  of  excellent  quality,  the  fractures  of 
which  were  as  sharp  as  of  a  piece  just  from  the 
foundry. 

A  number  of  ancient  cast-iron  pipe  lines  are 
also  mentioned,  which  are  still  in  use.  The 
conduits  which  supply  the  water  to  the  great 
fountains  in  the  park  of  Versailles  date  from 


I<  errand  there  is  a  line  of  pipes  5  or  0  inchesj  in 
diameter  and  3  feet  long,  laid  in  1748-49.  These 
pipes  are  0.5  inch  or  0.8  inch  thick,  according 
to  the  pressure  in  the  different  parts  of  the 
line.  They  were  cast  horizontally  and  have 
flange  joints  made  with  thick  lead  gaskets, 
some  of  them  %  Inch  in  thickness.  The  system 
is  under  a  considerable  pressure. 


Pebi'obated  Fire  Doobs  in  the  partition  be- 
tween engine  and  boiler  rooms  are  provided  in 
the  power  station  of  the  Central  Electric  Sup- 
ply Company,  Marylebone,  London.  According 
to  a  description  in  the  "Electrical  Review,"  of 
London,  the  holes  are  for  fire-hose. 
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The  Utility  of  Logarithmic  Methods  of  Plot-     for  its  complete  determination  it  is  often  pos- 
sible  to    simplify    tlie   work    considerably   by 


ting  Curves. 

In  the  latest  systems  of  instruction  in  tech- 
nical schools,  the  students  are  taught  many 
quiclc    methods   of    ariving   at   desired    results 
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PCncCNTAQE        or       RE<2UIReO       STREN6TH 

A  Curve   Plotted   by  Logarithms. 


adopting  specially  arranged  base  lines  on  scales 
having  unequal  divisions  such  as  logarithmic 
scales. 
The  advantage  of  such  an  arrangement  is 
shown  by  Mr.  Scholefiekl  in 
three  diagrams.  The  ttrsl  is 
arranged  to  show  what  per- 
centage of  the  strength  re- 
quired for  a  given  load  is 
possessed  by  a  structure  In 
which  that  load  produces  a 
certain  maximum  stress.  It 
is  evident  that  this  percentage 
will  be  inversely  proportional 
to  the  maximum  stress. 
Therefore  if  a  denotes  the 
percentage  of  required 
strength  and  b  the  maximum 
stress,  a:=c-f-b,  where  c  is  a 
constant,  or  ab=c.  Hence,  log 
a-)-log  b=log  c.  Therefore, 
if  the  abscissas  and  ordinaies 
used  in  plotting  the  curve  are 
made  proportional  to  the  loga- 
rithms of  a  and  b,  instead  of 
those  quantities  themselves, 
the  diagram  will  be  a  straight 
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sumed  that  the  strength  required  will  corre- 
spond to  a  maximum  unit  stress  of  4  tons  per 
square  inch  In  compression  or  5  tons  in  tension. 

The  second  example  of  special  plotting 
is  designed  to  show  the  relations  between  the 
quantities  in  the  usual  formula  for  the  super- 
elevation of  the  outer  rail  on  curves,  x=kV'-f-R. 
In  this  formula  x  denotes  the  superelevation, 
k  a  constant  determined  by  the  gauge  of  the 
track  and  weight  of  the  train,  V  the  speed  of 
the  train,  and  R  the  radius  of  the  curve. 
There  are,  therefore,  three  variables.  If  R  Is 
assumed  to  be  a  constant,  the  curve  obtained 
by  ploting  X  and  V  in  the  ordinary  way  will 
be  a  parabola,  and  to  draw  the  curve  accurately 
it  will  be  necessary  to  determine  a  considerable 
number  of  points  on  it.  This  parabola  can  be 
transformed  into  a  straight  line  by  plotting  the 
V's  to  a  scale  of  squares,  so  that  an  ordinate 
representing  m  miles  per  hour  will  be  drawn 
proportional  to  m'.  For  since  y  (the  ordinate) 
is  proportional  to  V^  xR=kV'=k,y,  which  Is 
the  equation  of  a  straight  line  passing  through 
the  origin. 

Also,  since  x  R=k,  y,  the  ordinate  y  is  pro- 
portional to  R;  so  that  If  the  ordinate  for  a 
certain  value  of  the  radius  is  determined,  it  is 
evident  that  for  double  that  radius  It  is  only 
necessary  to  double  the  ordinate     A  value  of  x 


which  were  never  mentioned  in  the  good  old 
days  when  the  "rigorously  exact"  character  of 
the  instruction  was  the  pride  and  joy  of  the 
faculty.  The  graphical  solution  of  equations, 
the  use  at  squared  paper  and  the  manipulation 
of  the  slide-rule  are  now  practically  taught  in 
most  schools.  Among  these  modern  aids  there 
are  few  of  greater  convenience  than  the  use  of 
logarithmic  scales  in  plotting  curves,  a  subject 
which  Is  familiar  to  some  of  the  readers  of  this 
journal,  but  is  not  thoroughly  grasped  by  others, 
as  many  letters  show.  Evidently  this  Is  also 
the  case  in  England,  the  birthplace  of  the 
"new  mathematics,"  for  in  the  last  volume  of 
the  "Proceedings"  of  the  Institution  of  Civil 
Engineers  there  is  a  paper  by  Mr.  R.  S.  Schole- 
field,  which  Is  the  clearest  explanation  of  the 
subject  that  has  appeared  In  a  long  time.  In 
the  preparation  of  a  diagram  showing  the  varia- 
tion of  two  quantities  reciprocally  dependent 
on  each  ouier,  the  work  of  plotting  Is  much 
simplified  and  greater  accuracy  Is  attained,  if 
the  curve  proves  to  be  a  straight  line,  as  It  Is 
then  only  necessary  to  determine  by  calculation 
two  points  on  the  curve,  whereas  a  compara- 
tively large  number  of  points  must  be  fixed  if 
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Curves  Plotted  by  Polar  Co-ordinates  with  Logarithmic  Divisions. 


the  locus  is  a  curved  line.  Should  the  curve, 
when  plotted  in  the  ordinary  way  with  base 
lines  at  right  angles  and  equal  division  scales, 
be  found   to  require  a  large  numbpr  of  points 


line.  In  the  accompanying  diagram,  which  the 
author  uses  to  show  the  relation  between  maxi- 
mum unit  stresses  and  the  percentage  of  re- 
quired strength  in  wrought-iron  girders,  it  is  as- 


is  therefore  taken  which  will  give  a  simple  co- 
efficient to  y,  the  value  of  the  ordinate  is  cal- 
culated for  one  value  of  the  radius  (say  50 
chains),  and  the  ordinate  is  then  divided  pro- 
portionately lor  all  the  other  radii.  Straight 
lines  are  then  drawn  from  the  origin  0,  through 
the  points  so  obtained,  and  are  produced  in- 
definitely to  complete  the  diagram. 

The  author  has  prepared  numerous  diagrams 
of  equivalent  uniformly-distributed  moving 
loads  on  railway  bridges,  and  has  found  that, 
with  the  usual  method  of  dividing  the  base- 
lines by  equal  divisions,  considerable  confusion 
ensued  If  several  curves  were  plotted  on  the 
same  diagram,  and  it  occurred  to  him  that  some 
other  system  of  base-lines  might  be  devised, 
whereby  the  reading  of  the  diagrams  would 
possibly  be  rendered  more  convenient.  It  was 
found  that  the  curves  of  equivalent  uniformly- 
distributed  loads  for  different  spans  approx- 
imated in  many  instances  to  curves  of  the  hy- 
perbolic form  X  y=a  constant,  and  in  order  to 
transform  the  diagram  so  as  to  replace  the  hy- 
perbola by  a  straight  line,  a  system  of  polar 
co-ordinates  was  adopted,  having  the  base-line 
divided  logarithmically,  as  shown  in  the  third 
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cut.  It  was  toun^  that  the  lines  so  drawn 
were  not  straight  from  end  to  end.  the  actual 
rurres  of  equivalent  uniformly-distributed  loads 
not  being  true  hyperbolas,  but  probably  the 
aeareat  approximation  to  a  straight  line  is  6b- 
•qnlTalent  load  can  be  much  more  accurately 
titnwl.  and  any  intermediate  value  of  the 
datarmined  than  in  the  case  of  the  hyperbolic 
c«r»«. 


The  Cost  of  Operating  Loft  Buildings. 

In  The  Engineering  Record  of  December  19, 
last  year,  some  figures  were  given  on  the  cost 
of  operating  both  office  and  loft  buildings. 
based  on  studies  made  by  Mr.  J.  D.  Wilson, 
Jun.  Am.  Soc  M.  E.,  of  New  York.  DeUiled 
figures  in  the  case  of  some  of  the  loft  buildings 
have  now  become  available,  together  with  some 
additional  data.  Before  presenting  these  an- 
alyses, it  will  be  of  interest  to  record  his  o.oin- 
ioa  In  respect  to  charges  that  should  bo  made 
for  lighting  service,  particularly  in  the  loft 
building,  where  the  lighting  expenses  are  high- 
er per  unit  than  in  the  office  structure.  When 
a  tenant  leases  premises  it  is,  of  course,  under- 
stood that  a  reasonable  amount  of  electric  light 
*s  to  be  furnished  him,  based  on  his  require- 
Rients  at  that  time.  Subsequently,  hownver,  he 
may  increase  his  office  force  and  requiii^  a  pi'o- 
portiouate  increase  in  illumination.  Owners 
have  heretofore  made  it  a  practice  of  installing 
the  additional  light  without  any  charge,  except 
in  some  cases,  for  the  actual  wiring.  In  other 
words,  no  charge  is  made  for  the  increase  in 
the  amount  of  current  furnished  by  the  light- 
ing plant 

In  a  building  of  the  commercial  loft  type,  it 
has  been  found  that  the  average  cost  of  supply- 
ing current  to  one  16-candle-power  equivalent, 
making  a  suitable  allowance  for  renewals,  is 
$3.40  per  annum.  Assuming  that  at  the  end  of 
six  months  ten  tenants  have  enlarged  forces  to 
the  extent  that  each  requires  twenty  additional 
16-candle-power  lamps,  the  owner,  in  accord- 
ance with  present  practice,  installs  the  equip- 
ment and  furnishes  current  for  it  without  any 
monetary  return,  although  he  is  really  giving 
them  $6S  worth  of  light  on  the  basis  of 
13.40  per  lamp  per  annum.  Under  these  condi- 
tions Mr.  Wilson  believes  that,  as  a  general 
rule,  unless  agreements  can  be  made  to  pro- 
vide otherwise  for  any  increase  in  the  number 
of  lights.  It  is  better  practice,  in  the  case  of 
the  loft  structure,  to  provide  for  a  street  serv- 
ice connection  and  thereby  compel  the  tenant 
to  pay  for  the  actual  current  consumption.  As 
a  matter  of  illustration,  a  public  lighting  serv- 
ice corporation  may  be  induced  to  furnish  cur- 
rent for  the  owner  and  in  his  name  at  whole- 
sale rates,  installing  for  him  one  meter  of 
ample  capacity  to  record  the  entire  connected 
load  throughout  the  building  and  in  addition 
separate  meters  for  each  tenant,  and  will  agree 
to  read  all  of  these  meters  monthly,  rendering 
the  owner  his  net  bill  at  wholesale  rates  and 
also  fomishing  him  with  separate  bills  for  each 
tenant  at  the  regular  retail  rates.  He  is  there- 
by enabled  not  only  to  furnish  lighting  service 
in  his  building,  but  also  to  do  so  at  a  fair  profit 
to  himself.  The  alternative  agreement  referred 
to  might,  for  example,  stipulate  that  a  sum 
baaed  on  the  annual  cost  of  a  16-candle-power 
equivalent  l>e  charged  for  each  additional 
equivalent  furnished.  The  situation  outlined 
is  the  result  of  the  curious  fact  that  the  rent- 
able value  of  the  loft  is  practically  the  same 
with  or  without  light,  or  seems  to  be  so  regard- 
ed by  real  estate  operators.  A  similar  condi- 
tion exists  In  an  office  building,  but  In  this  the 
unit  cost  Is  somewhat  reduced,  due  to  the  bet- 
terment of  load  conditions;    the  average  here 


is    approximately    $2.75     per    16-candle-power 
equivalent  per  annum. 

The  first  loft  building  to  be  considered  has 
8-1,796  square  feet  of  floor  space,  of  which  9,598 
are  used  for  public  halls,  toilets,  etc.,  leaving 
75,198  square  feet  rentable  area.  There  are  in 
the  building  1,526,050  cubic  feet  of  contents. 
The  total  cost  of  operation  is  made  up  of  the 
following  items:  Coal,  IVi  tons  daily  for  one 
half  year  and  1  ton  for  the  other  half  year,  at 
$2.77  per  ton,  or  $1,261.74;  oil,  $150;  elevator 
repairs.  $150;  other  repairs  and  renewals,  $700; 
making  a  total  for  the  various  supplies  of  $2,- 
261.74.  Insurance,  $1,132;  taxes,  $7,800;  water 
rent,  $200;  making  a  total  for  insurance  and 
taxes  of  $9,132.  Engineer's  salary,  $1,000;  man 
for  freight  elevator,  $520;  man  for  passenger 
elevator,  $520;  making  a  total  for  the  labor  ac- 
count of  $2,040.  The  total  cost  of  operation  is, 
therefore,  $13,433.74  per  annum,  or  17.9  cents 
per  square  foot  of  rentable  area.  In  this  plant 
the  engineer  is  required  to  perform  the  duties 
of  fireman.  No  provision  is  made  for  ordinary 
cleaning,  as  this  work  is  done  by  the  tenants 
themselves,  each  sweeping  the  landing  immedi- 
ately outside  the  entrance  to  his  loft  and  one 
flight  of  stairs  above  or  below  the  landing. 
Any  additional  cleaning  is  done  by  the  passen- 
ger elevator  operator. 

There  are  four  elevators,  two  of  the  steam 
belted  type  for  freight  and  two  of  the  hydraulic 
type,  one  of  the  latter  for  the  passenger  serv- 
ice, and  the  other  of  the  hydraulic  ram  type, 
employed  as  a  sidewalk  lift.  There  are  two 
horizontal  return  tubular  boilers,  a  14x12x10- 
inch  duplex  elevator  pump  and  the  usual  acces 
sory  pumps. 

A  second  loft  building  for  which  detailed 
data  are  at  hand  has  a  total  rentable  space  of 
71,913  square  feet.  The  cost  of  operating  and 
maintenance  is  as  follows:  Coal,  610  tons  per 
annum,  at  $2.77,  $1,689.70;  oil,  $125;  elevator 
repairs,  $175;  other  repairs  and  renewals,  exclu- 
sive of  broker's  commission,  $700;  making  the 
total  charges  for  various  supplies,  $2,689.70. 
Insurance,  $1,101;  taxes,  $7,322.74;  water,  $216; 
broker's  commission,  $210;  making  the  total 
amount  chargeable  to  insurance  and  taxes,  $8,- 
849.74.  The  labor  account  is  made  up  of  the  wages 
of  one  engineer  at  $70  per  month,  or  $840;  one 
fireman  at  $50,  or  $600;  two  elevator  men  at 
$10  per  week,  $1,040;  or  a  total  of  $2,480.  The 
total  cost,  therefore,  is  $14,019.44,  or  19 14  cents 
per  square  foot  of  rentable  space  per  annum. 

The  plant  in  this  building  consists  of  two 
80-horse-power,  horizontal,  return-tubular  boil- 
ers, two  duplex  steam  pumps  for  the  elevator 
service  and  a  30-kilowatt  direct-connected  gen- 
erator. It  is  operated  for  ten  hours  per  day 
for  305  days  In  the  year.  According  to  test,  the 
average  lighting  load  is  17.9  kilowatts,  or,  for 
the  ten  hours,  179  kilowatt-hours,  which,  for 
305  days,  is  equivalent  to  54,595  kilowatt-hours. 
At  10  cents  per  kilowatt-hour,  such  as  might  be 
charged  for  public  service,  this  amount  of  cur- 
rent would  cost  $5,459.50.  The  generating  unit 
is  charged  with  the  steam  consumption  of  12 
pounds  of  coal  per  kilowatt-hour,  so  that  in  a 
year,  on  the  basis  of  the  average  load  reported, 
some  655,140  pounds,  or,  approximately,  292 
gross  tons  of  coal  are  required  per  annum, 
which  at  $2.77  per  ton  costs  $808.84.  The  total 
coal  consumption  Is  approximately  2  tons  per 
day,  or  610  for  the  year.  As  292  are  consumed 
for  the  lighting  service,  the  remainder,  or  318 
tons,  are  chargeable  to  pumping  requirements. 
Approximately  90  per  cent,  of  this  amount  is 
required  for  the  elevator  work,  or  286.26  tons, 
at  a  total  cost  of  $792.77.  This  makes  the  cost 
of  the  coal  for  the  lighting  and  for  the  elevator 
pumping  equal,  so  that  the  wages  in  the  engi- 
neering department  can  be  apportioned  on  that 


basis,  in  order  to  ascertain  the  cost  of  the  serv- 
ices separately.  The  cost  of  the  electric  light- 
ing is,  therefore,  made  up  of  the  coal  charge 
calculated,  one-half  the  wages  of  the  engineering 
department,  or  $720,  one-quarter  of  the  supplies 
for  the  engineering  department,  or  $32,  mainte- 
nance for  the  electrical  work,  amounting  to  $40. 
and  the  cost  of  lamp  renewals,  also  $40,  a  total 
of  $1,640.84.  For  the  elevator  service,  the  coal 
charge  is  as  calculated,  and  to  this  is  added 
one-half  the  wages  of  the  engineering  depart- 
ment, the  remainder  of  the  cost  of  supplies  to 
the  engineering  department,  or  $93,  and  the 
cost  of  elevator  repairs,  or  $175,  making  the 
total  cost  of  the  elevator  service,  $1,780.77.  In 
the  building  supplied  by  the  plant  there  are  492 
16-candle-power  equivalents,  so  that  the  cost 
per  lamp  is  $3.33.  Of  the  total  number  of 
lamps,  69  are  distributed  over  the  public  places 
— in  other  words,  on  distinctly  the  owner's 
premises.  From  the  foregoing  figures  it  is  con- 
cluded that  the  proper  rate  to  charge  for  the 
electric  lighting  service  per  annum  for  16- 
candle-power  equivalents  is  in  this  case  $3.50, 
In  order  that  a  natural  depreciation  may  be 
covered. 

Detailed  charges  for  another  loft  building, 
which  really  consists  of  a  group  of  adjoining 
structures  supplied  from  one  plant  and  which 
contains  132,938  square  feet  of  rentable  space 
and  2,027,000  cubic  feet,  are  as  follows:  Vari- 
ous supplies — Coal,  $1,360;  oil  and  supplies, 
$140.74;  elevator  repairs,  $227.80;  other  repairs 
and  renewals,  $1,100;  sundry  expenses,  $344.81; 
total,  $3,173.51.  Taxes,  insurance  and  water- 
Taxes,  $15,062.64;  insurance,  $853.52;  water, 
$297.40;  broker's  commission,  $365;  total,  $16,- 
578.56.  Labor  account^Wages,  engineering  de- 
partment, $1,419.84;  wages,  elevator  depart- 
ment, $2,543.68;  total,  $3,963.52.  The  total  ex- 
pense of  maintenance  on  operation  is,  therefore, 
$23,715.59,  or  17.8  cents  per  square  foot  of  rent- 
able space. 


I 


Power  and  Watee  Consumption  in  Refbigeb- 
ATINO  Work  is  guaranteed  to  come  within  the 
following  figures  by  the  Borsig  establishment, 
which  manufactures  refrigerating  machinery  on 
the  anhydrous-sulphurous-acid  system.  The 
consumption  of  the  cooling  water  in  U.  S.  gal- 
lons, as  Influenced  by  the  initial  and  final  tem- 
peratures, is  given  per  ton  of  refrigeration  as 
follows:  With  an  initial  temperature  of  41  de- 
grees, 192.8  gallons  at  50  degrees  final  tempera- 
ture; 100  gallons  at  59  degrees;  68.6  gallons  at 
68  degrees;  52.7  gallons  at  77  degrees;  44.8 
gallons  at  86  degrees;  37.8  gallons  at  95  de- 
grees, and  34.3  gallons  at  104  degrees.  With  an 
initial  temperature  of  50  degrees,  100.3;  71.2, 
55.4,  44.9  and  39.6  gallons,  with  the  final  tem- 
perature of  the  cooling  water  at  68,  77,  86,  95 
and  104  degrees,  respectively.  With  an  initial 
temperature  of  59  degrees,  105.6,  71.4,  55.6,  and 
47.5  gallons,  with  the  final  temperature  at  77, 
86,  95  and  104  degrees,  respectively.  With  an 
Initial  temperature  of  68  degrees,  108.3,  73.8 
and  58.1  gallons  with  the  final  temperature  at 
86,  95  and  104  degrees,  respectively.  With  an 
initial  temperature  of  77  degrees,  110.8  and  76.6 
gallons,  with  the  final  temperature  at  95  and  104 
degrees.  With  the  initial  temperature  at  86 
and  the  final  at  104  degrees,  the  consumption  is 
116.2  gallons;  with  the  Initial  temperature  at 
95  degrees  and  the  final  temperature  104  de- 
grees, the  consumption  is  232.5  gallons.  The 
horse-power  per  ton  of  refrigeration  is  given  as 
0.57,  0.73,  0.87,  1.1,  1.3,  1.6,  and  1.87,  with  the 
final  temperature  of  the  cooling  water  at  50,  59, 
68,  77,  86,  95  and  104  degrees,  respectively. 
These  figures  are  given  in  "Engineering"  in 
connection  with  a  serial  on  the  Borsig  works  in 
Germany. 


June  i8,  1904. 
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Letters  to  Editor. 


BVILDI.NO    A    SeWEK    AROUND    THE    COLUMNS    OF    A 

Viaduct. 

Sir: — I  enclose  two  photographs  showing 
construction  worlv  on  the  Peddie  Street  sewer 
under  the  Lehigh  Valley  Railroad  bridge.  Your 
readers  may  remember  that  a  detail  drawing 
of  this  was  published  in  your  issue  of  March 
3  2.  The  columns  of  the  bridge  did  not  leave 
sufficient  room  for  the  two  sewers,  but  made  it 
necessary  to  throw  the  old  and  new  sewers  into 
one.  One  photograph  shows  the  old  and  new 
sewers,  old  sewer  on  the  right,  with  arch  re- 
moved and  part  of  old  wall  still  in  place.  The 
wall  on  the  left  is  the  new  wall  which  supports 
the  roof  beams.  The  other  photograph  shows 
the  15-inch  I-beams  in  place,  with  the  two 
bridge  columns  which  necessitated  this  form  of 
construction. 

Very  truly  yours,      Edwabd  S.  Rankin, 

Engineer    of    Department   of    Sewers   and 
Drainage. 

Newark,  N.  J.,  June  10. 

[The  new  sewer  parallels  an  old  storm-water 
sewer,  affording  additional  relief  to  a  low-lying 
territory  formerly  frequently  flooded.  At  the 
point   in   question   the   outer   side   wall   of  the 


Later  on  in  the  article  is  given  the  formula 
t  =  P  X  E,  .!-  E„,  in  which  P  is  the  safe  unit 
stress  for  concrete  under  compression,  B  is 
the  coefficient  of  elasticity  for  steel,  E  the  co- 
efficient of  elasticity  for.  concrete  under  com- 
pression, and  t  the  stress  for  which  the  steel 
reinforcement  must  be  designed.  In  this  for- 
mula the  value  of  E^-hE^  is  given  to  be  20, 
and  it  seems  to  the  writer  that  there  must  be 
some  mistake  here,  the  ratio  of  the  two  coeffi- 
cients varying  much  after  the  nature  of  the 
stresses. 

It  is  correct  that  almost  all  engineers  design 
concrete  beams  under  the  assumption  that  the 
stresses  are  uniformly  varying  across  the  sec- 
tion, but  the  reason  thereof  is  that  it  is  very 
nearly  right  for  concrete  under  compression, 
and,  the  effect  of  concrete  under  tension  being 
neglected,  it  does  not  matter  whether  the  as- 
sumption is  right  or  not  for  this  part  of  the 
concrete. 

The  value  of  E^  is  nearly  constant  for  the 
same  mixture,  and  is  found  to  vary  from  3,000,- 
000  to  3,800,000  pounds  per  square  inch.  E, 
being  about  30,000,000  pounds  per  square  inch, 
Ej  -4-  E„  will  accordingly  vary  from  10  to  8, 
but  can  never  be  as  much  as  20.  .For  Ej  -:-  E„  = 
10  and   P  =   500  the  value  of  t   will   now  be 


of  the  concrete.  However,  for  the  practical  aiv 
plication  of  formulas  to  the  designing  of  rein- 
forced concrete  beams  and  columns,  some  defi- 
nite ratio  between  the  coefficient  of  elasticity 
of  steel  and  that  of  concrete  must  be  established 
and,  as  authorities  differ  as  to  the  proper  value 
to  use,  the  question  resolves  Itself  down  to 
which  authority  is  to  be  followed.  In  the  beam 
formula  for  bending  a  variation  in  the  ratio 
does  not  affect  the  result  as  much  as  in  the 
column  formula,  and  M.  Considfere,  the  French 
engineer,  who'  has  made  numerous  tests  on  re- 
inforced concrete,  states  that  the  practical  re- 
sults in  a  beam  are  influenced  very  little  by  the 
variation  in  the  coefficient  of  elasticity  of  the 
concrete. 

In  the  formulas  In  question,  the  value  of 
E,  -T-  E„  =  20  was  used  as  it  is  the  one  recom- 
mended by  Mr.  Edwin  Thacher  in  his  pamphlet 
on  "Bridge  and  Concrete-Steel  Construction," 
after  his  having  investigated  the  behavior  of 
concrete  under  tests  made  at  the  Watertown 
Arsenal  by  Mr.  George  A.  Kimball,  chief  engi- 
neer of  the  Boston  Elevated  Railway,  In  1899. 
Also,  it  is  the  value  established  by  the  Bureau 
of  Building  Inspection  of  the  City  of  Philadel- 
phia. However,  I  would  be  pleased  to  have  any 
of  the  readers  of  The  Engineering  Record  who 


Building  a  Large  Sewer  around  the  Column  Footings  of  a  Railroad    Bridge,    in    Newark,    N.   J. 


new  sewer,  if  continued  on  line,  would  have 
passed  through  the  center  of  the  bases  of  the 
two  bridge  columns  shown  in  the  photograph, 
consequently  the  new  sewer  was  "necked,"  re- 
ducing its  width  nearly  one-half.  To  compen- 
sate for  this  reduction  of  area  the  old  wall  has 
been  torn  out  for  a  short  distance  and  the 
double  channel  roofed  with  15-inch  55-pound 
steel  I-beams  and  concrete.  The  difficulties  of 
the  situation  were  somewhat  increased  by  the 
fact  that  the  top  of  the  sewer  is  close  to  the 
street  surface,  as  clearly  indicated  In  one  of 
the  pictures.] 


Reinforced  Concrete  in  Building  Construction. 
Sir: — I  read  with  Interest  an  article  in  your 
issue  cf  May  28  concerning  the  design  of  rein- 
forced concrete  in  building  construction.  In 
this  article  the  author  assumes  that  in  a  con- 
crete beam  a  section  plane  before  bending  re- 
mains plane  after  bending,  and  that  the  stresses 
are  uniformly  varying  across  the  section,  and 
he  supports  this  assumption  by  saying  that  it 
is  the  practice  of  French  and  American  engi- 
neers. Going  on  from  these  two  assumptions, 
the  author  very  naturally  comes  to  the  conclu- 
sion that  the  coefficient  of  elasticity  for  con- 
crete is  always  the  same,  and  about  one-twen- 
tieth of  that  for  steel. 


500  X  10  =  5,000  instead  of  10,000.  The  coefficient 
of  elasticity  for  concrete  under  tension  is  not 
constant,  but  varies  with  the  stress.  Calling 
this  coefficient  E, ,  it  is  found  that  for  very 
small  tension  stresses  E,  will  be  equal  to  E„, 
but  when  the  tension  stress  increases,  E,  de- 
creases, and  for  stresses  near  the  ultimate  ten- 
sional  strength  of  the  concrete  E,  will  be  about 
half  of  Bj.     We  have  now: 

|=-|e„=2|:=2xi«=2«- 

From  this  it  will  be  seen  that  the  value  20  of 
the  ratio  of  the  two  coefficients  is  only  right 
for  concrete  under  tension;  for  concrete  under 
compression  in  columns  the  ratio  will  be  only 
10.     Yours  truly,  H.  Kruse, 

M.  Soc.  Danish  C.  B. 

Pittsburg,  Pa.,  June  7,  1904. 


Sir: — Answering  Mr.  H.  Kruse's  statements 
relating  to  the  coefficient  of  elasticity  of  con- 
crete in  compression  and  tension  as  compared 
with  that  which  appeared  in  the  paper  written 
by  me,  I  would  state  that  he  is  correct  in  his 
statement  of  the  fact  that  the  coefficient  of  elas- 
ticity varies  much  after  the  nature  of  the 
stresses;  and  I  would  also  add  that  it  varies 
with  the  nature  of  the  mixture  and. also  the  age 


have  reliable  data  on  this  subject  give  their 
opinion  as  to  the  value  they  would  recommend. 
I  desire  to  call  your  attention  to  a  typograph- 
ical error  in  one  of  the  formulas  in  the  article 
on  "Reinforced  Concrete  in  Building  Construc- 
tion," written  by  me,  which  appeared  in  the 
May  28  issue  of  your  magazine.  The  formula 
is  question  is  the  first  one  on  page  672.  The 
last  y  is  in  the  wrong  position;  it  should  be  in 
the  denominator  of  the  fraction,  and  the  for- 
mula should,  therefore,  read: 


20y 


(-•+V-+i) 


Yours  truly,         Bmile  G.  Pebrot. 
Philadelphia,  June  14. 


Uses  op  Vandyke  Nbgattves. 
Sir:— The  usefulness  of  Vandyke  negatives, 
made  from  a  tracing  by  a  process  similar  to 
that  by  which  the  ordinary  blue-print  is  made, 
does  not  seem  to  be  generally  appreciated,  and 
so  I  venture  to  offer  the  following  brief  descrip- 
tion of  the  negatives  and  some  of  their  uses. 
The  tracing  and  the  prepared  paper  are  placed 
face  to  face  in  making  a  negative,  so  that  the 
resulting  print  shows  the  drawing  reversed,  that 
is,  reading  from  right  to  left.  In  color  the. 
negative  is  a  dark  brown,  the  black  lines  of  the 
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original  tracing  showing  white,  this  white  being 
the  natural,  uncolored  surface  of  the  prepared 
paper,  and  therefore  partially  transparent. 
When  taken  from  the  printing  frame  the  nega- 
tive is  first  washed  in  water;  then,  with  a  brush 
or  sponge,  a  solution  of  "Vandyke  salt"  is  ap- 
plied to  it.  the  effect  of  which  is  to  intensify 
the  brown  color,  and  to  "fix"  it  against  fading. 
The  negative  may  then  be  used  as  an  ordinary 
tracing  is  used  to  make  "white"  prints,  the 
same  prepared  paper  being  used  that  Is 
used  in  making  the  negative,  the  result 
being  a  print  showing  brown  lines  upon 
a  white  ground;  or  it  may  be  used 
with  the  ordinary  blue  process  paper,  the 
reanlting  print  showing  blue  lines  on  a  white 
ground.  But  as  the  negative  shows  the  draw- 
ing reversed  it  is  placed  face  down  upon  the 
printing  paper,  thus  giving  prints  reading  from 
left  to  right,  and  producing  lines  which  are 
sharper  than  would  result  from  a  direct  nega- 
tive placed  face  up.  The  paper  ordinarily  used, 
however,  for  making  white  prints  is  used  di- 
rectly with  the  tracing,  requiring  no  interme- 
diate negative,  the  lines  being  of  a  dark  pur- 
plish color  upon  a  nearly  white  ground. 

The  white  prints  thus  made  have  been  recom- 
mended as  superior  to  blue-prints  in  point  of 
greater  legibility.  The  principal  use  made  of 
them,  however,  is  for  special  purposes  where 
the  white  ground  offers  a  superior  opportunity 
for  making  additions  or  changes  in  the  draw- 
ing. They  are  very  useful,  too,  when  data  are 
to  be  shown  in  tabular  form,  as  additions  can 
be  made  more  legibly  and  neatly  than  on  blue 
prints.  Unfortunately  the  paper  ordinarily  used 
for  making  white  prints  is  easily  torn,  the  fiber 
seeming  to  have  been  injured  by  the  solution 
with  which  it  is  coated.  But.  as  suggested 
above,  the  Vandyke  paper  may  be  used  for  mak- 
ing the  prints,  in  this  case  using  the  negative 
instead  of  the  original  tracing.  This  paper  is 
t'trong,  but  is  quite  thin,  in  order  that  the 
white  lines  on  the  negative  may  be  as  trans- 
parent as  possible.  Some  special  advantages 
may  be  derived  from  the  use  of  the  negative, 
two  of  which  will  be  mentioned. 

In  the  case  of  plans  relating  Jo  the  transfer 
of  land,  where  the  original  tracing  must  be 
filed  with  the  deed,  a  considerable  number  of 
copies  of  the  plan  are  often  needed,  to  be  used 
from  time  to  time.  If  blue-prints  are  made 
before  the  tracing  is  filed,  the  tendency  Is  to 
make  a  larger  number,  to  cover  all  possible 
contingencies.  These  must  then  be  stored.  The 
other  horn  of  the  dilemma  is  retaining  too  few 
prints,  thus  perhaps  necessitating  a  new  trac- 
ing. If  a  Vandyke  negative  is  made  from  the 
tracing  before  filing  it,  prints  may  then  be 
made  at  such  times  and  in  such  numbers  as 
may  be  required.  The  objection  Is  urged 
against  this  course  that  unless  there  is  perfect 
contact  between  the  tracing  and  the  paper  while 
the  negative  is  printing,  there  will  be  places 
on  the  latter  where  lines  and  figures  will  not 
appear.  It  Is  true  that  this  will  happen,  and 
If  there  were  no  remedy  it  would  be  a  fatal 
defect;  but  the  missing  parts  may  be  restored 
by  the  use  of  alkaline  solutions  such  as  are 
uaed  to  bring  out  white  lines  on  blue  prints. 
For  this  purpose  sodium  carbonate  works  well, 
as  does  also  solution  No.  '2  of  "Collins  ink 
eradicator."  and  of  course  any  white  lines  or 
■pots  that  may  be  present  accidentally  on  the 
negative  may  eaally  be  removed  by  the  use  of 
any  dark  water  color,  preferably  Vandyke 
brown. 

The  other  special  use  of  thti  negative  is  in 
obtaining  prints  from  a  tracing  when  most,  but 
not  all,  of  the  portions  of  the  latter  are  required 
to  appear  in  the  print,  and  at  the  same  time  It 
Is  desired  that  the  tracing  Itself  shall  not  be 
changed.    Suppose  a  tracing  showing  a  number 
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of  views,  as  indicated  in  Fig  1.  It  is  desired 
to  get  prints  which  shall  retain  all  these  fea- 
tures e.Kcept  those  at  a  and  b,  and  the  title.  It 
is  desired  also  to  add  a  schedule,  another  view, 
and  to  introduce  a  new  title.  The  new  features 
are  drawn  on  tracing  cloth.  Vandyke  negatives 
are  then  made  from  the  original  tracing,  and 
from  the  tracing  showing  the  schedule  and  new 
title.  But  since  there  Is  some  space  between 
b  and  the  title,  Fig.  1,  the  new  view  may  be 
introduced  at  once  in  the  corresponding  space 
on  the  negative  by  placing  the  tracing  of  the 
new  view  beneath  the  original  tracing,  and 
printing  both  together.  All  negatives  should 
be  made  at  the  same  time,  and  treated  exactly 
alike,  so  as  to  get  them  of  uniform  color  and 
density.  The  portion  a  and  the  title  are  now 
cut  from  the  large  negative,  on  the  fine  dotted 
lines  shown  in  Fig.  2,  and  are  replaced  by  the 
negatives  of  the  schedule  and  new  title,  which 
are  cut  about  %  inch  larger  all  around,  as 
shown  by  the  broken  lines,  and  are  secured  in 
place  by  pasting  at  a  few  points. 

Unless  great  neatness  is  required  the  portion 
b  may  be  canceled  by  drawing  lines  across  it  in 
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the  negative  with  an  alkaline  solution,  or  lines 
may  be  drawn  across  it  on  the  original  tracing, 
using  a  soft  pencil,  and  erasing  the  pencil  lines 
after  the  negative  is  made.  If  it  is  desirable  to 
obliterate  entirely  such  a  portion  it  may  be  cut 
from  the  negative,  and  the  hole  covered  with  a 

UESUI.TS  OF  Sewage   1' 
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dense  negatives  the  evidence  of  patching  will 
be  very  slight. 

Yours  truly,  Frank  T.  D.\mels. 

Boston,  Mass.,  June  9. 


Eesults  of  Sewage  Filtration  at  Clinton, 
Massachusetts. 


The  sewage  filter  bed?  at  Clinton,  Mass.,  con- 
nected with  the  Metropolitan  Water  Works, 
cost  for  operation  during  the  year  1903  f7.82 
per  million  gallons  filtered,  according  to  the  re- 
cent report  of  the  Metropolitan  Water  and 
Sewage  Board,  while  the  cost  for  the  preceding 
year  was  |8.29.  During  the  warmer  portion  of 
the  year  sewage  was  applied  to  the  beds  at  a 
rate  which  averaged  about  29,000  gallons  per 
acre  per  day.  For  the  first  half  hour  after  be- 
ginning pumping  in  the  morning,  when  the 
applied  sewage  contained  more  sludge  than 
during  the  latter  part  of  the  pumping  period, 
the  sewage  was  turned  upon  a  selected  bed, 
which  was  frequently  cleaned.  The  other  beds 
were  used  in  rotation;  but  after  May  21  the 
sewage  was  allowed  to  run  upon  a  single  bed 
for  only  a  half  hour.  Instead  of  1V4  hours,  as 
in  previous  years,  making  the  amount  per  .  p- 
plication  about  62,000  gallons,  and  causing 
each  bed  to  be  used  about  once  in  two  days. 
The  surfaces  of  the  beds  were  frequently  loos- 
ened with  a  harrow.  Using  smaller  doses  of 
sewage  and  loosening  the  bed  surface  had  the 
effect  of  materially  increasing  the  percentage 
of  organic  matter  removed  in  comparison  with 
the  previous  year,  although  the  results  were 
not  as  favorable  as  in  the  years  1900  and  1901; 
but  there  is  a  storage  of  nitrogen  in  the  soil, 
as  shown  by  the  smaller  percentage  of  free 
ammonia  removed  and  the  small  amount  of 
nitrates  in  the  effluent.  Some  of  the  results  ob- 
tained during  the  past  four  years  are  shown 
by  the  accompanying  tables  of  analyses,  stated 
in  parts  per  100,000: 

The  quantity  of  sewage  pumped  and  filtered 
during  the  year  averaged  about  3,000  gallons 
per  day  less  than  during  the  previous  year. 
notwithstanding  that  a  number  of  additional 
house  connections  were  made  with  the  system. 
The  extensive  introduction  of  water  meters  on 
the  house  services  by  the  Clinton  water  de- 
partment is  slated  to  have  been  an  important 
factor  in  preventing  an  increase.  The  daily 
average  quantity  of  sewage  pumped  was  783,000 
gallons.  The  cost  of  pumping  was  J9.37  per 
million  gallons,  or  f0.21  per  million  gallons 
raised  1  foot;  610  gallons  were  pumped  per 
pound  of  coal. 

Methods  employed  in  operating  this  plant 
during  the  cold  weather  were  fully  explained 
in  this  journal  November  14.  1903.  The  beds 
are  situated  on  a  gravelly  formation,  and  most 
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piece  of  plain  negative  paper  which  has  been 
printed  when  the  rest  of  the  negatives  were 
made.  Prints  may  now  be  made  from  the 
patched  negative.  Pig.  2,  using  either  white  or 
blue-print  paper.  It  is  not  claimed  that  the 
prints  will  show  no  evidence  of  the  patching. 
The  double  thickness  of  negative  between  the 
dotted  and  broken  lines  will  be  in  evidence,  for 
neither  sort  of  printing  paper  will  give  a  per- 
fectly white  ground.    But  if  care  be  taken  to  get 


1900.  1901.    1002  "-B  i-sBS.  &r 

L.-il  1.0800   1.0917    .7650  1.0817  .9233 

.0763  .0454    .1009    .0846  .0718  .078'J 

O.'i  90  88  89  93  92 

1.'>.70  11.40     7.77  7.98  9.32  8.6.'i 

.93  .58     1.29  1.20  1.04  1.12 

94  O.'i  80  8.''i  89  87 

4..5033  3.8667   5.0017  2.7983  4.8600  3.8292 

.5722  .2.''>25    .6709    .9802  1.0.-)67  1.018.'j 

87  93  85  65  78  73 

1.2788  1.3212   1.2130    .4375  ..3961  .4108 

of  them  were  prepared  by  removing  the  top 
soil  and  sub-soil.  Underdrains  of  vitrified 
pipes  were  laid  beneath  some  of  the  beds.  The 
whole  plant,  including  intercepting  sewer, 
reservoir,  pumping  station  and  filter  beds,  was 
described  and  illustrated  by  articles  published 
January  14,  1899,  and  March  3,  1900.  It  is  in 
charge  of  Mr.  Thomas  F.  Richardson,  engineer 
of  the  Dam  and  Aqueduct  Department.  Mr. 
Frederic  P.  Stearns  is  the  chief  engineer. 


June  25,  1904. 
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The  American  Society  for  Testing  Materials. 

The  annual  convention  of  the  American  So- 
ciety for  Testing  Materials  is  an  event  which  is 
loolied  upon  with  unusual  interest  by  all  who 
have  to  purchase  large  quantities  of  engineering 
materials,  as  well  as  by  those  who  manufacture 
them.  For  a  number  of  years  the  organization 
has  been  developing  rapidly,  because  it  is  the 
one  association  in  the  United'  States  where 
manufacturers  and  engineers  can  get  together 
and  freely  discuss  all  features  of  their  common 
interestL  without  resorting  to  subterfuge.  If  a 
manufacturer  desires  to  present  a  paper  con- 
cerning one  of  his  products  in  this  society,  he 
is  not  obliged  to  select  as  a  title  of  the  paper 
something  which  has  no  connection,  except  an 
extremely  remote  one,  with  the  real  topic  under 
discussion.  For  this  reason  it  has  been  said 
that  the  Society  was  a  manufacturers'  organ- 
ization, but  this  is  a  wholly  unjust  criticism. 
It  is  no  more  a  society  of  manufacturers  than 
is  the  American  Institute  of  Electrical  Engin- 
eers, and  the  part  which  manufacturers  play  In 
its  proceedings  is  intentionally  made  an  openly 
frank  one. 


In  the  preparation  of  specifications  for  any 
material  it  is  just  as  necessary  to  understand 
the  limitations  of  manufacturing  processes  as 
the  requirements  of  the  consumer.  It  is  as 
natural  for  the  manufacturer  to  endeavor  to 
keep  his  products  within  limits  which  enable 
him  to  make  them  readily  as  it  is  for  the  con- 
sumer to  require  materials  possessing  higher 
properties  than  those  employed  in  the  past. 
The  American  Society  for  Testing  Materials 
affords  an  opportunity  for  all  interested  in  any 
product  to  discuss  frankly  the  possibility  of  its 
improvement.  Most  manufacturers  openly  ad- 
mit that  it  is  the  constant  raieing  of  the  re- 
quirements in  specifications  which  improves  the 
quality  of  their  product,  and  that  without  the 
incentive  of  tnese  more  strict  requirements,  the 
advance  in  the  quality  of  materials  used  in 
engineering  would  be  very  slow.  This  was  well 
brought  out  in  an  interesting  address  by  Mr. 
Robert  W.  Lesley,  president  of  the  American 
Cement  Company,  who  pointed  out  the  influence 
of' strict  specifications  on  the  building  up  of  the 
Portland  cement  industry  in  this  country  until 
to-day  the  quality  of  the  product  is  unexcelled. 

All  the  specifications  which  have  been  put 
forth  by  the  Society  up  to  the  present  time  have 
been  the  result  of  the  careful  mutual  discussion 
of  engineers  and  manufacturers  organized  into 
special  committees.  Some  of  these  specifications 
represent  the  results  of  several  years  of  very 
careful  work.  During  the  past  twelve  months 
other  organizations  have  discussed  similar 
specifications.  The  American  Railway  Engin- 
eering and  Maintenance  of  Way  Association, 
which  represents  the  largest  purchasing  capacity 
of  engineering  materials  of  any  organization 
in  this  country,  has  prepared  specifications  for 
structural  steel  and  for  steel  rails  which  differ 
in  some  respects  from  those  of  the  American 
Society  for  Testing  Materials.  Other  organiza- 
tions have  adopted  specifications  which  also  dif- 
fer in  minor  respects  from  the  Society's  stan- 
dards. A  number  of  attempts  have  been  made 
to  have  the  Society's  committees  in  charge  of 
such  specifications  take  up  the  matter  of  their 
amendment,  so  as  to  make  them  conform  with 
the  latest  practice,  but  the  committees  have  re- 
fused to  do  this.  The  ground  for  this  refusal 
has  not  been  made  public,  but  there  are  many 
indications  that  the  reason  for  it  is  to  be  found 
in  the  impossibility  of  securing  a  quorum  of  the 
committees  for  the  purpose  of  reconsidering 
the  specifications.  At  the  convention  last  week, 
the  members  took  a  decided  action  on  this  sub- 
ject and  ordered  the  committees  to  consider  all 
changes  in  the  various  specifications  which  are 
proposed,  and  to  report  fully  concerning  the  ad- 
visability of  adopting  them  at  the  next  meeting. 
In  other  words,  the  Society  has  practically 
voted  that  its  specifications  are  open  to  change 
at  any  time  and  that  it  is  the  duty  of  its  stand- 
ing committees  to  furnish  definite  information 
concerning  all  modifications  which  are  sug- 
gested. 

The  importance  of  the  Society's  work  is  well 
shown  by  the  fact  that  while  its  membership 
at  the  last  convention  was  only  about  350,  it  is 
now  over  500,  an  increase  of  about  43  per  cent, 
in  a  year.  As  engineers  throughout  the  country 
recognize  the  exceptional  value  of  the  work  of 
the  organization,  and  appreciate  that  its  trans- 
actions are  invaluable  to  any  one  called  upon 
to  prepare  specifications  for  materials  of  con- 
struction, its  growth  in  numbers  may  be  ex- 
pected to  be  very  rapid.  It  was  interesting  to 
observe  at  the  convention  the  large  number  of 
those  in  attendance  who  expressed  their  strong 
appreciation  of  the  business  and  technical  im- 
portance of  the  information  they  obtained 
during  the  meetings.  This  is  not  surprising 
when  it  is  considered  that  most  of  the  large 
manufacturers   of  engineering   materials   were 


represented  by  high  officials,  and  that  the  large 
purchasers  of  such  products  were  represented 
by  the  men  whose  business  it  is  to  test  such 
materials  and  to  play  the  leading  part  in  draw- 
ing the  specifications  for  them.  As  will  be  seen 
in  the  report  of  the  convention,  published  in 
the  "Current  News  Supplement"  this  week,  the 
discussions  range  over  a  wide  field  and  embrace 
apparatus  and  methods  of  testing  and  the  be- 
havior of  materials  under  special  conditions,  as 
well  as  the  preparation  and  interpretation  of 
specifications. 

The  organization  Is  of  such  direct  benefit  to 
everybody  connected  with  engineering  work 
that  The  Engineering  Record  has  no  hesitation 
in  repeating  its  recommendation  of  iast  year 
that  all  engineers  who  are  users  of  metals  and 
cement  should  apply  for  membership  to  the 
secretary.  Professor  Edgar  Marburg,  University 
of  Pennsylvania,  Philadelphia.  The  annual  dues 
are  only  $5,  a  sum  which  is  ridiculously  small 
compared  with  the  benefits  which  are  derived 
from  membership. 


The  Growing  Importance  of  Details. 

For  a  number  oi  months  The  Engineering 
Record  has  been  storing  away  among  its  notes 
statements  received  from  time  to  time  concern- 
ing the  small  things  in  the  manufacturing  world 
which  are  fast  becoming  very  important  mat- 
ters. The  development  of  all  lines  of  manufac- 
ture and  the  specialization  of  the  professions 
no  longer  permits  the  head  of  a  business  or  an 
office  to  allow  details  to  slide  along  the  groove 
of  least  resistance.  Now  that  the  best  grade  of 
fire  hose  is  largely  made  of  discarded  galoches 
and  the  first-quality  olive  oil  served  in  many 
leading  hotels  is  a  refuse  proposition  of  the 
petroleum  industry,  to  mention  only  a  couple  of 
instances  of  the  details  of  modern  business,  it 
goes  without  saying  that  the  largest  measure  of 
success  can  only  be  attained  when  every  detail 
of  an  industry  is  analyzed  to  its  ultimate  parts. 
It  often  happens  that  the  old  school  of  managers 
resents  as  useless  and  extravagant  any  sugges- 
tion that  the  details  of  business  should  be  re- 
ported regularly  with  more  completeness  than 
in  the  past.  In  fact,  many  of  them  state  that 
such  a  system  will  lead  to  vexatious  delays  and 
worthless  complications.  Yet  the  fact  remains 
that  the  most  prompt  reports  are  almost  always 
to  be  had  from  the  companies  which  adopt  the 
most  complete  systems  of  keeping  tabs  on  all 
parts  of  their  business.  For  example,  in  one 
industry  a  company  which  separates  its  manu- 
facturing costs  into  about  twenty  items  is  able 
to  tell  on  the  first  day  of  each  month  just  what 
its  product  has  cost  to  make  during  the  last 
month,  while  another  company  of  about  the 
same  output,  which  divides  its  cost  of  manu- 
facture into  less  than  half  a  dozen  items,  cannot 
give  such  figures  for  more  than  a  fortnight. 
At  the  present  time  It  is  all-important  to  know 
what  every  part  of  a  manufacturing  process 
costs,  and  how  it  fluctuates  from  time  to  time, 
for  only  in  this  way  is  the  utmost  economy  pos- 
sible. In  this  particular  industry  competition 
has  only  recently  become  severe,  so  it  is  not 
surprising  that  old  methods  inadequate  to  meet 
present  conditions  are  still  followed;  the  im- 
portant fact  is  the  refusal  of  some  of  the  older 
people  in  the  industry  to  acknowledge  that 
such  a  thing  as  progress  is  possible  in  their 
systems  of  management. 

Only  a  few  weeks  ago  a  prominent  manufac- 
turer of  heavy  apparatus  stated  that  he  much 
wished  he  could  build  one  of  his  leading 
specialties  along  the  lines  he  considered  best, 
without  any  regard  to  the  purchasers'  opinions 
of  beauty  in  the  general  arrangement  of  the 
apparatus  and  in  the  form  of  the  parts.  He 
frankly  stated   th9.|;  the  apparatus  would  not 
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have  any  attraction  whatever  to  an  8E«thetic 
eye.  but  he  was  confident  that  it  would  have  the 
two-fold  merit  of  low  cost  and  high  efficiency 
to  a  degree  never  before  attained.  The  high 
coet  of  such  apiiaratus  and  the  fact  that  it  is 
generally  bought  by  c-ommissions  and  not  by 
engineers,  will  doubtless  prevent  any  early  ful- 
flllment  of  this  manufacturer's  desire,  for  com- 
mittee* are  not  given  to  allowing  marked 
changes  in  general  designs,  however  much  lati- 
tude they  may  permit  in  minor  details  of  which 
they  are  no  Judges.  It  costs  money  to  smooth 
ofT  castings  an-1  to  plane  and  mill  surfaces,  and 
if  this  work  is  unnecessary  the  money  might 
just  as  well  be  saved.  That  this  idea  is  growing 
Is  evident  from  the  finish  on  many  mai-hine 
tools  made  to-day  as  compared  with  that  on 
similar  tools  of  fifteen  years  ago.  It  will  gener- 
ally be  found  that  the  modem  product  is  fine 
finished  only  where  necessary,  while  formerly 
the  surfaces  were  machined  and  tooled  in  many 
places  for  no  other  purpose  than  to  improve 
their  general  appearance.  The  condition  in 
which  many  parts  of  the  best  steam  engines  are 
left  to-day  would  horrify  some  of  the  old  build- 
erSi  while  the  surprise  which  Englishmen 
showed  when  they  saw  the  rough  surfaces  of 
some  of  the  smaller  parts  of  pneumatic  tools 
was  only  recently  reflected  in  numerous  com- 
ments in  their  technical  Journals.  In  short, 
there  seems  to  be  no  question  that  the  time  has 
passed  when  unnecessary  machine  work,  so- 
called  graceful  curves,  and  elaborate  painting 
are  desired. 

Another  aspect  of  modern  conditions  which 
has  been  brought  very  forcibly  to  the  attention 
of  this  journal  lately  concerns  certain  features 
of  the  relation  of  a  selling  department  and  the 
engineers  whom  it  strives  to  reach.  A  large  in- 
dustry was  taken  over  by  new  owners  a  few 
years  ago,  and  the  proprietors  began  the  over- 
hauling of  their  new  property  at  the  sales  de- 
partment. It  so  happened  that  this  department 
was  well  known  for  the  lavish  expenditures  of 
some  of  its  men,  and  considerable  interest  was 
displayed  concerning  the  view  of  such  expenses 
which  the  management  would  take.  It  is  stated 
that  while  some  reduction  in  the  total  cost  of 
the  department  was  effected,  this  was  not  at- 
tained by  any  paring  down  of  the  money  used 
by  the  leading  men.  According  to  generally  ac- 
cepted reports,  the  investigation  showed  that 
the  money  used  by  the  leading  men  was  spent 
in  perfectly  legitimate  ways,  but  some  of  the 
minor  employes  ran  up  large  expense  accounts 
which  had  no  other  result  than  to  prove  the 
lack  of  caliber  of  those  responsible  for  them. 
The  only  reason  for  mentioning  this  matter  is 
that  while  this  company  was  not  able  to  make 
any  considerable  reduction  in  what  most  people 
considered  its  most  wasteful  branch,  it  effected 
a  large  saving  in  its  office  expenses.  A  careful 
analysis  was  made  of  the  amount  of  space  really 
needed  by  each  employe  to  do  the  work  allotted 
to  him.  and  of  the  space  required  for  a  reason- 
able display  of  the  company's  products.  When 
this  was  completed.  It  was  found  that  the  ren- 
tals paid  by  the  company  could  be  cut  down 
very  largely,  and  considerable  money  was  avail- 
able for  real  aids  to  the  office  staff  which  had 
not  previously  been  purchased  because  It  was 
well  known  that  the  expendlt"-es  for  the  de- 
partment were  very  heavy  In  comparison  with 
those  of  similar  companies. 

Still  another  case,  typical  of  a  good  many 
which  have  recently  been  reported,  is  afforded 
by  the  present  unemployed  condition  of  a  num- 
ber of  salesmen  who  are  well  known  among 
their  trade.  These  men  have  been  generally 
credited  with  selling  an  unusually  large  quan- 
tity of  the  products  of  the  company  employing 
them.  About  a  year  ago  a  new  general  manager 
took  hold  of  the  business  and  instituted  a  sys- 


tem of  accounts  by  which  he  could  ascertain 
what  was  done  by  each  of  his  men.  Little  by 
little  he  discovered  that  some  of  the  salesmen 
who  were  drawing  the  most  money  were  earn- 
ing the  least.  Some  of  them  turned  in  a  large 
number  of  orders,  but  a  considerable  proportion 
of  them  were  thrown  out  by  the  credit  depart- 
ment at  once,  and  the  company  was  afterward 
sorry  that  others  had  not  followed  them  into 
the  discard  pile  before  they  were  filled.  Other 
men  were  found  to  be  making  a  big  stir  with 
their  voluminous  correspondence  and  rapid-flre 
notes  to  possible  purchasers,  but  when  the  cost 
of  their  work  was  compared  with  the  direct  and 
indirect  returns  from  it  they  were  found  to  be 
expensive  luxuries.  The  particularly  interest- 
ing fact  about  this  case  is  that  the  weeding  out 
of  the  incompetents  was  done  by  an  engineer 
who  had  never  before  been  in  a  strictly  com- 
mercial position. 

These  cases  are  cited  as  examples  of  the  value 
of  paying  attention  to  details.  No  man  in  a 
high  executive  position  can  spend  his  time 
wholly  on  minor  affairs,  but  it  is  incumbent  on 
him  to  be  sure  that  his  staff  Is  so  organized  that 
the  moment  there  is  any  lost  motion  anywhere 
the  reports  which  reach  him  shall  show  it.  In 
the  best  engineering  offices  to-day  this  same  rule 
holds;  one  of  the  most  impressive  sections  of 
the  regulations  of  the  construction  department 
of  the  Illinois  Central  Railroad,  reprinted  re- 
cently in  this  journal,  is  the  direction  to  the 
assistant  engineers  to  be  on  the  watch  con- 
stantly to  detect  opportunities  for  reducing  the 
force  required  on  their  work,  and  thereby  sav- 
ing money  for  the  company.  This  idea  is  fast 
finding  root  everywhere,  and  the  man  who  does 
a  thing  well  is  rapidly  being  displaced  by  the 
man  who  does  not  accomplish  the  thing  quite 
so  well,  but  can  finish  it  very  much  more 
quickly.  These  suggestions  are  made  because 
so  many  young  men  enter  upon  their  engineer- 
ing work  at  this  season  for  the  first  time,  and 
they  cannot  be  too  strongly  urged  to  form  the 
habit  of  estimating  the  cost  of  all  work  they 
see  done,  the  cost  of  different  classes  of  work, 
and  particularly  the  opportunities  for  decreas- 
ing such  expenses.  Such  a  habit  is  a  thoroughly 
good  one  to  form. 


The  Bending  Test  for  Steel. 


One  of  the  most  interesting  subjects  of  dis- 
cussion at  the  recent  convention  of  the  Ameri- 
can Society  for  Testing  Materials  was  the  bend- 
ing test  for  steel.  It  is  perfectly  well  known  that 
many  of  the  physical  tests  for  structural  ma- 
terial are  not  completed  until  long  after  the 
steel  has  left  the  mills  for  the  bridge  shops. 
Moreover,  the  customary  tests  do  not  satisfac- 
torily indicate  brittleness,  which  is  the  one 
great  defect  that  consumers  are  desirous  of  de- 
tecting. The  old-time  bending  test  for  this  pur- 
pose has  been  greatly  neglected,  although  it 
certainly  gave  valuable  information.  It  has 
been  evident  for  some  years  that  many  leading 
purchasers  of  steel  were  desirous  of  reinstating 
this  bending  test  in  some  form  or  other.  At 
the  convention  last  week  of  the  society  men- 
tioned, this  desire  found  expression  in  a  val- 
uable paper  by  Mr.  .1.  P.  Snow,  bridge  engineer 
of  the  Boston  &  Maine  Railroad.  He  showed 
very  clearly  that  such  a  test  could  be  made  to 
reveal  brittleness  in  steel,  and  all  but  one  of 
the  gentlemen  who  discussed  the  test  were  In 
favor  of  It. 

The  great  purpose  of  the  proposed  test  Is  to 
facilitate  the  progress  of  the  steel  through  the 
manufacturing  processes,  by  affording  a  quickly- 
made  method  of  detecting  material  which  should 
not  be  employed  for  structural  purposes.  The 
apparatus  proposed  is  simple,  and  its  great  ad- 
vantage lies  in  the  fact  that  it  will  be  employed 


in  the  mill  at  the  point  where  the  inspector 
ought  to  be  stationed.  Its  manipulation  is  ap- 
parently fairly  simple,  and  intelligent  inspectors 
should  be  able  to  malie  the  tests  in  a  satisfactory 
manner.  The  great  troul)le  with  all  such  work 
lies  in  the  tendency  to  entrust  inspt!ction  to  in- 
competent men.  puffed  tip  with  a  sense  of  their 
knowledge  and  importance.  Such  men  are  as 
undesirable  to  the  purchaser  as  to  the  manufac- 
turer, although  unfortunately  the  manufacturer 
loses  more  money  at  the  outset  by  their  ignorant 
conceit  than  does  the  purchaser.  Nevertheless, 
there  seems  to  be  no  rea.son  why  this  test  should 
not  be  adopted  if  it  will  accomplish  all  that 
Mr.  Snow  expects,  and  will  at  the  same  time 
render  less  necessary  other  tests  which  require 
much  more  time  for  their  proper  manipulation. 

It  goes  without  saying  that  the  greater  the 
simplicity  of  testing  operations,  the  less  oppor- 
tunity there  will  be  for  differences  of  opinion 
concerning  their  results.  The  preparation  of 
specifications,  like  every  other  work  of  such  a 
character,  proceeds  according  to  the  usual  laws 
of  evolution.  The  requirements  are  at  first  few, 
then  gradually  become  more  complex  until  their 
multifarious  nature  renders  them  burdensome 
to  both  purchaser  and  manufacturer,  and  finally 
there  is  a  backward  swing  of  the  peudulum 
which  drops  off  one  by  one  many  of  the  unneces- 
sary details  and  finally  leaves  a  certain  number 
of  requirements  which  are  satisfactory  until  the 
purchaser  demands  material  having  new  proper- 
ties and  therefore  requiring  new  tests. 

At  the  present  time  there  is  a  marked  ten- 
dency toward  the  production  of  steels  of  uniform 
quality  for  most  purposes,  and  reputable  manu- 
facturers are  desirous  of  turning  out  products 
which  will  answer  all  requirements.  The  fact 
that  they  are  so  sure  of  their  product  that  they 
ship  it  from  the  mills  to  the  finishing  shops  be- 
fore it  is  tested  and  even  begin  work  on  its 
fabrication  before  these  tests  are  made,  indicates 
their  complete  confidence  in  its  quality.  If  they 
were  not  sure  that  the  material  would  be  satis- 
factory, they  certainly  would  not  expend  consid- 
erable labor  on  its  manufacture  before  it  was 
actually  accepted.  The  bending  test  conducted 
in  the  manner  suggested  by  Mr.  Snow  in  his 
paper,  printed  elsewhere  in  this  issue,  will  real- 
ly be  a  check  on  the  quality  of  the  steel  of 
equal  value  to  the  manufacturer  and  purchaser. 
On  very  important  work  the  bending  test  can  be 
made  on  more  samples  of  the  product  than  any 
of  the  present  tests,  without  delaying  the  manu- 
facturing processes,  and  in  this  way  the  quality 
of  material  as  respects  its  brittleness,  the  one 
property  concerning  which  engineers  are  now 
most  in  doubt,  can  be  detected  without  much 
additional  cost  and  no  additional  delay.  The 
fact  that  men  like  Mr.  H.  H.  Campbell,  repre- 
senting some  of  the  largest  steel  mills  In  the 
country,  spoke  in  favor  of  such  a  test  is  an  in- 
dication of  the  probability  of  its  adoption  before 
long.  The  actual  method  of  conducting  it  remains 
to  be  settled;  in  fact,  one  or  two  points  in  the 
paper  by  Mr.  Snow  called  for  features  of  man- 
ipulation that  were  strongly  criticized.  These 
were  details,  however,  and  the  general  propos- 
ition was  in  no  way  affected  by  them. 


Notes  and  Comments. 


W(K)D  Gas  is  used  in  the  power  plant  of  the 
Montezuma  Copper  Company,  at  Nacozari,  Mex- 
ico, to  drive  gas  engines.  There  are  eight  all 
told,  of  the  Crossley  type,  18.5x24  inches  in 
cylinder  sizes,  each  belted  to  a  65-kilowatt 
direil-current  250-volt  generator.  The  gas  is 
manufactured  In  Loomls-Pettibone  producers, 
and  to  secure  an  adequate  fixing  zone  in  the 
producer  a  bed  of  coke  is  employed,  as  it  was 
feared  that  apertures  might  be  burned  through 
a  bed  of  charcoal  alone,  allowing  tar  to  pass 
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through  untransformed  into  fixed  gas.  The 
analysis  of  the  gas,  given  by  Mr.  J.  Langton  in 
a  paper  before  the  American  Institute  of  Mining 
Engineers,  is  as  follows:  Carbon  monoxide,  14 
per  cent.;  hydrogen,  20  per  cent.;  marsh  gas,  2 
per  cent.;  carbon  dioxide,  16  per  cent.;  oxygen, 
0.1  per  cent.;  nitrogen,  47.7  per  cent.  Calorific 
value  per  cubic  foot  at  sea  level  and  60  degrees 
Fahr.,  132  British  thermal  units. 


A  Pipe  Coveuixg  for  Overhead  Steam  Pipes 
that  is  advocated  by  Mr.  Robert  Watt  in  a  con- 
tribution to  the  question  box  of  the  Ohio  Gas 
Light  Association  is  described  in  the  "Ameri- 
can Gas  Light  Journal."  The  pipe  is  enclosed 
within  a  molded  covering  and  wrapped  in  can- 
vas, and  the  canvas  is  painted  with  two  coats 
of  tar  boiled  down  to  the  consistency  of  soft 
pitch,  having  a  little  slate  flour,  slaked  lime  or 
hydraulic  cement  added  to  it.  It  is  applied  with 
a  brush,  the  second  coat  two  or  three  days  after 
the  first. 


A  Scheme  of  Street  Numbering  for  Newton, 
Mass.,  inaugurated  in  1888,  was  completed  dur- 
ing the  past  year.  In  all  728  plans  have  been 
prepared  for  this  purpose,  covering  the  entire 
area  of  the  city.  Numbers  have  been  assigned 
to  each  space  of  about  25  feet,  according  to  fhe 
report  of  City  Engineer  Irving  T.  Farnham, 
spaces  being  numbered  from  the  north  end  of 
the  street,  southerly  and  from  the  east  end  west- 
erly, except  in  a  few  cases  of  courts,  in  which 
the  numbering  has  been  from  the  main  street. 
Odd  numbers  are  on  the  right  in  the  direction 
of  increase. 


The  Pijvtes  of  an  Old  Boiler  that  had  been 
in  use  since  18.59  exhibited,  on  tests  of  812  test- 
pieces  cut  from  it,  a  marlced  lack  of  elasticity. 
According  to  the  report  in  the  "Zeitschrift"  of 
the  Society  of  German  Engineers,  the  boiler  had 
been  fed  with  pure  water  and  never  over- 
strained, 80  it  was  concluded  that  its  unsatis- 
factory condition  was  the  result  of  prolonged 
stress,  and  that  subjecting  it  to  a  strain  might 
have  led  to  an  explosion.  It  was  felt  that  the 
tests  showed  that  a  boiler  should  be  discarded 
at  the  end  of  35  years'  service  and  even  if  ap- 
parently in  good  condition  should  be  replaced 
by  a  new  one. 


Acetylene  for  Town  Lighting  is  in  use  in 
250  towns  and  villages  in  different  parts  of  the 
world,  according  to  "The  Engineer,"  of  London. 
On  the  basis  of  the  fifty-odd  public  supplies  in 
Germany  it  is  calculated  that  the  average  popu- 
lation served  is  2,558;  the  number  of  houses, 
302;  the  number  of  houses  supplied,  53.7;  the 
length  of  mains,  2.92  miles;  the  number  of  pri- 
vate burners,  456;  the  number  of  public  lamps, 
56;  and  the  estimated  annual  consumption,  147,- 
500  cubic  feet.  These  data  can  readily  be  re- 
ferred to  the  mile  of  main,  or  lamp,  or  con- 
sumer, as,  for  example,  the  number  of  consum- 
ers per  mile  of  main,  which  is  18.4.  The  aver- 
age price  charged  for  the  gas  is,  in  French  vil- 
lages, $1.76  per  100  cubic  feet  to  private  cus- 
tomers and  $1.58  for  public  lighting.  At  Stre- 
litz,  in  Mecklenburg,  the  first  place  in  Germany 
to  be  lighted,  the  charge  is  $1.25  per  100  cubic 
feet. 


A  Steam  Turbine  to  exhaust  into  a  public 
heating  system  is  to  he  installed  in  the  plant  of 
Ihe  Merchants'  Heat  &  Light  Company,  Indian- 
apolis. The  business  of  the  plant,  which  was 
started  on  .lanuary  I,  1903,  with  an  initial  In- 
stallation of  500  kilowatts  in  engine-type  direct- 
connected  units,  has  grown  so  rapidly  that  two 
750-kilowatt  Westinghouse-Parsons  turbine  gen- 
erating units  have  been   purchased.     The  tur- 


bines are  to  work  at  a  back  presure  of  3  to  5 
pounds  during  the  winter  months  and  proba- 
bly 8  pounds  during  extremely  cold  weather. 
With  this  back  pressure,  it  is  stated  that  the 
turbine  will  develop  20  per  cent,  in  excess  of 
their  rated  capacity.  During  warm  weather 
they  will  operate  condensing  upon  a  Worthing- 
ton  condensing  system,  with  cooling  towers 
maintaining  a  vacuum  of  27  inches  referred  to  a 
30-inch  barometer.  The  steam  boiler  plant  when 
completed  will  aggregate  about  4,220  horse- 
power in  eleven  units  of  the  Stirling  and  Wlckes 
types,  partly  equipped  with  the  Roney  mechan- 
ical stoker. 


Wagon  Transportation  between  Tepehuanes 
and  Guanecevi  has  been  inaugurated  by  the 
Mexican  International  Railway.  As  a  rule,  rail- 
way competition  is  confined  to  hauling  which 
can  be  done  with  locomotives,  but  in  the  part 
of  Mexico  where  these  towns  are  located  there 
is  such  a  sharp  rivalry  between  the  road  men- 
tioned and  the  Mexican  Central  Railway  that 
the  struggle  has  been  extended  even  to  the  high- 
ways. As  a  matter  of  fact,  this  project  is  merely 
an  extension  of  the  good  roads  assistance  offered 
in  some  parts  of  the  United  States  by  railways 
endeavoring  to  build  up  their  local  business  as 
rapidly  as  possible.  It  is  an  interesting  indica- 
tion of  the  fact,  often  stated  of  late,  that  a 
railway  line  is  not  an  undertaking  by  itself,  but 
must  be  considered  in  connection  with  the  means 
of  transportation  by  which  the  people  along  its 
route  may  reach  its  stations.  As  interurban 
electric  lines  extend  over  the  country  more  com- 
pletely, the  importance  of  good  roads  to  the 
steam  railways  will  become  more  noticeable,  for 
unless  the  means  of  access  to  stations  are  made 
much  more  easy  the  electric  lines  will  prove 
more  convenient  for  local  use  in  many  cases. 


The  Co.st  of  Ventilation  in  several  notable 
buildings  in  Great  Britain  was  referred  to  in 
a  recent  paper  by  Mr.  William  Henman  before 
the  Royal  Institute  of  British  Architects  on  the 
plenum  system  of  ventilation.  The  Glasgow  Art 
Galleries,  supplied  with  9,050,000  cubic  feet  of 
air  per  hour  by  electric  power  requiring  66 
horse-power,  costs  for  power  about  $1,450  per 
year  per  1,000,000  cubic  feet.  The  Manchester 
Technical  School,  supplied  with  12,000,000  cubic 
feet  per  hour,  providing  for  31,4  changes  hourly 
and  requiring  80  horse-power,  is  charged  with 
$1,308  per  year  per  1,000,000  cubic  feet.  The 
Manchester  Midland  Hotel,  ventilated  at  the, 
rate  of  3  changes  of  air  per  hour,  corresponding 
to  a  supply  of  6,000,000  cubic  feet  in  that  time 
is  charged  with  40  horse-power  electrical  energy 
at  an  annual  cost  per  1,000,000  cubic  feet  of 
$1,308.  The  Birmingham  General  Hospital, 
with  7  changes  per  hour  or  13,000,000  cubic  feet 
supplied  per  hour,  requires  19  horse-power  elec- 
trical energy  and  costs  about  $287  per  annum 
per  1,000,000  cubic  feet.  The  Royal  Victoria 
Hospital,  at  Belfast,  designed  by  the  author,  is 
provided  with  ventilation  in  turns  of  7  changes, 
corresponding  to  an  hourly  supply  of  5,000,000 
cubic  feet,  and  is  charged  with  but  5V4  horse- 
power in  a  steam  plant,  costing  $97  per  1,000,000 
cubic  feet  per  annum. 


Trackless  Electric  Railways  seem  to  be 
growing  in  favor  in  Germany.  The  town  of 
Monnheim,  in  Prussia,  has  recently  built  one 
about  2V2  miles  long,  with  a  couple  of  branches 
for  freighting  purposes.  The  cars  used  are  au- 
tomobiles taking  their  current  from  a  double 
overhead  trolley  line.  Portable  connections  from 
these  wires  can  be  run  into  the  farm  yards 
along  the  route  as  desired,  and  cars  can  be  thus 
hauled  electrically  directly  to  the  places  where 
they  are  to  be  loaded  or  unloaded.  It  is  in- 
tended on  this  line  to  use  a  motor  car  and  one 


or  two  trailers,  and  to  furnish  means  for  haul- 
ing ordinary  farm  wagons.  In  addition,  passen- 
ger omnibuses  are  proposed.  In  Bavaria  there 
are  two  of  these  lines  which  have  been  in  oper- 
ation some  time,  but  mainly  for  passenger  traf- 
fic; they  do  not  seem  to  be  so  profitable  that 
capital  is  rolling  over  itself  in  its  hurry  to  take 
up  new  projects  of  a  similar  nature.  There 
are  also  several  of  these  lines  in  Westphalia. 
Mr.  Charles  L.  Cole,  our  consul-general  at  Dres- 
den, states  that  the  cost  of  operating  them  has 
been  found  to  be  unexpectedly  high,  and  this 
fact  should  be  carefully  considered  in  case  a 
similar  enterprise  is  discussed  in  the  United 
States. 


A  Serious  Epidemic  was  probably  prevented 
last  year  by  an  investigation  made  by  the 
United  States  Geological  Survey.  At  Quitman, 
Ga.,  while  the  authorities  of  the  city  were  sink- 
ing an  artesian  well,  they  encountered  a  large 
cavity  full  of  water  under  a  considerable  head. 
This  cavity  was  cased  oft  and  the  well  stmk  to 
a  second  water-bearing  stratum,  where  it  was 
stopped.  The  cavity  suggested  desirable  poten-- 
tialities  to  the  oflicial  mind,  and  so  a  second  well 
was  sunk  a  few  hundred  yards  distant.  This 
also  revealed  the  presence  of  a  large  cavity, 
and  after  the  water  of  a  small  pond  had  been 
allowd  to  run  into  it  without  making  any  visi- 
ble impression  on  the  deep  water  in  the  first 
well,  it  was  decided  to  utilize  the  second  bore- 
hole for  the  disposal  of  the  sewage  of  the  city. 
Fortunately  some  people  put  up  such  a  vigorous 
protest  against  this  course  that  the  Geological 
Survey  was  requested  to  report  on  the  practi- 
cability of  the  plan.  Two  tons  of  salt  were 
poured  into  the  proposed  receptacle  for  the  sew- 
age, and  for  a  number  of  weeks  the  water  from 
wells  in  the  neighborhood  was  regularly  ana- 
lyzed. These  analyses  showed  that  the  brine 
had  contaminated  the  supply  in  three  wells  in 
Quitman,  and,  had  sewage  been  poured  into  the 
bore-hold  instead  of  brine,  the  result  is  not 
pleasant  to  think  about. 


Rope  Transmission  of  Power  was  the  subject 
of  a  paper  by  Mr.  F^  S.  Greene  before  the  New 
England  Cotton  Manufacturers'  Association,  an 
abstract  of  which  recently  appeared  In  this 
journal.  This  paper  and  a  similar  one  before 
the  Southern  Cotton  Manufacturers'  Association 
have  attracted  so  much  attention  and  adverse 
criticism  that  the  following  announcement  has 
recently  been  made:  "The  American  Manufac- 
turing Company,  of  65  Wall  Street,  New  York, 
which  manufactures  transmission  rope  and 
other  cordage,  will  agree  to  furnish  the  neces- 
sary rope,  sheaves,  rope  and  driven-head  shafts 
for  the  main  drives  of  any  cotton  mill  using  500 
or  more  horse-power  which  is  developed  at  the 
mill  site,  at  one-quarter  the  price  for  which  any 
responsible  company  furnishing  electrical  appa- 
ratus will  agree  to  install  the  generators,  mo- 
tors and  motor  shafts,  switchboard,  wiring  and 
other  appliances  necessary  to  electrically  trans- 
mit the  same  power.  Where  the  power  is  gener- 
ated at  a  distance,  if  the  mill  will  install  one 
central  motor,  the  American  Manufacturing 
Company  will  agree  to  distribute  the  power 
from  the  same  to  the  main  line  shafts  with  rope 
drives  for  half  the  cost  of  electrical  apparatus 
to  distribute  the  same  power."  This  is  one  of 
those  knockdown  arguments  which,  when  made 
by  a  company  of  such  standing  as  the  one  in 
question,  call  for  the  display  of  science  in  de- 
livering the  counter  blow.  The  American  Man- 
ufacturing Company  evidently  means  to  keep 
in  this  particular  field  of  power  transmission, 
and  the  publicity  which  it  desires  for  this  chal- 
lenge will  doubtless  receive  the  attention  of 
some  of  the  many  advocates  of  electricity  for 
like  purposes. 
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Coacrete  Work  on  the  Washii^on  Filtration 
Plant 

B;  E.  11.  IUr4y.  U.  &  Assistant  ISnginecr. 


Tbe  work  of  placing  the  concrete  masonry 
for  the  Washington  aqueduct  filtration  plant 
I  begun  in  March.  1904.  Only  a  small  amount 
done  during  the  months  of  March  and 
April,  however,  as  the  concrete  plant  was  not 
completed,  and  the  work  consisted  of  placing 
the  concrete  in  the  central  under-drains,  on 
which  progress  was  necessarily  slow.  The 
under-drains  consist  of  24-inch  terra  cotta  pipe 
surrounded  with  concrete.  In  laying  these 
drains  about  4  inches  of  concrete  was  placed  In 
the  bottom  of  the  trench  and  carried  level  to 
auout  the  elevation  required  for  the  bottom  of 
the  bells  of  the  pipe.  The  pipe  was  then  laid 
accurately  to  line  and  grade  on  the  base  thus 
prepared.  All  joints  were  made  by  first  press- 
ing an  oakum  gasket  saturated  with  neat  ce- 
ment into  the  bells  and  around  the  spigots,  and 
then  making  a  joint  of  1:2  Portland  cement 
mortar,  completely  filling  the  joints  inside  and 
out.  Concrete  was  then  placed  in  the  trenches 
and  surrounding  the  pipe,  care  being  taken  to 
make  the  concrete  rather  wet  and  to  have  it 
worked  well  under  the  pipe. 

The  filter  plant  consists  of  29  filter  beds  of  an 
effective  area  of  one  acre  each.  The  filters  have 
the  usual  concrete  groined  arch  inverts  for 
floors,  22x22-incb  concrete  piers  spaced  14  feet 
center  to  center,  and  concrete  groined  arch 
vaulting  for  covering  similar  to  those  in  the 
All>any  plant.  All  concrete  masonry  is  to  be 
of  Portland  cement  and  the  amount  required 
for  the  floors  is  39,250  cubic  yards;  for  the 
walls,  26.250  cubic  yards;  for  the  piers,  8,180 
cubic  yards;  the  vaulting,  37,430  cubic  yards; 
the  court  paving,  4,860  cubic  yards;  the  regu- 
lator houses,  1,300  cubic  yards;  and  the  pump- 
ing station  about  2.500  cubic  yards,  making  a 


all  pass  a  screen  having  2%-inch  openings,  be 
graded  from  fine  to  coarse,  and  have  all  dust 
and  grains  less  than  M  Inch  screened  out.  This 
mixture  requires  about  1.23  barrels  of  cement 
per  cubic  yard  of  concrete  rammed  in  place. 
It  is  found  that  this  mixture  gives  such  a  sur- 
plus of  mortar  after  filling  the  voids  in  the 
ballast  that  the  surfaces  can  easily  be  troweled 
smooth  without  the  use  of  additional  mortar  for 
finishing. 


barrel,  the  additional  cost  for  cement  is  about 
$2.10  per  cubic  yard  of  concrete,  making  the 
actual  cost  for  the  concrete  per  cubic  yard  in 
the  floors  $6.60;  walls,  $7.20;  piers,  $8.10,  and 
vaulting,  $8.60. 

The  pumping  station  and  regulator  houses 
are  being  done  by  the  United  States  by  day 
labor.  Old  Dominion  Portland  cement  Is  being 
used  on  all  the  work  and  Is  tested  under  the 
standard    specifications  .  of  the   Corps   of   Bngi- 


Washington    Filters:      Concrete    Mixing    Plant. 


Washington  Filters:      Screening  and  Wasiiing  Plant  for  Sand  and   Gravel. 


total  of  120,000  cubic  yards,  in  round  numbers, 
for  the  entire  plant. 

The  speciOed  mixture  for  concrete  is  1  barrel 
of  I>ortland  cement,  11  cubic  feet  of  sand,  and 
19  cubic  feet  of  ballast.  The  ballast  may  con- 
Bjiit  of  gravel  or  broken  stone,  or  a  mixture  of 
both,  at  the  option  of  the  contractor.    It  must 


The  contract  prices  for  the  various  classes  of 
concrete,  not  including  the  cement,  which  is 
furnished  by  the  United  States,  are  as  follows 
per  cubic  yard:  Floors,  $4.50;  walls,  $5.10; 
piers,  $6;  vaulting,  $6.50,  and  granolithic  paving 
5  inches  thick,  90  cents  per  square  yard.  As 
the  contract  price  of  the  cement  is  $1,636  per 


neers,  U.  S.  A.,  the  principal  requirements  being 
as  follows: 

Average  weight,  not  less  than  380  pounds  net 
rer  barrel. 

Fineness:  At  least  92  per  cent,  shall  pass 
through  a  sieve  made  of  No.  40  wire,  Stubbs 
gauge,  having  10,000  openings  per  square  Inch. 

Specific  gravity  shall  be  between  3.10  and  3.25. 

Soundness:  "To  test  the  soundness  of  the  ce- 
ment at  least  two  pats  of  neat  cement,  mixed 
lor  Ave  minutes  with  20  per  cent,  of  water,  by 
weight,  shall  be  made  on  glass,  each  pat  about 
3  inches  in  diameter  and  %  inch  thick  at  the 
center,  tapering  thence  to  a  thin  edge.  The 
pats  are  to  be  kept  under  a  wet  cloth  until 
finally  set,  when  one  is  to  be  placed  in  fresh 
water  for  28  days.  The  second  pat  will  be 
placed  in  water  which  will  be  raised  to  the  boil- 
ing point  and  kept  at  that  temperature  for  six 
hours,  then  allowed  to  cool.  Neither  should 
show  distortion  or  cracks.  The  boiling  test 
may  or  may  not  reject  at  the  option  of  the  engi- 
neer officer  in  charge." 

Time  of  setting:  The  cement  shall  not  ac- 
quire its  initial  set  In  less  than  45  minutes,  and 
must  acquire  its  final  set  in  10  hours. 

Tensile  strength:  Briquette  made  of  neat  ce- 
ment, after  being  kept  in  air,  under  a  wet  cloth. 
for  24  hours,  and  the  balance  of  the  time  in 
water,  shall  develop  a  tensile  strength  per 
square  inch,  of  175  pounds  after  1  day,  450 
pounds  after  7  days,  and  540  pounds  after  28 
days.  Briquettes  made  of  one  part  of  cement 
and  three  parts  of  standard  sand,  by  weight, 
shall  develop  a  tensile  strength  per  square  inch 
of  145  pounds  after  7  days,  and  220  pounds  after 
28  days. 

The  sand  and  gravel  used  in  the  concrete  are 
procured'  from  a  lied  at  Hyattsvllle,  Md.,  a  dis- 
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tance  of  about  eight  miles  from  the  filtration 
plant.  A  branch  railroad  has  been  built  be- 
tween the  filtration  plant  and  the  sand  and 
gravel  bed,  so  that  these  materials  are  shipped 
on  steel  cars  from  the  screens  to  the  work. 

The  sand  and  gravel  are  loaded  onto  4-yard 
dump-ears  with  a  steam  shovel,  hauled  about 
%  mile  and  dumped  into  a  canal  directly  oppo- 
site the  screens,  for  separating  them.    From  this 


as  some  of  the  outside  piers.     No  concrete  has 
yet  been  placed  in  the  vaulting. 

For  the  purpose  of  keeping  a  record  of  the 
progress  of  the  work,  sheets  are  made  to  a  scale 
of  1  inch  to  40  feet.  One  sheet  shows  the  floor 
blocks  and  the  number  of.  blocks  placed  on  any 
day  is  indicated  by  printing  on  each  square  the 
date  oil  which  its  block  was  put  In  place.  An- 
other sheet  shows  the  rate  of  progress  on  the 


The  Mii^ro  Bridge  Approaches. — I. 
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The  Mingo  bridge  carries  the  double-track 
Cross  Creek  Railroad  over  the  Ohio  River  near 
Mingo  Island  and  consists  of  three  long  chan- 
nel spans,  which  were  described  in  The  Engi- 
neering Record  of  October  3.  1903,  and  an  ap- 
proach on  the  Ohio  shore.  The  approach  has 
a  total  length  of  about  2,500  feet  and  is  at  pres- 
ent made  up  largely  of  a  heavy  timber  trestle 
with  four  spans  of  deck  plate  girder  and  truss 
construction  at  the  river,  and  other  similar 
spans  over  the  Pennsylvania  Railroad  and  Cross 
Creek.  Although  the  rail  is  In  many  places 
more  than  75  feet  above  the  original  surface  of 
the  ground,  the  structure  has  been  designed 
with  the  Intention  of  making  a  solid  fill  to  en- 
close the  timber  trestle  and  support  the  tracks 
after  the  trestle  shall  have  decayed.  After  the 
completion  of  the  fill,  the  trestle  will  be  left  in 
the  ground  to  gradually  disappear,  although  of 
no  further  service  in  carrying  the  tracks.  There 
are  in  the  approach  nine  plate-girder  spans, 
one  203-foot  through  truss  span,  one  80-foot 
deck-truss  span,  and  one  120-foot  deck-truss 
span,  all  of  which  are  supported  on  concrete 
piers  and  pedestals. 

The-  diagrams  showing  the  structure  at  the 
overhead  crossing  of  the  Cleveland  &  Pittsburg 
Railroad  (Pennsylvania  System)  are  typical  of 
the  general  arrangement  of  the  superstructure 
and  substructure,  and  indicate  some  of  the  spe- 
cial features  of  the  approach  masonry.  The 
most  notable  characteristics  are  that  it  is  made 
entirely  of  concrete  without  stone  facing,  that 
the  increased  bottom  sections  are  secured  en- 
tirely by  horizontal  offsets  without  the  use  of 
Inclined  or  battered  surfaces,  and  that  the  piers, 
instead  of  being  made  in  solid  masses,  have 
openings  through  them  transversely,  which  give 
them  the  effect  of  double  or  triple  shafts  united 


point  in  the  canal  they  are  raised,  together 
with  the  necessary  amount  of  water,  by  means 
of  two  centrifugal  pumps,  to  the  screens,  which 
are  so  perforated  and  arranged  that  all  stones 
larger  than  2  inches  are  rejected,  and  the  re- 
maining sizes  to  Vi  inch  are  carried  in  chutes 
to  cars  and  used  as  aggregate.  The  grains  less 
than  %  inch  size  are  carried  to  a  sand-washer, 
washed  and  used  as  sand. 

Qiie  of  the  accompanying  photographs  shows 
the  suctions  and  end  of  the  screens  for  separat- 
ing the  sand  and  gravel,  but  does  not  show  the 
sand  washer,  which  is  located  to  the  left  of  the 
screens,  and  at  a  lower  level.  The  method  of 
handling  the  concrete  materials  from  the  cars 
to  the  storage  bins  was  described  in  The  Engi- 
neering Record  of  May  28,  1904. 

The  plant  for  mixing  and  placing  the  con- 
crete consists  of  three  1-yard  Smith  concrete 
mixers,  one  standard  gauge  and  three  narrow 
gauge  locomotives  with  the  necessary  small  flat 
cars  for  carrying  the  buckets  of  concrete,  one 
600-foot  Lidgerwood  cableway  which  is  erected 
and  in  use,  one  400-foot  Lidgerwood  cableway 
which  is  in  the  process  of  erection,  and  three 
traveling  derricks. 

The  work  now  in  progress  consists  of  plac- 
ing the  concrete  in  the  filtered  water  reservoir 
and  a  block  of  ten  filters  which  is  entirely  sur- 
rounded by  courts  and  streets.  Tracks  are  laid 
around  the  block  of  filters  on  which  the  con- 
crete is  taken  by  means  of  the  locomotives  and 
cars  from  the  mixers  to  the  cableway  and  der- 
ricks. The  cableway  spans  the  block  and  is 
used  for  placing  most  of  the  floor,  some  of  the 
piers  and  walls  and  will  be  used  for  placing  the 
concrete  in  the  vaulting.  The  traveling  der- 
ricks are  used  for  handling  the  concrete  placed 
in  the  outside  floor  sections  and  walls,  as  well 
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piers  and  walls  in  the  same  manner,  and  still 
another  that  of  the  vaulting. 

The    quantities    of    concrete    of    the    several" 
classes    placed    are    accurately    computed    each 
morning  for  the  work  done  on  the  day  preced- 
ing and   posted   in  a  hook  ruled  for  that  pur- 
pose. 


by  deep,  full-centered  arches  at  the  top.  This 
feature  allows  the  high  embankment,  which 
reaches  to  the  tops  of  the  abutment  piers,  to 
slope  at  the  natural  angle  through  the  piers 
in  the  line  of  the  bridge  axis  and  thus  relieves 
the  great  pressure  which  would  otherwise  be 
developed  by  the  action  of  the  abutment  as  a 
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retaicinK  wall  This  effetns  a  i-onsiderable 
economy  in  the  amount  of  masonry  and  was  in- 
tended to  redui-*  the  i-ost  of  the  substructure. 
Although  it  requires  the  use  of  additional  gir- 
ders, with  a  length  proportioned  to  the  height 
of  the  emhanliment  to  j-arry  the  tracl(  from  the 
main  pier  to  the  top  of  the  slope,  it  "was  cal- 
culated that- the  cost  of  the  aimtment  and  gir- 
der combined  was  less  than  the  construction 
woald  bare  cost  without  the  short  span  if  the 
abutment  pier  had  been  made  heavy  enough  to 
resist  the  full  pressure  of  the  high  embank- 
ment acting  upon  it  as  a  retaining  wall. 

The  abutment  piers  are  made  with  face  walls 
carried  up  above  the  girder  seats  nearly  to  the 
level  of  the  rail  base,  so  as  to  protect  the  super- 
structure from  the  earth  in  the  upper  part  of 
the  emiMnkment.  This  construction,  like  the 
rest  of  the  piers,  is  carefully  dimensioned  In 
all  parts  to  the  proportions  required  for  the 
calculated  service  and  involves  a  considerable 
amount  of  variation  in  the  cross-sections.  This 
Is  effected  in  all  cases  with  rectangular  offsets. 
and  although  the  arrangement  is  as  simple  as 
possible  it  involves  more  elaborate  work  than 
is  OBually  found  in  either  masonry  or  concrete 
construction  of  this  type. 

Adjacent  to  the  main  lines  of  the  Pittsburg. 
Toledo  t  Western  Railroad  there  is.  for  several 
hundred  feet  of  the  approach,  a  parallel  track 
of  the  Wheeling  t  Lake  Brie  Railroad,  which 
is  carried  close  to  the  other  tracks,  but  has  a 


was  made  with  proportions  of  1:2:4'.!.;  con- 
crete in  tl>e  shafts  was  made  1:3:5,  and 
all  concrete  was  deposited  in  open  molds  or  in 
dry  pits.  The  pits  were,  of  course,  excavated 
with  vertical  sides  and  the, spaces  between  them 
and  the  concrete  were  back-filled  and  rammed 
after  the  latter  was  laid.  The  embankments 
and  iMick-flU  were  riprapped  with  slag  or  cinder 
up  to  high-water  lever. 

The  80foot-span  plate-girders  are  of  standard 
construction  with  9t!x%-inch  webs  shop-spliced 
in  lengths  of  abont  20  feet.  They  are  divid- 
ed into  panels  from  5  to  8  feet  long 
by  pairs  of  3Vjx3M!X%-inch  angles  at  the 
splices  and  at  intermediate  points.  At  the 
ends  of  the  girders  there  are  two  sets  of  verti- 
cal angles  2%  feet  apart  and  three  additional 
angles  in  the  center  of  this  short  panel  to  afford 
extra  reinforcement  for  the  ma.ximum  shear 
above  the  bearing.  The  web  splices  are  made 
with  a  pair  of  13x%-inch  plates  with  four  verti- 
cal rows  of  rivets.  Each  flange  consists  of  a 
pair  of  Gxex'^^l-inch  angles,  one  14x"^-inch  cover 
plate  58  feet  long  and  one  14x%-inch  cover  plate 
42  feet  long.  In  each  double-track  span  there 
are  four  girders  spaced  3  feet  3  inches  and  9 
feet  9  inches  from  the  center  line.  The  two 
center  girders  are  connected  together  by  hori- 
zontal transverse  angles  at  the  center  and  end 
of  the  span  and  at  four  intermediate  points, 
but  have  no  sway-bracing  between  them.  The 
girders  of  each  outside  pair  are  connected  to- 


differ  from  the  ordinary  pattern  in  tiiat  their 
sides  are  perfectly  straight  without  any  notch 
to  engage  the  center  guide  rib  generally  rivet- 
ed to  the  top  and  bottom  plates.  The  base  plate 
of  each  pedestal  has  longitudinal  guide  ribs 
on  both  edges,  and  the  bed  plate  for  the  roller 
has  a  pair  of  corresponding  guide  ribs,  all  of 
which  have  planed  edges  engaging  the  ends  of 
the  rollers  so  as  to  keep  them  in  position.  At 
the  fixed  ends  of  the  spans  the  pedestals  are 
seated  directly  on  granite  blocks,  which  are 
bedded  in  the  tops  of  the  piers  and  abutments, 
the  heights  being  varied  to  correspond  with 
the  differences  involved  by  the  expansion  roll- 
ers. The  capstones  are  set  with  great  accu- 
racy and  grouted  with  cement  to  secure  satis- 
factory bearing. 

Pier  9  was  located  so  close  to  the  tracks  of 
the  Cleveland  &  Pittsburg  Railroad  that  one 
side  of  the  excavation  was  wholly  in  the  slope 
of  a  fill  for  the  two-track  line  of  the  railroad. 
This  involved  a  cut  about  40  feet  deep  in  the 
slope  of  the  fill,  and  in  order  to  make  it  a  slight 
triangular  excavation  was  terraced  in  the  slope 
with  its  bottom  about  10  feet  above  the  sur- 
face of  the  ground.  Stringers  transverse  to 
the  embankment  were  placed  in  this  excava- 
tion and  were  blocked  up  iroin  the  surface  of 
the  ground  beyond  it  to  receive  a  pile-driver, 
and  a  row  of  permanent  round  piles  40  feet 
long  were  driven,  about  3  feet  apart  on  centers, 
for  the  full   length  of  the  excavation.     Six  of 
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grade  In  the  reverse  direction.  All  three  tracks 
are  supported  on  the  same  structure;  the  dif- 
ference in  grades  causes  an  unusual  type  of 
T)iers,  which  are  made  long  and  in  some  in- 
stances designed  with  one  end  much  higher 
than  the  other,  so  as  to  conform  to  the  different 
levels  for  the  girders.  This  feature  is  clearly 
shown  in  the  elevations  of  pier  and  abutment 
•  and  10,  which  are  typical  of  all  of  the  sub- 
stmctnre  work  except  that  at  the*  shore  end 
of  the  approach,  where  the  Wheeling  k  Lake 
Erie  track  reaches  the  surface  level  and  di- 
verges from  the  other  tracks,  so  that  it  is  no 
longer  supported  on  the  piers.  One  of  these 
piers  Is,  therefore,  made  to  carry  two  tracks 
'only  and  is  built  with  only  two  shafts,  which 
are  connected  by  the  usual  arched  top.  Piers  12 
and  13  are  made  with  four  shafts,  but  their 
details  correspond  to  those  of  piers  9  and  lu. 
All  of  the  arches  are  reinforced  by  1-inch  twisted 
steel  horizontal  rods  embedded  in  the  concrete 
Just  above  the  Intrados.  All  concrete  in  the 
foundation     and     above     the     springing     line 


gether  by  sway-brace  frames  in  the  planes  of 
the  above-mentioned  transverse  struts,  and  are 
also  connected  together  by  zig-zag  lateral  brac- 
ing of  single  3'/4x3'/aX%-inch  angles,  with  hori- 
zontal connection  plates  field-riveted  to  both  top 
and  bottom  fianges. 

The  girders  have  triple-web  riveted  shoes 
field-riveted  to  the  lower  fianges  at  both  ends. 
These  shoes  engage  4-inch  pins,  which  lock 
them  to  the  pedestals  of  corresponding  design. 
In  both  shoes  and  penestals  the  ceater  webs 
have  half-hole  bearings  and  the  side  webs 
have  half-hole  bearings  in  the  angles  and 
full  bearings  in  the  plates,  which  pro- 
ject so  as  to  form  jaws  and  lock  both  members 
together.  The  side  connection  angles  are  ar- 
ranged with  their  horizontal  flanges  in  reverse 
directions  In  the  shoes  and  in  the  pedestals  so 
as  to  give  the  latter  extended  bases  and  allow 
the  anchor  bolts  through  them  to  clear  the 
tollers. 

'  At  the  expansion  ends  the  pedestals  are  seated 
on  nests  of  eight  3-inch  rollers.     These  rollers 


these  piles  equidistantly  spaced  were  anchored 
by  steel  cables  passed  over  the  embankment 
under  the  tracks  and  attached  to  a  single-track 
pile  trestle  parallel  to  and  on  the  opposite  side 
of  the  embankment.  A  waling  piece  was  then 
laid  against  the  piles  on  the  embankment  side 
and  sheet  piling  was  started  on  the  outside  of 
it  and  driven  down  by  mauls  as  the  pier  exca- 
vation was  carried  through  the  slope  on  the 
other  side  of  the  round  piles.  In  this  way  the 
bank  was  retained  until  the  excavation  was 
made  to  water  level.  The  foundation  piles  were 
then  driven  in  the*  usual  manner,  and  after- 
ward an  inner  row  of  short  sheet  piles  were 
driven  around  the  excavation  to  permit  it  to 
be  carried  down  to  the  cut-off,  after  which  the 
pier  was  constructed.  The  special  advantage 
secured  by  this  system  was  the  avoiding  of  any 
horizontal  braces  to  retain  the  embankment 
slope,  which  would  have  seriously  obstructed 
the  operations  of  the  pile-driver. 

Piers   15   and    18   were   excavated   to  a   total 
.  depth   of  about   35   feet   to   the   surface   of   the 
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rock.  The  excavation  was  carried  through  15 
feet  of  hard  yellow  clay,  below  which  the  clay 
was  mixed  with  more  or  less  gravel  and  sat- 
urated with  water.  The  excavation  was  com- 
menced with  3xl2-inch  square-edge  sheet  piles 
driven  in  the  usual  way  between  inside  and 
outside  rangers.  These  were  driven  by  hand 
and  each  of  the  three  lower  tiers  ot  rangers 
were  braced  with  three  transverse  struts  and 
kneebraces  in  the  corners.  The  excavation  was 
■42  feet  long  and  22  feet  wide  on  top  inside  of  the 
sheeting.  The  clay  was  dry  and  hard  and 
would  stand  well  for  a  few  days  after  being 
exposed  to  the  air,  but  when  it  had  time  to 
become  saturated  with  moisture  it  commenced 
to  shove,  and  in  one  of  the  pits  moved  the  sheet- 
ing in  enough  to  somewhat  diminish  the  re- 
quired dimensions.  Therefore  in  these  pits  the 
inside  walings  were  placed  and  braced  as  soon 
as  the  excavation  permitted. 

After  the  18-foot  upper  tier  of  sheeting  was 
driven  a  horizontal  frame  of  9xl2-inch  timbers 
was  made  and  braced  to  correspond  with  one 
of  the  tiers  of  inside  walings,  but  bad  its  out- 


the  points  opposite  the  transverse  braces,  where 
another  full-size  section  of  sheet  piling  was 
used  instead  of  a  follower,  and  remained  per- 
manently in  position  to  transmit  the  pressure 
from  the  earth  to  the  cross  strut.  By  this 
means  the  sheeting  was  successfully  carried 
down  to  the  deep-lying  rock  under  heavy  out- 
side pressure  and  was  sustained  at  the  bottom 
of  the  pit  by  12xl2-inch  waling  timbers  4  feet 
apart  vertically.  The  pit  was  drained  by  two 
Cameron  pumps,  with  5-inch  suction  and  4-inch 
discharge  pipes.  The  excavation  was  made  in 
about  two  weeks.  Four  pedestals  S'/a  feet  square 
at  the  base  were  also  carried  down  to  a  depth 
of  35  feet  under  similar  conditions  by  the  same 
process.  As  each  one  of  these  pedestals  con- 
tained only  100  yards  of  concrete,  which  was 
paid  for  at  the  regular  unit  prices,  it  was  not 
probable  that  the  contractor  secured  an  undue 
profit  for  that  portion  of  the  work. 

The  end  view  of  the  storage-bins  was  taken 
from  the  cement  end  and  shows  the  concrete 
mixer  underneath,  with  the  track  on  which  the 
measuring  cars  were  operated  projecting  from 


Standard  Specifications  for  Cement. 

At  the  convention  of  the  American  Society 
for  Testing  Materials  held  last  week,  the  com- 
mittee on  standard  specifications  for  cement 
presented  a  report  embodying  its  recommenda- 
tions for  such  reauireraents.  The  committee 
consists  of  Prof.  George  F.  Swain,  chairman; 
George  S.  Webster,  vice-chairman;  Richard  L. 
Humphrey,  secretary;  Booth,  Garrett  &  Blair,, 
C.  W.  Boynton,  Thos.  J.  Brady,  Capt.  Spencer 
Cosby,  L.  Henry  Dumary,  A.  F.  Gerstell,  Edward 
M.  Hagar,  W.  H.  Harding,  Lathbury  &  Spack- 
raan,  Robert  W.  Lesley,  F.  H.  Lewis,  John  B. 
Lober,  Andreas  Lundteigen,  Charles  F.  Mc- 
Kenna,  W.  W.  Maclay,  Charles  A.  Matcham, 
Spencer  B.  Newberry,  Prof.  J.  M.  Porter,  Prof. 
Joseph  T.  Richards,  Clifford  Richardson,  L.  C. 
Sabin,  H.  J.  Seaman  and  S.  S.  Voorhees.  Mr. 
Alfred  Noble  was  a  member  of  the  committee 
until  a  few  days  before  the  convention,  when  he 
resigned.  A  glance  at  these  names  will  show 
how  well  the  leading  purchasers,  testing  labora- 
tories and  manufacturers  were  represented  on 
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Bide  dimensions  18  inches  less  than  the  inside 
dimensions  of  the  waling  tier  in  position.  The 
braces  were  then  removed  from  the  waling  tier 
and  the  new  framework  was  set  concentric  with 
it  in  the  same  plane  so  as  to  leave  a  clearance 
of  9  inches  between  the  timbers  of  the  old  and 
the  new  framework.  This  operation  was  re- 
peated for  each  of  the  three  interior  waling 
frames  which  supported  the  faces  of  the  3x12- 
Inch  sheet  piles.  Then  9xl2-inch  splined  sheet 
piles  18  feet  long,  with  lower  ends  bevelled, 
were  sec  in  this  9-inch  space  between  the  frames 
resting  on  the  bottom  of  the  excavation.  They 
were  driven  as  required  by  a  special  2,300-pound 
hammer  sliding  on  the  face  of  a  light  pair  of 
leads,  which  moved  around  the  pit  on  the  tim- 
ber track  shown  in  the  illustration,  and  was 
operated  by  a  skeleton  double-drum  hoisting  en- 
gine supplied  with  steam  from  the  power  plant. 
As  the  excavation  was  continued  the  piles 
were  driven  so  as  to  keep  them  just  below  the 
bottom  of  the  pit.  A  follower  was  used  which 
cleared  the  inner  and  outer  timliers,  except  at 


the  tower  in  the  foreground.  The  mixer  was 
located  near  Pier  5,  so  as  to  be  as  close  as  prac- 
ticable to  the  river  portion  of  the  bridge  and 
convenient  for  a  cement  track.  It  was  support- 
ed over  a  cut  which  carried  the  contractor's 
service  track  under  the  six  lines  of  the  Wheel- 
ing &  Lake  Erie  Railroad  and  thus  enabled  his 
operations  to  be  continuous,  without  any  in- 
terruption from  the  train  service.  The  tracks 
extended  beyond  the  concrete  plant  to  the  dock 
and  in  the  other  direction  connected  with  the 
track  alongside  the  piers. 

(To  be  continued.) 


An  Atmospheric  Steam  Surface  Condenser 
built  by  Mr.  A.  Borsig,  Tegel,  near  Berlin,  for 
the  municipal  abattoir  of  Berlin,  consists  of 
3,550  feet  of  brass  tubes  of  1%  inches  internal 
and  1%  inches  external  diameter.  It  is  regard- 
ed as  capable  of  dealing  with  13,000  pounds  of 
steam  per  hour  in  average  atmospheric  condi- 
tions at  all  seasons.  The  pump  for  the  cool- 
ing water  is  10  13/16x15%  inches  in  size. 


the  committee.  The  specifications  were  not  ap- 
proved by  four  members  of  the  committee  and 
there  was  somt-  opposition  to  them  at  the  con- 
vention, as  stated  elsewhere  in  this  issue,  but 
they  were  finally  ordered  sent  out  to  letter 
ballot  for  approval.    They  read  as  follows: 

General  Conditions. — All  cement  shall  be  in- 
spected. 

Cement  may  be  inspected  either  at  the  place 
of  manufacture  or  on  the  work. 

In  order  to  allow  ample  time  for  inspecting 
and  testing,  the  cement  should  he  stored  in  a 
suitable  weather-tight  building  having  the  floor 
properly  blocked  or  raised  from  the  ground. 

The  cement  shall  be  stored  in  such  a  manner 
as  to  permit  easy  access  for  proper  inspection 
and  identification  of  each  shipment. 

Every  facility  shall  be  provided  by  the  con- 
tractor and  a  period  of  at  least  twelve  days  al- 
lowed for  the  inspection  and  necessary  tests. 

Cement  shall  be  delivered  In  suitable  pack- 
ages with  the  brand  and  name  of  manufacturer 
plainly  marked  thereon. 
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A  bag  of  c«in«nt  shall  contain  94  iiouiuls  of 
c«ment  nei.  Each  barrel  of  Portlaiul  oetueut 
contain  4  bags,  and  each  barrel  of  natural 
at  shall  conuin  3  bags  of  the  above  net 
weiSht 

CemeBt  tailing  to  meet  the  seven-day  require- 
ments may  be  held  awaiting  the  results  of  the 
twenty-eight  day  tests  before  rejection. 

All  tests  shall  be  made  in  accordance  with 
the  methods  proposed  by  the  Committee  on 
Uniform  Tests  of  Cement  of  the  American  So- 
ciety of  Civil  Engineers,  presented  to  the  So- 
ciety January  31,  1903,  and  amended  January 
20.  1904,  with  all  subsequent  amendments 
thereto. 

The  acceptance  or  rejection  shall  be  based  on 
the  following  requirements: 

NAriRAL  Cemext. 

Definition. — This  term  shall  be  applied  to  the 
finely  pulverised  product  resulting  from  the  cal- 
cination of  an  argillacepus  limestone  at  a  tem- 
perature only  sufficient  to  drive  off  the  carbonic 
acid  gas. 

Specific  Oravilv. — The  specific  gravity  of  the 
cement  thoroughly  dried  at  100  deg.  C,  shall  be 
not  less  than  2.8. 

Fineneaa. — It  shall  leave  by  weight  a  residue 
of  not  more  than  10  per  cent,  on  the  No.  100, 
and  30  per  cent,  on  the  No.  200  sieve. 

Time  of  Setting. — It  shall  develop  initial  set 
in  not  less  than  ten  minutes,  and  hard  set  in  not 
lees  than  thirty  minutes,  nor  more  than  three 
hours. 

Tenaile  Strength. — The  minimum  require- 
ments for  tensile  strength  for  briquettes  one 
ln<li  square  in  cross  section  shall  be  within  the 
following  limits,  and  shall  show  no  retrogres- 
sion in  strength  within  the  periods  spei'lded: 

Ne«t  Cement. 

ijtrengib 
Aft.  I,b8. 

24  bonn  in  molit  air .'>0 — 100 

7  dar*  <  1  day  In  air.     «  days  In  water) .  .    100—200 

28  days  (I  day  In  air.  27  days  In  water).  .   200—30(1 

OnejMrt  cement,  three  parts  standard  sand. 

7  dayn  il  day  In  air.     6  dayg  In  water).  .      2.'i —  7."i 

2tt  days  It  day  In  .air,  27  days  In  water).  .      7.'> — 150 

Conatancy  of  Volume. — Pats  of  neat  cement 
about  three  inches  in  diameter,  one-half  inch 
thick  at  center,  tapering  to  a  thin  edge,  shall 
be  kept  in  moist  air  for  a  period  of  twenty-four 
honrs. 

(a)  A  pat  is  then  kept  in  air  at  normal  tem- 
perature. 

(b)  Another  is  kept  in  water  maintained  as 
near  70  deg.  F.  as  practicable. 

Theae  pats  are  observed  at  intervals  for  at 
least  28  days,  and,  to  satisfactorily  pass  the 
tests,  should  remain  firm  and  hard  and  show 
no  signs  of  distortion,  checking,  cracking  or 
disintegrating. 

POBTIAND  CCME.NT. 

Definilion. — This  term  is  applied  to  the  finely 
pulverized  product  resulting  from  the  calcina- 
tion to  Incipient  fusion  of  an  Intimate  mixture 
of  properly  proportioned  argillaceous  and  cal- 
careous materials,  and  to  which  no  addition 
greater  than  3  per  cent,  has  been  made  subse- 
quent to  calcination. 

Specific  Oravity.—The  8pe<;iflc  gravity  of  the 
cement,  thoroughly  dried  at  100  deg.  C,  shall 
be  not  less  than  3.10. 

Fineneaa.— It  shall  leave  by  weight  a  residue 
of  not  more  than  eight  per  cent,  on  the  No.  100, 
and  not  more  than  twenty-five  per  cent,  on  the 
No.  2«H)  sieve. 

Time  of  Setting.— It  shall  develop  initial  set 
in  not  less  than  thirty  minutes,  but  must  de- 
velop hard  set  In  not  less  than  one  hour,  nor 
more  than  ten  hours. 

Tenaile    Strength. — ^The    minimum     require-  • 
ments  for  tensile  strength  for  briquettes  one 
Inch  square  in  section  shall  be  within  the  fol- 
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lowing  limits,  and  shall  show  no  retrogression 
in  strength  within  the  periods  specified: 

Neat  Cement.  Strength 

Age.  I-bs. 

24  hours  In  moUt  air 150 — 200 

7  days  il  day  In  air,     6  days  in  water).  .   4.">0 — 55(i 

25  days  {I  day  In  air,  27  da.vs  in  wnterl.  .    550 — 050 

One  i>art  i-ement.  three  parts  sand. 
7  dars    (1    day    In    niulst    air,      U   days   In 

•  water)    150—200 

28  days    ( 1    dav    In    moist    air,    27    tra.vs    In 

water)    2m>— 300 
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Constancy  of  Volume. — Pats  of  neat  ceiiient 
about  three  inches  in  diameter,  one-half  inch 
thick  at  center,  and  tapering  to  a  thin  edge, 
shall  be  kept  in  moist  air  for  a  period  of  twenty- 
four  hours. 

(a)  A  pat  is  then  kept  in  air  at  normal  tem- 
perature and  observed  at  intervals  for  at  least 
28  days. 


Section  A-A 


End  Elevortion. 


Elevo+ion. 


Section  B-B 


Pier    10. 
Mingo  Bridge:      Offset  Shafts  and  Arch  Tops  of   Monolithic   Concrete  Piers. 
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(b;  Another  pat  Is  kept  in  water  maintained 
.as  near  70  deg.  F.  as  practicable,  and  observed 
.at  intervals  for  at  least  28  days. 

(c)  A  third  pat  is  exposed  in  any  convenient 
way  in  an  atmosphere  of  steam,  above  boiling 
water,  in  a  loosely  closed  vessel  for  five  hours. 

These  pats,  to  satisfactorily  pass  the  require- 
ments, shall  remain  firm  and  hard  and  show  no 
signs  of  distortion,  checking,  cracking  or  dis- 
integration. 

Sulphuric  Acid  and  Magnesia. —  The  cement 
shall  not  contain  more  than  1.75  per  cent,  of 
.anhydrous  sulphuric  acid  (SOJ,  nor  more 
.than  4  per  cent,  of  magnesia  (MgO). 


A  Coal  Store  in  Solid  Rock  has  been  com- 
pleted at  Gibraltar  for  the  British  Govern- 
ment by  Graham,  Morton  &  Company,  Leeds, 
Eng.  It  is  hewn  out  of  the  rock  so  as  to  be 
bombproof,  and,  owing  to  the  location  of  the 
operating  engine  and  boiler  houses  under  rock, 
the  latter  are  maintained  under  an  air  pressure 
to  secure  ventilation.  The  bottom  of  the  re- 
•ceiving  hopper  into  which  the  coal  is  deliv- 
ered by  a  mechanical  conveying  plant  consists 
•of  a  hinged  door  controlled  by  a  lever  and  bal- 
ance weight.  When  there  is  sufficient  coal  in 
the  hopper  to  overcome  the  balance,  the  door 


; 

DDDDD   DOaDD 

1 

a»a»oa«D»a 

.1 

D»a»aa«D»a 

i 

DDaaa  aaaaa 

I j,g, j 

n 

THE    ENGINEERING    RECORD. 

The    Woodsville    Kailroad   and   Highway 
Bri^e. 

The  new  Woodsville  bridge  carries  a  single 
track  of  the  Boston  &  Maine  Railroad  and  a 
highway  across  the  Connecticut  River  between 
the  villages  of  Woodsville,  N.  H.,  and  Wells 
River,  Vt.  It  crosses  the  channel  at  a  narrow 
point  with  a  single  239-foot  span,  and  is  inter- 
esting on  account  of  its  details,  because  it  is  the 
sixth  structure  which  has  been  built  at  this 
point,  and  because  it  was  the  first  single-span 
bridge  over  the  Connecticut  River.  The  first 
charter  was  granted  in  1803  to  the  Wells  River 
Bridge  Company,  which  erected  the  first  bridge 
on  trestles  in  the  year  1805.  It  was  built  by 
Mr.  Avery  Sanders  for  a  contract  price  of 
$2,700,  and  was  destroyed  by  a  flood  in  1807. 
It  was  replaced  the  same  year  with  a  similar 
structure,  which  stood  for  seven  years  and  was 
washed  out  by  a  flood  in  1812.  Much  of  the 
timber  was  saved,  hut  it  was  not  rebuilt  until 
1820  or  1821,  when  it  was  reconstructed  at  a 
cost  of  $2,585.61,  and  endured  until  1850,  when 
it  was  again  destroyed  by  a  flood.  The  fourth 
bridge  was  built  in  1851  with  timber  trusses 
and  wooden  piers,  and  was  soon  sold  to  the 
Boston,  Concord  &  Montreal  Railroad,  which 
replaced  it  by  a  wooden  bridge  of  the  Burr 
truss  type,  which  remained  in  service  until  it 
was  removed  in  December,  1903,  to  make  room 
for  the  present  steel-truss  bridge. 
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There  was,  however,  clearance  left  between  the 
center  and  outer  pieces,  which  were  framed 
to  receive  the  9xl5-inch  vertical  members.  In 
combination  with  the  trusses  there  was  a  single 
wooden  arch  rib  on  each  face  of  each  truss. 
These  ribs  had  a  clear  span  of  231  feet  3  inches 
and  a  rise  of  30  feet  9  inches  for  the  intrados. 
The  cross-section  was  10  inches  wide  and  37 
inches  deep,  and  the  ribs  were  built  up  of 
planks  bolted  together  flatways. 

In  1868  the  bridge  was  repaired  and  strength- 
ened by  the  addition  of  vertical  rods  to  relieve 
the  strain  on  the  timber  verticals  and  to  tie 
the  arches  and  trusses  together  more  effectively. 
In  1886  the  bridge  was  further  reinforced  by  the 
addition  of  a  single  timber  arch  on  the  inside  of 
each  truss.  These  arches  had  a  cross-section 
12  inches  wide  and  69  Inches  deep,  with  a  rise 
of  about  28  feet  6  inches  for  the  Intrados.  Ver- 
tical suspension  rods  through  them  had  nut 
bearings  at  both  ends  and  at  the  bottom  carried 
horizontal  transverse  timbers,  affording  addi- 
tional support  to  the  lower  chords  of  the  trusses 
at  two  Intermediate  points  of  each  panel.  The 
addition  of  these  arches  reduced  the  clear  width 
of  the  roadway  to  12  feet  4  Inches,  and  made  it 
too  dark  and  narrow  for  safety.  When  the 
bridge  was  removed  in  1903  the  timber  was 
sound  and  showed  no  signs  of  decay,  except  at 
the  ends  of  the  arches. 

Bridge  No.  6  occupies  the  site  of  No.  5,  but  Is 
seated  on  new  granite  abutments  carried  down 
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Mingo  Bridge:      Truss  and  Plate-Girder  Spans  and  Expansion   Bearing   for  Overhead  Crossing. 


Pier  7 


automatically  opens.  Immediately  closing  after 
the  coal  is  discharged  and  so  avoiding  the 
■escape  of  air. 


An  Earth  Dam  90  feet  high  above  the  bed  of 
the  stream  is  being  built  for  the  city  of  Tyne- 
mouth,  England.  The  embankment  across  the 
valley  will  be  1,100  feet  long  and  it  will  have 
two  arms,  which  will  run  out  to  1,500  feet.  The 
foundation  trench,  which  has  been  excavated 
tor  a  length  of  1,300  feet  to  an  average  depth  of 
30  feet  below  the  ground  surface,  will  be  filled 
with  concrete,  and  above  the  surface  the  dam  is 
to  have  a  puddled  clay  core.  The  width  of  the 
base  of  the  dam  is  600  feet.  The  reservoir  will 
have  a  maximum  depth  of  80  feet  and  a  ca- 
pacity of  about  850,000,000  gallons.  Accord- 
ing to  the  "Surveyor,"  in  order  to  allow  of  the 
work  being  carried  on  it  was  necessary  to  divert 
the  stream  through  a  tunnel  15  feet  in  diameter 
and  650  feet  long.  This  tunnel  is  lined  with 
Iron,  and  has  a  concrete  and  brick  Invert.  When 
the  reservoir  is  completed  the  tunnel  will  be 
used  for  the  purpose  of  carrying  off  the  over- 
flow and  the  compensation  water  which  must  be 
allowed  to  flow  through  the  stream. 


The  fifth  bridge  was  built  with  two  decks 
and  was  intended  for  highway  traffic  on  the 
lower  deck  and  for  railroad  traffic  on  the  upper, 
deck,  which  was  covered  by  a  pitched  wooden 
roof.  It  was  operated  for  50  years  for  railroad 
service  and  as  a  toll  bridge,  the  major  part 
of  the  stock  being  owned  by  the  railroad  com- 
pany. Mr.  Cyrus  Latham  was  the  engineer  and 
Mr.  Warren  H.  Smith  was  the  contractor.  The 
original  cost  was  about  $20,000,  including  the 
cost  of  land  and  approaches.  It  was  built  of 
selected,  old-growth  white  pine,  hauled  to  the 
site  by  six-horse  teams  from  Whitefield,  32 
miles  away.  It  appears  that  the  builders  were 
not  exempt  from  the  troubles  that  attend  simi- 
lar work  now.  An  item  in  the  resident  engi- 
neer's diary  records  that  on  November  30,  1852, 
seventy-five  men  from  a  rival  railroad  took 
possession  of  the  work  on  the  west  side  of  the 
bridge,  but  were  finally  driven  off  about  mid- 
night and  did  not  reappear,  although  two  or 
three  hundred  workmen  were  collected  to  resist 
them  the  next  day. 

The  span  built  in  1852  had  two  wooden  Burr 
trusses  about  238  feet  long  and  24  feet  deep 
over  all,  and  19  feet  4  inches  apart  on  centers. 
They  supported  a  highway  floor  on  the  lower 
chord  timbers  and  were  covered  by  a  shingle 
roof.  Each  chord  was  made  with  two  pairs  of 
horizontal  timbers  bolted  together  side  by  side 
without    flllers    between  the  two  centerpieces. 


to  bedrock  on  the  east  side  and  having  foun- 
dations on  hard  earth  on  the  west  side.  It  has 
a  239-foot  2-inch  center-to-center  pin-connected 
span  and  two  overhead  plate-girder  approach 
spans,  as  shown  in  the  general  elevation,  which 
is  symmetrical  about  the  center  line,  except 
that  the  girder  span  not  shown  is  about  52  feet 
long.  It  is  built  to  the  standard  specifications 
of  the  Boston  &  Maine  Railroad,  and  carries  a 
single  track  on  the  upper  deck  and  a  highway 
and  one  cantilever  sidewalk  about  9  feet  above 
the  lower  chord  level.  The  Pratt  trusses  have 
subdivided  panels  with  vertical  struts  and  sus- 
penders to  support  the  intermediate  floorbeams. 
The  top  lateral  system  has  X-braces  of  single 
and  double  6x3%-inch  and  5x3%-inch  and  3V4x 
3y2-inch  angles  in  every  panel  between  floor- 
beams.  The  ends  of  the  diagonals  are  field- 
riveted  to  horizontal  plates  which  engage  con- 
nection angles  on  the  floorbeam  webs,  and  have 
Z-shaped  connections  to  the  lower  flanges  of 
the  top  chords.  The  lower  lateral  system  con- 
sists of  single  3-inch  X-brace  angles  fleld-riveted 
to  horizontal  plates,  which  are  connected  to  the 
floorbeam  webs  and  to  the  vertical  poets.  In 
both  upper  and  lower  lateral  systems  the  ver- 
tical flanges  of  the  angles  are  turned  upward  in 
one  diagonal  and  downward  in  the  other  diag- 
onal of  the  same  panel,  so  that  the  two  members 
clear  each  other  and  are  fleld-riveted  to  hori- 
zontal connection  plates  at  their  intersection. 
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1kw«  are  no  sway-brace  diagonals,  but  trans-  2  feet  from  each  main  panel  point  and  the  joints      both  ends  of  the  chords.     At  the  ends  of  the- 

TBtW    rigidity    is    secured    by    solid-web    knoe-  are  covered  by  top  and  bottom  flange  plates  33      span  the  chords  are  connected  to  the  vertical 

braces  to  the  vertical  posts  at  the  lower  flanges  inches   long   and   by    vertical    web    plates   6\<>      posts  with  miter  joints  and  Va-ineh  clearance. 

of  the  upper  floorl>eams.  inches  wide,  all  of  which  are  fleld-rlveted  to      The  main  vertical  posts  are  pin-connected  to 

The  top  chord  is  made  with  a  center  web,  ex- 
cept in  the  two  end  panels.    It  is  spliced  about  c^, ,—_ Base  of  nail.  ,i 

F-i c=t-^  _^^  rirn — nrir 
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*oth  chords  and  the  sub-verticals  are  fleld-riv- 
■eted  to  the  top  chords. 

The  sub-verticals  are  continuous  members, 
reaching  across  the  full  depth  of  the  trusses 
and  pin-connected  to  the  diagonals  at  their  in- 
tersections. The  upper  part  of  the  member  is 
■made  heavier  than  the  lower  part,  because  the 


side  of  the  bridge,  is  supported  by  solid-web 
cantilever  braclcets  field-riveted  to  the  vertical 
posts  and  sub-verticals.  The  upper  flanges  of 
these  bracliets  are  spliced  to  those  of  the  floor- 
beams  by  horizontal  transverse  plates  in  ver- 
tical planes,  which  engage  pairs  of  connection 
angles  field-riveted  to  the  floorbeara  and  canti- 


Woodsville   Bridge:      View  of  Old  Span  with   Traveler  and   Falsework. 

load  on  the  railroad  floorbeam  which  it  sup- 
ports is  much  greater  than  that  on  the  highway 
floorbeam  which  is  supported  by  the  lower  part. 
Both  ends  have  I-shaped  cross-sections  made 
with  pairs  of  angles  back  to  back,  latticed  to- 
gether. At  the  upper  end  the  angle  flanges  are 
field-riveted  to  the  top  chord  webs.  At  the 
lower  end  there  are  horizontal  flange  angles 
field-riveted  across  the  tops  of  the  longitudinal 
horizontal  flange  angles,  shop-riveted  to  gusset 
plates  connected  to  the  webs  of  the  stiff  end 
panels  of  bottom  chords.  The  lower  ends  of  the 
other  sub-verticals  are  riveted  to  gussets,  which 
are  connected  by  a  single  line  of  rivets  to  the 
center  pair  of  eye-bars  of  the  bottom  chord. 

The  intermediate  top  floorbeams  are  48-inch 
plate-girders  with  short  end  sections  of  the  web 
projecting  beyond  the  lower  flanges  to  afford 
sufficient  length  for  connection  to  the  vertical 
posts,  as  indicated  in  the  detail  at  the  main 
panel  point.  The  connection  at  the  sub-panel 
point  is  similar,  except  that  the  field  rivets  to 
the  sub-vertical  are  shorter  than  those  to  the 
main  vertical.  The  web  splice  is  made  with 
double  cover-plates,  which  extend  to  the  end  of 
the  floorbeam  and  reinforce  it  at  the  point  of 
maximum  shear.  The  upper  ends  of  the  floor- 
beam  webs  are  notched  to  clear  the  chord  pins 
and  are  stiffened  by  neatly  curved  flange  angles. 

The  highway  floorbeams  are  20-inch  plate- 
girders,  which  are  web-connected  to  the  vertical 
and  sub-vertical  posts,  with  their  flanges  about 
8  feet  above  the  center  line  of  the  bottom  chord. 
They  carry  wooden  longitudinal  joists,  which 
are  dapped  over  the  top  flanges,  so  as  to  give 
the  required  crown  to  the  wooden  floor.  Trans- 
verse angle  struts  connecting  the  bottom 
chords  at  panel  points  are  supported  in  the 
center  by  vertical  suspension  angles  from  the 
middles  of  the  floorbeams. 

The  5-foot  sidewalk,  which  Is  carried  on  one 


vertical  posts  bolted  to  short  vertical  angles 
projecting  above  the  upper  flanges  of  the  canti- 
lever brackets,  and  stayed  by  bolts  through  the 
outer  line  of  longitudinal  joists. 

The  end  floorbeams  for  both  the  upper  and 
lower  roadways  are  similar  to  the  intermediate 
floorbeams  of  the  respective  systems,  except 
that  they  are  made  very  much  deeper,  so  as  to 
act  as  transverse  girders  supporting  the  river 
ends  of  the  longitudinal  girders  in  the  ap- 
proach span.  The  upper  floorbeams  also  serve 
as  portals  and  their  ends  are  connected  to  deep 
kneebrace  brackets.  The  two  lines  of  main  rail- 
road stringers  have  a  24x7/16-inch  web  and 
pairs  of  6x6xyo-inch  flange  angles.  They  are 
connected  to  the  floorbeams  by  fourteen  %-inch 
rivets  through  the  vertical  flange  angles  at  each 
end.  The  outside  stringers  are  made  with  a 
22x5/16-inch  web  and  3%x3i^x%-inch  flange 
angles,  and  have  ten  rivets  in  each  floorbeam 
connection.  None  of  the  stringers  have  vertical 
web-stiffener  angles,  and  all  of  them  are,  for 
convenience  of  erection,  seated  on  horizontal 
bracket  angles. 

The  end  lower  chord  pins  have  half-hole 
bearings  In  the  webs  of  both  the  vertical  posts 
and  shoes,  between  which  there  is  \(,  inch  clear- 
ance. The  Inside  pin  plates  of  the  vertical  posts 
and  the  outside  pin  plates  of  the  shoes  project 
to  form  jaw-plates  and  have  full  holes  which 
lock  the  members  together.  The  shoe  webs  are 
connected  by  a  transverse  diaphragm,  and  are 
extended  to  a  length  of  4  feet  at  their  connec- 
tion to  the  1-inch  base  plate  2  feet  10%  inches 
wide,  which  is  seated  at  the  expansion  end  on  a 
nest  of  eleven  4-inch  rollers.  The  rollers  are 
supported  on  a  cast-iron  pedestal  13  inches  high, 
which  is  exactly  similar  to  that  shown  for  the 
fixed  end  bearing,  except  in  its  height,  which  is 
made  less  to  allow  for  the  thickness  of  the  roller 
bed,  and  that  it  has  a  longitudinal  rib  to  engage 


Details  of   Wooden    Arch  and   Truss   after   Nearly   Fifty  Years'  Service. 


lever  flanges.  At  the  cantilever  end,  these 
angles  are  shop-riveted  to  the  splice  plale,  but 
at  the  other  end  all  of  their  rivets  are  fleld- 
driven.  Both  vertical  posts  and  sub-verticals 
are  stiffened  by  transverse  diaphragms  at  the 
fioorbeam  connection.  The  outer  edge  of  the 
sidewalk  is  protected  by  a  wooden  fence  with 


the  groove  in  the  rollers,  while  the  fixed  end 
pedestals  have  a  transverse  groove  to  engage 
the  projecting  strip  which  is  riveted  across  the 
base  plate  of  the  shoe,  and  serves  to  center  the 
pedestal  during  erection.  Both  pedestals  hare 
their  upper  surfaces  planed  and  are  secured  to 
the  masonry  by  four  1-inch  anchor  bolts. 
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The  approach  span,  which  is  shown  In  the 
CHierml  •levrntion,  corr«8ponds.to  the  one  at  the 
OMPoaltA  end  of  the  bridge,  except  In  the  dlmen- 
•ad  materials  for  the  girders.  The  41 V^- 
agmu  haa  a  S6-inch  web  and  6x66^-inch 
■■>«•  anslM  with  a  aingle  14-inch  cover-plate 
on  ««ch  llante.  The  52-foot  span  has  a  66-inch 
veb  plate  and  ez6x7/16-inch  flange  angles,  with 
two  IS-lnch  cover-plates  on  both  flanges.  At  the 
rlrer  end  of  the  span  the  girders  are  web-con- 
Bected  to  the  end  floorbeams  of  the  channel 
iVan.  At  the  shore  end  they  are  seated  on  bed- 
plates bolted  to  the  abutment  masonry.  At  this 
«ad  there  is  a  ^-inch  sole-plate  countersunk- 
riveted  to  the  lower  flange  with  a  4MiXl-inch 
■etch  in  the  center  of  each  longitudinal  edge  to 
clear  the  guide  lugs  on  the  cast  bed-plates  and 
allow  for  temperature  movements. 

In  both  spans  the  girders  are  spaced  14  feet 
apart  on  centers  and  are  divided  into  10-foot 
S%-inch  main  panels  by  the  32-inch  floorbeams. 
which  are  web-connected  to  them.  The  shore- 
end  floorbeams  are  set  lower  than  the  inter- 
mediate floorbeams,  so  as  to  support  the  main 
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rails  clear  of  the  top  flanges  of  the  floorbeams. 
The  ends  of  the  Intermediate  floorbeams  are 
seated  on,  and  fleld-rlveted  to,  horizontal  angles 
which  are  shop-riveted  to  the  main  girder  webs 
and  afford  connection  for  the  horizontal  gusset 
plates,  which  are  also  field-riveted  to  the  bottom 
flanges  of  the  floorbeams  and  receive  the  ends 
of  the  3x3-lnch  X-brace  lateral  angles.  At  the 
shore  end  of  the  span  these  lateral  angles  have 
horizontal  connection  plates  riveted  to  the  webs 
of  both  floorbeams  and  main  girders. 

The  track  ties  are  covered  with  2-inch  longi- 
tudinal planks  laid  with  tight  Joints  to  form  a 
roof  over  the  roadway  and  protect  it  from  drip- 
ping oil.  water,  etc.  A  gas-pipe  hand  rail  is 
carried  along  one  side  of  the  upper  deck  and 


level,  and  the  depth  of  the  water  is  from  22  ta 
40  feet.  A  frame-trestle  falsework  was  built, 
on  which  the  old  bridge  was  supported  during, 
removal,  as  shown  by  the  accompanying  half- 
tone. The  old  structure  was  taken  down  by  an 
ordinary  timber  traveler,  which  moved  on  a 
single  rail  outside  of  each  truss,  and  was  after- 
ward used  in  the  ordinary  manner  for  the  erec- 
tion of  the  steelwork. 

The  bridge  was  designed  and  its  construction 
directed  by  the  Engineering  Department  of  the 
Boston  &  Maine  Railroad,  Mr.  H.  Bissell,  chief 
engineer,  and  Mr.  J.  P.  Snow,  bridge  engineer. 
Mr.  John  W.  Storrs,  assistant  engineer,  was  in 
charge  of  erection  and  inspection.  The  Amer- 
ican  Bridge  Company  was  the  contractor  for 
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stringers  directly  on  their  top  flanges.  The 
Intermediate  floorbeams  are  web-connected  to 
both  main  and  side  stringers,  and  have  the 
upper  comers  of  their  webs  cut  to  clear  the 
top  flanges  of  the  main  girders,  to  which  they 
are  fleld-riveted  through  the  vertical  end  con- 
Biectlon  flanges.  The  top  flange  angles  are  re- 
versed so  that  their  horizontal  legs  are  down 
and  engage  the  cover-plates  of  the  top  flanges 
of  the  main  girders,  to  which  they  are  fleld- 
riveted.  The  main  and  side  stringers  are  re- 
spectively 18-lnch  60-pound  and  15-lnch  42- 
pound  I-beams  corresponding  to  those  In  the 
channel  span.  Their  top  flanges  are  flush  with 
the  top  flange  angles  of  the  main  girders,  so 
that  the  thickness  of  the  track  ties  carries  the 


provides  a  safe  foot  walk  on  the  top  chord  of 
the  channel  span  (which  is  flush  with  the  top 
of  the  2-inch  plank  mentioned  above),  and  the 
projecting  ties  of  the  approach  spans,  for  the 
yardmen  while  attending  to  the  large  amount  of 
shifting  which  is  done  over  the  bridge.  The 
vertical  posts  for  this  hand  rail  are  4x3-inch 
angles  with  one  flange  riveted  to  horizontal 
angle  clips  fleld-rlveted  to  the  top  and  bottom 
flanges  of  the  top  chord.  In  the  girder  spans 
the  angle  posts  have  a  single  horizontal  flange 
angle  at  the  foot,  which  is  bolted  to  an  ex- 
tended cross-tie,  the  extremity  of  which  re- 
ceives a  kneebrace  angle  riveted  to  the  top  of 
the  fence  post. 
The   railroad   track   Is   45   feet   above   water 


the  superstructure,  and  Messrs.  Ellis  &  Buswell, 
of  Woburn,  Mass.,  were  the  contractors  for  the 
substructure. 


Thk  Inter.natio.val  ExniBiTiox  .\t  Likoe, 
1905,  has  allotted  some  300,000  square  feet  of 
space  to  the  department  of  engines,  boilers,  gas- 
producers  and  railway  rolling  stock.  Of  this 
199,507  square  feet  has  been  apportioned  to  Bel- 
gium, 45,531  to  Germany,  40,580  to  France, 
6,996  to  Great  Britain  and  5,650  to  the  United 
States.  The  total  area  is  said  to  be  9  per  cent, 
more  than  that  devoted  to  the  corresponding 
sections  In  the  Diisseldorf  Exhibition  of  1902. 
Exhibitors  are  to  be  charged  fl.lO  per  square 
foot  for  rental. 
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The  ftuittacas  Pumping  Station  and  Other 
Features  of  the  New  Bedford  Water  Works. 


New  Bedford  is  a  manufacturing  city  with  a 
population  of  about  72.000,  situated  in  the  ex- 
treme southeasterly  part  of  Massachusetts,  on 
Buzzards  Bay.  The  construction  of  a  water- 
works system  was  commenced  in  1866  and  com- 
pleted in  1869.  Water  was  introduced  Novem- 
ber 26,  1869.  The  source  of  this  supply  was  a 
storage  reservoir  artificially  formed  by  con- 
structing a  dam  across  the  valley  of  the  Acush- 
net  River,  at  a  point  seven  miles  north  of  the 
center  of  the  city.  The  area  of  the  watershed 
tributary  to  this  reservoir  is  3,300  acres;  the 
area  of  the  water  surface  of  the  reservoir  is  300 
acres,  and  the  capacity  of  the  reservoir  Is  400,- 
000,000  gallons.  The  water  flows  by  gravity  from 
this  reservoir  through  a  3x4  foot  oval  brick 
conduit  5%  miles,  to  a  receiving  reservoir  of 
3,000,000  gallons  capacity,  in  the  city.  A  pump- 
ing plant,  known  as  the  Purchase  Street  pump- 
ing station,  is  near  this  receiving  reservoir,  and 
from  this  point  the  water  was  pumped  to  the 
Mt.  Pleasant  distributing  reservoir,  which  has 
a  capacity  of  15,000,000  gallons,  and  is  at  an 
elevation  of  154  feet  above  tide  water.  From 
this  last  named  reservoir  the  water  was  dis- 
tributed by  gravity  throughout  the  city  pre- 
vious to  July  10,  1899.  The  capacity  of  the 
storage  reservoir  was  augmented  by  a  connec- 
tion with  Little  Quittacas  Pond,  made  in  1886. 
This  connection  was  discontinued  in  1899,  when 


Little  Quittacas  watershed  has  an  area  of  1.4 
square  mile  and  that  of  Great  Quittacas  is 
11.4  square  miles,  making  a  combined  area  of 
12.8  square  miles  for  the.  gathering  ground  of 
the  new  supply.  The  supply  appears  now  to 
be  ample  for  at  least  10,000,000  to  12,000,000 
gallons  per  day,  through  the  dryest  season. 
Whenever  the  increase  in  the  demand  causes  a 
shortage,  the  storage  can  be  increased  by  rais- 
ing the  level  of  the  ponds  at  least  two  feet. 

The  two  ponds  have  an  available  storage  ca- 
pacity of  4,050,000,000  gallons  above  the  invert 
of  the  conduit  conveying  water  to  the  new  pump- 
ing station,  and  the  water  is  of  satisfactory 
quality,  although  subject  at  times  to  some  of 
the  failings  as  to  taste  and  odor  which  afHict,  In 
various  degrees,  all  surface  water  supplies.  For 
1903  the  average  daily  consumption  of  the  city 
was  6,946,000  gallons,  or  96  gallons  per  capita, 
all  of  which  had  to  be  pumped,  since  the  water 
surface  of  the  ponds  is  not  high  enough  to  fur- 
nish a  suitable  pressure  even  in  the  low  areas  of 
the  city.  Some  meters  are  used,  19.7  per  cent, 
of  the  services  being  metered. 

No  available  satisfactory  site  for  a  new  dis- 
tributing reservoir  was  to  be  found  nearer  than 
High  Hill,  about  five  miles  from  the  center  of 
the  city,  and  eight  miles  from  the  site  selected 
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laying.  After  five  years  of  use,  the  pipe  line 
was  thoroughly  examined  inside,  and  at  some 
points  on  the  outside,  and  the  coating  was 
found  in  almost  perfect  condition;  it  is  be- 
lieved to  be  In  excellent  condition  now,  after  the 
expiration  of  nearly  seven  years.  To  aid  In 
the  construction  of  this  pipe  line  and  the  pump- 
ing station,  a  branch  railroad  about  4%  miles 
long  was  laid  along  the  line  from  the  tracks 
of  the  New  Bedford  division  of  the  New  York, 
New  Haven  &  Hartford  Railroad,  crossed  by  the 
pipe,  and  since  that  time  this  spur  track  has 
been  maintained  for  the  purpose  of  conveying 
coal  and  other  supplies  to  the  pumping  sta- 
tion. The  new  supply  main  from  High  Hill 
reservoir  to  the  city,  is  36  inches  In  diameter 
and  3%  miles  long;  it  passes  the  Mount  Pleas- 
ant distributing  reservoir,  constructed  In  1869, 
and  is  connected  to  It  by  a  pipe  In  which  there 
is  a  check  valve,  ordinarily  held  shut  by  the 
pressure  in  the  new  main,  because  the  new 
reservoir  is  62  feet  higher  than  the  old.  There 
is  a  36-inch  by-pass  around  High  Hill  reservoir 
connecting  the  force  main  with  the  new  supply 
main. 

The  new  pumping  station  is  attractively  situ- 
ated' and  surrounded  by  neatly  kept  grounds. 
Its  architectural  style  and  general,  appearance 
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Gatehouse,  High   Hill  Reservoir 


Little  Quittacas  Pond  was  made  a  part  of  the 
new  system,  then  established  to  meet  the  urgent 
need  for  a  better  water  supply. 

There  were  so  many  defects  in  the  old  system 
that  after  a  long  study  as  to  the  feasibility  of 
patching  it  up,  it  was  decided  to  begin  anew. 
The  new  supply  was  obtained  by  the  develop- 
ment of  the  watersheds  of  Little  and  Great 
Quittacas  ponds,  eleven  miles  north  of  the  cen- 
ter of  the  city.  Besides  these  ponds  the  new 
works  Include  a  pumping  station  of  20,000.000 
gallons  daily  capacity  on  the  shore  of  Little 
Quittacas  Pond,  a  48-inch  stepl  force-main  8V4 
miles  long,  leading  to  High  Hill  distributing 
reservoir,  which  has  a  capacity  of  67,000.000 
gallons,  and  a  36-inch  cast-iron  distribution 
main,  leading  to  the  city,  3%  miles  in  length. 
Both  old  and  new  systems  of  supply  are  shown 
on  the  accompanying  map,  which  also  indicates 
their  locations  with  respect  to  the  city.  Inci- 
dentally it  may  be  stated  that  the  old  system 
above  described,  was  totally  abandoned  with  the 
Introduction  of  the  new  supply  in  1899.  It  is, 
however,  held  in  readiness  for  a  quick  start  at 
the  Purchase  Street  pumping  station  In  case  of 
emergency,  as  for  example,  a  break  in  the 
single  line  of  pipe  leading  from  the  hew  dis- 
tributing reservoir  to  the  city. 


for  the  new  pumping  station  at  Little  Quitta- 
cas Pond.  On  the  top  of  this  hill  a  reservoir 
of  two  basins,  formed  partly  by  excavation 
and  partly  by  embankment,  having  a  capacity 
of  67,000,000  gallons,  was  built,  so  that  its 
water  surface,  when  full,  would  be  166  ^  feet 
above  the  level  of  Little  Quittacas  Pond,  and 
afford  a  pressure  on  the  distribution  pipe  sys- 
tem ranging  from  93  pounds  along  the  water 
front,  to  abc^t  25  pounds  on  the  hilltop.  This 
reservoir  is  lined  with  concrete  6  inches  deep 
on  the  horizontal  portions,  and  9  inches  thick 
on  the  inside  slopes.  The  embankment  has 
proved  to  be  an  exceedingly  sound,  tight  em- 
bankment. The  new  distributing  reservoir's 
being  located  62  feet  higher  than  the  former 
distribution  level,  forever  takes  care  of  the 
high-service  supply,  which  was  a  very  import- 
ant item. 

The  locations  chosen  for  the  distributing  res- 
ervoir and  the  pumping  station  necessitated  a 
long  force  main.  It  has  a  length  of  8^  miles, 
is  48  inches  in  diameter,  and  was  made  of 
5/16-inch  steel  plates  riveted.  It  is  coated  with 
asphalt  applied  at  a  temperature  of  300  degrees 
Fahrenheit,  this  part  of  the  work  being  very 
carefully  inspected,  and  the  pipe  safely  pro- 
tected from  abrasion  during  transportation  and 


are  well  shown  by  an  accompanying  view,  and 
one  of  the  drawings  shows  its  arrangement  in 
plan,  with  the  important  dimensions  of  the 
various  rooms.  The  station  really  consists  of 
three  connected  buildings,  the  engine  house,  the 
boiler  house  and  the  coal  shed,  having  exterior 
walls  of  brick,  faced  with  native  granite,  and 
steeply  pitched  roofs,  with  steel  trusses  and  2- 
inch  sheathing  covered  with  black  slate.  In 
the  engine  room  are  two  10,000,000  gallon 
pumping  engines,  the  steam  for  which  is  gene- 
rated in  two  circular  flre-box  boilers,  while  in 
the  boiler  house  there  is  room  for  a  third  boiler. 
The  coal  shed  has  a  capacity  for  1,000  tons.  The 
.chimney  is  of  brick,  143  feet  high  above  the 
ground,  and  136  feet  above  the  bottom  of  the 
flue  entrance  from  the  boiler,  with  a  flue  5  feet 
in  diameter;  Its  construction  Is  indicated  by  an 
accompanying  drawing.  The  exterior  face  bricks 
are  speckled  gray,  harmonizing  with  the 
granite. 

In  the  angle  between  the  engine  horise  and 
the  boiler  house  there  Is  a  two-story  portion  of 
the  station,  providing  on  the  first  floor,  a  ma- 
chine shop  for  light  repair  work,  and  in  the 
upper  story,  a  room  for  the  Water  Board,  an 
engineer's  office  and  a  bathroom.  The  floor  of 
the  machine  shop  is  4%  feet  above  that  of  the 
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iMaement  beneath  the  engine  room,  while  the 
floors  of  the  offlc«8  are  7  feet  above  the  main 
floor  of  the  engine  room.  At  the  middle  of  the 
aoathweet  side  of  the  engine  house  a  12xl7-foot 
CO— Miatory  was  built,  and  is  kept  filled  with 
tewers  and  plants. 

The  floors  of  the  boiler  house  and  coal  shed 
•re  at  the  same  level,  being  5  feet  above  the 
OBSine  room  Ikasement  floor,  and  4  feet  below 
the  main  engine  room  floor.  Hence  coal 
can  be  wheeled  directly  from  the  shed 
to  the  front  of  the  boilers,  which  are 
flred  by  hand.  As  Indicated  by  the  plan, 
the  relative  positions  of  the  coal  shed 
and  the  boiler  room  are  such  that  there  is  a 
straight  path  from  the  coal  pile  to  the  furnaces. 
On  the  way  the  coal  car  passes  over  the  plat- 
form of  a  Pairbank's  scale  in  a  weighing  room 
which  forms  a  vestibule  between  the  boiler 
room  and  the  coal  shed,  with  two  sliding  doors. 
In  one  comer  of  this  14x9-foot  weighing  room  is 
a  flight  of  stairs  leading  up  to  the  loft.  The 
weighing  room  partition  is  continued  across 
the  coal  shed,  forming  a  14x25-foot  store  room 
for  general  storage,  opposite  the  weighing  room. 

Coal  is  brought  into  the  shed  in  coal  cars  on 
an  elevated  track,  carried  at  the  level  of  the 
eaves  on  a  steel'trestle,  and  is  dumped  on  to  the 
concrete  floor.  For  taking  the  coal  to  the  boil- 
ers a  hand  car,  built  from  drawings  made  by 
the  superintendent  of  the  water  works,  is  used. 
No  track  is  required  for  this  car.  Pocahontas 
and  George's  Creek  Cumberland  coal  is  used 
for  the  most  part,  and  costs  on  the  average 
about  $5.75  per  gross  ton  delivered  in  the  shed. 

The  two  boilers  are  of  a  circular  flre-box 
type,  of  special  design.  One  was  built  by  the 
I.  P.  Morris  Company,  of  Philadelphia,  and  the 
other  by  the  Atlantic  Works,  of  East  Boston, 
Mass.  Each  boiler  is  31  feet  l-H  Inches  long 
and  9  feet  in  diameter;  each  has  152  3-inch 
tubes,  and  a  heating  surface'  of  2,031  square 
feet  in  area.  The  regular  steam  pressure  is  185 
pounds  per  square  inch.  The  water  supply  for 
the  boilers  is  taken  from  the  force  main,  and 
paoBCfl  through  a  Gleaner  feed-water  beater,  in 
which  the  temperature  of  the  feed-water  is 
lalaed  to  about  150  degrees  Fahrenheit  previous 
to  {wssing  through  the  feed  pumps,  the 
heat  l>eing  furnished  by  the  exhaust  steam  from 
the  feed  and  air  pumps  and  the  lighting  en- 
gine, and  from  the  drips  from  the  throttle, 
separator  and  high  pressure  steam  chest.  The 
boilers  are  connected  to  a  6-inch  header,  from 
which  a  10-inch  steam  main  75  feet  long  leads 
directly  into  the  engine  room.  A  6-lnch  connec- 
tion snpplies  each  engine  through  a  5-inch  inlet 
noszle.  An  accompanying  view  shows  one  of 
these  boilers  on  the  skids,  as  It  was  being  put 
Into  the  station. 

The  two  engines,  designated  as  A  and  B,  are 
of  the  well-known  Leavltt  compound  beam-and- 
flywheel  type,  each  operating  two  differential 
plunger  pumps,  and  are  shown  In  the  interior 
view  of  the  engine  room.  These  engines  were 
ballt  by  the  Dickson  Manufacturing  Company, 
of  Scranton,  Pa.,  and  are  duplicates,  being  ar- 
ranged as  rights  and  lefts,  but  so  geared  that 
the  cam  abaft  turns  in  the  same  direction  on 
both  engines.  The  steam  cjrllnders  are  vertical 
and  Inverted,  the  pistons  of  the  high  and  low- 
presanre  cylinders  being  connected  to  opposite 
Mids  of  the  beam.  The  steam  cylinders  are 
16%  and  36^  Inches  In  diameter;  the  differen- 
tial pomp  plungers  each  have  diameters  of  13.7 
and  19%  Inches.  The  strokes  of  both  engine 
and  pump  are  90  Inches.  The  flywheels  are  26 
feet  In  diameter.  The  pedestals  for  the  main 
beam-ptn  and  the  main  pedestals  for  the  crank- 
shaft are  formed  In  the  engine  bed-plate,  and 
are  In  the  same  horizontal  plane.  There  is  a' 
separate  outboard  pedestal  for  the  crank-shaft 
Joamal  beyond  the  flywheel. 


Eai-h  engine  bed-plate  is  supported  on  four 
massive  cast-iron  columns  resting  on  heavy  ma- 
sonry piers  at  the  ends  of  the  pump  pit.  The 
cylinders  rest  upon  a  cast-iron  entablature  car- 
ried on  twelve  columns,  four  of  which  are  ot 
cast-iron,  arranged  in  pairs,  the  two  columns 
of  each  pair  being  connected  together  to  form 
the  guides  for  one  crosshead,  four  of  which  are 
diagonal  cast-iron  struts,  and  the  remaining  four 
of  which  are  polished  steel.  There  is  a  gallery 
all  around  each  engine  at  the  base  of  the  cylin- 
ders, also  one  at  the  top  of  the  bed-plate,  and 
platforms  for  access  to  the  indicators  and  other 
parts.  There  is  a  spiral  stairway  at  the  low- 
pressure  end  of  each  engine,  and  a  straight 
stairway  at  the  high-pressure  end.  The  galler- 
ies of  the  two  engines  are  connected  by  a 
bridge. 

Steam  distribution  is  effected  by  gridiron 
valves  operated  by  cams  on  a  horizontal  shaft 
in  the  same  horizontal  plane  as  the  crank- 
shaft, and  driven  by  the  latter  through  miter 
gears.    The  exhaust  from  the  top  of  the  high- 


the  jackets  in  succession.  The  boiler  feed  pump 
and  the  lighting  engine  are  supplied  from  the 
main  steam  pipe. 

The  pumps  are  located  beneath  the  engine 
bed-plate,  so  that  the  two  plungers  are  in  line 
with  the  two  steam  piston  rods  and  connected 
to  the  steel  crossheads.  The  high-pressure  pis- 
ton with  its  connected  pump  plunger  makes  its 
upward  stroke  at  the  same  time 'that  the  low- 
pressure  piston  and  its  plunger  are  making 
their  downward  stroke,  and  vice  versa.  The 
two  pumps  connected  with  each  engine  are  in  a 
pit  between  the  two  large  brick  masonry  piers 
supporting  the  ends  of  the  engine  bed-plate,  and 
rest  upon  granite  capstones  on  concrete  foun- 
dations. 

Each  pump  consists,  as  usual,  of  three  princi- 
pal sections,  the  lower,  or  suction  chamber,  a 
middle  chamber  containing  the  suction  valves, 
and  the  upper  chamber,  forming  an  air  vessel 
and  containing  the  delivery  valves.  The  30- 
inch  suction  main  enters  the  lower  chamber 
of  the  pump  worked  by  the  low-pressure  piston. 


Interior  of  Engine  Room,  Quittacas  Pumping  Station,  New  Bedford. 


pressure  cylinder  enters  a  tubular  reheater  hav- 
ing steam  of  boiler  pressure  inside  the  tubes. 
Thence  it  passes  to  the  upper  inlet  valve  chest 
of  the  low-pressure  cylinder.  Similarly  the  ex- 
haust from  the  bottom  of  the  high-pressure 
cylinder  passes  through  anothei*  beater  on  Its 
way  to  the  bottom  inlet  valve  chest  of  the  low- 
pressure  cylinder.  The  main  exhaust  pipe  is  12 
Inches  in  diameter.  The  cylinders  are  thor- 
oughly jacketed  all  over,  on  heads  and  bar- 
rels, with  steam  at  boiler  pressure.  All  heated 
surfaces  are  thoroughly  protected  from  radia- 
tion by  magnesia  coverings.  The  cylinders, 
side  pipes  and  reheaters,  with  their  connecting 
pipes  and  nozzles,  are  covered  with  a  neat  lag- 
ging of  Iron  and  black  walnut.  An  independent 
jet  condenser  with  single-acting  horizontal  air 
pumps,  built  by  the  George  F.  Blake  Manufac- 
turing Company,  Is  connected  with  each  en- 
gine. The  drips  from  all  the  jackets  are  re- 
turned to  the  boiler  by  gravity,  while  the  drips 
from  the  working  side  of  the  receivers  and  the 
low-pressure  steam  chest  are  wasted.  The 
steam  used  by  the  air  pump  passes  through  all 


::r.d  the  water  passes  thence  to  the  lower  cham- 
ber of  the  high-pressure  pump.  Connected  with 
the  latter  are  two  large  suction  air  vessels,  and 
the  upper  part  of  each  lower  chamber  is  so  con- 
structed as  to  form  additional  suction  air  ves- 
sels. The  pump  worked  by  the  low-pressure 
piston  discharges  into  the  delivery  chamber  of 
the  pump  worked  by  the  high-pressure  piston, 
from  which  the  water  enters  the  force  main. 
The  plungers  of  each  pump  work  through  two 
stuffing  boxes.  The  upper  plunger  passes 
through  an  outside  stuffing  box,  and  the  lower 
plunger  through  a  stuffing  box  at  the  upper 
valve  deck,  provided  with  a  long  sleeve. 

The  normal  speed  of  each  engine  Is  32  revo- 
lutions per  minute,  and  at  this  speed  each  ac- 
tually delivers  over  the  weir,  at  High  Hill  res- 
ervoir, very  nearly  10,230,000  gallons  in  twenty- 
four  hours.  The  theoretical  plunger  displace- 
ment Is  229.74  gallons  per  revolution,  or  10,586,- 
880  gallons  In  twenty-four  hours.  As  the  result 
of  weir  measurements  the  actual  delivery  Is  as- 
sumed at  222  gallons  per  revolution.  This  quan- 
tity corresponds  to  an  allowance  of  3.37  per  cent. 
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!for  slip  of  the  pumps,  and  leakage  from  the 
pipe  line. 

A  hand  traveling  crane  of  61  feet  10  inches 
span,  and  ten  tons  capacity,  built  by  William 
Sellers  &  Company,  of  Philadelphia,  was  in- 
stalled in  the  engine  room  as  early  as  feasi- 
ble, and  used  in  the  erection  of  the  pumps  and 
-engines. 

From  the  lower  chamber  of  each  low-pressure 
■pump  a  suction  main  leads  through  the  founda- 
tion masonry,  beneath  the  engine  into  a  pump 
•well  43  feet  11  Inches  x  10  feet,  13  feet  deep. 
This  well  has  a  concrete  bottom  2  feet  9  inches 
•thick,  and  brick  and  stone  masonry  walls  ZY2 
feet  thick  at  the  top  and  i\^  feet  thick  at  the 
"bottom,  the  brickwork  being  laid  in  Portland 
•cement  mortar.  Water  is  brought  into  this 
'Well  from  the  adjacent  pond  through  a  brick 


The  following  arrangements  were  made  for 
the  test:  The  pipe  ordinarily  conveying  the 
feed  water  to  the  heater  was  disconnected  and 
led  to  a  weighing  tank  in  the  boiler  room.  This 
tank  discharged  into  another  provided  with  a 
hook  gauge  so  that  the  water  level  could  be 
brought  to  its  original  height  as  often  as  de- 
sired. An  auxiliary  pump  taking  its  steam 
from  an  auxiliary  boiler  was  used  to  put  the 
water  from  the  tank  into  the  heater.  The 
regular  feed  pump  supplied  the  boiler  as  usual. 
The  water  taken  from  the  heater  to  operate  the 
damper  regulator  was  discharged  into  a  barrel 
and  weighed.  The  steam  used  by  the  air  pump 
was  determined  in  a  preliminary  run  of  two 
hours  by  condensing  it  alone  in  the  heater  and 
weighing.  During  the  test,  the  exhaust  from 
both  the  air  and   the  feed   pumps  was  passed 
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was  determined,  and  an  allowance  made  In  cal- 
culating the  amount  of  coal  used  had  they  been 
returned  to  the  boiler.  The  drips  from  the  low- 
pressure  steam  chest  and  the  working  side  of 
the  reheaters  were  collected  in  a  barrel  on 
scales.  , 

A  throttling  calorimeter  with  a  14-inch 
steam  orifice  was  attached  to  the  steam  pipe 
just  before  the  throttle.  A  record  was  kept  of 
the  time  during  which  the  calorimeter  was  in 
use,  and  the  amount  of  steam  used  by  it  was 
calculated  by  Napier's  formula. 

The  height  of  water  in  the  suction  well  was 
read  by  means  of  a  float  and  a  graduated  brass 
rod.  The  delivery  pressure  was  measured  by  an 
open  leg  mercury  column  graduated  in  pounds 
per  square  inch,  connected  to  the  air  chamber 
of  the  pump. 

Samples  of  flue  gas  were  taken  in  flue  just 
over  the  boiler  used.  A  sample  of  coal  was 
taken  from  each  lot  weighed,  and  kept  in  the 
coal  pocket  until  the  end  of  the  test,  when  this 
pile  was  thoroughly  mixed  and  quartered,  and 
a  sample  taken.  This  was  analyzed  and  the 
heat  of  combustion  determined  by  the  chemical 
department  of  the  institute. 

A.  preliminary  run  was  made  on  April  9  to 
determine  the  amount  of  water  pumped  over  the 
weir  per  revolution,  and  tne  leakage  in  the  8- 
mile  force  main. 

A  running  start  and  stop  were  made,  care 
being  exercised  to  have  the  condition  of  the 
fire  and  the  levels  of  the  water  in  the  boiler 
and  in  the  jacket-drip  tank  the  same  at  the  end 
as  at  the  beginning.  Cards  from  both  ends  of 
the  steam  cylinders  and  from  the  central  cham- 
bers of  the  pumps,  together  with  readings  of 
pressures,  temperatures,  revolutions,  etc., 
were  taken  at  the  stroke  of  a  gong  every 
fifteen  minutes.  At  the  end  of  each  hour 
the  coal  was  weighed  back  and  the  level 
in  the  feed  water  tank  brought  back  to 
the  hook  gauge.  There  were  nine  observ- 
ers.     The     steam     gauges     were     tested     with 


conduit  451  feet  long,  having  a  horseshoe- 
shaped  cross-section  5  feet  wide  and  5  feet  high. 
The  average  static  head  on  the  pumps  is 
about  167  feet,  and  the  dynamic  head,  when  the 
engines  are  running,  is  nearly  188  feet.  During 
the  year  1903,  the  average  duty  of  engine  A  was 
12.5,217,470,  and  of  engine  B  132,270,870  foot- 
pounds per  100  pounds  of  total  coal  burned. 
This  duty  is  based  on  the  total  coal  used  in 
the  building  for  all  purposes,  including  that 
for  banking  fires,  starting,  heating,  shop  en- 
gine by  day,  and  electric  light  engine  by  night, 
with  no  deductions  for  ashes,  moisture  or  any- 
thing else.  Engine  A  was  run  102  days  during 
the  winter,  and  engine  B  212  days  in  the  spring, 
summer  and  fall.  With  coal  at  |5.14  per  ton 
of  2,000  pounds,  the  cost  per  million  gallons 
of  water  pumped  into  the  reservoir  was  $6.20. 
and  the  cost  per  million  gallons  raised  one  foot 
high  was  3.30  cents.  The  station  is  operated 
about  19  hours  per  day,  usually,  with  a  force 
of  seven  men. 
The  various  rooms  and  the  machinery  are 
illuminated  by  means  of  incandescent  electric 
lights,  the  current  for  which  is  generated  by  a 
100-;ight  Edison  dynamo  driven  by  an  Ideal  en- 
gine, installed  in  the  machine  shop. 

A  complete  24-hour  test  was  made  on  April 
9  and  10,  1903,  of  engine  B  and  the  boiler 
built  by  the  I.  P.  Morris  Company.  It 
was  conducted  by  Messrs.  S.  R.  Bartlett 
and  P.  J.  Kearney,  of  the  graduating  class  of 
the  Massachusetts  Institute  of  Technology,  and 
the  work  was  done  under  the  general  super- 
vision of  Professor  Edward  F.  Miller  of  the  In- 
stitute. The  results  of  this  test  were  embodied 
In  a  graduating  thesis,  and  are  included  in  the 
annual  report  of  the  superintendent  of  the 
■waterworks,    which   has   Just   been    published. 


One  of  the   Boilers  for  the  Quittacas   Pumping   Station. 


through  the  heater  and  weighed,  thus  detef- 
mining  the  steam  used  by  the  feed  pumps,  as- 
suming the  exhaust  from  the  air  pump  to  be 
constant.  The  lighting  engine  was  supplied 
with  steam  from  an  auxiliary  boiler,  and  the 
exhaust  wasted. 

The  drips  from  the  throttle,  separator  and 
the  high-pressure  steam  chest,  which  ordinarily  • 
passed  through  the  heater,  were  collected  in  a 
barrel  and  weighed.  The  drips  from  all  the 
jackets,  ordinarily  returned  to  the  boiler  by 
gravity,  were  collected  during  the  test  in  a 
closed  steel  reservoir  about  15  inches  in  diame- 
ter and  5  feet  tall,  thoroughly  lagged.  On  the 
side  of  this  tank  was  a  long  gauge  glass  and  a 
scale,  previously  graduated,  giving  the  capacity 
of  the  reservoir  at  any  level  to  1/100  of  a  cubic 
foot.  The  pressure  in  the  tank  quickly  emptied 
it  when  the  discharge  valve  was  opened.  The 
heat  lost  by  wasting  these  drips  during  the  test. 


sealed  weights  before  being  used,  and  the  ther- 
mometers had  been  previously  calibrated.  The 
steam  used  by  the  jackets  was  calculated  from 
the  amount  caught  in  20  hours  in  the  reser- 
voir. The  principal  results  of  these  boiler  and 
engine  trials  are  given  in  tabular  form  here- 
with: 

Boiler  Test  Results. 

Quality  of  steam  at  throttle 0.986 

Total   feed  water  put  into  boilers   (24   hours). 

lbs 114,808 

B.   T.   U.    put   Into  same 123,640,000 

Total    returns   from   Jackets,    lbs 15,397 

B.   T.  V.  out  into  same. 13,083,000 

Total   coal   burned,    lbs 12,331 

B.  T.  U.  talien  up  by  water  per  lb.  coal  burned.  10,027 
Excess  coal  burned  during  test  because  of  not 

returning    Jacket    drips,    lbs 458 

Equivalent  evaporation  per  lb.  of  coal  from  and 

at  212  deg.  P.,  lbs 10.38 

Equivalent   evaporation   from   and   at   212  deg. 

F.  per   lb.  dry  combustible,  lbs 11.73 

Coal  per  sq.  ft.  of  grate  per  hour,  lbs 12.23 

Mai.  assumed  possible  error  of  test,  per  cent. ..  2.73 
Air  per  lb.  coal  from  analysis  of  flue  gases,  lbs. .  .24.6 

Air  per  lb.  coal  E'ormula  12  C  -f  36  (  H j-\    Ibs.10.6 
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Kxrra*  air  suppllrd.  p«r  cmC 131 

HMit  carrkd  on  I<t  flu«  gasni,  per  cent 14 

Heat  kwt  bf  radUtli>n.  urr  not .16.8 

TiMraMi  rairi«n<-T  ot  boll«r  plant,  prr  cent 69.:! 

BoUer  U.l>.    dereloimi    «A.  S.  M.  K.  rating) 1M.6U 

Eactoe   TMt    Hcaults. 

TMal  rrTolulloBt   In    2*  boon 46,101 

■cTolallotu    per    mlnate 32.01 

H   K        C  E 
Total  II.  I',  of  U  (team  cylinder. 70.55     75.60     151.15 
Total   H.-l>.  u(  L  steam  rjrllnder.US.44     9:2.05     l»a4!l 

Total    341.64 

Total  H.-l*.  of  pump  opposite   U  cylinder 16'J.8 

Total  II.-I*.  of  pump  opposite  L  cylinder 162.2 

Total    325.0 

Steam  thrvuEfa  rj-Hnders  In  24  boars,   lbs 88,585 

TMal  steam  from  jackets  of  cylinders  and  re- 
heaters,    lbs. 21,793 

TMal  steam  from   iarkets  of  cylinders  and  re- 
beaters  not  counting  the  steam  drawn  from 

jackets  by  air   pomp,  lbs 15,397 

Total    lbs.    of   steam    for   encines   and   jackets, 

conatlac  steam  used  by  air  pump,  lbs 110,378 

Total  lbs.  of  steam  for  engines  and  Jackets,  not 

cooatltts  ste«m  oaed  b.r  air  pumii.    lbs 103.982 

Ua.  steam,  counting  air  pump  sieam.  per  horse- 
power for  steam  cylinders  |>er  hour,   lbs 13.46 

Um.  steam,  not  counting  air  pump  steam,  per 

horae-poarer  for  steam  cylinders  per  hour,  lbs.  .12.68 
SiMB  required  by  plant  for  24  hours,  excepting 

■team   used  by  jackets  and  returned,   lbs ....  08.393 

B,  T.   r.   required  for  the  above 105.960,000 

TsuMrature  of  jacket  returns  entering  boiler, 

dec.   F.    36.3.4 

Tata]   B.  T.  U.  required  by  plant   In  24   buurs 

119,043.000 

Coal  required  for  24  hoars,   Iba 11.8T:t 

Cable  feet  of  water  pumped  in  24  hours 1.375.810 

Weight  of  1  fu.  ft.  of  water  at  53  deg.  F..  lbs.  ..62.4 
Capacity  of   pump  in  gallons  per  24   bours  at 
speed  of  32.01  revolutions  per  minute   (calcu- 
lated  from    weiri.    gals 10.292.000 

Displacement  of  pump  plungers  In  cu.  ft.  in  24 

boars    1,415,800 

Besistance  overcome  expressed  in  feet  of  water, 

ft. 185.15 

Foot-lbs.  of  work  done  in  24  hours 15.895.000.000 

Doty  (foot-iba.  of  water  work  done  for  100  lbs. 

coal)    133.8«0.000 

Daty  (foot-lbs.  of  water  work  done  per  100  lbs. 

dry  coal )    139,900,000 

Duly   (fiKX-lbs.  of  water  work  done  per  1,000.- 

060   B.   T.   C.) lijO.OlO.OOO 

Doty  I  foot-iba.  of  water  work  done  per  100  lbs. 

coal    from    plunger   displacement) 137.770.000 

Coal  |>er  steam  horse-power  per  hour,  lbs 1.343 

Coal  per  horse-power  of  actual  work  done.  lbs..  1.479 

Slip,   per  cent 2.82 

B.  T.   r.   per  horse-power  per  mlnate 223.9 

Thermal  elBciency  of  engine,  per  cent 18.95 

Efllclency  of  a  famot  engine  working  between 
18I.O   Iba.    gauge  and   26.88    in.   vacuum,   per 
Dt 31.31 


Heat  of  oombustiou  of  coal,  B.  T.  I',  per  lb. . .  .14,517 
Flue  gas  analysis: 

CO,    7.18 

CO    0.17 

O,   12.34 

N,    80.31 

Weight  of  drip  from  I..  I".  Jacket    (24  hours),  lbs.  .704 
Weight  of  drip  from  seiiarnior  and  11.  1'.  steam 

chest,    lbs 269 

Steam  used  by  food   pump  and  air  pump,  lbs.  ...9.539 

8Ieara   usoti  b.v  calorlniotor,  lbs 1.018 

Average  temperature  ot  ongino  room,  deg  F 82 

Average  lemporature  of  exhaust  steam,  dog.  F. .  .121.2 
Average  temperature  of   condonsotl  stoam   leav- 
ing heater,  dog.    F 69.0 

Average  temijoraiure  of  upper  rooolvor,  deg.  F.  .347.9 
Average  temperature  of  lower  receiver,  deg.  F. .  .267.4 

Vacuum  In  condenser   (Inches  of  mercury) 26.88 

Pressure  lu  upper  receiver    (gaugoi 20.0 

l"re8.suro  in   lower   receiver   (gauKo) 23.7 

Discharge  pressure  in   lbs.   per  sq.   lu 76.09 

Feet  of  water  to  1  lb.  pressure 2.308 

Steam    cards:     High— M.    K.    1'..    II.    K.    48.66.    C.    E. 
51.70:  low— H.  >;.  13.11,  C.   E.   12.41.     Aveia 
cent,   cut-off,  20.2;   18.2. 
Water  cards  :    M.  E.  1".,  high.  75.9  ;  low.  75.6. 


rage  per 


Mr.  R.  C.  P.  Coggephall  has  been  superin- 
tendent of  the  New  Bedford  waterworks  for 
twenty-three  years,  and  the  works  above  de- 
scribed were  construeted  under  his  general  su- 
pervision. Messrs.  George  S.  Rice  and  George 
E.  Evans,  of  Boston,  were  the  designing  and 
consulting  engineers,  and  had  immediate  charge 
of  the  work.  The  pumping  engines  and  the 
boilers  were  designed  by  Dr.  E.  D.  Leavitt,  of 
Cambridgeport,  Mass.  Mr.  Charles  D.  Austin, 
of  Boston,  was  the  architect  for  the  pumping 
station. 

Electrolysis  of  the  water  mains  in  various 
parts  of  the  city  has  been  suspected  for  some 
time,  and  so  Mr.  A.  A.  Kundson,  of  New  York, 
was  engaged  last  summer  to  make  an  electrical 
survey  and  present  a  report.  The  most  serious 
damage  by  electrolytic  action  was  discovered 
on  the  steel  force  main  where  it  crosses  beneath 
the  track  of  the  Old  Colony  Street  Railroad 
Company.  At  this  point  the  pipe  is  reinforced 
by  three  riveted  flanges  %-inch  thick,  standing 
out  5  Inches  from  the  pipe,  and  spaced  6  feet 
apart.  Practically  all  the  corrosion  had  oc- 
curred between  the  two  flanges  directly  be- 
neath the  rails.  The  deepest  pittings  found  did 
not  exceed  %  inch,  but  the  action  on  the  edges 
of  the  flanges  was  considerable.  That  the  main 
had  not  failed  here,  with  the  disastrous  results 
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that  nails  could  be  easily  driven  into  the  metal. 
These  pipes  had  to  be  condemned  and  new  pipes, 
substituted.  The  pittings  and  furrows  were 
from  %  to  %  inch  deep. 

Headquarters  for  the  maintenance  force  were- 
established  during  the  latter  part  of  1903  on  a 
lot  of  land  about  115x225  feet,  on  which  were 
erected  several  new  buildings,  from  plans  by 
the  superintendent.  Across  the  rear  end  of  the 
lot  an  81x24  foot  shed,  with  granolithic  floor, 
accommodates  carriages,  wagons  and  tool 
houses,   and   hag   storage    room   on   the   second'. 


Irvn        [NNX 
Flu^  ' 


1         -^  ^ 

Plan  of  Quittacas  Pumping  Station,  New  Bedford,  and   Details  of    Chimney, 


Per  rent.  eOcicacT  of  Camot  engine 00..-.2  which    would   inevitably   have   followed,    is   at- 

Komber    of  expaulona    25..>  .    ,,     ^    , 

tributed  to  two  reasons:     Ist.  The  presence  of 

Kind  of  coal.       .      ^***  ^^"'            George's  Creek  ^^^  flanges,  most  of  the  current  when  leaving, 

t22i  't:^\;^ri^  iiii^-^Aio^  pf''°^  °"*  "■'""  ^^^^^  "pp^--  «"«^«  ^°  ^^^^  >•'*"«• 

front  bead.  13  sq.  ft.;  back  bead,  '.22  aq.  ft.),  2d.  The  main  is  not  continuously  positive  to  the 

I^I^oPcoVrnrrf  in  24  hoi™:'. ;  ".:'.:■.::  :.:.■;  i2.3<M  ''*"''•     There   are   frequent  reversals,   and   the 

VUtnre  from  grate.  ibs_ 911  positive  readings,  although  reaching  at  times  as 

Oood  coal   in  mixture,  lbs 33  ...              », 

Toul  lbs.  of  water  weighed  la  barreU  la  boiler          _.  high   as   25   volts,   are  of   short   duration.     To 

TvS"ibi.' witer  ■us;^'fordiiii'i;er'r;^laVor:.!^6:ii'7  remedy   this  dangerous   condition   the   railway 

»I*2'*  i*?'"™.""'*  "/'■'??,;  ''T  ^-    •  i, '"r?  company    has    carefully    rebonded    its    tracks, 

Average  temperature  of  outside  air.  deg.  F 51  ,     ^ 

Average  temperature  of  flue,  deg.  F 425  and    has    Strung  an    overhead    return-current 

*ta"Vis!'d5;"F°'*.°'.''^  .*■".'■. ''.**!'^'!'.°.*..  53.7  fable,   with  frequent  connections  to  the  rails, 

AT»age  temMratare  of  feid  water  after  pass-  for  a  considerable  disUnce  either  side  of  the 

big  throng  beater  (at  boiler i.  deg.  F 140 

ATerage  preaaare  at  throttle  gauge,  lbs 181.0  threatened  point.     EvidenceS'Of  electrolytic  ac- 

B:?5S?ter"in'c'h'e.'"rme'rci,'.^'^'^  t-Tz)".] l ! .  AA^t,  tlon  were  found  in  several  places  on  the  distrl- 

Prnsore  at  starting  test.  lbs. 183.0  button  system,  but  no  serious  cases.    However, 

Fres<are   at   stopping   teat.   Iba 182.5  ,,..... 

Chemical  analysis  of  coal :  .several    lengths    of    6-lnch    cast-iron    ball-and- 

HaO  4  3 

»*o'-iii'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.  }>A  socket-Joint    pipe,    which    had    been    taken    up 

^ ■^0.9  from   a   river   crossing,   were   found    so   badly 

Aaii '.'.'.'.'.'.'.'.'.".'.'.'!.*!!!!!!!!!!.'!'.! .' '.'.'.'.'.'.'.'.  ei'o  softened  by  electrolysis  near  their  spigot  ends 


floor.  Along  one  side  Oi  the  lot  is  a  second: 
shed,  172x20  feet,  with  granolithic  floor,  for  the 
storage  of  special  castings  and  other  supplies; 
it  is  provided  with  a  conveying  apparatus  trav- 
elling on  an  overhead  track  and  making  it  pos- 
sible for  one  man  to  load  or  unload  any  of  the 
castings.  On  the  opposite  side  of  the  yard  Is 
a  large  space  devoted  to  the  storage  of  cast-iron 
pipes  of  various  sizes.  In  the  center  of  the 
yard  is  a  two-story  160x32-foot  brick  shop  build- 
ing, with  a  paved  driveway  all  around  it.  A 
portion  of  the  building,  37  teet  long,  at  the  end 
farthest  from  the  street,  is  a  stable,  and  the 
remainder  of  the  building  contains  offices,  a 
blacksmith  shop,  a  general  work.shop,  a  meter 
testing  and  repair  room,  and  store  rooms. 
Teams  can  be  driven  through  the  general  work- 
shop from  one  side  of  the  building  to  the  other. 
This  new  establishment  is  a  great  aid  to  the- 
department  In  the  conduct  of  its  regular  duties.. 


JUN1£  25,    1904. 
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The  New  Structural  and  Car  Shops  of  the 

Cambria  Steel  Company,  Johnstown, 

Pa.— II. 


Installation  and  Operation  of  Shops. — All 
shapes  used  in  the  structural  shop  are  sheared 
to  length  in  a  pair  of  special  hydraulic  turret 
shears  built  by  Messrs.  R.  D.  Wood  &  Company, 
Philadelphia,  Pa.  These  machines  are  located 
on  the  lines  of  the  roller-table  runs  and  cut  the 
shapes  in  transit  from  the  receiving  end  to  the 
storage  skids,  thus  avoiding  rehandling.  Their 
operation  produces  a  neat  square  end,  and  as 
these  tools  can  make  about  one  cut  per  minute 
on  average  shapes,  they  are  considered  econom- 
ical and  satisfactory  and  have  largely  displaced 
cold  saws  for  this  work.  The  shear  blade  has  a 
concave  cutting  edge  arranged  to  engage  the 
web  of  the  shape  a  short  distance  each  side  of 
the  center  simultaneously  and  to  shear  it  pro- 
gressively with  a  minimum  effort.  It  is  di- 
rectly connected  to  the  vertical  plunger,  which 
is  operated  at  either  of  three  pressures,  ac- 
cording to  the  sectional  area  to  be  sheared. 
The  pressures  are  900,  1,350  and  1,800  pounds 
per  square  inch,  and  are  derived  from  the  stand- 
ard 450  pound  hydraulic  pressure  by  means  of 
three-stage    intensifiers,    as    shown    in    the    en- 


ters in  the  floor  plan,  which  is  given  on  page 
803,  which  correspond  to  the  same  let- 
ters in  the  reference  table  at  the  bottom 
of  this  page. 

Besides  these  tools,  there  are  installed  in 
the  west  end  of  the  shop  seven  portable 
pneumatic  riveting  machines,  two  of  which 
were  made  by  Pedrick  &  Ayres,  and  have  30 
and  42-inch  throat  clearance.  The  others  are 
Allen  machines  and  have  throat  clearances  of 
34,  36  and  40  inches.  There  are  also  distributed 
through  the  shops  twenty-nine  Yale  &  Towne 
differential  chain  hoists  mounted  on  overhead 
longitudinal  and  transverse  trolleys  arranged 
to  suit  the  work  handled  at  the  different  ma- 
chine tools.  These  include  three  10-ton  hoists, 
seven  5-ton  hoists  and  nineteen  2-ton  hoists. 
The  heavy  ones  are  principally  used  at  the  sta- 
tionary riveting  machines,  and  the  lighter  ones 
are  used  for  the  punches  and  shears,  or  travel 
on  the  transverse  roof  trusses. 

Ample  provision  is  made  for  storing  around 
each  machine  the  stock  to  be  used  in  it,  and 
great  care  is  taken  always  to  keep  a  good  sup- 
ply of  material  ready  for  a  machine  and  to  take 
it  away  promptly  when  finished.  By  this  sys- 
tem the  amount  of  material  stored  at  each  ma- 
chine indicates  at  a  glance  whether  proper  pro- 
vision is  made  for  maintaining  the  work  at  full 


Cambria  Steel  Works:      Two-Hundred-Foot  Gantry  Crane  in  Shipping  Yard. 


graving  at  the  right  of  the  shears.  The  same 
shear  blade  is  used  for  several  shapes  and  the 
corresponding  dies  are  set  in  a  large  turret 
mounted  on  a  horizontal  shaft,  which  enables  it 
to  be  very  quickly  revolved  and  change  the  die 
from  one  size  to  another  without  trouble  or 
delay.  Two  turrets  are  required,  one  for  beams 
and  another  for  channels.  Five  upper  blades 
are  required  to  shear  all  beams  from  3-inch  to 
24-inch.  The  machine  is  operated  by  one  man 
besides  the  two  helpers  that  set  the  piece  to 
gauge,  and  the  roller  man  who  operates  the  de- 
livery table. 

The  ordered  lengths  of  all  shapes  are  stored 
on  skids  in  the  yard  east  ,of  the  structural 
shops,  where  plates  also  are  sheared  to  length, 
trimmed  and  stored.  This  distributing  yard  is 
commanded  by  five  lines  of  overhead  traveling 
cranes  on  transverse  runways,  which  collect  the 
material  as  required  for  different  orders  and 
load  it  on  narrow-gauge  cars  running  into  the 
shop  on  longitudinal  tracks.  The  shop  is  ar- 
ranged for  the  south  side  to  be  used  chiefly  on 
beam  work,  and  the  north  side  for  columns, 
girders  and  trusses.  The  progress  of  the  mate- 
rials through  the  shop  is  essentially  continuous 
in  a  longitudinal  direction  with  transverse  off- 
sets to  special  machines. 

The  location  of  the  machine  tools  and  their 
names  and  sizes  are  indicated  by  reference  let- 


capacity,  and  stoppages  or  congestions  are  very 
obvious. 

Materials    are    unloaded    from    the    narrow- 


gauge  track  either  by  the  6-ton  girder  cranes, 
that  run  In  the  lower  chord  panels  of  the  north 
side  roof  trusses,  as  indicated  by  the  dotted 
lines  or  by  the  1,  3  and  6-ton  pneumatic  hoists 
which  travel  on  the  lower  chords  of  the  roof 
trusses.  Plates  and  shapes  are  handled  through 
the  shears,  punches  and  straightening  rolls  on 
roller  tables,  and  are  moved  back  and  forth  to 
the  longitudinal  tracks  on  permanent  transverse 
skids.  Single  beams  and  light  assembled  mem- 
bers are  suspended  from  overhead  runways  and 
are  carried  through  stationary  riveting  ma- 
chines; girders  and  other  heavy  members  are 
seated  on  stationary  skids  and  riveted  up  by 
movable  yoke  machines  or  by  pneumatic  ham- 
mers. Finished  members  are  delivered  from 
the  west  end  of  the  shop  by  the  longitudinal 
tracks,  which  are  commanded  by  the  200-foot 
10-ton  gantry  crane.  This  machine  moves  them 
transversely,  piles  them  for  storage  and  loads 
them  on  cars  for  shipment  at  any  point  In  the- 
yard. 

The  Yard  Gantry. — This  gantry  Is  Interesting 
for  its  unusual  dimensions  and  special  features 
of  design.  It  consists  of  two  main  riveted  Pratt 
girders  framed  together  at  an  angle  of  60  de- 
grees and  supported  on  two  end  bents  having  a 
pair  of  inclined  posts  in  the  vertical  transverse 
plane  of  each  bent  and  a  four-wheel  truck  at 
the  foot  of  each  post,  which  travels  on  the  3'/^- 
foot  gauge  track  of  T-ralls  laid  on  special 
double-web  longitudinal  girders,  which  distrib- 
ute the  heavy  loads  on  long  transverse  ties  rest- 
ing on  the  surface  of  the  ground.  The  top 
chords  of  the  main  trusses  are  riveted  close  to- 
gether with  transverse  diaphragms,  and  the 
bottom  chords  20  feet  apart  are  connected  by  a 
system  of  horizontal  trussing,  from  which  the 
runway  girders  for  the  trolley  hoists  are  sus- 
pended. 

The  top  and  bottom  chords  are  made  with 
pairs  of  12-inch  channels,  the  former  having  a 
cover  plate  on  the  upper  flanges,  the  latter 
being  latticed  on  both  sides.  The  web  members 
are  made  with  pairs  or  double  pairs  of  angles, 
and  the  inclined  columns  in  the  end  bents  are 
made  with  four  3x3-inch  angles,  two  24x'/4-inch 
web-plates,  and  one  18x%-inch  cover-plate,  and 
are  connected  to  the  transverse  members  by  Vt- 
inch  gusset  plates  with  rounded  corners.  The 
floorbeams  are  made  with  pairs  of  9-Inch  chap- 
nels,  and  the  stringers  are  15-inch  plate-girders 
with  pairs  of  4x3-lnch  flange  angles.  They  are 
suspended  from  the  top  chords  at  panel  points 
by  Inclined  members  consisting  of  single  3x2%- 
inch  angles. 


MACHINERY,    MOTORS  AND  TOOLS    IN  THE  STRUCTURAL  SHOP. 


-Motors.- 


Mark.  Size. 

A.  No.  4 


B. 


C. 


D. 
E. 
F. 


.1. 
K. 
L. 
M. 

N. 
O. 
P. 
Q. 
R. 
S. 
T. 

V. 

V. 

W. 

X. 

y. 
z. 

AA 


No.  C.  12-ln.  throat 


Name  of  machine. 
Hllles   &   Jones    double   angle 

shear 
ITiUes    &    Jones    lattice    bar 

punch 


No.  1  18-ln.  throat        Long  &  Allstatter  single  punch 


No.  4 
No.  6 
No.  5 

No.  5 
No.  993 
No.  44 
No.  5 


36-in.  arm 
"Sin.  arm 
78-ln.  arm 
78-ln.  arm 
78-ln.  arm 
No.  7  48-ln.  throat 

No.  7  481n.  throat 

No.  G 

14-ln. 

lOln. 

6-In. 

No.  3 

No.  6 


Newton  cold  saw 

Hllles  &  Jones  coping  m'clrine 

Illlle.s  &  Jones  beam  punch 

miles  &  Jones  beam  punch 

Hement  &  Miles  rotary  planer 

Rement  &  Miles  rotary  planer 

nement  &  Miles  radial  drill 

Rement  &  Miles  radial  drill 

Emer.v  grinder 

Alhvn  hull  riveter 

I'edrlck  &  Ayer  bull  riveter 

Prentice  Rros.  wall  drill 

Pond  radial  drill 

Pond  radial  drill 

Pond  radial  drill 

Pond  radial  drill 

Bement  &  Miles  punch 

Rement  &  Miles  punch 

Long  &  Allstatter  mult,  punch 

and  spacing  table 
Crnlg   &   Rldgeway    Sons    air 

hoists 
Craig   &    Rldgeway    Sons   air 

hoists 
Craig    &    Rldgeway   Sons   air 

hoists 
Hllles   &  Jones  plate  straight- 
ening  roll 
Hllles  &  Jones  gate  shear 


Capacity. 
8x8x1 -in.   angle 

Punch  214-In.  hole 
in  1  Mi-'n.  metal, 
shear,  8xlH-ln. 
flat 

I»unch.  l'^-in.  hole 
in  tin.  metal ; 
shear.  8xl-ln.  flat 

24-In.  I-beams 
Two  1  1/16-ln.  holes 
In  1-ln.  metal 


iVi   ft. 
3%    ft. 

48-ln.    throat 

60-ln.   throat 

3V.-in.   spindle 

4%    ft. 

4%    ft. 

4%   ft. 

4%   ft. 

l^-ln.  hole  in  lln. 

metal 
114 -In.  hole  In  1-ln. 

metal 


H.P.  R.P.M.  Make. 

15       775       Crocker-Wheeler 

10       750       Wcstinghouse 


10       850       Westlnghouse 


10 
10 
10 

10 
15 
15 


} 


10 

15 

10 
10 


750 
750 
800 

800 

e.io 

650 
800 
800 


750 


750 
750 


Westlnghouse 
Westlnghouse 
Crocker- Wheeler 

Crocker-Wheeler 
Westlnghouse 
Westlnghouse 
Crocker- Wheeler 
Crocker-Wheeler 


Westlnghouse 
Westlnghouse 
Westlnghouse 
Westlnghouse 


6  tons 

3  tons 

1  ton 

6  ft.  2  In.  between 

heads 
eoxl-ln.  plate 


15 
15 


775 

775 


Crocker- Wheeler  • 
Crocker-Wheeler 


f 
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Tb»  niDway  girders  have  a  clearance  of  21 
.  SH  iacbee  above  the  surface  of  the  ground, 
and  the  trucks  are  4S  feet  9\  Inches  apart  in 
each  bent,  which  affords  a  wheel-base  wide 
•MMigh  to  maintain  the  position  of  the  gantry 
aqnara  with  the  tracks.  Each  truck  has  four 
S4-lnch  double  flange  steel-tired  wheels  keyed  to 
Mnch  axles  running  in  bronze  bearings  7  Inches 
long.  They  support  a  framework  of  riveted 
I-beams  and  carry  in  the  center  a  steel  socket 
with  a  nearly  hemispherical  bearing  for  a  6-inch 
feardaaad  steel  ball,  which  fits  closely  in  the 
caat-«t0el  bearing  bolted  to  the  base-plate  of  the 
inclined  post.  The  lower  bearing  for  the  ball  is 
slightly  elongated  transversely,  so  as  to  allow 
a  little  motion  for  temperature  expansions  and 
contractions  in  the  200-foot  main  trusses. 

Each  truck  is  provided  with  two  snow- 
ploughs,  which  are  easily  detachable.  One  axle 
of  one  truck  on  each  end  is  miter-geared  to  a 
horizontal  driving  shaft  supported  In  universal 
bearing  blocks  on  the  main  trusses,  su  as  to 
provide  for  the  locomotive  movement  of  the 
gantry.  This  is  operated  by  a  SO-horse-power 
electric  motor  in  the  center  of  the  bridge.  The 
hoist  trolley  has  a  cast-iron  winding  drum  with 
right  and  left-hand  chain  irrooves  milled  out  of 
the  solid  metal.  It  is  provided  with  a  sus- 
pended operator's  cage  glazed  on  all  sides,  and 
is  furnished  with  two  25-hor8e-power  electric 
motors  for  traversing  and  hoisting,  respectively. 
The  different  speeds  are  200  feet  per  minute 


Forge  Shop  Plan,  Showing  Location  of  Principal  Floor  Tools  and    Overhead  Shafts. 
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Plan  of  Furnaces  and  Tools   in   Bolt  Shop. 
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for  the  gantry,  400  feet  for  the  trolley,  and  20 
feet  for  the  hoist,  with  full  load.  The  ends  of 
the  gantry  are  made  so  that  the  trolley  could 
readily  be  moved  from  this  gantry  to  a  similar 
one  brought  in  line  with  it  on  an  adjacent  track, 
if  double  service  should  be  provided  and  the 
yard  extended  to  a  width  of  400  feet,  as  was  at 
first  proposed. 

The  gantry  is  proportioned  for  a  trolley  load 
of  20,000  pounds  with  5,000  pounds  excess  al- 
lowed for  impact.  The  estimated  weight  of  the 
trolley  is  23,000  pounds,  making .  a  total  of 
48,000  pounds  on  a  9-foot  wheel  base.  The  dead 
load  of  the  gantry  was  assumed  to  be  8,000 
pounds  at  each  lower  chord  panel  point  of  each 
truss.  Wind  pressure  was  assumed  at  20  pounds 
concentrated  at  each  panel  point  of  the  bottom 
chord.  The  maximum  unit  strains  from  live 
loads  in  tension  is  12,000  pounds  per  square 
inch  of  net  section.  The  gantry  was  designed 
and  manufactured  by  the  Wellman-Seaver  Engi- 
neering Company,  Cleveland,  Ohio. 

Bolt  and  Rivet  Shop. — This  shop  is  238  feet 
long  and  60  feet  wide  inside;  its  main  framework 
consists  of  eighteen  transverse  bents  14  feet 
apart.  The  columns  are  9-inch  I-beams,  with 
their  webs  transverse  to  the  9-inch  brick  walls. 
In  which  they  are  solidly  Imbedded.  The  riv- 
eted Fink  roof  trusses  are  made  with  pairs  of 
angles  back  to  back,  and  are  seated  on  the  col- 
umn caps  and  knee-braced  to  the  columns.  They 
support  6-inch  I-beam  purlins  about  5  feet  apart, 
which  are  covered  with  matched  sheathing,  the 
roof  covering  being  tar  paper  and  slate.  One 
2-ton  hand  crane  of  23-foot  span  runs  trans- 
versely across  one  end  of  the  building. 

For  moving  materials  this  shop  is  served  by 
the  small  hand  crane  already  mentioned  and 
by  a  center  longitudinal  narrow-gauge  track 
running  from  end  to  end,  as  shown  in  the  floor 


plan.  A  number  of  coke  furnaces  15  feet  long 
and  5  feet  wide  are  arranged  near  the  walls  on 
both  sides  for  heating  the  rivet  rods,  which  are 
kept  in  racks  that  allow  them  to  project  through 
the  side  walls  of  the  building,  and  thus  cause 
less  obstruction  in  the  interior.  Adjacent  to 
the  furnaces  are  the  different  heading  and  up- 
setting and  facing  machines,  and  beyond  them 


are  a  series  of  turning  and  tapping  machines 
to  cut  the  threads  on  the  bolts  and  nuts.  An- 
other machine,  which  is  not  shown  In  the  plan, 
has  been  installed  for  cold  rolling  the  threads 
on  the  bolts.  All  the  machines  In  this  shop 
are  arranged  in  three  groups  and  belted  to  a 
single  line  shaft.  This  shaft  Is  made  in  three 
sections,  coupled  together,  and  each  driven  by 
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Strokes 
Capacity.  or  revs. 

20-ln.   swing  t 
Twelve     15/16-In.     holes 
through     '/I -In.    metal. 
Twelve     15/10-ln.     holes 

through  ^-In.  metal 
l^A-in.  hole,  1-ln.  metal. 
lV4-ln.  hole,  1-ln.  metal. 
2-ln.  hole,  IH-ln.  metal. 
2-ln.  bole,  l>4-ln.  metal. 
5  ft.  arm 
18% -In.   dlam.  discbarge 


18 


281, 
281 


5-ft.  throat 
5-ft.  throat 
4-ft.  throat 


21 


14%-ln.  dlam. 
114 -In.  bolt 


discharge 


36   In. 
%-ln. 


from    wall 
plate  78  In. 


4i4-ln.k5-ft.x90-ton 
3-1n. 


long 


48 

42-ln 

42-ln 


wheel 
wheel 
wheel 


No.  5 

No.  5  Bement-lJiles     double     axle      11  In.  diameter 

lathe 
No.  5  Bement-Mlles     double     axle      11  In.  diameter 

lathe  \.  ..  40 

No.  5  Bement-Mlles     double     axle      11  In.  diameter 

lathe 
No.  5  Bement-Mlles     double     axle      11  In.  diameter 

lathe 
No.  5  Bement-Mlles     double     axle      11  In.  diameter 

lathe 
No.  5  Bement-Mlles     double     axle      11  In.  diameter 

lathe 

No.  1  Caskey  pneumatic  punch  

No.  2  Caskey  pneumatic  punch  

•Hard  sparing  tables  with  punches  B  &  C.    tRun  from  No.  6  H.  &  J.  multiple  punch. 
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«n  iodependent  2D-horse-power  open  type  West- 
inghouse  motor.  The  shop  is  also  used  for 
light  forging  and  the  smith  fires  and  furnaces 
haw  down-tmke  flaee  carried  under  the  floor  to 
a  stact  atack  at  one  end.  A  33x42foot  room  is 
enclosed  by  a  wooden  partition  on  one  side  of 
the  building,  and  is  used  for  a  machine  shop 
and  tool  room.  Ventilation  is  secured  through 
steel  louvres  which  occupy  the  clere-story  sides 
of  the  monitor. 

Car  Shop. — This  shop  is  of  very  simple  con- 
struction, as  already  described,  and  contains 
punches,  drills,  riveting  machines,  presses, 
lathes  and  emery  wheels  with  which  the  car 
frames  and  plates  are  fitted.  They  are  ar- 
ranged as  shown  on  the  floor  plan,  on  which 
they  are  indicated  by  reference  letters  corre- 
Qonding  with  the  accompanying  table. 

All  these  machines  are  driven  by  independent 
Westlnghouse  motors  with  the  exception  of  the 
double  bolt  cutter,  which  is  operated  by  a 
Crocker-Wheeler  motor.  The  movable  installa- 
tion comprises  two  Pedrick  &  Ayer  riveters  with 
24-inch  stroke,  three  Allen  riveters  with  10-inch 
stroke,  one  10-ton,  two  3-ton.  and  eighteen  2- 
ton  Yale  ft  Towne  chain  hoists  and  two  Har- 
rington 2-ton  chain  hoists.  The  Morgan  travel- 
ing crane  has  two  35-horse-power  motors  on  the 
hoist  and  two  2-hor8e-power  traversing  motors 
on  the  trolley.  The  Sellers  crane  has  two  50- 
borse-power  motors  on  the  hoist  and  two  6- 
borae-power  traversing  motors  on  the  trolley. 
The  annex  at  one  end  of  the  shop  is  devoted 
entirely  to  wheel  and  axle  work  and  is  lighted 
by  sawtooth  skylights  and  windows  in  the  side 
walls.  The  lathes  are  driven  in  sets  of  three  by 
motors  supported  from  the  lower  chords  of  the 
roof  trusses  and  belted  to  jack  shafts  driving 
the  different  tools. 

Forge  Shop. — Parallel  and  adjacent  to  the  car 
shop  is  an  86xl20-foot  building  of  similar  con- 
struction, which  is  also  built  to  enclose  a  run- 
way for  a  76-foot-8pan  yard  crane,  and  is  used 
for  bending,  flanging  and  other  heavy  forge 
work.  Longitudinal  rows  of  interior  columns 
about  19  feet  high  and  9  to  15  feet  from  the 
side-wall  columns,  support  overhead  platforms 
and  girders  for  the  electric  power  installation 
•on  each  side  of  the  building.  These  are  separate 
aqd  essentially  duplicate  systems,  each  with  a 
40-hor8e-power  Westinghouse  motor  driven  at 
about  455  to  550  revolutions,  and  belted  to  jack 
shafts  at  the  eaves  level,  from  which  the  tools 
on  the  main  floor  are  driven.  These  tools  are 
located,  as  indicated  by  the  floor  plan,  as  close 
as  ooDTenient  to  the  side  walls,  leaving  a  center 
area,  about  50  feet  wide  In  the  clear,  unob- 
structed for  handling  the  plates  and  other  ma- 
terials at  the  furnaces  and  on  the  working 
tables.  The  furnaces  are  connected  by  a  system 
of  underground  flues  to  a  transverse  flue  con- 
nected with  the  Ijase  of  a  steel  stack  30  inches 
in  diameter  and  90  feet  high  on  each  side  of 
the  building. 


Ax  Absobftion  Dtnamometeb  of  a  new  and 
simple  type  was  described  recently  by  M.  Ch. 
Benard  in  a  communication  to  the  Paris  Acade- 
mie  des  Sciences.  A  graduated  rod  mounted 
on  a  sleeve  at  its  center  carries  on  opposite 
aides  two  flat  plates  of  aluminum,  so  attached 
that  they  can  be  slid  along  the  rod  to  different 
positions.  The  apparatus  is  essentially  an  air 
brake.  With  the  plates  In  any  fixed  position 
It  has  been  shown  by  trial  that  the  torque  is 
proportional  to  the  specfbc  weight  of  the  air 
and  to  the  square  of  the  angular  speed.  The 
Instrument  is  calibrated  once  for  all,  accord- 
ing to  "Engineering,"  and  may  then  be  used 
to  determine  the  power  of  any  motor  by  sim- 
ply mounting  the  dynamometer  on  the  motor 
shaft  and  noting  the  speed  of  revolution  main- 
tained. 


Tests  for  Detecting  Brittle  Steel. 

A    paiMT    read    before    the    American    Society    for 
Testing   MaterlalH.   by   Mr.    Win.   It.    Webster. 

All  engineers  aim  to  avoid  the  use  of  brittle 
steel  in  their  structures.  They  have,  very 
properly,  specified  such  chemical  limits  as  will 
eliminate  this  trouble  in  steel  from  segregation. 
This  course  has  been  followed  in  this  country 
for  years  and  does  not  need  further  comment. 

Most  of  the  steel  now  made  will  meet  all  the 
requirements  of  the  specifications  in  general 
use,  with  a  large  margin  to  spare.  This  has 
given  a  false  sense  of  security  and  loo  many 
chances  are  being  taken.  In  some  cases  the 
C0I4  bending  tests  have  been  omitted  on  boiler 
steel  and  the  material  accepted  ou  the  results 
of  tension  tests  alone.  Hundreds  of  boilers  are 
made  every  year  under  these  conditions.  Every 
now  and  then  a  plate  fails  in  shop  work  and 


effect  on  stoel,  as  in  annealing,  and  that  the 
hotter  the  steel  is  finished  in  rolling  or  forg- 
ing, the  softer  it  will  be.  On  the  coutrary,  un- 
der such  conditions,  heat  has  a  hardenins  effect 
and  is  one  cause  of  brittle  steel.  The  labora- 
tory experiments  on  the  effect  of  heat  have  been 
confirmed  by  the  results  obtained  from  large 
masses  of  steel.  Steel  finished  too  liot  in  roll- 
ing or  forging  will  have  a  large  grain  and  will 
fail  under  the  ordinary  cold  bending  and  drop 
tests.  The  engineer  cannot  ignore  this  any 
more  than  he  can  ignore  the  effect  of  chemical 
composition.  Under  these  conditions  is  it  not 
proper  and  just  that  he  demand  of  the  maker 
some  assurance  that  his  steel  is  finished  at 
the  proper  temperature  and  not  at  any  old  tem- 
perature? It  is,  of  course,  preferable  to  pre- 
vent, if  possible,  steel  being  made  brittle,  than 
to  take  the  chances  of  its  being  detected  after  It 
has  been  made  brittle. 


Cambria  Steel   Works:      Turret  Shears  for  Cutting  Large  Shapes    in   Yard. 


samples  taken  from  such  plates  will  generally 
.not  bend  flat  cold,  or  anywhere  near  it.  We 
have  no  means  of  learning  how  many  other 
brittle  plates,  which  do  not  fail  in  shop  work, 
are  put  in  boilers.  The  failures  generally  oc- 
cur in  thick  material,  and  In  most  cases,  the 
ordinary  cold  bending  test  as  called  for  in  our 
specifications  would  have  detected  the  brittle- 
nesB. 

There  are  other  cases  where  axles,  rails,  etc., 
are  put  in  service  without  any  physical  tests 
whatever  being  made.  This  is  directly  contrary 
to  the  specifications  adopted  by  this  Society  and 
the  opinions  expressed  in  the  discussions  at 
our  meetings. 

Some  think  that  heat  always  has  a  softening 


This  Society  took  a  decided  step  in  the  right 
direction  in  specifying  that  cold  bends  shall  be 
made  on  each  heat  of  steel  in  the  condition  it 
leaves  the  rolls.  This  has  been  more  clearly  de- 
fined by  the  Committee  on  Iron  and  Steel  Struc- 
tures of  the  American  Railway  Engineering  and 
Maintenance  of  Way  Association,  in  their  speci- 
fications, as  follows;  "Full-size  material  for 
eye-bars  and  other  material  1  inch  thick  and 
over,  tested  as  rolled,  shall  bend  cold  180  de- 
grees around  a  pin  the  diameter  of  which  Is 
equal  to  twice  the  thickness  of  the  bar  without 
fracture  on  outside  of  bend."  This  requirement 
has  been  put  in  general  use  and  necessitates 
the  bars  being  finished  in  rolling  at  a  lower 
temperature,  and  large  eye-bars  are  now  made 
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which  meet  the  requirements  of  full-size  test 
very  much  better  than  formerly. 

All  of  our  present  specifications  malie  con- 
cessions in  the  requirements  for  the  heavy  ma- 
terial, and  it  is  a  question  if  we  have  not  gone 
too  far  in  that  direction,  as  it  assumes  that  such 
heavy  material  will,  of  necessity,  he  finished  at 
a  much  higher  temperature  than  the  lighter 
material.  It  also  does  not  induce  the  mal\er  to 
improve  his  methods.  The  necessary  improve- 
ment in  the  present  methods  which  would  be 
required  to  finish  the  heavy  material  at  the 
proper  temperature  would  decrease  output  and 
increase  cost  of  such  heavy  material.  Is  the 
consumer  willing  to  pay  more  for  a  better  ma- 
terial? If  so,  the  maker  would,  no  doubt,  meet 
him  half  way. 

It  will  not  be  necessary  to  adopt  any  of  the 
more  elaborate  tests  which  have  been  suggested 
to  detect  brittle  steel,  if  the  finishing  tempera- 
ture is  properly  controlled  and  wide  cold  bends 
made  of  full  thickness  of  material  rolled.  But 
in  the  case  of  forgings,  castings,  and  other  very 
heavy  material,  annealing  will  liave  to  be  more 
generally   introduced. 


Some  Details  of  an  Electric  Railway  Power 
Station  at  Canton,  Ohio. 

A  number  of  power-station  details  of  interest 
"from  the  standpoint  of  design  are  the  subject 
•of  the  accompanying  illustrations.     They  show 


and  the  switchboard.  In  a  corresponding  posi- 
tion to  this,  immediately  outside  of  the  boiler 
room,  is  an  extensive  coal  storage.  The  engine 
room  is  the  loftiest  portion  of  the  plant,  accom- 
modating a  traveling  crane,  which  is  of  30,000 
pounds  capacity,  built  by.  the  Whiting  Foundry 
Equipment  Company;  and  its  roof  Is  of  the 
ridge  form,  with  matched  lumber,  tar  paper  and 
slate,  supported  on  steel  trusses. 

There  are  at  present  Installed  in  the  boiler 
room  six  300-horse-power  Aultman  &  Taylor 
boilers,  set,  as  usual,  in  pairs,  with  space  for 
a  fourth  battery.  Each  boiler  has  144  tubes  4 
inches  in  diameter,  arranged  16  wide  and  9  high, 
and  two  42-inch  steam  drums.  They  are  de- 
signed to  generate  steam  at  160  pounds.  They 
are  equipped  with  the  Jones'  underfeed  stoker 
and  burn  half  slack  and  half  run-of-the-mine 
coal.  Owing  to  the  proximity  of  the  mines,  the 
run-of-the-mlne  coal  costs  $1.70  per  ton  deliv- 
ered and  the  slack  coal  $1.20.  The  coal  storage 
is  a  covered  bin  14x78  feet  in  plan  and  18  feet 
in  average  height.  It  is  capable  of  holding 
twelve  carloads.  Coal  is  dumped  directly  into 
it  from  a  railroad  siding  6  feet  above  the  floor 
level  of  the  bin,  there  being  four  broad  chutes 
through  the  outside  wall  of  the  bin  into  which 
side-dump  cars  can  deliver.  In  the  partition 
wall  between  the  storage  and  the  firing  space 
there  are  four  openings  from  the  bin  and  these 
are  closed  with  counterbalanced  lifting  doors. 
The  openings  are  approximately  3  feet  wide  and 
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various  systems  of  piping  In  the  power  station 
serving  the  Canton-Akron'  electric  railway, 
which  is  an  interurban  line  of  some  54  miles 
total  length  of  track.  It  extends  from  Akron  to 
Navarre,  Ohio,  passing  through  Canton  and  Mas- 
eillon,  in  both  of  which  places  local  systems 
are  operated.  The  total  distance  from  Akron 
to  Navarre,  by  direction  of  the  railway,  is  34 
miles. 

The  plant  is  located  In  Canton  on  a  branch 
-of  the  Tuscarawas  River.  It  is  a  brick  building 
of  the  usual  arrangement,  in  that  the  boiler  and 
engine  rooms  are  side  by  side.  Both  rooms  are 
■of  the  same  size,  46  feet  wide  and  128  feet  long. 
At  the  center  the  engine  room  has  an  extension 
or  bay  36x48  feet  for  the  sub-station  equipment 


6'/j  feet  high,  with  an  arched  top.  The  door  is 
reinforced  with  angles  and  Is  suspended  from 
two  cables,  each  passing  over  a  small  sheave 
above  and  carrying  a  counterweight  at  the  other 
end. 

The  products  of  combustion  are  carried  oft 
through  a  horizontal  smoke  duct  above  the  floor 
between  the  rear  of  the  boilers  and  the  main 
partition  wall  of  the  station  and  pass  into  a 
200-foot  Custodis  radical  brick  stack.  A  me- 
chanical-draft plant  is  installed,  comprising  a 
b-foot  Buffalo  fan,  driven  by  a  3xl0-inch  Stur- 
tevant  engine,  with  an  Induction  motor  as  a  re- 
serve source  of  power. 

The  high-pressure  piping  is  standard  wrought 
Iron,  the  fittings  and  flanges  extra  heavy,  of  the 


Crane  manufacture.  The  general  scheme  of  pip- 
ing between  boilers  and  pnglnes  is  shown  in  one 
of  the  illustrations.  Each  of  the  supply  pipes 
from  a  boiler  takes  the  usual  upward  bend  and 
connects  into  the  top  of  the  header.  It  is  fitted 
with  two  valves  which  are  close  together  near 
the  header,  leaving  a  single  length  of  piping 
from  the  boiler  nozzle  to  the  valves,  with  a  bend 
at  the  upper  end  on  a  radius  of  Z'/n  feet.  The 
valves  nearer  the  boilers  are  Chapman  gate 
valves,  while  those  marked  A  are  Crane  auto- 
matic stop  and  check  valves,  to  prevent  a  re- 
verse flow  of  steam  to  any  boiler  from  the  re- 
mainder of  the  plant  in  the  event  of  any  dis- 
ablement to  that  boiler. 

The  header  is  in  two  sections,  one  for  two 
batteries  and  the  other  for  the  third  battery  and 
the  one  which,  it  is  stated,  is  shortly  to  be 
added.  Neither  section  has  any  valve,  but  the 
two  are  joined  by  an  offset  of  the  full  size  of 
the  headers,  with  the  gate  valve  in  the  offset. 
The  offset  Is,  of  course,  employed  to  allow  for 
expansion,  and  contains  six  changes  of  direc- 
tion, having  six  right  angle  elbows.  The  header 
is  drained  at  five  points.  The  drainage  taps 
are  made  in  the  bottom  of  the  tees,  three  of 
them  Immediately  below  the  entrance  of  the 
steam  from  three  boilers  and  the  other  two  in 
the  bottom  of  the  tees  from  which  the  header 
expansion  offset  connection  is  made,  the  taps 
being  spaced  at  approximately  equal  Intervals. 

The  connections  from  the  header  to  the  en- 
gines are  likewise  taken  from  the  top  of  the 
main,  with  gate  valves  near  the  header,  and 
pass  through  openings  in  the  partition  wall  into 
the  engine  room.  In  the  case  of  the  smaller 
engines  each  terminates  in  a  zig-zag  separator 
mounted  immediately  above  the  safety  stop 
valve  on  the  engine;  in  the  case  of  the  larger 
engine  the  height  of  the  stop  valve  made  it  ad- 
visable to  place  the  separator  in  the  horizontal 
portion  of  the  supply  pipe  before  its  curved  des- 
cent to  the  engine.  If,  for  the  purposes  of  brief 
analysis,  all  engines  are  assumed  working  at 
the  same  time  and  taking  steam  at  one-quarter 
cut-off,  it  will  be  found  that  410  cubic  feet  of 
steam  are  passed  per  minute  through  each  of 
the  7-inch  pipes  and  690  cubic  feet  per  minute 
through  the  9-inch  pipes,  corresponding  to  a  ve- 
locity of  1,500  feet  per  minute  in  the  first  case 
and  of  1,600  feet  in  the  second.  With  steam  at 
150  pounds  pressure,  this  corresponds  to  33,300 
pounds  of  steam  per  hour  or  little  more  than 
1,000  boiler  horse-power  required  for  the  main 
generating  units. 

Another  of  the  illustrations  shows  the  ex- 
haust connections  from  the  generating  appara- 
tus. It  will  be  noted  that  the  exhaust  connec- 
tion from  each  engine  contains  a  corrugated  cop- 
per expansion  joint.  The  piping  is  carried  in 
the  basement  under  the  engine  room  floor  and 
runs  toward  the  center  to  the  condensing  equip- 
ment, which  comprises  two  Blake  simplex  twin 
vertical  jet  condensers  with  air  pumps,  12x28x 
18  inches  in  size.  At  the  condensers  the  exhaust 
piping  is  cross-connected  as  shown.  There  are 
two  relief  atmospheric  exhaust  lines  toward 
each  end  of  the  system,  each  of  these  18  inches 
in  diameter  and  carried  above  the  boiler  house 
roof  into  a  Lyman  exhaust  head.  A  short  dis- 
tance above  the  engine  room  floor  each  riser  is 
provided  with  a  Blake  automatic  relief  valve 
with  outside  dashpot.  The  elbow  at  the  bottom 
of  the  riser  is  a  special  one  for  seating  on  a 
Crane  floor  stand  with  flanged  top.  The  piping 
throughout  is  cast  iron. 

Adjoining  the  condensers  is  a  hot  well  6  feet 
deep.  A  wire  screen  strainer  is  arranged  to 
slide  between  a  pair  of  angle  bars  In  this  well 
in  such  a  manner  as  to  filter  the  water  before  ■ 
it  leaves  the  well.  The  cage  formed  by  the 
strainer  Is  packed  with  excelsior  and  the 
strainer  may  be  readily  removed  for  cleaning. 
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As  orisiiuUly  designed,  the  Blake  condensers 
took  vmter  from  the  river  and  discharged  into 
the  hot  veil.  It  was  intended  to  use  the  hot 
««U  water  for  boiler  feed,  and  hot-water  pumps 
were  installed,  as  shown,  for  delivering  the  hot 
water  to  the  feed-water  heater.  These  pumps 
are  provided  with  the  suction  from  the  in ta Ice 
water,  however,  so  that  either  hot  or  cold  water 
can  be  sent  to  the  feed-water  heater,  as  desired. 
Lately  a  deep  well  has  been  driven  in  the  boiier 
room  and  feed  water  is  delivered  from  this  to  a 
Cochrane  heater  supplied  with  steam  from  the 
auxiliaries.  In  addition  to  the  condenser  in- 
stallation shown,  a  2,100-hor8e-power  Bulkley 
barometric  condenser  has  been  installed.  This 
has  been  found  large  enough  to  take  care  of  the 
entire  station,  so  that  the  Blake  condensers  are 
not  used  except  in  case  of  an  emergency.  It 
takes  water  from  a  well  outside  of  the  building, 
10x20  feet  in  size,  the  water  flowing  into  it  by 
gravity  from  the  stream.  The  condensing  water 
is  discharged  into  the  hot  well  and  passes 
through  an  overflow  back  into  the  creek. 

The  boiler  feed  apparatus  is  located  in  the 
boiler  room  at  the  center  of  the  firing  space 
against  the  outside  wall.  There  is  a  duplicate 
installation  of  pumps  of  the  Smith- Vaile  duplex 
Admiralty  pattern,  10x12x6  inches  in  size.  They 
handle  hot  water,  drawing  from  the  open  heater 
and  delivering  through  a  Ross  feed-water  filter 
for  removing  oil.  The  economy  of  space  result- 
ing from  the  position  and  connections  of  the 
Alter  are  indicated  in  the  drawings  of  the  feed- 
water  equipment  The  heater  is  a  No.  9  Coch- 
rane, built  by  the  Harrison  Safety  Boiler  Works. 
As  already  mentioned,  the  feed  water  is  ob- 
tained from  a  deep  well  and  the  water  is  heated 
to  about  200  degrees.  For  a  time  city  water 
was  used,  and  is  still  accessible,  or,  if  necessary, 
feed  water  can  be  taken  from  the  hot  well,  as 
described. 

The  generating  equipment  comprises  two 
AIIis-Resmolds  Corliss  cross-compound  condens- 
ing engines  20  and  38x42  inches  in  cylinder  di- 
mensions, and  one  engine  of  the  same  type  with 
cylinders  26  and  52x48  inches.  The  smaller  en- 
gines are  rated  at  700  horse-power,  although 
they  have  developed  1,200,  while  the  larger  is 
rated  at  1,500  horse- power  and  has  developed 
2,000.  In  the  larger  engrlne  both  exhaust  and 
steam  valves  are  double  ported.  This  engine 
drives  an  800-kiIowatt  three-phase  25-cycle  re- 
volving-fleld  General  Electric  generator  running 
at  94  revolutions  per  minute  and  delivering  cur- 
rent at  13,200  volts.  The  smaller  engines  are 
direct-connected  to  400-kilowatt  generators  of 
the  same  type.  Their  speed  of  rotation  is  107 
revolutions  per  minute. 

Another  of  the  illustrations  is  a  diagram  of 
the  piping  connections  for  an  automatic  oiling 
system  which  has  been  installed.  In  the  base- 
ment there  are  two  tanks  of  the  size  indicated, 
one  above  the  other.  The  oil  is  fed  from  the 
upper  tank  into  the  lower  and  forced  by  air 
pressure  supplied  from  a  lOxlO-inch  Westing- 
house  air  compressor  to  the  engine  oil  cups, 
which  are  designed  for  either  pressure  or  grav- 
ity feed.  After  passing  through  the  bearings 
the  oil  Is  returned  by  gravity  to  receiving  tanks 
la  the  basement  and  is  then  forced  by  pressure 
through  two  Turner  oil  filters  on  the  engine- 
room  floor. 

The  electrical  output  of  the  station  Is  con- 
trolled from  a  switchboard  placed  across  the 
center  of  the  switchboard  bay.  It  is  made  up  of 
blue  Vermont  marble  panels,  of  which  the  main 
generator  panels  have  power  factor  indicators, 
recording  wattmeters  and  engine-governor  con- 
trolling switches.  In  addition  to  other  regulat- 
ing apparatus. 

The  sUtion  was  built  by  the  L.  B.  Myers  Com- 
pany, of  Chicago  which  company  was  contract- 
ing engineer  for  the  entire  road.    As  a  result  of 


the  use  of  stokers  and  cheap  coal,  together  with  months  has  been  0.6  cent,  not  Including  Interest,. 
efflclent  condensing  apparatus,  the  cost  of  cur-  taxes  and  depreciation.  Messrs.  Pierce,  Rich- 
rent  is  said  to  have  been  brought  down  to  0.54  ardson  &  Neiler,  of  Chicago,  were  the  consiilting 
cent  per  kilowatt  hour.  The  average  for  several  and  designing  engineers.  Mr.  E.  J.  Ranch  is 
'  '  I  J  general  superintendent  and  purchasing  agent 
I       I  of    the    Canton-Akron    Railway    Company,    an* 

is  chief  engineer. 
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Lowering  the  Chicago  Tunnels. 

Kxtracts  frum  a  reixn't  liy  i'i»l.  o.  II.  I-]riisi,  rorii; 
of   Knglneors.    r.   S.   A. 


There  is  no  controversy  over  the  assertion 
that  the  tunnels  as  now  constructed  are  ob- 
structions to  navigation  and  should  be  altered 
without  unnecessary  delay,  but  there  are  veiy 
serious  legal  and  economic  difficulties  in  the 
way,  and  it  Is  therefore  desirable  that  a  state- 
ment should  here  be  made  of  the  gravity  of  the 
injury  which  they  have  inflicted  and  are  daily 
inflicting  upon  the  lake  traffic  of  Chicago. 

Statistics'  of  the  tons  of  goods  entering  and 
leaving  the  Chicago  and  Calumet  rivers  since 
1889  show  that  while  the  gain  in  the  Calumet 
River  has  been  very  great,  it  has  barely  been 
sufficient  to  counterbalance  the  loss  in  the  Cni- 
cago  River.  The  trade  of  the  two  combined 
was  only  a  trifle  more  in  1902  than  in  1889,  and 
this  in  face  of  the  fact  that  there  was  an  enor- 
mous increase  in  the  general  tradq  of  the 
Great  Lakes  during  that  period,  and  also  in 
face  of  the  fact  that  the 
growth  of  Chicago  in  popula- 
tion and  wealth  was  very 
great.  The  trade  of  the  Chi- 
cago River  decreased  over 
3,000,000  tons,  or  more  than 
one-third,  between  18S9  and 
1902.  The  influences  which 
cause  a  shifting  or  growth  of 
trade  are  numerous  and  com- 
plicated, and  It  is  possible 
that  there  are  influences  at 
work  here  which  do  not  now 
appear,  but  it  seems  to  me 
evident  that  the  trade  of  the 
Chicago  River  was  bound  to 
decline  when  the  stream 
ceased  to  have  the  capacity 
necessary  to  accommodate  the 
large  modern  freight  carriers. 
Obstructions  in  the  river,  such 
as  encroaching  docks,  center- 
pier  bridges  and  tunnels,  be- 
come more  and  more  serious 
as  the  size  of  vessels  in- 
creases. They  have  now  reach- 
ed the  stage  where  the  largest 
and  most  economical  freight 
carriers  cannot  use  the  Chi- 
cago River  at  all  except  near 
its  mouth.  Such  vessels  draw 
about  20  feet.  The  depth  of 
water  over  the  tunnels  is 
about  17  feet  in  two  cases,  and 
about  18  feet  in  the  third, 
which  limits  safe  navigation 
to  a  draft  of  about  16  feet. 
Large  vessels  may,  with  difficulty,  get  by  the 
other  obstructions  just  mentioned,  but  they  can- 
not get  over  the  tunnels. 

The  Chicago  River,  in  addition  to  its  duty  as 
a  navigable  stream,  has  to  perform  the  func- 
tions of  a  discharging  channel  to  carry  the 
large  volume  of  water  required  to  dilute  the 
sewage  now  being  discharged  Into  the  Des 
Plaines  and  Illinois  rivers  through  the  new 
drainage  channel.  Its  area  of  cross-section 
must  be  made  large  enough  to  accommodate 
the  required  volume  without  creating  veloci- 
ties which  will  be  detrimental  to  navigation. 
The  plans  upon  which  the  trustees  of  the  Sani- 
tary District  are  working  contemplate  the  ulti- 
mate discharge  through  the  drainage  canal  of 
10,000  cubic  feet  per  second,  of  which  8,000 
cubic  feet  are  to  pass  through  the  part  of  the 
river  where  these  tunnels  are  located.  The 
trustees  are  now  at  work  enlarging  the  river  to 
fit  it  for  this  new  duty.  They  have  replaced 
many  of  the  center-pier  bridges  with  bascule 
bridges,  and  expect  to  replace  all.     They  have 


widened  and  deepened  the  river  in  many  places, 
but  they  have  no  present  intention  of  attacking 
the  tunnels.  The  depth  which  they  have  adopted 
is  26  feet  for  a  width  of  100  feet  in  the  middle 
of  the  stream,  decreasing  to  a  depth  of  16  feet 
at  the  dock  line.  This  gives  an  area  of  cross- 
section  of  about  4,700  square  feet.  At  the 
bridges,  however,  it  is  reduced  to  about  4,000 
square  feet.  As  vessels  will  not  be  moored 
at  the  bridges,  the  whole  of  this  cross- 
section  is  available  for  flow  and  should 
be  able  to  discharge  8,000  cubic  feet  per 
second  at  a  low  velocity.  In  reconstructing  the 
tunnels  there  must  be  provided  an  equal  area 
of  cross-section  over  them;  that  is,  4,700  square 
feet  where  there  is  no  bridge  and  4,000  square 
feet  where,  as  at  Washington  Street,  there  is  a 
iH-idge. 

At  present  the  amount  of  water  which  the 
trustees  are  allowed  to  pass  through  the  river 
is  limited  by  the  Secretary  of  War  to  about 
4,100  cubic  feet  per  second,  so  that  for  the  pres- 
ent a  less  area  of  cross-section  is  permissible. 
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At  La  Salle  Street  the  river  is  278  feet  wide, 
and  there  is  a  channel  17  feet  deep  for  a  width 
of  62  feet  over  the  tunnel  near  the  middle  of  the 
river.  The  area  of  cross-section  available  for 
flow  is  4,193  square  feet.  A  depth  of  22  feet  will 
accommodate  the  deepest-draft  vessels  now  navi- 
gating the  lake,  and  at  this  place  it  will  fur- 
nish the  area  of  cross-section  required  to  dis- 
charge 8,000  cubic  feet  per  second  at  a  low 
velocity.  There  can  be  no  certainty,  however, 
that  the  draft  of  vessels  navigating  the  lakes 
will  not  be  increased  in  the  future. 

At  Washington  Street  the  river  is  only  150 
feet  wide,  and  of  this  width  35  feet  at  the 
middle  of  the  river  is  occupied  by  the  pier  of  a 
drawbridge,  leaving  two  passageways,  one  58 
and  the  other  57  feet  wide.  In  each  of  these 
there  is  a  depth  of  17  feet,  but  the  width  for 
that  depth  is  not  great  enough  for  a  vessel  to 
pass,  and  practically  the  depth  is  not  more  than 
16  to  16Vj  feet.  The  area  of  cross-section  avail- 
able for  flow  is  1,911  square  feet,  which  is  bare- 
ly   sufficient   to   pass   the   4,100   cubic   feet   per 


second  now  authorized  by  the  Secretary  of  War. 
The  work  of  enlargement  by  the  trustees  of 
the  sanitary  district  just  above  the  tunnel  is 
completed  and  just  below  it  is  well  advanced. 
The  sudden  change  from  a  cross-section  of  4,- 
700  square  feet  to  one  of  1,911  square  feet 
causes  a  change  of  velocity  which  adds  to  the 
difficulty  of  steering,  a  difficulty  which  Is  in- 
creased by  the  break  in  the  shore  line. 

At  the  Van  Buren  Street  tunnel  the  river  Is 
184  feet  wide,  and  there  is  a  channel  17  feet 
deep  for  a  width  of  92  feet  near  the  middle 
of  the  river,  with  a  maximum  depth  of  18  feet 
at  the  center.  A  vessel  drawing  171/2  feet  can, 
with  care  and  good  luck,  be  passed  over  this 
tunnel  when  the  level  of  Lake  Michigan  is  not 
unusually  low.  The  area  of  cross-section  avail- 
able for  flow  is  3,128  square  feet.  Under  the 
plans  of  the  trustees  of  the  Sanitary  District 
the  width  of  the  river  here  is  to  be  made  200 
feet. 

The  average  number  of  cars  passing  through 
the  tunnels  daily  is  now  about  2,007  at  La 
Salle  Street,  2,000  at  Washington  Street,  and 
540  at  Van  Buren  Street.  If  separate  electric 
cars  were  used  instead  of  the  trains,  there 
would  be  a  car  passing  every  thirteen  seconds 
for  La  Salle  Street,  every  eleven  seconds  for 
Washington  Street,  and  every  thirty  seconds 
for  Van  Buren  Street  during  the  crowded  hours, 
and  at  rather  greater  intervals  at  other  hours. 
To  turn  these  cars  over  the  bridges  will,  of 
course,  make  trouble.  In  addition  to  this  traf- 
fic, the  La  Salle  Street  tunnel  carries  a  3G-inch 
water  pipe,  constituting  an  important  link  in 
the  city  water  supply;  and  both  the  I..a  Salle 
Street  and  Washington  Street  tunnels  carry  a 
large  number  of  wires  for  electric  lighting, 
telephone  and  telegraph  services.  There  are 
probably  a  hundred  or  more  cables  in  each  of 
these  tunnels. 

The  tunnels  differ  from  each  other  in  con- 
struction and  admit  or  different  treatment  in 
the  methods  of  alteration.  At  Van  Buren  Street 
the  greater  part  of  the  work  can  be  done  with- 
out suspending  the  cable-car  traffic,  but  that  will 
involve  retaining  the  present  roof  until  the  end 
of  the  work.  With  that  method  no  immediate 
relief  to  navigation  would  be  given.  At  La 
Salle  and  Washington  streets  the  river  section 
must  be  removed  and  reconstructed  almost  en- 
tirely, and  the  tunnels  would  be  disabled  at  the 
start.  In  those  cases  there  is  no  good  reason 
why  the  first  work  should  not  be  directed  so  as 
to  relieve  navigation  soon  after  it  is  begun. 

A  reasonable  time  to  allow  for  reconstruct- 
ing the  tunnels  at  a  lower  level  will  be  from 
eighteen  months  to  two  years  after  the  work 
is  begun.  It  should  cover  two  winter  seasons, 
when  navigation  is  suspended.  In  the  mean- 
time relief  to  navigation  and  increased  dis- 
charging capacity  can  be  furnished  within  two 
months  after  the  work  is  begun  in  the  case  of 
the  worst  two  tunnels. 

My  opinion  is  that  the  city  of  Chicago  should 
be  required  to  alter  the  La  Salle  Street  tunnel 
so  that  there  shall  be  a  depth  of  water  over  it 
of  at  least  26  feet  for  a  length  of  160  feet  near 
the  middle  of  the  river,  the  work  to  be  com- 
pleted on  or  before  March  15,  1907,  and  to  be 
so  begun  and  conducted  that  on  and  after  April 
1,  1905,  there  shall  be  a  navigable  channel  over 
the  tunnel  not  less  than  22  feet  deep. 

Furthermore,  the  city  of  Chicago  should  be 
required  to  alter  the  Washington  Street  tunnel 
so  that  no  portion  of  it  between  the  abutments 
of  the  proposed  new  bridge  shall  come  within 
26  feet  of  the  water  surface,  the  work  to  be  com- 
pleted on  or  before  March  15,  1907,  and  to  be 
so  begun  and  conducted  that  on  and  after  April 
1,  1905,  there  shall  be  a  navigable  channel  over 
the  tunnel  at  least  22  feet  deep. 

The  receivers  of  the  Chicago  Union  Traction 
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Company  should  be  required  to  alter  the  tunnel 
near  Van  Buren  Street  so  that  there  shall  be 
a  depth  of  water  over  it  of  at  least  26  feet  for 
a  length  of  160  feet  near  the  middle  of  the 
riTer,  the  work  to  be  completed  on  or  before 
April  15.  1906. 


Semodeled  Stndebaker  Power  Plant  at  South 
Bend,  Indiana. 

The  problem  of  rearranging  and  enlarging 
the  system  of  power  generation  and  distribu- 
tion is  quite  formidable  in  a  manufacturing 
plant  which  has  been  long  established  and 
which  has  been  added  to  from  time  to  time  to 
meet  the  demands  of  the  moment  as  cheaply  as 
poesible,  regardless  to  a  greater  or  less  degree 
of  any  consistent  general  plan.  The  establish- 
mMit  of  Studebaker  Bros.'  >ranufacturing  Com- 
pany at  South  Bend,  Ind.,  was  started  in  1852, 
and  has  been  gradually  developed  and  extended 
until  it  now  covers  something  over  100  acres. 
There  are  two  distinct  manufacturing  depart- 
ments, one  for  wagons  and  one  for  carriages. 
In  general  each  of  these  departments  consists 
of  wood-working,  forging,  assembling  and  paint- 
ing shops  and  storage  for  finished  goods.  There 
are  also  extensive  lumber  storage  yards  and 
drying  kilns,  where  stock  is  prepared  for  both 
departments.  Steam  power  was  generated  at 
two  boiler  plants  about  500  feet  apart,  and  was 
piped  to  engines  at  three  different  points.  These 
engines  turned  heavy  shafts  running  through 
the  buildings  and  carrying  many  wide  pulleys 
with  slow-speed  belts. 

The  carriage  department  power  plant  con- 
tained four  Bal>cock  t  Wilcox  boilers,  a  simple 
30x60-inch  Lane  A  Bodley  Corliss  non-condens- 
ing engine  and  also  some  small  high-speed  en- 
gines, belt  connected  to  lighting  dynamos  and 
an  electric-welding  generator.  The  exhaust 
from  the  engines  was  used  for  heating  the  car- 
riage department  and  the  boiler  feed  water. 
The  boilers  at  this  plant  were  in  reasonably  good 
shape,  but  the  draft  conditions  were  bad  because 
of  an  underground  flue  150  feet  long,  which  had 
been  constructed  at  some  time  in  the  past  in 
order  to  make  use  of  the  stack  of  the  drying 
kilns.  The  boiler  house  and  the  engine  house 
are  separated  only  by  a  roadway  and  are  quite 
centrally  located  with  respect  to  the  entire 
plant. 

The  power  plant  of  the  wagon  department  con- 
tained five  BalxM>ck  k  Wilcox  boilers,  ranging 
in  size  from  120  to  240  horse-power.  Some  of 
them  were  in  good  condition,  but  others  were 
considered  unsafe  for  the  pressures  suitable  for 
modem  power  installations.  These  boilers  sup- 
plied steam  to  two  24x40-inch  Brown-Corliss 
non-condensing  engines,  located  in  an  adjacent 
room,  to  one  I7x42-incti  engine  of  the  same 
make  and  type  some  distance  from  this  power 
bonae  and  to  a  1,500-pound  steam  hammer  in 
the  blacksmith ^hop.  The  two  engines  in  this 
power  house  were  belted  directly  to  shafts  in 
the  wood-working  department,  where  the  larger 
portion  of  the  power  is  used.  The  smaller  en- 
gine was  l>elted  directly  to  the  shafting  In  the 
forge  shops  and  paint  shops.  The  exhaust  steam 
was  nsed  for  beating  these  departments  and  the 
office  building  and  a  large  quantity  was  con- 
stantly required  in  the  dry  kilns. 

While  the  transmission  system  In  the  car- 
riage department  was  quite  complicated  and 
formed  a  large  percentage j>f  the  total  load  on 
the  engine,  the  engine  there  was  comparatively 
new  and  of  such  design  and  size  as  to  satisfac- 
torily carry  it  load.  Owing  also  to  the  demand 
for  the  exhaust  steam  from  It  during  the  greater 
portion  of  the  time,  It  was  not  Imperative  that 
this  department  should  receive  attention.  In 
the  wagon  department,  however,  the  engines 
were  working  continuously  to  their  ultimate  ca- 


pacity with  the  steam  pressure  allowable  in  the 
boilers  supplying  them.  Moreover,  the  demands 
of  the  business  and  consideration  of  economy 
indicated  that  the  time  had  come  when  some 
different  arrangement  for  generating  and  dis- 
tributing power  must  be  adopted. 

In  considering  the  problem,  Mr.  George  M. 
Brill,  of  Chicago,  as  consulting  engineer,  in  co- 
operation with  Mr.  W.  R  Evans,  master  me- 
chanic, and  Mr.  H.  D.  Johnson,  manager  of  the 
manufacturing  department  of  the  StuUebal^er 
Bros."  Manufacturing  Company,  had  to  take  in- 
to account  several  positive  conditions.  Dry  kilns 
are  in  use  which  require  steam  on  three  hundred 
and  sixty-five  days  in  the  year.  The  steam  con- 
sumption is  further  increased  in  the  winter 
time  by  the  heating  requirements  of  the  shops. 
The  shavings  and  scrap  from  the  wood-working 
departments  are  sufficient  to  generate  steam 
equivalent  to  600  boiler  horse-power.  The  wood 
waste  must  be  delivered  to  the  flre-room  by  fans 
and  must  be  supplemented  by  coal  to  generate 
the  900  horse-power  required.  The  possibility 
of  erecting  in  the  near  future  a  new  builditag  to 


Plant  of  the  carriage  department  as  a  nucleus. 
Such  of  the  Babcock  &  Wilcox  boilers  from 
the  wagon  department  as  were  suitable  for  a 
working  pressure  of  125  pounds,  three  in  num- 
ber, were  reset  in  an  addition  to  the  carriage 
department  boiler  house,  and  all  seven  of  the 
boilers  were  equipped  with  mechanical  stokers; 
a  new  stack  was  also  built.  In  the  piping,  pro- 
vision was  maae  for  furnishing  steam  to  an  ad- 
ditional unit  and  also  for  the  installation  in  the 
future  of  additional  heating  lines  of  either  ex- 
haust steam  or  hot  water.  The  30x60-inch  Lane 
&  Bodley  engine  was  left  to  operate  the  carriage 
department  as  formerly,  and  it  was  also  ar- 
ranged to  drive  the  generators  for  lighting  and 
for  the  electric  welding  machine. 

In  the  space  previously  occupied  by  these 
small  generators  was  installed  a  direct-con- 
nected engine  and  generator  with  some  margin 
of  capacity  over  the  present  demands  of  the 
wagon  department.  The  engine  is  a  22  and  44x 
42-inch  Reynolds'  cross-compound  Corliss,  con- 
densing engine  and  it  is  direct  connected  to  a 
three-phase  General  Electric  480-volt  generator 


Motor-Driven   Planer  at  the  Stijdebaker   Works,  South    Bend,   Ind. 


house  the  wagon  department — the  present  quar- 
ters then  to  be  used  for  storage — and  also  the 
absolute  necessity  of  continuous  operation  of 
the  plant  during  any  and  all  changes  forbade  a 
radical  rearrangement  of  the  machinery  to  ef- 
fect a  considerable  improvement  in  its  economy. 

Several  plans  were  considered,  one  contem- 
plating gas  engines  In  connection  with  a  plant 
under  discussion  for  furnishing  fuel  gas  to 
many  of  the  forges.  Another  plan  contem- 
plating driving  the  main  lines  of  shafting  in  the 
wagon  department  direct  with  a  compound  con- 
densing engine,  the  existing  boiler  plant  being 
remodeled  somewhat.  The  shafting  was  to  be 
divided  into  several  lengths  connected  by  fric- 
tion clutches.  Uncertainty  about  the  location 
of  extensive  additions  to  the  buildings  pre- 
vented the  adoption  of  the  first  plan,  and  the 
second  plan  was  regarded  as  having  nothing 
beyond  its  lower  first  cost  in  its  favor  when 
compared  with  the  electrical  drive  which  was 
•adopted. 

The  final  decision  was  to  centralize  all  power 
generating  apparatus   at  one  point,    with   the 


having  a  capacity  of  500  kilowatts  at  100  revolu- 
tions per  minute.  The  exciter,  a  30-kilowatt,  125- 
volt,  General  Electric  njachine,  belt-driven  from 
the  18-foot  iiywheel  of  the  engine,  supplies  the 
field  coils  of  the  alternator  and  also  of  three 
synchronous  motors  installed  in  the  works. 

A  vacuum  of  26  inches  is  maintained  by  an 
Allis-Chalmers  jet  condenser  and  a  Reynolds' 
patent  32xl2-inch  air  pump,  which  discharges 
into  a  hot  well.  This  well,  from  which  the 
boiler  feed  water  is  taken,  overflows  into  a 
1,000,000-gallon  reservoir  formerly  used  in  con- 
nection with  the  fire  system.  The  reservoir  was 
a  factor  in  solving  the  problem,  presenting  an 
advantage  in  arranging  the  condensing  system. 
Over  one  end  of  this  reservoir,  using  its  walls 
as  foundations,  was  erected  a  Barnard-Wheeler 
cooling  tower,  a  view  of  which  is  given  in  the 
illustrations.  The  condenser  is  located  in  the 
basement  at  such  a  level  that  the  cooling  water 
gravitates  to  it  from  the  reservoir.  When  the 
water  is  not  sufficiently  cooled  in  the  reservoir 
for  use  in  the  condenser,  it  is  circulated  over 
the  cooling  tower  by  a  C-inch  Lawrence  centri- 
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fugal  pump  driven  by  an  8xl2-inch  vertical  en- 
gine, the  suction  of  tlie  pump  being  connected 
to  the  hot  well  and  the  discharge  carried  to  the 
top  of  the  tower.  This  arrangement  provides 
a  flexible  system  of  water  circulation.  A 
Cochrane  oil  separating  system  has  also  been  in- 
stalled to  keep  the  water  clean. 

The  switchboard  has  six  panels;  one  exciter, 
one  generator,  and  four  feeders.  It  is  designed 
for  extension  and  for  the  parallel  operation  of 
two  generators  when  the  installation  of  the  sec- 
ond unit  becomes  desirable.  Only  three  feeders 
are  now  in  use.  These  feeder  panels  are 
equipped  with  polyphase  recording  wattmeters 
and  automatic  oil  switches.  As  the  require- 
ments for  close  regulation  are  not  as  exacting 
as  usual,  no  special  electric  regulating  de- 
vices were  considered  necessary.  The  three 
power  feeders  lead  from  the  switchboard  on 
poles  to  three  points  outside  the  manufactur- 
ing building,  thence  through  the'  walls  to  the 
distributing  panels,  which  consist  of  marble 
slabs  enclosed  in  asbestos  lined  boxes  with  all 
the  wiring  on  the  back  except  the  fuse  terminals 
and  fuses.  Induction  motors  each  driving  a 
group  of  machines  by  means  of  counter  shaft- 
ing, were  installed  and  so  arranged  as  to  make 
the  three  feeder  lines  carry  about  300  horse- 
power each. 


a  damper  in  the  suction  pipe  of  the  fan  is  closed 
to  allow  the  motor  to  be  brought  to  speed  prac- 
tically without  load.  This  arrangement  has 
been  found  to  work  with  entire  satisfaction,  and 
a  high  power  factor,  about  0.88,  is  obtained  by 
the  use  of  the  synchronous  motors..  The  three 
feeder  circuits  are  of  approximately  equal  ca- 
pacity and  carry  a  total  rated  motor  capacity  of 
915%  horse-power,  which  is  1G8  per  cent,  of  the 
500-kiIowatt  rated  capacity  of  the  generator. 

The  plant  has  worked  smoothly  and  without 
any  interference  during  the  changes,  nor  have 
any  shut-downs  occurred  since  the  new  equip- 
ment was  put  in  operation.  The  single  central 
plant  is  found  to  utilize  the  waste  wood  fuel 
better  and  requires  a  less  amount  of  coal  to  make 
up  the  total  quantity  required  than  under  the 
former  conditions. 


Some  Attempts  to  Limit  the  Personal  Equa- 
tion in  Cement  Testing. 

Abstract   of   a    paper    preseuted   to    the   American 
Society    for   Testing   Materials,   by    Mr.    W.    A.    Aiken. 


At  the  convention  of  the  Society  held  two 
years  ago,  the  writer  outlined  in  a  general  way 
the  work  inaugurated  at  the  cement  testing 
laboratory  of  the  New  York  Rapid  Transit  Rail- 
road Commissioners.     In  mentioning  the  efforts 


Cooling  Tower  at  the  Studebaker  Works,  South   Bend,  Ind. 


To  determine  the  motor  requirements  in  me 
wagon  department,  especially  in  the  wood-work- 
ing plSnt,  tests  were  made  on  different  groups 
of  machines  by  operating  different  sections  of 
tne  shafting  independently.  A  50-horse-power 
direct-current  motor,  mounted  on  a  truck  and 
arranged  lo  be  firmly  blocked  when  driving  the 
shafting,  was  put  in  position  and  connected  to 
the  different  sections  of  shafting  at  noon  or  at 
night  to  avoid  interference  with  the  working  of 
the  plant.  This  half-day  run  on  each  section 
gave  opportunity  for  getting  the  maximum, 
minimum  and  average  running  conditions,  and 
as  a  result  a  considerable  rearrangement  of  the 
manufacturing  operations  and  speeding  up  of 
much  machinery  has  been  effected.  It  has  been 
found  practical  to  drive  several  planers  by  di- 
rect-connected motors  with  rigid  couplings,  and 
one  of  these  units  Is  shown  in  an  accompany- 
ing engraving. 

There  are  also  in  operation  three  synchronous 
40-horse-power  motors,  one  on  each  of  the  three 
power  feeders.  Each  one  of  these  motors  drives 
an  exhaust  fan  for  collecting  shavings  by  means 
of  a  short  belt,  thus  avoiding  the  use  of  clutches. 
The  motors  are  started  with  the  field  open,  and 


to  minimize  as  far  as  possible  the  baneful  in- 
fluence of  the  "personal  equation"  of  the  tester, 
reference  was  made  to  some  special  experiments 
just  then  commenced  which  it  was  hoped  would 
lead  up  to  some  interesting  results.  It  is  the 
data  collated  from  those  experiments  which 
have  now  crystallized  into  a  regular  part  of  the 
work,  although  so  far  only  for  comparison, 
which  are  the  subject  of  the  present  paper; 
For  two  years  the  laboratory  has  been  regularly 
making  up  every  tenth  lot  of  cement  submitted 
for  use  on  the  work,  under  what  the  writer  calls 
the  "dry"  process  of  briquette  making,  in  ad- 
dition to  the  usual  method  practiced  in  labora- 
tories generally.  After  much  experimenting 
and  numberless  trials,  the  method  now  rigidly 
followed   was  adopted. 

The  gang  moulds  are  filled  with  dry  cement  in 
three  layers,  the  lower  two  being  tamped  by 
three  blows  of  a  wooden  mallet  and  a  tamping 
iron  exactly  fitting  the  moulds,  the  top  layer 
being  simply  put  into  place,  pressed  in  and 
smoothed  off  with  a  small  trowel,  after  the 
moulds  have  been  filled.  Three  blows  of  the 
mallet  were  adopted  because  repeated  experi- 
ments demonstrated  that  this  number  gave  re- 


sults, when  the  briquettes  were  broken,  approxi- 
mating the  strength  desired  in  what  was  con- 
sidered the  most  acceptable  cement  at  the  7-day 
period;  fewer  blows  not  giving  such  satis- 
factory results  in  every  way,  more  blows  de- 
veloping abnormal  strength  at  that  period  as 
well  as  at  later  stages. 

After  the  briquettes  are  finished,  as  far  as 
filling  the  moulds  is  concerned,  the  whole  is  put 
into  storage  tanks  and  there  left  to  take  up  as 
much  water  as  required.  At  the  expiration  of 
24  hours,  all  the  briquettes  are  ready  to  be  taken 
from  the  moulds,  when  those  for  the  first  period 
are  immediately  broken  and  the  others  stored  in 
tanks.  By  careful  weighing  of  a  great  many 
sets  of  briquettes  it  has  been  ascertained  that 
22  per  cent,  of  water  by  weight  is  taken  up 
during  the  first  immersion.  This  is  just  1  per 
cent,  more  than  is  generally  used  in  ordinary 
practice  in  this  laboratory,  though  therein  when 
tempering  the  aim  is  to  obtain  the  same  paste 
consistency  always,  irrespective  of  the  percent- 
age of  gauge  water.  While  this  does  occasion- 
ally vary,  from  20%  to  22  per  cent.,  working  as 
the  writer  does  with  the  output  of  one  com- 
pany's mills,  this  variation  occurs  so  seldom 
that  it  may  be  ignored  in  calling  the  average 
gauge  water  21  per  cent. 

The  variation  in  weight  of  individual  briquet- 
tes (the  average  results  always  being  obtained 
from  ten  breaks)  as  well  as  the  variation  in  ten- 
sile strength  of  these  ten  briquettes  is  markedly 
less  than  with  the  ordinary  briquettes.  The 
pronounced  feature  of  the  Rapid  Transit  speci- 
fications, viz.:  the  percentage  of  gaiii  in  strength 
between  7  days  and  28  days,  which  requirement 
to  a  greater  or  less  extent  is  finding  its  way  into 
other  specifications,  is  readily  met  in  practically 
every  instance  under  this  "dry"  method  of  man- 
ipulation, and  while  this  is  not  applicable  to 
sand  mortar  tests  and  does  not  approximate 
actual  field  conditions,  even  to  the  extent  of 
briquettes  ordinarily  made,  still  as  cement  is 
not  practically  used  neat  and  laboratory  results 
are  only  for  comparison  at  best,  any  method 
giving  such  regular  results  should  claim  atten- 
tion. 

Here  follow  some  comparative  results,  the 
figures  given  for  each  period,  being  averages  of 
SOO  briquettes  representing  over  50,000  barrels 
of  cement,  irrespective  of  its  acceptance  or  re- 
jection: 

Ordinary    Wet   Briquettes. 

7  days.  28  days.       3  months.    (I  months.         1  year. 

711  lbs.  791  lbs.  77!)  lbs.  774  lbs.  821  lbs. 

Gain  11.1%.  7  days  to  28  days. 

Dry   ilethod   Uriquettes. 

7  days.         28  days.       3  months.    6  months.        1  year. 

lbs  "" 


871  lbs. 


73!)  lbs.  888  lbs.  903  lbs.  863  lbs. 

Gain  20,1%,  7  days  to  28  days. 

Of  the  lots  of  above  total,  which  were  accepted 

as    approximating    the    gain    requirement,    the 

marked  showing  was  as  follows: 

Ordinary   Wet    Briquettes. 

7  days.  28  days.       3  months.    6  montbe.         1  year. 

705  lbs.         797  lbs.         788  lbs.         770  lbs.         863  lbs. 

Gain  13.0%,  7  days  to  28  days. 

Dry  Method  Briquettes. 

7  days.         28  days.       3  months.    6  months.        1  year. 

710  lbs.  887  lbs.  912  lbs.  878  lbs.  897  lbs. 

Gain  24.9%,  7  days  to  28  days. 

Of  the  lots  of  first  total  rejected  for  marked 

failure  to  comply  with  the  15  per  cent,  increase 

requirement,  the  results  are  as  follows: 

Ordinary    Wet   Briquettes. 

"     "    "     hs.    

C9.'>  lbs. 


7  days.    28  days.   3  months.  6  months.    1  year. 
764  lbs.    ' 


809  lbs.  785  lbs.  804  lbs. 

Gain  ,S.9%,   7   days  to  28   days. 

Dry   Method   Briquettes. 

7  days.         28  days.       3  months.    6  months.        1  year. 

VIC  lbs,  937  lbs.  903  lbs.  880  lbs.  792  lbs. 

Gain  14.3%,  7  days  to  28  days. 

The  last  results  would  have  assured  the  ac- 
ceptance of  all  the  rejected  cement,  if  the  fail- 
ure to  show  proper  increase  had  been  the  only 
reason  for  adverse  action. 

Examination  will  show  that  in  every  instance 
the  "dry"  method  briquettes  show  the  greater 
strength  at  every  period,  and  while  the  above 
are  averages,  the  uniformity  of  results  In  in- 
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diridittl  lots.  M  nternA  to  before,  is  very 
Bkrked.  Id  most  instances  the  lowest  dry  break 
is  M  sood  as  the  best  wet  break.  These  results 
are  rery  surprising  and  are  incontrovertible 
eridence  that  the  manipulation  of  the  cement 
by  the  tester  surely  works  detrimentally  as  far 
as  obtaining  most  regular  laboratory  results. 


A  New  Vertical  Cross-Compound  £ng:me. 

The  Hamilton  Corliss  engine,  which  has  long 
held  a  conspicuous  place  in  the  field  of  the  hor- 
isontal  steam  engine,  is  now  to  be  regularly 
made  in  the  vertical  form.  One  of  2,500  horse- 
power has  already  been  built,  for  exhibition  at 
the  Louisiana  Purchase  Exposition,  directK;on- 
nected  to  a  1,500-kiiowatt  alternator  manufac- 
tured by  the  National  Electric  Company,  of  Mil- 
waukee,   and    the    Hooven,    Owens,    Rentschler 


without  wrist  plates;  and  the  governor,  which 
is  of  the  fly-ball  type,  has  control  over  both 
cylinders.  The  exhaust  chambers  are  separated 
from  the  cylinder  walls  by  an  air  space. 

The  2,500-horse-power  engine  at  St.  Louts  has 
the  following  dimensions:  High-pressure  cylin- 
der, 34  inches  in  diameter;  low-pressure  cylin- 
der, 68  inches;  stroke,  54  inches;  speed,  83  revo- 
lutions per  minute;  main  bearings,  25  inches  in 
diameter  and  42  inches  long;  shaft  in  wheel  and 
generator,  30  inches  in  diameter;  crank  pin,  11 
inches  in  diameter  and  11  inches  long;  wheel,  22 
feet  in  diameter  and  120,000  pounds  in  weight. 

The  cylinders  are  made  of  close-grain  charcoal 
iron,  as  hard  as  practical  to  machine  Ihem.  Be- 
sides the  air  space  separation  of  the  exhaust 
chambers  from  the  cylinder  walls,  there  is  a 
2-inch  space  between  the  cylinder  walls  and  lag- 
ging.    The  lagging  is  finished  with  sheet  steel 


frame  is  cast  in  two  pieces,  strongly  webbed, 
and  is  planed  and  fitted  together  and  bolted 
with  reame<l  fitting  turned  steel  bolts.  Its  lower 
portion  is  of  the  box,  or  rectangular  section, 
which  gradually  changes  to  a  circular  section  as 
it  reaches  the  top,  giving  pleasing  but  strong 
lines.  The  openings  on  the  sides  are  designed 
to  receive  oil  shields  which  entirely  close  this 
part  of  the  engine.  The  guide  barrel  is  circular 
in  form  slighuy  flattened  on  the  sides  where 
the  openings  come,  which  are  also  designed  for 
oil  shields  and  doors.  This  portion  of  the  frame 
is  also  strongly  webbed.  The  guides  are  sepa- 
rated from  the  walls  of  the  barrel  by  an  air 
space  and  are  bored  from  a  common  center. 
The  barrel  is  faced  at  both  ends  at  the  same  set- 
ting to  secure  perfect  alignment. 

The   pistons   are   cored   for   lightness.     They 
have   a   follower   ring  and   one   sectional    ring, 


Front  View  of  the  Twenty-Five-Hundred-Horse-Power   Hamilton-Corliss  Vertical  Compound  Engine. 


Company,  of  Hamilton,  Ohio,  the  makers,  have 
designed  a  line  ranging  In  cylinder  dimensions 
from  16  and  32x36  inches  to  48  and  96x60 
Inches,  adapted  for  all  medium  speeds,  for  any 
desired  steam  pressure  and  for  belt  or  direct 
eonnection.  The  valves,  which  are  double  port- 
ed, on  both  the  steam  and  exhaust  sides,  are  lo- 
cated In  the  barrels  to  avoid  the  inconvenience 
of  baving  to  disconnect  the  valve  gear  when  the 
head*  are  removed,  but  they  are  arranged  so  as 
to  keep  the  amount  of  the  clearance  at  the  same 
■nine  it  would  be  if  they  were  placed  In  the 
beads.  The  exhaust  valves,  for  example,  are 
brought  partly  within  the  cylinder  walls,  al- 
though they  do  not  enter  the  space  swept  by  the 
piston  while  the  piston  is  allowed  to  pass  the 
Itorta.  Seiwrate  eccentrics  are  employe<l  for  the 
■team  and  exhaust  valves,  driving  them  direct 


with  bright  polished  angle  steel.  The  arrange- 
ment of  the  exhaust  valves  has  already  been 
mentioned.  The  design  of  the  steam  side  aims 
to  place  the  ports  so  that  the  incoming  steam 
strikes  the  piston  squarely  on  the  end,  prevent- 
ing any  side  shock  and  pounding.  The  valves 
are  cored  to  make  them  as  light  as  possible. 

The  bedplate  is  of  the  box  section,  strongly 
webbed.  It  is  cast  in  one  piece  and  is  carried 
around  the  crank  at  full  height,  forming  a  deep 
crank  pit  to  retain  oil.  The  base  has  easy  lines 
and  well  rounded  corners,  as  Indicated  in  the 
accompanying  engraving.  The  main  bearing 
portion  is  lK)red  and  faced  to  receive  the  bottom 
box,  which  is  of  the  shell  type  and  arranged  so 
that  it  can  be  removed  by  raising  the  shaft  suffi- 
ciently to  remove  the  weight  from  the  box.  The 
box  is  arranged  for  water  circulation.    The  A- 


which  is  pressed  out  by  spiral  springs  held  in 
place  by  T-headed  brass  bolts.  The  pistons  are 
forced  on  a  taper  and  locked  with  a  jamb  nut 
and  keeper.  The  cross-head  is  of  steel,  with 
cast-iron  slippers,  lined  with  phosphor  babbitt, 
peined  in,  bored  and  scraped  to  fit.  Each  slip- 
per has  a  wedge  adjustment  which  is  entirely 
independent,  so  that  the  position  of  the  slipper 
Is  not  changed  by  its  movement.  The  slippers 
are  fastened  to  the  cross-head  by  several  steel 
bolts,  relieving  the  wedge  bolts  of  any  extra 
stress,  and  they  are  arranged  so  that  they  can 
be  easily  removed.  The  effort  in  the  design  has 
been  to  secure  a  construction  such  that  it  is  im- 
possible for  them  to  get  adrift.  The  piston 
rods  are  fastened  to  cross-heads  by  thread, 
jamb  nut  and  keeper.  The  connecting  rod  is  of 
the  solid  end  pattern  and  is  five  and  one-half 
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cranks  long,  with  wedge  adjustment  at  each  end, 
so  arranged  that  in  talcing  them  up  the  length 
of  the  rod  and  clearance  spaces  remain  constant. 
The  boxes  are  of  bronze,  babbitted,  peined, 
bored  and  scraped  to  fit. 

The  wheel  is  made  in  eight  segment's,  a  sec- 
tion of  the  rim  and  one  arm  to  each  segment. 
The  segments  are  bolted  to  the  hub  with  turned 
steel  bolts,  the  holes  being  reamed  for  a  driving 
fit.  The  rim  is  clamped  together  with  steel 
arrowhead  links,  shrunk  in  place.  The  hub  is  in 
two  separate  disks  forced  upon  the  shaft. 

The  driving  of  the  valve-gear  is  obtained,  as 
stated,  through  separate  eccentrics  for  both 
the  steam  and  the  exhaust  valves.  The  desired 
motion  is  secured  by  the  use  of  levers  and  links 
on  each  bonnet.  The  dash  pots  are  hung  from 
the  bonnets  and  are  close  to  the  cylinder,  mak- 
ing a  compact  and  self-contained  arrangement. 
Both  the  steam  and  exhaust  cam  rods  have  un- 
hooking devices  and  the  gear  can  be  worked  by 
hand  to  facilitate  starting  and  warming  up.  The 
valves  are  double  ported,  as  stated,  and  have 
a  very  short  travel.     The  releasing  gear  hooks 


oiled  from  a  gravity  feed  system  by  multiple 
sight-feed  tanks  located  on  the  upper  part  of  the 
engine.  The  cross-head  slippers  have  wipers 
on  the  bottom  end,  which  dip  into  reservoirs  at 
(he  bottom  end  of  stroke,  insuring  desired  lubri- 
cation of  the  guides.  All  the  valve  gears,  rocker 
arms,  etc.,  are  lubricated  by  grease  cups.  The 
eccentrics  are  entirely  enclosed  to  prevent  oil 
from  creeping  along  the  shaft  and  coming  in 
contact  with  the  wheel  and  generator. 


A  Proposed   Test  for  Detecting  Brittleness 
in  Structural  Steel. 

A    papef    I'Hiui    beforp    tlie    American    Soclet.v    for 
Testing   Maiei-iais.    by    Mr.    J.    1".    Snow. 


It  is  felt  by  many  users  of  structural  steel 
that  mill  inspectors  should  give  more  attention 
than  is  now  usual  to  the  detection  of  brittle- 
ness in  our  bridge  material.  Brittleness  may 
be  due  to  improper  heat  treatment  or  to  segre- 
gated carbon  or  phosphorus.  These  detects 
Inay  occur  in  material  rolled  from  part  of  the 
slabs  derived  from  a  given  ingot,  while  material 


The  Valve  Gear  of  the  Low-Pressure  Cylinder. 


and  latch  block  trip  plates  have  eight  reversible 
wearing  edges.  The  links  have  bronze  connec- 
tions with  key  adjustments. 

The  governor  is  of  the  high-speed,  center- 
weighted,  fly-ball  type,  with  motor  and  microm- 
eter attachment  for  changing  speed  from  the 
switchboard  to  regulate  for  throwing  in  paral- 
lel. It  is  placed  on  the  first  gallery  platform, 
and  is  easily  accessible.  The  range  of  cut-oft 
is  from  zero  to  three-fourths  stroke.  The  inter- 
mediate rocker  arm  supports  for  eccentric  rods 
are  of  the  box  section,  strongly  bolted  to  the 
guide  barrel,  and  are  reinforced  by  braces  from 
the  A  frame. 

The  main  bearings  are  lubricated  by  a  contin- 
uous stream  of  oil,  furnished  by  an  oil  pump 
driven  from  the  eccentric.  The  oil  is  pumped 
from  a  tank,  located  beneath  the  floor,  to  two 
receivers,  which  are  located  over  each  main 
bearing  cap.  From  there  it  flows  by  gravity 
to  all  parts  of  the  journal.  The  eccentrics,  cross- 
head   slippers,  cross-head   and  crank  pins  are 


rolled  from  the  same  melt  or  even  from  other 
slabs  of  the  same  ingot  may  be  exceptionally 
good.  If  the  ordinary  tensile  and  bending  tests 
of  the  heat  from  which  the  material  in  question 
is  derived  should  be  taken  from  those  parts 
where  objectionable  segregation  had  not  oc- 
curred and  which  had  received  proper  heat 
treatment,  the  results  would  not  expose  the 
brittle  features  of  the  part  supposed  to  be  bad. 

The  desideratum  is  a  practicable  method  of 
testing,  which  will  furnish  the  inspector  a 
means  of  detecting  brittleness  in  any  piece  that 
comes  from  the  rolls  that  he  suspects  may  be 
objectionable.  The  object  of  this  paper  is  to 
suggest  a  scheme  which  seems  to  me  to  answer 
this  requirement. 

Prime  essentials  of  a  test  of  this  sort,  are  sim- 
plicity and  quickness  of  accomplishment.  Mill 
men  say,  with  reason,  that  they  cannot  hold 
stock  until  machine  finished  samples  can  be  pre- 
pared and  elaborate  tests  made.  I  am  informed 
that  much  of  the  material  now  being  used  is 


many  miles  from  the  mill,  on  its  way  to  the  fab- 
rication shop,  before  the  testing  machine  work 
is  done  on  the  specimens  that  are  supi>osed  to 
determine  whether  the  ntaterial  is  to  be  accept- 
ed or  rejected. 

Determining  the  temperature  of  the  metal  af- 
ter or  before  the  last  pass  through  the  rolls  Is 
neither  efl^cient,  precise  nor  conclusive.  Delay- 
ing the  piece  before  the  last  pass  until  the  right 
temperature  is  reached,  refines  only  the  outer 
skin  of  the  material.  It  is  not  the  function  of 
buyers  to  tell  the  manufacturer  how  he  shall 
produce  his  steel  or  at  what  temperature  he 
shall  roll  it,  but  rather  to  ascertain  if  the  prod- 
uct which  he  offers  is  suitable  for  their  uses. 
This  can  be  best  accomplished  by  testing  the 
finished  product  in  a  direct  way. 

The  scheme  herein  proposed  Is  in  substance 
a  nicked  bending  test  on  crop  ends  of  plates  and 
shapes  as  they  are  trimmed  at  the  rolling  mill 
for  shipment. 

A  nicked  bend  is  proposed  because  the  object 
is  not  so  much  to  see  If  the  specimen  will  bend 
without  fracture,  as  to  open  up  the  grain  of  the 
steel,  to  see  whether  It  is  fine  and.  silky  or 
coarse  and  crystalline. 

It  is  proposed  to  take  a  generously  wide  piece 
of  crop  end  so  that  the  effect  of  the  shear  at 
the  edges  will  not  affect  the  result.  It  is  deemed 
unfair  to  the  manufacturer  to  depend  upon  nar- 
row sheared  specimens  for  this  scheme  of  bend- 
ing, because  the  injurious  effect  of  the  shear 
should  not  be  assessed  against  the  quality  of  the 
steel.  Punched  specimens  are  ruled  out  for  the 
same  reason.  If  narrow  specimens  with  milled 
edges  or  punched  specimens  with  reamed  holes 
are  used,  the  vital  element  of  quickness  of  ac- 
complishment is  lost;  for,  while  the  specimens 
are  awaiting  their  turn  at  the  finishing  machine 
the  plate  or  shape  from  which  they  are  cut  is 
loaded  for  shipment  or  covered  up  in  a  pile 
of  other  stock.  The  scheme  proposed  will  tell 
its  story,  if  desired,  before  the  rolling  heat  has 
left  the  piece.  It  can  be  executed  and  a  decision 
reached  almost  as  quickly  as  the  surface  inspec- 
tion of  a  plate  can  be  made. 

In  detail  the  scheme  is  to  shear  from  the  crop 
end  a  piece  say  12  inches  wide  and  nick  it  about 
3  inches  from  one  edge,  preferably  across  the 
direction  of  the  rolling,  with  a  tool  made  for  that 
particular  thickness;  clamp  it  in  a  vise  and 
bend  the  free  end  over  by  power.  Both  the  vise 
and  bending  roller  are  to  be  actuated  by  hy- 
draulic power,  which  is  always  available  in  a 
rolling  mill.  The  nick  is  proposed  to  be  made 
with  a  tool  like  a  blacksmith's  fiatter  having  a 
raised  bead  on  its  face. 

Nicked  bending  tests  by  impact  have  been 
recommended  in  the  past  by  many  investigators. 
In  1892  Le  Chateller  advocated  such  tests  be- 
fore the  French  Committee  on  Methods  of  Test- 
ing and  since  that  time  work  on  these  lines  has 
been  done  by  Barba,  Consid^re,  Le  Blant, 
Aucher,  Fremont,  Osmond  and  Charpy  in 
Europe  and  by  S.  Bent  Russell  and  others  in 
this  country.  All  these  experimenters  sought 
to  determine  the  resilience  of  the  material  by 
impact  tests,  thinking  to  replace  the  ordinary 
tensile  tests  by  these  determinations.  But  as 
shown  in  Johnson's  "Materials  of  Construction," 
impact  testing  is  surrounded  by  so  many  uncer- 
tainties that  it  has  never  been  found  commer- 
cially practicable  for  structural  materials.  Evi- 
dently the  constant  effort  has  been  to  make  the 
test  prove  too  much.  In  the  scheme  herein  ad- 
vocated the  object  is  not  a  complete  physical 
test  of  the  material  but  simply  an  examination 
of  the  grain,  as  shown  in  the  fracture,  to  ascer- 
tain if  the  material  is  brittle  from  any  cause. 

To  insure  a  fracture  in  ductile  material,  the 
deformation  must  be  localized  by  a  nick.  The 
form  of  the  nick,  its  depth  and  shape  must  be 
determined  by  experiment  but  for  a  beginning 
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it  is  sossested  tluU.  a  depth  of  one-«ishth  tlie 
VwtBMO  b«  triM,  the  bead  with  which  the  nick 
is  BWd*  to  bare  the  form  of  the  Whitworth 
■crew  fhroad.  Investigation  may  show  that  a 
aiacl<  Btse  of  nicli  may  be  used  for  different 
UHduirimas  but  it  i«  probable  that  each  thicl<- 
nen  should  have  its  particular  size.  The  niclc- 
ittg  die  may  be  struclc  by  hand  hammers  or  a 
liglit  quldi-acting  steam  hammer  may  be  pro- 
vide', for  the  purpose. 

As  to  the  method  of  produoing  the  deforma- 
tion, it  is  possible  that  the  distinctive  difference 
between  material  that  is  good  enough  to  be  ac- 
cepted and  that  which  ought  to  be  rejected  can- 
not be  brought  out  by  making  the  bend  with  a 
press.  It  may  be  necessary  to  use  impact,  as 
was  done  by  Fremont  in  a  series  of  experiments 
described  by  him  at  the  Budapest  meeting  of 
the  European  Railway  Congress. 

These  experiments  show  that  a  ductile  steel 
may  be  broken  short  off  by  a  blow  of  sufficient 
velocity.  We  know  that  ordinary  structural 
Bteei  when  nicked  and  bent  will  invariably 
break  unless  it  is  exceptionally  ductile  and  in 
very  narrow  specimens;  hence,  it  seems  that  a 
press  bend  on  a  wide  specimen  will  certainly 
produce  a  break  and  show  up  the  grain.  A 
press  bend,  if  effective,  is  preferable  to  a  blow 
on  account  of  its  more  certain  action  and  be- 
cause it  does  not  need  adjustment  for  different 
thicknesses  as  would  be  needed  if  the  bending 
was  done  by  a  blow. 

It  is  believed  that  a  test  of  this  kind  will  ex- 
pose coarse  grain  in  steel,  due  to  improper  heat 
treatment,  segregation,  bad  chemistry  or  any 
defect  that  tends  to  brittleness.  The  engineer 
may,  under  present  specifications,  demand  cer- 
tain chemical  and  physical  qualities  when  buy- 
ing steel.  He  may  not  be  Justified  in  prescrib- 
ing the  exact  ratios  of  the  many  "ites"  or  the 
precise  "eutectic  values"  of  the  various  com- 
pounds that  enter  into  the  material  which  the 
manufacturer  gives  him  for  steel,  but  he  may 
reasonably  demand  simple  tests  like  that  ad- 
vocated here  to  satisfy  himself  that  the  mate- 
rial is  free  from  brittleness. 

In  the  past  when  puddled  iron  was  the  usual 
srtuctural  material,  engineers  depended-  largely 
upon  bending  tests  to  ascertain  the  quality  of 
the  output  of  the  mills.  Mr.  C.  C.  Schneider 
has  told  me  that  he  cared  little  for  the  tensile 
strength,  elongation  and  other  physical  features 
of  wrought  iron  as  determined  by  the  testing 
machine,  but  that  he  set  great  value  on  cold 
bending  tests  of  scrap  ends.  Sir  Benjamin 
Baker,  when  engaged  upon  the  Forth  bridge, 
stated  that  he  placed  more  reliance  upon  bend- 
ing tests  of  mild  steel  than  upon  testing  ma- 
chine determinations.  With  the  steel  of  the 
present  day  we  must  test  for  ultimate  strength 
to  secure  a  grade  that  can  safely  undergo  the 
ordinary  shop  manipulations  and  examine  the 
chemistry  to  secure  uniform  composition,  but 
liave  we  not  too  much  lost  sight  of  the  valua- 
ble old  time  feature  of  bending?  The  ordinary 
plain  bending  will  not  always  show  us  the  grain 
of  the  steel.  In  fact  the  width  of  the  specimen 
and  the  radius  of  the  bend  are  so  selected  in 
our  usual  specification  that  ordinarily  good 
material  will  bend  without  fracture.  Ite  ability 
to  do  this  is  the  gage  for  acceptance.  To  this 
end  the  sheared  edges  are  planed,  which  de- 
feats the  very  purpose  of  the  test  desired,  on 
account  of  the  time  involved  in  the  operation. 
Moreover,  we  bend  but  one  specimen  for  each 
melt,  which  assuredly  does  not  attempt  to  con- 
trol the  rolling  heat. 

It  is  true  that  the  proposed  test  may  involve 
closer  attendance  of  the  inspector  at  the  mill 
than  our  usual  commercial  testing  requires, 
and  it  may  be  Impossible  to  define  the  lines  by 
which  an  Inspector  shall  be  governed  in  re- 
jecting material,  as  sharply  as  can  be  done  un- 


der our  present  system,  but  the  Inspector's  at- 
tendance can  be  arranged  for  and  the  results 
reached  by  Fremont  give  us  a  clew  to  what  may 
prove  to  be  a  proper  criterion  for  acceptance. 

In  the  illustrations  accompanying  Fremont's 
paper  it  will  be  seen  that  when  a  specimen  of 
non-ductile  material  is  bent,  a  hardened  ellipse 
tends  to  form  on  the  compression  side  which 
acts  as  a  heel  around  which  the  fibers  on  the 
tension  side  have  to  stretch.  If  the  specimen  is 
nicked,  this  stretch  is  localized  and  confined 
to  the  fibers  at  the  bottom  of  the  nick  and 
breaking  is  sure  to  occur.  If  the  material  is 
somewhat  ductile  and  the  specimen  narrow,  the 
compressed  metal  flows  outward.  This  flowing 
out  assists  compression  and  tends  to  decrease 
the  stretch  required  on  the  tension  side  by  re- 
moving the  heel  farther  from  the  tension  face, 
and  hence  helps  toward  a  gradual  break  Insteafl 
of  a  short  one.  This  consideration  explains  the 
well-known  fact  that  wide  specimens  will  not 
bend  so  successfully  as  narrow  ones. 

If,  in  the  proposed  nicked  bend,  the  specimen 
should  break  around  Fremont's  "ellipse  of  en- 
largement," instead  of  square  across;  or  if  it 
did  not  break  clear  through,  we  could  safely 
conclude  that  the  material  was  not  brittle.  If 
the  break  was  square  across  and  the  fracture 
silky  or  but  partly  granular,  we  could  assume 
that  the  heat  treatment  was  good  and  segre- 
gation not  excessive;  but  if  the  fracture  showed 
crystalline  facets  or  appeared  dull  and  cokey  it 
would  be  ground  for  rejection.  After  sufficient 
careful  experimenting  I  am  sure  that  workable 
limits  can  be  fixed  upon  for  the  guidance  of  in- 
spectors. It  is  possible  that  thick  and  thin  ma- 
terial cannot  be  brought  to  follow  the  same 
law,  but  rules  can  be  established  for  varying 
thicknesses.  Material  that  is  known  to  be  good 
and  that  which  is  known  to  be  bad,  both  from 
overheating  and  segregation,  can  be  experi- 
mented upon  and  safe  extremes  established. 

Metallurgical  literature  is  filled  at  present 
with  complaints  of  poor  structure  in  rails  and 
to  some  extent  in  other  steels.  This  complaint 
Is  not  quite  so  common  in  regard  to  structural 
steel,  for  the  reason,  probably,  that  it  is  usually 
in  thin  sections  which  cool  to  a  lower  tenipera- 
,  ture  than  thick  ones  while  passing  the  rolls.  It 
is  the  case,  however,  that  rolled  beams  have 
sometimes  proved  so  brittle  and  untrustworthy 
that  some  engineers  dislike  to  use  them  in  rail- 
road bridges.  It  is  likely  that  the  principal 
reason  for  this  condition  is  too  high  heat  during 
rolling,  due  to  their  heavy  section.  If  the  crop 
ends  of  such  beams  are  sheared  up  so  that  a 
section  of  the  web  or  flange  can  be  nicked  and 
bent  in  the  proposed  machine,  the  coarse  struc- 
ture, if  it  exists,  will  surely  be  exposed  and 
the  beam  saved  from  discrediting  its  species 
when  put  into  service. 

A  similar  test  on  crop  ends  of  rails  could  be 
made  while  the  rails  were  passing  the  straight- 
ening press  and  many  of  those  having  coarse 
structure  at  center  of  head,  open  grain,  lamina- 
tion, pipes,  sulphur  flaws  or  other  defects  that 
one  drop  test  in  five  heats  does  not  detect,  would 
be  saved  from  going  into  the  track  and  causing 
trouble  for  both  user  and  manufacturer. 

The  above  scheme  of  testing  is  intended  to 
supplement  the  usual  tests  for  physical  qualities 
and  Is  suggested  as  a  means  of  satisfying  buyers 
of  steel  that  their  material  is  sound  and  free 
from  brittleness.  It  Is  cheap  in  installation  and 
operation  and  requires  the  inspector's  continu- 
ous attendance  at  the  shearing  end  of  the  roll- 
ing mill  where  he  belongs.  If  properly  exe- 
cuted It  should  tend  to  allay  the  agitation  that 
is  now  going  on  among  users  of  rails  and 
structural  steel  in  regard  to  heat  treatment, 
open  grain  and  other  rolling-mill  defects.  If  the 
scheme  Is  objectionable  to  manufacturers  It  is 
respectfully  offered  for  their  free  criticism, 


Electrolysis  of  Water  Mains  in  the  Boston 
Meti-opolitan  District. 

Electrolysis  of  water  mains  in  the  Boston 
Metropolitan  District  continued  at  a  serious 
rate  during  the  year  1903,  according  to  the  re- 
port recently  issued  by  the  Metropolitan  Water 
and  Sewerage  Board.  On  00  linear  feet  of  48- 
inch  pipe  in  Cambridge,  uncovered  for  exam- 
ination, 525  pittings  were  located,  varying  from 
1/16  to  %-Inch  in  depth.  Portions  of  two  lines 
of  36-inch  cast-iron  piptes  crossing  under  the 
Charles  River  were  examined  by  a  diver  and 
eleven  pittings  from  2  to  6  inches  in  diameter 
and  from  %  to  %  inch  in  depth  were  found. 
These  pipes  in  the  river  are  being  destroyed 
very  rapidly.  At  several  other  river  crossings 
the  conditions  have  been  found  to  be  favorable 
for  electrolytic  action,  and  at  several  points 
damage  has  been  discovered.  In  the  city  of 
Chelsea  an  examination  of  a  24-inch  cast-iron 
pipe  line  disclosed  250  pittings,  from  1/16  to 
9/16  inch  in  depth,  on  280  square  feet  of  pipe 
surface.  In  Lynn  at  one  point  387  pittings, 
from  1/32  to  7/16  inch  in  depth,  were  found  on 
175  square  feet  of  the  surface  of  a  12-lnch  pipe 
line,  and  at  another  place  200  pittings  on  an 
area  of  44  square  feet;  the  deepest  pittings 
were  .45  inch  in  depth,  leaving  but  .24  inch  of 
the  original  thickness  of  the  pipe.  It  has  be- 
come necessary  to  replace  some  of  these  pipes 
during  the  current  season.  In  order  to  prevent 
the  flow  of  quite  a  large  amount  of  electricity 
from  the  Metropolitan  pipes  to  the  pipes  in 
the  city  of  Cambridge  at  a  connection,  an  insu- 
lating joint,  made  of  a  rubber  gasket  Vi  inch 
in  thickness  placed  between  two  flanges,  was 
used. 


Notes. 

Flywheels  Con-nected  to  Motoks  are  employ- 
ed in  a  number  of  electrically-driven  rolling 
mills  in  Germany  for  the  protection  of  the 
motor  and  equalizing  the  load  at  the  power 
house.  In  the  case  of  1,000  horse-power  motor 
running  at  215  revolutions  per  minute  the  fly- 
wheel is  14.4  feet  in  diameter  and  its  peripheral 
speed  about  1.04  feet  per  second. 


The  Cost  of  Operating  IjOft  Bun.DiNGS  as 
discussed  last  week  contained  a  typographical 
error  which  becomes  evident  if  the  attempt  is 
made  to  verify  the  calculations.  With  regard  to 
the  cost  that  is  imposed  on  the  building  owner 
when  additional  electric  lights  are  installed  to 
satisfy  a  tenant's  increase  in  working  force,  it 
should  have  been  stated  that  the  owner  is  giving 
?68  worth  of  light  to  each  tenant,  or  $680  al- 
together for  the  ten  who  were  considered  in  the 
assumed  illustrative  example. 


The  Vahiatio.n  of  Angular  Velocity  in  the 
case  of  prime  movers  can  be  subjected  to  vis- 
ible measurement  by  apparatus  invented  by  Dr. 
Berkitz  and  described  by  him  .in  the  "Zeits- 
chrift  fiir  Elektrotechnik,"  of  Vienna.  The  de- 
vice consists  of  a  heavy  disk  or  flywheel  mount- 
ed loosely  on  the  engine  shaft  and  driven  by 
the  latter  through  an  elastic  coupling,  in  which 
no  springs  are  used,  the  connection  being  mag- 
netic. An  arm  rigidly  flxed  to  the  shaft  out- 
side the  flywheel  carries  two  solenoids,  the 
cores  of  which  are  fixed  to  the  flywheel,  and 
can  vibrate  in  the  solenoids  through  a  limited 
arc.  A  system  of  levers  connecting  the  fly- 
wheel and  the  arm  tilts  a  small  mirror,  a  ray 
of  light  reflected  from  which  describes  a  curve 
on  a  screen  suitably  placed.  When  the  engine 
runs  absolutely  steadily,  the  curve  is,  for  in- 
stance, a  circle,  and  any  deviation  from  this 
shows  the  extent  and  the  character  of  the  vari- 
ation in  the  speed. 
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